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ABSTRACT 

An emerg ing t r e n d i n c o r p o r a t e p r a c t i c e s today i s tha.t of 

the deveIopment of s p e c i a l i z e d a reas w i t h i n the company wh i ch 

a re devo ted to s t u d y i n g i t s management i n f o r m a t i o n s y s tems . 

S t i m u l a t e d by the impact of the computer and the subsequent 

b l i u r r i n g o f the di s ' t ihc.t i.on • between s p e c i f i c systems such as 

t ho se f o r m a r k e t i n g , f i n a n c e , e t c . , t h i s t r e n d has been accom

p a n i e d by much academic (and c o r p o r a t e ) r e s e a r c h i n an a t t empt 

tO' p r o v i d e a s c i e n t i f i c approach t o . t h e a n a l y s i s and de s i g n of 

t he se s y s t e m s . S e v e r a l such approaches abound i n the l i t e r a 

t u r e : t o d a y , and i t wou ld seem t h a t much i s s t i l l y e t to come. 

The " s c i e n c e " o f i n f o r m a t i o n systems u n f o r t u n a t e l y remains 

s c a t t e r e d t h r o u g h o u t the t r a d e and academic j o u r n a l s , p a p e r s , 

and a ve ry few t e x t b o o k s . Th i s t h e s i s r e p r e s e n t s an a t t empt 

to" t i e the v a r i o u s a rea s o f r e s e a r c h t o g e t h e r i n t o a more com

p r e h e n s i v e framework,.. to i n d i c a t e t h e i r v a l i d i t y and l i m i t a 

t i o n s , and 

I u a t i o n o f 

to r e l a t e the se a rea s to p r a c t i c a I ana I y s i s and e v a -

M I S ' s . 
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PLEASE NOTE: Because of the : f requency o f i t s u s e , the f o 
l ow ing term h a s r b e e n a b b r e v i a t e d t o : 

MIS = Management I n f o r m a t i o n System 



I 

CHAPTER I 

INTRODUCTION 

I.I G e n e r a l - D i s c u s s i o n & D e f i n i t i o n s 

In r e c e n t " yea r s much though t and. many d o l l a r s have been 

spent i n the deve lopment o f new approaches to the prob lems of 

management. V i r t u a I Iy a I I t he se approaches p roceed on the p r e 

mise t h a t i n o r d e r to manage-, whether t h i s i n v o l v e s o r g a n i z i n g , 

p l a n n i n g , c o n t r o l l i n g or e v a l u a t i n g , someone must make d e c i s i o n s . 

Whether f a c i n g a c e r t a i n or u n c e r t a i n s i t u a t i o n , a. r a t i o n a l de 

c i s i o n - m a k i n g p r o c e s s r e q u i r e s i n f o r m a t i o n ; thus every d e c i s i o n 

maker , whether he be f o r eman , s a r g e a n t , or p r e s i d e n t w i l l e s t a 

b l i s h f o r t h i s purpose a s upp l y sys tem f o r d e c i s i o n making i n 

f o r m a t i o n . I t f o l l o w s t h a t every f i r m has (or j[_s) an i n f o r m a 

t i o n s y s t em. C l e a r l y i t a I s o : f o I iows t h a t a " b e t t e r " i n f o r m a 

t i o n sy s tem w i l l f u r n i s h management w i t h " b e t t e r " i n f o r m a t i o n , 

f a c i l i t a t i n g the e x e c u t i o n o f " b e t t e r " , d e c i s i o n s , wh ich i n t u r n 

w i l l r e s u l t i n improved pe r fo rmance o v e r a l l . But what c o n s t i 

t u t e s " b e t t e r " i n f o r m a t i o n sy s tems? The s tudy o f i n f o r m a t i o n 

systems has been c a r r i e d on f o r some t ime i n the b e h a v i o u r a l 

sc: f e n c e s , t h e methods and systems groups of many o r g a n i z a t i o n s 

( i n p a r t i c u l a r w i t h r e s p e c t to the a p p l i c a t i o n of e l e c t r o n i c 

da ta p r o c e s s i n g e q u i p m e n t ) , a n d ' t h e a r ea of a p p l i e d mathemat i c s 

( p r o v i d i n g t o o l s and t e c h n i q u e s f o r m a n a g e m e n t ' c o n t r o I ) . Each 

a r ea has p r o v i d e d a p e r s p e c t i v e f o r v i e w i n g and u n d e r s t a n d i n g 



MIS ' s and the o r g a n i z a t i o n a l s t r u c t u r e s and p r o c e s s e s wh i ch are 

c o m p r i s e d of t he se " s y s t ems , but i t i s o n l y r e c e n t l y t h a t a t t e m 

p t s have been made to i n t e g r a t e the se app roache s , and p r o v i d e 

comprehens i ve and r e a l i s t i c means of a n a l y s i s . W i t h the T e p i d 

ly c hang i n g t e c h n o l o g y of ' today and the e v o l u t i o n of th.e s c i e n 

t i f i c app roach to management, such a n a l y s i s i s becoming more and 

more mandato ry . 

One of the most e v i d e n t f a c t s of l i f e i n the pa s t two d e 

cades has been the pro I i f e r a t i o n of a v a i l a b l e da ta - the " i n f o r 

ma t i on e x p l o s i o n " as i t has been c a l l e d . The prob lem i s t h a t 

d a t a , nO' m a t t e r how abundant , canno t be o f use to a d e c i s i o n 

maker i n the absence of a f ramework and t o o l s a p p r o p r i a t e f o r . 

p l a c i n g the da ta i n a p r ope r p e r s p e c t i v e . Data made a v a i I a b I e 

f o r d e c i s i o n making must be g a t h e r e d , o r g a n i z e d and r e p o r t e d i n 

such a manner t h a t i t w i l l a c q u i r e or m a i n t a i n a d e c i s i o n making 

" q u a l i t y " wh i ch p e r m i t s i t s (optimum) use i n the management de -

c i s i o n p r o c e s s . Th i s qu a 1 i t y of the d a t a , wh i ch w i l l b e d i s -

cu s sed i n the second s e c t i o n o f t h i s p ape r , i s u s u a l l y o n l y a c 

h i e v e d a t added c o s t - c o s t caused by r e q u i r e m e n t s f o r more a c 

c u r a t e b a s i c data and b e t t e r and f a s t e r p r o c e s s i n g and r e p o r t i n g 

of the d a t a . B a l a n c e d a g a i n s t t h i s c o s t i s the ad'ded v a l u e o f 

the i n f o r m a t i o n to management. However, the p r o b l e m - a r i s e s of 

j u s t how to go about p r o v i d i n g t o o l s f o r a n a l y z i n g t h i s c o s t -

b e n e f i t t r a d e o f f w i t h r e s p e c t to a g i v e n i n f o r m a t i o n system.. 

The economic c oncep t s and mode I I i n g approaches p r e s e n t e d i n t h i s 

paper are o f f e r r e d as p r o v i d i n g the a p p r o p r i a t e f ramework f o r 

t a c k l i n g t h i s p r o b l e m . 

The computer has been a major f a c t o r i n the i n f o r m a t i o n 



e x p l o s i o n , and i t i s to the computer t h a t management w i l l u l t i 

m a t e l y look f o r methods o f ' s imp I i f y i ng,. o r g a n i z i n g and c l a r i f y 

i ng the major p o r t i o n of the i n f o r m a t i o n to be p o r t r a y e d to the 

d e c i s i o n - m a k i n g f u n c t i o n . The most immediate p rob lem here c e n 

t r e s around the f a c t t h a t s o p h i s t i c a t e d , c o m p u t e r i z e d M I S ' s 

e v o l v i n g today c o s t a good more than p r e d e c e s s o r s y s tems . (See 

f o r example a r t i c l e s A - 2 , A-6 and A-9 i n the B i b l i o g r a p h y ) . I f 

a company p r e s i d e n t s t u d i e s h i s sy s tem c o s t s , he w i l l soon- d i s 

c o v e r t h a t the equ ipment and s o f t w a r e n e c e s s a r y to s uppo r t a 

MIS c o s t a l o t more than the company had to i n v e s t i n the pa s t 

i n more c o n v e n t i o n a l a p p l i c a t i o n s . I t i s u n d e n i a b l e t h a t t h e r e 

i s a h i g h e r p r i c e t ag a s s o c i a t e d w i t h s o p h i s t i c a t e d M I S ' s than 

the a l r e a d y c o n s i d e r a b l e c o s t burden t h a t companies have been 

c a r r y i n g f o r da ta p r o c e s s i n g t e c h n o l o g y . As a r e s u l t , manage

ment i S ' t a k i n g a c l o s e r look a t MIS p r o p o s a l s and c h a l l e n g i n g 

each new systems p r o j e c t more v i g o u r o u s l y . 

A s s o c i a t e d w i t h the p rob lem of e v a l u a t i n g e x i s t i n g systems 

i s t h a t of new system j u s t i f i c a t i o n . Even though a p roposed 

sy s tem may be very c o s t l y , an e n l i g h t e n e d company management 

may be w i l l i n g to s u p p o r t i t i f the p roponent s o f the sys tem 

can demons t r a te what the b e n e f i t s are go ing to be. In the p a s t , 

when a computer was i n s t a l l e d f o r r e p e t i t i v e a c c o u n t i n g t a s k s , 

the c o s t o f the machine and sys tem components was a lmos t i n v a 

r i a b l y j u s t i f i e d by demons t r ab l e s a v i n g s r e s u l t i n g f rom c l e r i 

c a l worker d i s p l a c e m e n t . Th i s approach i s no l onge r a p p r o p r i a t e 

f o r companies t h a t have .a I ready o b t a i n e d these t a n g i b l e c o s t 

b e n e f i t s by means o f systems p r e s e n t l y i n s t a l l e d , or who e n v i 

sage p roposed systems as b e i n g more than s i m p l y r o u t i n e a c c p u n -



t i n g , mach i ne s . Today, the q u e s t i o n i s not what i t may be w o r t h , 

f o r i n s t a n c e , to an i n ve s tmen t company to update i t s p o r t f o l i o s 

and o t h e r w i s e p r o ce s s the pape rwork , but r a t h e r what i t i s wo r t h 

to p r o v i d e an i n ve s tmen t manager w i t h a d i s p l a y d e v i c e and the 

u n d e r T y i n g mathemat i ca I t e c h n i q u e s to a i d i n the s e c u r i t y a n a l y 

s i s and p o r t f o I i o se I e c t i o n . These are b e n e f i t s t h a t i n the 

pa s t were r e f e r r e d , to as " i n t a n g i b l e " . But ' most of the b e n e f i t s 

of a- MIS are o f t h i s i n t a n g i b l e n a t u r e . C l e a r l y , what i s needed 

a re new methods o f j u s t i f y i n g i n f o r m a t i o n sys tem c o s t s by quan

t i f y i n g somehow t he se h e r e t o f o r e " i n t a n g i b l e " b e n e f i t s . U n t i I 

t h i s i s done, i t i s d i f f i c u l t to see how management can be p e r 

suaded to commit s u b s t a n t i a l company r e s o u r c e s to t r u l y e f f e c 

t i v e i n f o r m a t i o n systems deve l opment . 

the " b e n e f i t i n t a n g i b i l i t y " p rob lem in i n f o r m a t i o n sys tem 

a n a l y s i s i s thus one o f the major d i f f i c u l t i e s f a c i n g a t t empt s 

t o e v a l u a t e the e f f e c t i v e n e s s o f M I S ' s . The o t h e r i s the d i f 

f i c u l t y encoun te red in t r y i n g to a d e q u a t e l y f o r m a l i z e these s y s 

tems i n o r d e r to d e v e l o p q u a n t i t a t i v e models and pa ramete r s 

mea su r i n g e f f i c i e n c y . Wh i l e s e v e r a l approaches have been 

b rought f o r w a r d i n hopes of s o l v i n g the se p r o b l e m s , the most 

p r o m i s i n g i n terms o f q u a n t i t a t i v e a n a l y s i s have been m a t r i x 

t h e o r y and d e c i s i o n t h e o r y . 

D e f i n i t i o n s 

I. I n f o r m a t i o n : Someth ing wh i ch i n f o rms us about the s t a t e of 

a c e r t a i n env i r onment so t h a t the u n c e r t a i n t y a s s o c i a t e d 

w i t h such an env i r onment can be e x p e c t e d to be r e d u c e d , 

i f not c o m p l e t e l y e l i m i n a t e d . In i n f o r m a t i o n t heo ry i t 

i s r e g a r d e d as a s e t of p o t e n t i a l messages a s s o c i a t e d 



w i t h a g i v e n channe l or sy s tem of i n f o r m a t i o n 

2. A D e c i s i o n : The c h o i c e o f one -o r more a c t i o n s between or 

. among f e a s i b l e a l t e r n a t i v e s . T h i s may o r may not be a c -

c o m p l i s h e d a c c o r d i n g to so.ne s e t r u l e , ca I l ed a dec i s i on 

ru I e. 

3. U n c e r t a i n t y ; The c o n d i t i o n o r s t a t e o f a d e c i s i o n - c e n t r e 

who must make a d e c i s i o n w i t h I e s s - than -comp Ie t ' e i n f o r 

m a t i o n . 

4,. The E n v i r o n m e n t : Fo r purposes o f t h i s pape r , t h i s wi I I r e f e r 

to e v e n t s , e n t i t i e s and d a t a i n the p a s t , p r e s e n t and f u 

t u r e wh i ch are r e l e v a n t to the d e c i s i o n but not under the 

c o n t r o l o f the d e c i s i o n - m a k e r . 

5. An E v e n t : A s ub se t o f the s t a t e s o f the env i ronment.-

6. D a t a : Unp roce s sed f a c t s r e l a t i n g to some o b j e c t or event 

wh i ch may o r may not r e l a t e to the d e c i s i o n . 

7. An Outcome or R e s u l t : Someth ing wh i ch happens as a c o n s e 

quence o f an a c t i o n and the t n j e s t a t e of the e n v i r o n m e n t . 

8. Data Ba se : A c o l l e c t i o n of d a t a r e l a t i n g both to the f i r m ' s 

env i r onment and to i t s i n t e r n a l o p e r a t i o n , wh i ch i s c l a s 

s i f i e d by f u n c t i o n a l a rea of o p e r a t i o n (see F i g u r e 4, 

C h a p t e r 5) i n t o " m o d u l e s " , each of wh i ch then c o n t a i n s 

a s e t of d a t a wh i ch i s s u f f i c i e n t to s a t i s f y management ' s 

i n f o r m a t i o n a l needs f rom t h a t a r e a . .These.moduIes may be 

d e l e t e d or added to the sys tem as the na t u r e of the f i r m ' s 

b u s i n e s s o r i t s env i r onment changes . 

9 . An I n f o r m a t i o n Sy s tem: The t o t a l o f a l l s o u r c e s , p r o c e s s o r s , 

and u s e r s of i n f o r m a t i o n in the f i r m . Thus, an 

tJ.on sys tem i s a r b i t r a r i l y r e g a r d e d as i d e n t i c a l to a 

dec ...sign ..sys tern (whether o r not these are c o n c e p t u a l l y 



d i f f e r e n t i s c o n s i d e r e d beyond the scope o f t h i s t h e s i s ) , 

and bo th f o r m a l (paperwork ) and i n f o r m a l , manual and a u 

tomated systems are i n c l u d e d . 

10. M o d u l a r , Da t a -Ba sed I n f o r m a t i o n Sys tem: A s o p h i s t i c a t e d , 

computer ; ) zed • i n f o r m a t i o n sys tem wh i ch produces i n f o r m a 

t i o n and r e p o r t s f o r d e c i s i o n - m a k i n g by " p o l l i n g " the 

da ta base modules and p r o c e s s i n g the da ta t h rough a c o n 

t r o l c e n t r e n o r m a l l y r e f e r r e d to as the c e n t r a l p r o c e s s o r . 

1.2 The D e c i s i o n - M a k i n g Framework 

Eve ry s t u d e n t of b u s i n e s s s h o u l d be aware t h a t the d e c i 

s i o n p r o c e s s has been we I i documented and i s c o n s i d e r e d to c o n -

s i s t of f o u r s t e p s : 

( i ) I d e n t i f y the p r o b l e m , d e c i s i o n env i ronment and g o a l s , 

( i i ) F o r m u l a t e a l l p o s s i b l e a l t e r n a t i v e s o l u t i o n s ( a c t i o n s 

( i i i ) A n a l y z e the consequences o f each a l t e r n a t i v e i n 

l i g h t of the a p p r o p r i a t e g o a l s and the d e c i s i o n e n v i r o n m e n t . 

C o n c e p t u a l l y , t h i s e n t a i l s : 

(a) A s s e s s i n g the r e s u l t wh i ch each a c t i o n - e v e n t 

pa i r wi I I y i e I d . 

(b) A s s i g n i n g a u t i l i t y v a l u e to each of these r e 

s u l t s . 

(c) A s s i g n i n g a p r o b a b i l i t y t o each e v e n t . 

(d ) D e t e r m i n i n g the r e s u l t i n g " e x p e c t e d u t i I i t y " 

o f each a c t i o n - s t a t e p a i r . 

( i v ) . Choose the most f a v o u r a b l e a l t e r n a t i v e . D e c i s i o n 

Theory would d i c t a t e t h a t t h i s means c h o o s i n g the a c t i o n ( s o l u 

t i o n ) wh ich y i e l d s the h i g h e s t e xpec t ed u t i l i t y ( n e g l e c t i n g r i s k ) 
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There a r e , of c o u r s e , many d i f f i c u l t i e s i n v o l v e d i n c a r 

r y i n g out these d e c i s i o n r u l e s i n p r a c t i c e . Any g i v en r e s u l t 

w i l l u s u a l l y have many i m p l i c a t i o n s , the q u a n t i f i c a t i o n o f wh i ch 

i n e q u i v a l e n t or comparab le measures may be i m p o s s i b l e . Th i s 

i s the i n h e r e n t d i f f i c u l t y i n a s s i g n i n g u t i l i t y v a l u e s , the e s 

sence o f the above p r o c e d u r e . In a u d i t i o n , many wouId f e e l t h a t 

the e s s e n t i a l p a r t of the p r o ce s s ended w i t h the t h i r d s t e p , 

and t h a t the f o u r t h was e i t h e r a s i m p l e consequence o f the p r e 

v i o u s a n a l y s i s or an a r b i t r a r y judgement among e q u i v a l e n t a l t e r 

n a t i v e s . I ndeed , t h i s i s o f t e n the a t t i t u d e of i n f o r m a t i o n t h e o 

r i s t s - t h a t any d e c i s i o n - m a k i n g p r o c e s s i s p r i m a r i l y an i n f o r 

m a t i o n - a n a l y z i n g p r o ce s s and t h a t the emphasis s h o u l d be on the 

c o l l e c t i o n , i n t e r p r e t a t i o n and e v a l u a t i o n o f the a v a i l a b l e i n 

f o r m a t i o n , not on any " d e c i s i o n " or ' s t r a t e g y " c r i t e r i a . These 

t h e o r i s t s t y p i c a l l y i g no re the e x i s t e n c e o f u n c e r t a i n t y ( u n 

a v a i l a b i l i t y and i n a c c u r a c y ) of i n f o r m a t i o n , o r assume i t away. 

But where does the i n f o r m a t i o n come f rom t h a t management 

uses i n s e l e c t i n g among a l t e r n a t i v e s and making these d e c i s i o n s ? 

What a d d i t i o n a l i n f o r m a t i o n wou ld management l i k e to have r e g a r 

d i n g the a l t e r n a t i v e s ? ^s t h i s i n f o r m a t i o n a v a i l a b l e , and i f 

s o , i s i t economica I I y • f e a s i b I e to p r o c e s s and r e p o r t i t ? S hou ld 

t h e r e e x i s t a s c r e e n i n g d e v i c e so t h a t o n l y e x c e p t i o n a l i n f o r m a 

t i o n or i n f o r m a t i o n w i t h a s p e c i f i c a l l y h i g h amount of " v a l u e " 

i s t r a n s m i t t e d to management? What r e p r e s e n t s an " op t imum" 

d e c i s i o n - i n f o r m a t i o n sys tem i n a g i v e n s i t u a t i o n , and how c l o s e 

can we approach the t h e o r e t i c a l i d e a l ? 

I t i s p r e c i s e l y i n answer to q u e s t i o n s such as t h e s e , and 
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many o t h e r s l i k e them, t h a t the i nf ormat i on -dec i s i on t.heor i s t s 

have emerged as i m p o r t a n t i n management s t u d y , and a c o m p l e t e , 

though as y e t d i s o r g a n i z e d approach to the a n a l y s i s o f bu s i ne s s ' 

i n f o r m a t i o n systems has e v o l v e d . Recent t r e n d s towards l a r ge 

EDP i n s t a l l a t i o n s have f u r t h e r s t i m u l a t e d the deve lopment of 

such an a p p r o a c h , and i n p a r t i c u l a r the e s t a b l i s h m e n t of comp

r e h e n s i v e c r i t e r i a to a s s e s s the pe r fo rmance c a p a b i l i t i e s o f 

modern i n f o r m a t i o n s y s t ems . 

An i n f o r m a t i o n sy s tem i s a s e r v i c e f a c i l i t y to the mana

gement o f : a n . o r g a n ! z a t i o n (and y e t they t hemse l ve s are p a r t o f 

these: s y s tems ) i n t h a t d e c i s i o n s are made on the b a s i s of i n f o r 

ma t i on which- i s s u p p l i e d by, the s y s t em. Such a sy s tem has c e r 

t a i n e l ement s t h a t are e s s e n t i a l , r e g a r d l e s s of the e n v i r o n -

I. 

ment: 

I. D e c i s i o n C e n t r e s - a p l a c e i n an o r g a n i z a t i o n where 

a d e c i s i o n o r p a r t of a d e c i s i o n i s made. Th i s may 

be an i n d i ' v i d u a l , a g roup, or a mach ine . 

2 . . I n f o r m a t i o n ' C e n t r e s - a p l a c e i n an o r g a n i z a t i o n 

where i n f o r m a t i o n i s c o l l e c t e d , t r a n s m i t t e d , s t o 

r ed or a n a l y z e d . The i n f o r m a t i o n may be about the 

e x t e r n a l env i r onmen t ( e . g . c o m p e t i t o r s ' s a l e s ) or 

about the i n t e r n a l o p e r a t i o n s ( e . g . p r o d u c t i o n 

d a t a ) . The i n f o r m a t i o n need not be d a t a ; i t may 

be the p r o m u I g a t i o n of a d e c i s i o n ; i t may i n v o l v e 

human r e l a t i o n s f a c t o r s ; e t c . 

3. I n f o r m a t i o n L i n k s - the se de te rm ine the f l o w s of i n 

f o r m a t i o n among i n f o r m a t i o n sys tems and between 

B o n i n i , C P . , S i mu I a t i on of I nf ormat i on & Dec j s i on Sy^jtems 
i n the F i r m , P r e n t i c e - H a l l , 1963 



9 

i n f o r m a t i o n and d e c i s i o n c e n t r e s . In g ene ra l i n a 

b u s i n e s s o r g a n i z a t i o n , t h i s i s a c o m p l i c a t e d n e t 

work . 

The i n f o r m a t i o n sys tem (wh ich i t s e l f i s p a r t of the t o t a l 

c o r p o r a t e d e c i s i o n system) i s the comp le te s e t o f U n k i n g s , o f 

i.nf o r m a t i on. w i t h i n the o r g a n i z a t i o n . " A t y p i c a l i n f o r m a t i o n - d e 

c i s i o n "modu l e " w i t h i n a network m ight be r e p r e s e n t e d as g i v e n 

i n F i g u r e . I . 

The i n f o r m a t i o n sy s tem approach i s a s p e c i a l method f o r . 

v i e w i n g and a n a l y z i n g a b u s i n e s s o r g a n i z a t i o n or any segment of 

• a b u s i n e s s o r g a n i z a t i o n i n such a way t h a t the b u s i n e s s p r o ce s s 

i s c o n c e i v e d as a l o g i c a l s t r u c t u r e composed of i n f o r m a t i o n c e n 

t e r s , i n f o r m a t i o n l i n k s , and d e c i s i o n c e n t r e s . These b a s i c com

ponents must be a r r anged i n such a way as to e f f i c i e n t l y p r o 

mote i n f o r m a t i o n f l o w s t h r oughou t the s y s tem. I n f o r m a t i o n f l o w s 

t hemse l v e s r e p r e s e n t the r e s u l t s o f r e l a t i n g or ma tch i ng the r e 

q u i r e m e n t s f o r i n f o r m a t i o n w i t h the s o u r c e s o f d a t a f o r each d e 

c i s i o n . Th i s ma t ch i n g p r o c e s s i s a c c o m p l i s h e d by management, 

and f r e q u e n t l y i n v o l v e s the employment o f v a r i o u s management 

s c i e n c e t o o l s and t e c h n i q u e s . The r o I e o f the i n f o r m a t i o n -

d e c i s i o n sys tem i s p o r t r a y e d i n F i g u r e 2 . 

1.3 Purpose and Scope of the T h e s i s 

In g e n e r a l t e r m s , i t w i l l be the p u r p o s e . o f t h i s t h e s i s 

to p ropose the. b a s i c components of an " I n f o r m a t i o n System 

S c i e n c e " , t h a t i s , to b r i n g t o g e t h e r s e v e r a l d i s j o i n t e d a rea s 

o f r e s e a r c h on the s u b j e c t i n the hopes of l a y i n g the p rope r 

economic and m a t h e m a t i c a l f o r m a t f o r the deve Iopment of such a 



F i g u r e 

Legend: 
L1 = Main Commun ica t i on L i n k , I n t e r n a l 
L2 = Feedback L i n k , I n t e r n a l 
L3 - L6 = Formal L i n k s w i t h O the r Modules 
L7.& L8 = I n f o rma l L i n k s w i t h O t h e r Modules 
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" s c i e n c e " , i n p a r t i c u l a r as i t r e l a t e s to e v a ! u a t i on of such 

s y s t ems . S p e c i f i c a l l y , the purpose w i l l be t h r e e f o l d : 

(1) To examine the c u r r e n t body o f l i t e r a t u r e e x t a n t i n 

the f i e l d o f MIS e v a l u a t i o n ; to t i e the v a r i o u s a rea s t o g e t h e r 

i n a l o g i c a l f r amework ; and to p o i n t out the " d i r e c t i o n s " i n . 

w h i c h the most f r u i t f u l t h e o r i e s a r e ~ a t t a c k i n g the prob lem of 

MIS e v a l u a t i o n . 

(2) To e v a l u a t e the v a l i d i t y , I i mi ta.-ti o n s 9 and p r a c t i 

c a l i t y o f the t h e o r y and i n d i c a t e where p o s s i b l e the i m p l i c a 

t i o n s o f the t h e o r y on the a n a l y s i s of p r a c t i c a l , o p e r a t i o n a l 

M I S ' s . : 

(3) ' To de I i n e a t e a rea s f o r f u r t h e r r e s e a r c h and r e f i n e 

ment i n i n f o r m a t i o n sy s tem t h e o r y and p r a c t i c a l MIS d e s i g n . 

The scope of the p a p e r . w i l l be d e l i n e a t e d by d e f i n i n g 

the s u b j e c t m a t t e r and the a p p r o a c h . In p r o p o s i n g a framework 

f o r e v a l u a t i n g M I S ' s , the s u b j e c t m a t t e r w i l l p r e s e n t the e c o 

nomic c o n c e p t s and m a t h e m a t i c a l t e c h n i q u e s f o r a i d i n g such e v a 

l u a t i o n s , where a MIS has been d e f i n e d p r e v i o u s l y . Wh i l e t h i s 

paper w i I I examine pr imar5 Iy formaI (paperwork ) s y s t e m s , the 

- e f f e c t s o f i n f o r m a l commun i ca t i on w i l l a I so b e ~ r e c o g n i z e d , and 

- a l t h o u g h the o r i e n t a t i o n w i l l be towards the e v a l u a t i o n of ex i s 

t i n g s y s t e m s , the r e l e v a n c e of the d i s c u s s i o n to the prob lem o f 

d e s i g n and a n a l y s i s o f new or proposed systems w i l l be r e a l i z e d 

As a b a s i s f o r e s t a b l i s h i n g the f ramework f o r MIS e v a l u a t i o n , 

the q u a l i t y and e c o n o m i c . a s p e c t s o f i n f o r m a t i o n i t s e l f w i l l be 

d i s c u s s e d . 

The p rob lem o f MIS e v a l u a t i o n w i l l be approached as a 

v a l u e - c o s t t r a d e o f f , and t h i s paper w i l l a t t empt to t a c k l e the 
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'•issue by o f f e r i n g answers to the f o l l o w i n g q u e s t i o n sequence ; 

(1) What are the r e l e v a n t a s p e c t s o f vaIue i n i n f o r m a 

t i o n i t s e l f , and what are the d e t e r m i n a n t s of i n f o r m a t i o n c_o_st? 

(Chapte r 2 ) . 

(2) To what degree can M I S ' s be d e s c r i b e d and to what 

e x t e n t are tirey q u a n t i f i ab I e i n m a t h e m a t i c a l models ? (Chapte r 3) 

(3) G i v e n the a s p e c t s o f v a l u e and c o s t of i n f o r m a t i o n , 

.and g i v e n the most a p p r o p r i a t e (and r e a l i s t i c ) model of a MIS., 

can we d e r i v e pa ramete r s and t e c h n i q u e s f o r the e v a l u a t i o n of 

the v a l u e - c o s t t r a d e o f f of an i n f o r m a t i o n sys tem i t s e l f . ? 

" ( 'Chapter 4) 

An a t t empt w i l l be made to remain as o r i e n t e d as p o s s i b l e 

to the m o s t ' f undamentaI a s p e c t s o f the e x i s t i n g t h e o r y , and to 

adhere to a r ea s of the g r e a t e s t p r a c t i c a l i m p l i c a t i o n . 
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CHAPTER 2 

THE EVALUATION OF INFORMATION 

2.1 The Natu re of I n f o r m a t i o n f o r D e c i s i o n - M a k i n g 

S i n c e i n f o r m a t i o n i s the o u t p u t of an i n f o r m a t i o n , s y s tem, 

i n o r d e r to de te rm ine the v a l u e a s s o c i a t e d w i t h such a s y s t e m , 

we must a s c e r t a i n the v a l ue of t h i s i n f o r m a t i o n . S i m i l a r l y , 

the c o s t components of an i n f o r m a t i o n sys tem w i l l be d e t e r m i n e d , 

a t l e a s t i n p a r t , by the b a s i c c o s t e l ement s o f i n f o r m a t i o n . 

Thus , i t seems i n o r d e r to s t a r t w i t h the e v a l u a t i o n of a g i v en 

-system-by a n a l y z i n g the v a l ue and the c o s t of the i n f o r m a t i o n 

i t p r o d u c e s . 

S i n c e .dat^a becomes i n f o r m a t i o n when s i g n i f i c a n c e i s de 

r i v e d f r om i t by management, an i n f o r m a t i o n sy s tem can.be r e 

garded as a sy s tem of c h a n n e l s d e s i g n e d to hand le the da t a i n 

p u t , p r o c e s s i t , and produce i n f o r m a t i o n as e f f i c i e n t l y as po s 

s i b l e . However, d e c i s i o n - m a k i n g i n f o r m a t i o n i s not homogeneous 

and d i f f e r e n t k i n d s of i n f o r m a t i o n must be t r e a t e d d i f f e r e n t l y . 

S i m i I a r I y , i n f o r m a t i o n has s e v e r a l c h a r a c t e r i s t i c s wh i ch g i ve 

i t q u a l i t y , u s u a l l y a t added c o s t . I n - o r d e r to d e s i g n or e v a 

l u a t e an i n f o r m a t i o n s y s t em, i t i s n e c e s s a r y to d e s c r i b e both 

the k i n d s of i n f o r m a t i o n i t i s to h a n d l e , and the c h a r a c t e r i s 

t i c s wh ich the sy s tem w i l l be e x p e c t e d to add , a m p l i f y or r e t a i n 

i n i n p u t da ta i n o r d e r to t r a n s f o r m i t i n t o i n f o r m a t i o n w i t h a 

http://can.be
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s p e c i f l e a l I v h i qh q u a l i t y a t l o w e s t c o s t , . F o l l o w i n g i s an a t 

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

f o r m a t i o n , : t o d e f i n e what i s meant by dec i s i o n - m a k i n g i n f o r m a 

t i o n i n t h i s c o n t e x t , and t o c a t e g o r i z e t h e c h a r a c t e r i s t i c s o f ; 

i n f o r m a t i o n w h i c h g i v e i t q u a l i t y o r v a l u e , and add t o i t s c o s t . 

B a s i c a l l y we may c l a s s i f y f i v e g e n e r a l c l a s s i f i c a t i o n s o f 

" b u s i n e s s " i n f o r m a t i o n . F o r a more d e t a i l e d d i s c u s s i o n o f t h e s e , 

see. D e a r d e n , l i s t e d as C-2 i n t h e B i b l i o g r a p h y , b u t i n b r i e f 

t h e s e a r e : 

1) F o r m a l v s . I n f o r m a l I n f o r m a t i o n : f o r m a l i n f o r m a t i o n 

b e i n g d o c u m e n t a r y d a t a e x p r e s s e d i n some k i n d o f p e r m a n e n t f o r m 

and w h i c h i s t r a n s m i t t e d t h r o u g h t h e f o r m a l i n f o r m a t i o n c h a n 

n e l s o f t h e f i r m . I n f o r m a l i n f o r m a t i o n i s n o n - d o c u m e n t a r y and 

.may be. , t r ansmi t t e d by w o r d o f m outh, p e r s o n a I o b s e r v a t i o n , e t c . 

I n f o r m a l i n f o r m a t i o n does n o t f o l l o w t h e f o r m a l c h a n n e l s . 

2) S t a t u s vs.- O p e r a t i n g I n f o r m a t i o n : S t a t u s i n f o r m a t i o n 

i s n o n - r e c u r r i n g , a t l e a s t i n t h e s h o r t r u n , i s n o t n o r m a l l y a " 

p a r t o f t h e c o n t r o l p r o c e s s , and i s most commonly g e n e r a t e d 

t h r o u g h s p e c i a l s t u d i e s . O p e r a t i n g i n f o r m a t i o n i s r e c u r r i n g i n -

f o r m a t i o n w h i c h i s g e n e r a t e d , a t r e g u l a r i n t e r v a l s f o r p u r p o s e s , 

"of c o n t r o l and e v a l u a t i o n . 

3) A c t i o n v s . N o n - A c t i o n I n f o r m a t i o n : A c t i o n i n f o r m a t i o n 

i s t h a t w h i c h , w i t h v a r y i n g d e g r e e s o f u r g e n c y , r e q u i r e s t h e 

d e c i s i o n c e n t r e t o t a k e some a c t i o n o r make a y e s - n o d e c i s i o n 

on t a k i n g some a c t i o n . The t e r m " n o n - a c t i o n " i n f o r m a t i o n t h e n 

i s ; s e l f - e x p l a n a t o r y , b u t t h i s c a n be d i v i d e d i n t o s e v e r a l c a t e 

g o r i e s ; f o r e x a m p l e , i n f o r m a t i o n g i v i n g n o t i f i c a t i o n t h a t some 

a c t i o n has' t a k e n p l a c e , o r i n f o r m a t i o n w h i c h i s b e i n g c o m p i l e d 
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to e v e n t u a l l y become p a r t o f an a c t i o n r e p o r t . 

4) I n t e r n a l v s . E x t e r n a l I n f o r m a t i o n : T h i s d i s t i n c t i o n 

i s p r o v i d e d by the sou rce which, g ene r a t e s the i n f o r m a t i o n , i . e . , 

whether i f i s g e n e r a t e d f r om o p e r a t i o n s o f the f i r m , or f rom 

i t s e x t e r n a l e n v i r o n m e n t . 

5) H i s t o r i c a l v s . F u t u r e I n f o r m a t i o n : T h i s d i s t i n c t i o n 

i s based on the-, t ime p e r i o d c o v e r e d by the i nf orrnat i o n . 

WIS ' s canno t be d e s i g n e d or e v a l u a t e d on the b a s i s of 

e f f i c i e n t h a n d l i n g of a l l t he se c l a s s i f i c a t i o n s of i n f o r m a t i o n . 

I n f o r m a l i n f o r m a t i o n . , o f t e n e x t r e m e l y i m p o r t a n t f o r b u s i n e s s s u c 

c e s s , i s by i t s n a t u r e not amenable t o p r e d i c t i o n or d e s c r i p t i o n 

i n f o r m a l a n a l y s i s . F u r t h e r m o r e , g e n e r a l l y s p e a k i n g an e f f i 

c i e n t MIS i s one wh ich w i l l m i n i m i z e the g e n e r a t i o n and p r o c e s 

s i n g of n o n - a c t i o n i n f o r m a t i o n , and s t a t u s i n f o r m a t i o n may o f t e n 

"be g e n e r a t e d o u t s i d e the f o r m a l c h a n n e l s . Thus an MIS must j u s 

t i f y i t s e l f on the b a s i s o f the e f f i c i e n c y w i t h wh i ch i t p e r m i t s 

and promotes the r e p o r t i n g o f two b a s i c c I ass i f i c a t i o n s of b u s i -

ness i n f o r m a t i o n : 

( i ) 0 p er a t i n q i n f o r m a t i o n , u s ua l Iy h i s t o r i c a l . wh ich i s 

u s e f u l f o r making a c t ? on d e c i s i o n s w i t h r e s p e c t to j n t e r n a I o p e 

r a t i o n s o f the f i r m . I t i s t h i s k i n d of d e c i s i o n - m a k i n g i n f o r 

m a t i o n upon wh ich e f f i c i e n t lower and m i d d l e management depends. 

( i i ) E x t e r n a I i n f o r m a t i o n wh ich r e f l e c t s as much as po s -

s l b I e f u t u re :Co n d i t i o ns and wh ich a l s o promotes a c t i o n d e c i s i o n s . 

T h i s k i n d of i n f o r m a t i o n i s c r u c i a l f o r upper management i n 

making l o ng - r ange d e c i s i o n s . -

Fo r pu rposes o f c l a r i t y , we can d e f i n e these l a t t e r k i n d s 

o f i n f o r m a t i o n as dec i s i on -makj ng i n f o r m a t i o n , and i t w i l l be to 
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t h i s , k i n d o f i n f o r m a t i o n t h a t the c h a r a c t e r i s t i c s and d i s c u s s i o n 

to f o I Iow wi I I r e f e r . 

I n f o r m a t i o n of t h i s k i n d can be d e s c r i b e d i n v a r i o u s ways. 

Fo r the p u r p o s e - o f e v a l u a t i o n , however, the c h a r a c t e r i s t i c s of 

d e c i s i o n - m a k i n g i n f o r m a t i o n wh ich are o f i n t e r e s t a re the com

ponent s - o f c o s t and v a l u e . A l t h o u g h v a l u e and c o s t o f i -nforma-

t i o n a re not bo th f u n c t i o n s o f a l l the c h a r a c t e r i s t i c s , and c e r 

t a i n l y no t s i m i l a r f u n c t i o n s , a comp le te l i s t i n g of the r e l e v a n t 

c h a r a c t e r i s t i c s w i I I f a c i I i t a t e the a n a l y s i s to f o l l o w . These 

c h a r a c t e r i s t i c s a r e , t h e n : 

( i ) Q u a n t i t y : T h i s i s s i m p l y the amount of i n f o r m a t i o n 

g e n e r a t e d , p r o c e s s e d , and r e p o r t e d . Presumab Iy, the g r e a t e r the 

q u a n t i t y of i n f o r m a t i o n , the more v a r i a b l e s the i n f o r m a t i o n d e s 

c r i b e s , and the more comprehens i ve a r e p o r t w i l l be . However, 

more i n f o r m a t i o n i s not n e c e s s a r i l y b e t t e r i n f o r m a t i o n and t h i s 

i s amply i l l u s t r a t e d by the f a c t t h a t a h i g h speed p r i n t e r today 

can p r i n t more da ta i n a s i n g l e hour than a manager can r e a s o n 

a b l y d i g e s t i n a month, 

( i i ) A c c u r a c y : In the sense o f p r e c i s i o n , t h i s means 

g a t h e r i n g a l l i n p u t da ta w i t h seven s i g n i f i c a n t d i g i t s i n s t e a d 

o f f o u r . However, p r e c i s i o n may be s p u r i o u s and t i e d to some 

u n r e a l i s t i c c o n v e n t i o n o f the pa s t or some b o o k - k e e p i n g r u l e . 

Co s t d a t a a c c u r a t e to the n e a r e s t penny cannot be combined w i t h 

s a l e s f o r e c a s t s i n rounded thousands to g i v e p r o f i t e s t i m a t e s 

to: the n e a r e s t penny. T h i s c oncep t o f a c c u r a c y i n c l u d e s those 

of c o r r e c t n e s s and de pendab i I i ty , 'wh i ch r e f l e c t the i n f o r m a t i o n 

s y s t e m ' s a b i l i t y to a v o i d e r r o r s and i n a c c u r a c i e s and c o n s i s t e n 

t l y r e p o r t e x a c t i n f o r m a t i o n . These are f u n c t i o n s o f the " n o i s e " 
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i n h e r e n t i n the sys tem ( o f t e n d i r e c t l y r e l a t e d to the human 

c o n t e n t o f the system) and the degree to wh ich check s and v e r i 

f i c a t i o n s , as we I I as f e e d b a c k , have been b u i l t i n t o the i n f o r 

m a t i o n .system. 

- ( i i i ) ' T i m e l i n e s s : T h i s i s a complex f u n c t i o n o f the 

_i n t e r va I , or t ime p e r i o d between r e p o r t s , the r e p o r t i n g p e r i o d 

o ve r wh i ch the i n f o r m a t i o n i s g a t h e r e d , and the d e l a y , or w a i 

t i n g t ime u n t i l i t becomes a v a i l a b l e . I n f o r m a t i o n c I ear Iy s u f 

f e r s a l o s s i n v a l u e as d e l a y s i n c r e a s e and/or the i n t e r v a l i s 

t oo l o n g . However, i n f o r m a t i o n a l s o c l e a r l y a c cumu l a te s g r e a t e r 

c o s t as t he se r e s t r i c t i o n s a re t i g h t e n e d . But where i s the t r a d e 

o f f ? 

( i v ) Fo rmat : The f o rm or method of p r e s e n t a t i o n . Much 

t ime can be s pen t h u n t i n g f o r i n f o r m a t i o n i n a r e p o r t f u I I of 

- f a c t s ; thus i n f o r m a t i o n must be t a i l o r e d to the needs of mana

gement i f i t i s to be u s e f u l . A common phenomenon i s t h a t r e 

p o r t s become s m a l l e r and more c o n c i s e as they are f i I t e r e d up -

warjjjs t h r o u g h the m a n a g e r i a l h i e r a r c h y . 

(v) R e l e v a n c e : I n f o r m a t i o n i s v a l u e l e s s u n l e s s i t can 

be used as an a i d i n d e c i s i o n - m a k i n g ; t h u s , the r e l e v a n c e or 

a p p l i c a b i l i t y of the i n f o r m a t i o n to the d e c i s i o n s a t hand i s a 

major c r i t e r i o n . Th is , i s a l s o the most nebu lou s of the c o n c e p t s 

s i n c e as a d e c i s i o n c e n t r e , a manage r ' s e f f e c t i v e n e s s depends 

on how he a r r a n g e s f o r messages to f l o w to him and how he f i l t e r s 

ou t the more s i g n i f i c a n t c o n t e n t of the messages r e c e i v e d . The 

manager ( d e c i s i o n - c e n t r e ) a t each l e v e l i s the on Iy i n s t r u m e n t 

t h a t can p r o v i d e e i t h e r f o r m a l or i n f o r m a l measures o f i n f o r m a 

t i o n v a l u e s . O t h e r s can i n f l u e n c e the f a c t o r s t h a t go i n t o a 

g i v e n manage r ' s measu re s , but t he se measures ( v a l u e judgements) 
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can o p e r a t e o n l y i n h i s m ind . T h i s poses a s i gn i f i c a n t prob I em 

to any i n f o r m a t i o n - v a l u e approach to management s y s t ems . 

F o r a f u r t h e r d i s c u s s i o n of t he se c h a r a c t e r i s t i c s o f i n 

f o r m a t i o n and the degree to wh i ch they r e l a t e to v a l u e and c o s t , 

the r e a d e r i s r e f e r r e d to the r a t h e r o p p o s i n g v iews p r e s e n t e d 

i n i tems C-4 and C-5 i n the B i b l i o g r a p h y . 

2.2 A s p e c t s o f Va l ue - The Va l ue F u n c t i o n 

Data cannot become j.nf o rma t i on u n t i I i t a c q u i r e s d e c i s i o n -

nraki'ng v a l u e , r e l a t e d to the amount and ef f i c i ency wi th wh i ch 

i t r educe s the u n c e r t a i n t y f a c i n g the d e c i s i o n maker. I n f o r m a 

t i o n must t h e r e f o r e have a v a l u e f u n c t i o n wh i ch d e s c r i b e s the 

v a l u e dependence o f the above c h a r a c t e r i s t i c s of i n f o r m a t i o n . 

I t i s p o s t u l a t e d here t h a t the c h a r a c t e r i s t i c s l i s t e d p r e v i o u s l y 

r e p r e s e n t t he se components o f v a l u e , and the degree and manner 

w i t h wh i ch they do . so w i l l be examined. 

( 1 ) Quan t i t y : Pe rhaps the s i m p l e s t to d e s c r i b e i n e c o 

nomic t e r m s , the amount o f i n f o r m a t i o n s u p p l i e d w i l l a lmos t i n 

var i ab I y ' assume a p o i n t o f d i m i n i s h i n g r e t u r n s . Up to a c e r 

t a i n p o i n t , we can e x p e c t to see v a l u e r i s e f r om ze ro to a peak, 

beyond wh ich a d d i t i o n a l i n f o r m a t i o n (as suming the same degree 

o f a c c u r a c y , t i m e l i n e s s and re I evancy) . on I y l e s s e n s the d e c i s i o n 

making a b i l i t y of the u s e r , and adds l e s s v a l u e than p r e v i o u s 

amounts. T h i s ' c o n c e p t , w h i l e e c o n o m i c a l l y and p s y c h o l o g i c a l l y 

sound, i s ve ry d i f f i c u l t to dea l w i t h i n p r a c t i c e , s i n c e i t i s 

c l o s e l y t i e d to the a b i l i t y and c a p a c i t i e s o f the i n d i v i d u a I de 

c i s i o n - m a k e r . In a d d i t i o n , i t i s the o p i n i o n o f s e v e r a l a u t h o r s , 
2. 

i n c l u d i n g A c k o f f , t h a t p r e s e n t day managers i ndeed do not 

-2. A c k o f f , R . L . , '"Management M i s i n f o r m a t i o n Systems', ' Management 
Sc i ence., V o l . 14, No. 4 , December, 1967 , p. B-147 
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s u f f e r f r o m a I a c k o f r e l e v a n t i n f o r m a t i o n ; r a t h e r , i t i s m o r e 

c o m m o n t h a t t h e y a r e b e s i e g e d w i t h t o o m u c h i n f o r m a t i o n , t h u s 

o p e r a t i n g p a s t t h e . p o i n t o f d i m i n i s h i n g r e t u r n s a n d e x p e r i e n c i n g 

a k i n d o f " i n p u t o v e r l o a d " . T h i s p h e n o m e n o n s u g g e s t s t h a t t w o 

o f t h e m o s t i m p o r t a n t f u n c t i o n s o f a MIS m u s t b e c o n d e n s a t i o n 

a n c l f,'' I, t r a t i o r ( i m p l y i n g p r e - e v a I u a t i o n o f i n p u t i n f o r m a t i o n t o 

t h e d e c i s i o n c e n t r e ) . 

. ( i i ) A c c u r a c y : A g a i n a c c u r a c y , a s d e f i n e d e a r l i e r , w i I I. 

a l s o e x h i b i t t h e l a w o f d i m i n i s h i n g r e t u r n s , t h o u g h t h i s d e p e n d s 

d i r e c t l y o n t h e u s e r a n d t h e s i t u a t i o n . M o r e a c c u r a c y i s w a r 

r a n t e d i f a l a r g e r m a r g i n o f a c c u r a c y m i g h t c a u s e t h e m a n a g e r t o 

m a k e a d i f f e r e n t d e c i s i o n . V a l u e i s l o w e r w h e n t h e m a r g i n o f 

a c c u r a c y i s l o w ( c e t e r i s p a r i b u s ) , a n d t h e v a l u e i n c r e a s e s r a p i 

d l y a s t h e . m a r g i n i s i n c r e a s e d , u p t o a p o i n t w h e r e i t may h a v e 

l i t t l e o r n o b e a r i n g o n t h e o u t c o m e . A l t h o u g h o n l y r a r e l y w i l l 

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

m a k i n g , t h e c o s t a s s o c i a t e d w i t h t h i s , a c c u r a c y m a r g i n w i l l b e 

p r o h i b i t i v e . 

( 1 ' 1 ) T j V n e n l ; i n e _ s s : T h e q u a l i t y o f m a n a g e m e n t d e c i s i o n s 

i s r e l a t e d t o w h e n t h e y a r e m a d e . " T i m e l i n e s s o f r e p o r t e d i n f o r 

m a t i o n c a n p e r h a p s b e s t b e d e s c r i b e d i n t e r m s o f i n t e r v a l s , p e r 

i o d s a n d d e l a y s a s d e f i n e d e a r l i e r . T h e " r e p o r t i n g d e l a y " may 

b e t h o u g h t o f a s c o m p o s e d o f t w o e l e m e n t s : a n i n h e r e n t a g e o f 

t h e d a t a , a n d a p r o c e s s i n g d e l a y . O p e r a t i n g i n f o r m a t i o n c o v e r s 

a p e r i o d o f t i m e d u r i n g w h i c h e v e n t s h a v e h a p p e n e d . T h e r e f o r e , 

t h e a g e o f o p e r a t i n g i n f o r m a t i o n d e p e n d s o n t h e l e n g t h o f t h e 

o p e r a t i n g p e r i o d , s i n c e s o m e e v e n t s h a p p e n e a r l y i n t h e p e r i o d , 

s o m e , n e a r t h e m i d d l e , a n d s o m e n e a r t h e e n d . I n f o r m a t i o n a b o u t 
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o p e r a t i o n s t h r oughou t a p e r i o d o f t i m e , t h e n , has an i n h e r e n t 

ave rage age o f o n e - h a l f a p e r i o d , mere l y because the even t s i n 

v o l v e d a re sp read t h r o u g h o u t t h i s r e p o r t i n g p e r i o d . The p r o c e s 

s i n g delay;- i n v o l v e d i n p r o d u c i n g the r e p o r t s must be added to 

' t h i s i n h e r e n t t ime lag of o n e - h a l f a p e r i o d to g i ve the minimum • 

age o f i n f o r m a t i o n b e f o r e i t i s a v a i l a b l e f o r u s e . S t a t u s i n 

f o r m a t i o n ^ by d e f i n i t i o n h i s t o r i c a l , has no i n h e r e n t age; thus 

i t s minimum t o t a l age i s dependent o n l y on the p r o c e s s i n g d e l a y . 

I t i s a I so p o s s i b I e to dec rea se the age f a c t o r , thus i n 

c r e a s i n g i n f o r m a t i o n v a l u e , by a r e d u c t i o n i n the r e p o r t i n g i n t e r 

v a l . Thus one can have the same i n f o r m a t i o n but a t a f a s t e r 

r a t e . .However, t h e r e are l i m i t s to the s h o r t e n i n g o f the r e p o r 

t i n g i n t e r v a l as too g r e a t a f r e q u e n c y can l ead t o . e r r a t i c i n 

f o r m a t i o n i n the s h o r t run and thu s r ende r i t u s e l e s s f o r f o r e 

c a s t i n g p u r p o s e s . AI so "the " r educed i n t e r va I means more r e p o r t s 

to r e a d , f i l e and p r e p a r e , thus e n c o u n t e r i n g the " q u a l i t y " p r o -

fa I em d i s c u s s e d above. The optimum i n t e r v a l f o r each r e p o r t i n g 

p r o c e s s w i l l vary w i t h b u s i n e s s c o n d i t i o n s and d i f f e r e n t k i n d s 

of r e p o r t s , so t h a t the c o m p l e x i t y o f the s u p p o r t i n g system w i . i l 

t end to ou twe i gh the v a l u e a d v a n t a g e s . 

The u s e f u l n e s s t o management of any i n f o r m a t i o n can be 

r e l a t e d - to the r e p o r t i n g p e r i o d d i r e c t l y . Here a g a i n , a m a r g i 

na l c o n c e p t i s used i n t h a t as the p e r i o d p r o g r e s s e s , the v a l ue 

o f i n f o r m a t i o n dee I i n e s , w i t h the g r e a t e s t u s e f u l n e s s o c c u r r i n g 

i n the f i r s t h a l f of the p e r i o d . Any i n c r e a s e d t o t a l de l ay 

w i l l then dec rea se t h i s peak u s e f u l n e s s and any reduced t o t a l 

d e l a y w i l l i n c r e a s e i t s u s e f u l n e s s f o r d e c i s i o n - m a k i n g . 

The optimum age o f i n f o r m a t i o n i s then a b i e n d o f the f a c -

http://wi.il
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t o r s o f i n t e r n a l r e p o r t i n g i n t e r v a l and p r o c e s s i n g d e l a y . How-

e v e r , t h e r e i s no c l e a r c u t r e I a t i on .between ' the . f requency of r e 

p o r t i n g , r e p o r t i n g p e r i o d , and va lue. - Fo r examp le , the f ; r e 

a l a r m i s a s i g n a l r e sponse w i t h no d e l a y and no r e g a r d f o r the 

l a s t i n t e r v a l between a l a rm s i g n a l s . T h i s l ack o f r e l a t i o n then 

l ead s to the use of " r e a l - t i m e " , " o n - 1 i ne " systems f o r . i n f o rma 

t i o n p r o c e s s i n g such as t h a t used f o r n a t i o n a l d e f e n c e . 

( i v) Fo rmat : Here the c l a s s i c a l m a r g i n a l r e t u r n approach 

b r e a k s down, f o r many, d o l l a r s and much e f f o r t can be devoted to 

f o rm and s t r u c t u r e d e s i g n o f i n f o r m a t i o n . s y s t e m o u t p u t , w h i l e 

a l i t t l e i m a g i n a t i o n and f o r e - t h o u g h t may y i e l d the b e s t d e s i g n 

w i t h a minimum of e f f o r t . Fo r t h i s r e a s o n , t h i s i s the e lement 

o f v a l u e most r e a d i l y a c c e s s i b l e and. most o f t e n used i n systems 

. . a n a l y s i s . ..I n .add i t.i on , t h e r e may be -no opt i rnum f o r m a t , o n l y 

some wh i ch a re more a e s t h e t i c a l l y p l e a s i n g to some d e c i s i o n 

makers than o t h e r s . Thus , p s y c h o l o g i c a l a s p e c t s ( t h e t heo r y o f 

p e r c e p t i o n ) becomes r e l e v a n t , and once a g a i n we have the u t i l i t y 

or v a l u e s t r u c t u r e o f the d e c i s i o n c e n t r e impos i ng a good dea l 

o f i n d i v i d u a I i t y on the m e r i t or v a l ue measure of o u t p u t i n f o r 

m a t i o n . A l s o , w h i l e " t h e ' b e n e f i t s o f improved f o r m a t de s i g n are 

more t a n g i b l e than some o f the o t h e r c h a r a c t e r i s t i c s , the p r o b 

lem of i n d i v i d u a l i t y and the f a c t t h a t i t i s d i f f i c u l t to c o n 

c e i v e of a c o n t i n u o u s v a l u e f u n c t i o n f o r i t , makes the a p p l i c a 

t i o n of t r a d i t i o n a l economic a n a l y s i s d i f f i c u l t . 

( v ) R e l e v a n c y : W h i l e some i n f o r m a t i o n w i l l be o b v i o u s l y 

r e l e v a n t to the d e c i s i o n a t hand and o t h e r i n f o r m a t i o n w i l l not 

be , t h e r e may be many grey a r e a s . U n f o r t u n a t e l y , i n f o r m a t i o n 

can be £a£tjj_ l_Ll r e l e v a n t , and p a r t s of the i n f o r m a t i o n p r o v i -
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ded can be r e l e v a n t , but the r e d u c t i o n i n u n c e r t a i n t y o f p a r t i a l 

ly r e l e v a n t i n f o r m a t i o n f o r one i n d i v i d u a I may be c o n s i d e r a b l y 

d i f f e r e n t t han t h a t f o r a n o t h e r . I f d e c i s i o n - m a k e r s A and B 

bo th w i s h to judge the s u c ce s s o f a p l a n t or s u b s i d i a r y , and each 

r e q u e s t s the re I e van.t p r o f i t - v o I ume-cos t f i qures , g i v i n g A. o n l y 

volume may s a t i s f y him f o r pu rposes of the d e c i s i o n he must make 

( i * e « ~ p a r t of the re I e van t i n f o r m a t i - o n ) , w h i l e B may be s a t i s 

f i e d w i t h a c o m p a r a t i v e v a r i a n c e a n a l y s i s r e p o r t ( p a r t i a l Iy r e l e 

vant i n f o r m a t i o n ) . A t t empt s t o de te rm ine the r e q u i r e m e n t s f o r . 

• i n f o r m a t i o n w i t h i n an o r g a n i z a t i o n a re o f t e n i n i t i a t e d on the 

p r e s u m p t i o n o f " a s k i n g management what i t n e e d s " . In p r a c t i c e , 

the manager r a r e l y can e x p l i c i t l y d e f i n e h i s i n f o r m a t i o n a l r e 

q u i r e m e n t s i n t o t a l , y e t he c o n s i s t e n t l y makes c o r r e c t d e c i s i o n s 

w i t h i n the i n f o r m a t i o n he does have or e v e n t u a l l y g e t s . I t i s 

t h i s i n t u i t i v e o r i n s t i n c t i v e a s p e c t o f many d e c i s i o n c e n t r e s 

t h a t p l a gue s the a n a l y s t , and i t i s t h i s u n c e r t a i n t y about the 

d e c i s i o n m a k e r ' s u t i I i t y ' s t r u c t u r e t h a t r e n d e r s much of the t h e o 

r y on the e v a l u a t i o n o f M I S ' s t o t a l l y i m p r a c t i c a l . 

• T-o-summari ze the se v a l u e c h a r a c t e r i s t i c s t h e n , we have 

p o s t u l a t e d a va lue : f u n c t i o n f o r i n f o r m a t i o n o f the f o r m : 

IQ = qua I i t y 
A = a c c u r a c y 
T = t ime I i ness 
F = f o r m a t 
R = re I evance 

For: the f i r s t t h r e e i ndependent var i ab I es , t he f u n c t i o n 

w i l l e x h i b i t the d i m i n i s h i n g r e t u r n s p r i n c i p l e , and thus wi I I 

assume the f a m i l i a r "hump" shape, w h i l e f o r the r e m a i n i n g two, 

the f o rm o f the f u n c t i o n i s more d u b i o u s . I f f o r m a t and. re|e^ 

vance a re g i v e n or assumed to be o f no impo r tance on a g i v en 
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i n s t a n c e , then the v a l u e f u n c t i o n f o r i n f o r m a t i o n m ight appear 

s i m i l a r . t o t h a t of F i g u r e 3. 

2,3 A s p e c t s o f C o s t - The C o s t F u n c t i o n 

I t s h o u l d be no ted a t the o u t s e t t h a t a s s o c i a t e d w i t h 

i n f o r m a t i o n are two b a s i c n o t i o n s o f c o s t - a commun i ca t i on c o s t 

and a r i s k c o s t . Commun ica t ion c o s t n a t u r a l l y i s the c o s t o f 

p r o c u r i n g , p r o c e s s i n g , and r e p o r t i n g i n f o r m a t i o n . R i s k c o s t , 

however , i s b a s i c a l l y a d e c i s i o n c o s t . I t r e l a t e s to the u n c e r 

t a i n t y p r e s e n t i n the d e c i s i o n - m a k i n g p r o c e s s as a r e s u l t o f the 

absence or l a ck of q u a l i t y of the i n f o r m a t i o n , and i s d i r e c t l y 

a s s o c i a t e d w i t h the p r obab i I i t y of making a wrong o r l e s s - t h a n -

o p t i m a l d e c i s i o n . U n f o r t u n a t e l y , t h i s k i n d o f c o s t i s d i f f i c u l t 

t o measure , and a dec rea se i n the r i s k c o s t u s u a l l y can o n l y be 

o b t a i n e d a t the expense of i n c r e a s i n g commun i ca t i on c o s t . Thus 

t o t a l c o s t must be a b a l a n c e between these two f o r an optimum 

cond i t i o n . 

( ' ) Quantj t y : W h i l e the c o s t a s s o c i a t e d wi t h more i n -

- f o r m a t i o n may be s i m p l y l i n e a r , the c o s t f u n c t i o n w i l l depend a 

g r e a t dea l on sys tem c a p a c i t y . The c a p a c i t y of a sy s tem must 

,be . l a r g e .enough to hand le peak lo,a.ds, an.d the f i x e d c o s t s of a 

sy s tem - p e r s o n n e l , equ ipment , s p a c e , programming, e t c . - a r e 

d e t e r m i n e d c h i e f l y by the maximum c a p a c i t y o f t he s y s tem. Ope

r a t i n g c o s t s - med i a , o v e r t i m e , and o t h e r s - a re s e n s i t i v e to 

vo lume. When the peak l oad i s much g r e a t e r than the average p r o 

c e s s i n g l o a d , e i t h e r more c a p a c i t y must be p r o v i d e d to hand le 

the peak, or. the e l a p s e d t ime r e q u i r e d f o r p r o c e s s i n g w i l l . g r o w . 

Such e x t r a c a p a c i t y may then be i d l e u n t i l the nex t peak o c c u r s . 
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Thus, due " to the e x i s t e n c e o f f i x e d sys tem c a p a c i t i e s and t h e r e 

f o r e some optimum (minimum c o s t ) o p e r a t i n g p o i n t , the cot;t f u n c 

t i o n f o r q u a n t i t y i s more l i k e l y to be U-shaped than l i n e a r . 

( J i).. Accuracy!;'-. Whi I e p rec i s i on i s an impor tan t , compo

nent of c o s t , the major c o s t d e t e r m i n a n t here w i l l be r e l i a b i -

l i ty . Re N a b H i ty imp I i es a sys tem o f b u i l t - i n check s f rom da ta 

g a t h e r i n g , t h rough da ta p r o c e s s i n g ( v i a v a l i d i t y and p a r i t y c h e c 

k i n g hardware) to data... r e c o r d i n g . The more the s t a n d a r d d e 

v i a t i o n o f r e p o r t e d r e s u l t s around the t r u e v a l ue i s r e d u c e d , 

the g r e a t e r w i l l be the. o p e r a t i n g c o s t s o f the s y s t em. T h i s r e -
3 . 

l a t i o n s h i p i s u s u a l l y f ound to be e x p o n e n t i a l . 

O i O - Xim,.?,l-l.rig,g5T: J u s t as f o r the v a l ue f u n c t i o n , the 

c o s t f u n c t i o n f o r the t i m e l i n e s s o f i n f o r m a t i o n i s dependent on 

- t h e f a c t o r s of i n t e r v a l and d e l a y . A g a i n , f o r a more d e t a i l e d 

d i s c u s s i o n , see Gregory & Van Horn , i tem C -5 i n the B i b l i o g r a p h y , 

but i n b r i e f the c o s t i m p l i c a t i o n s are d i s c u s s e d h e r e . 

I t i s o f t e n o b s e r v e d t h a t the r e l a t i o n s h i p between the 

c o s t of p r o c e s s i n g da ta and the l e n g t h of the i n t e r v a l between 

p r e p a r a t i o n o f s u c c e s s i v e r e p o r t s i s n o n - l i n e a r ; t h a t i s , r e 

d u c i n g the r e p o r t i n g i n t e r v a l w i l l u s u a l l y have a more than p r o 

p o r t i o n a l e f f e c t on c o s t s . T h i s i s t r u e s i n c e the c o s t of sum

m a r i z i n g f i l e s and p r e p a r i n g r e p o r t s i s r e l a t e d to the number 

o f r e p o r t s p r e p a r e d , i t o f t e n b e i n g f ound t h a t c o s t s doub le each 
4 . . 

t ime the r e p o r t i n g i n t e r v a l i s c u t i n h a l f . As the i n t e r v a l 

app roaches z e r o , of c o u r s e , we approach the c o n t i n u o u s - m o n i t o -

3 . G rego ry & Van Ho rn , A u t o m a t i c Data Process ) ' ng Sy s tems, Wads-
w o r t h P u b l i s h i n g Company, Be lmon t , C a l i f . , 1962, pi'- 349 

4 . i b i d . p. 350 
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t o r i n g case o f the " o n - l i n e " s y s t e m , i n wh i ch d a t a i s b e i n g c o n 

t i n u a l l y f e d (or i s co nt i n u a i I y a v a i l a b l e ) to the d e c i s i o n -

c e n t r e , such as i s the case i n the p r o c e s s c o n t r o l systems of ." 

.many l a r g e o i l r e f i ner i es. now i n o p e r a t i o n . These systems a re 

a l s o the most c o s t l y . 

In a d d i t i o n , s h o r t e n i n g the p r o c e s s i n g de l a y f o r a: g i v e n 

sys tem w i l l n o r m a l l y i n c r e a s e c o s t s . Fo r any p a r t i c u l a r sy s tem 

u s i n g c e r t a i n methods - manua l , e l e c t r o m e c h a n i c a l , or e l e c t r o n i c 

- t h e r e w i l l be some p r o c e s s i n g de l a y wh i ch has the l owes t ope 

r a t i n g c o s t s . Human and equ ipment components are used at a h i g h 

f r a c t i o n o f c a p a c i t y and n e i t h e r o v e r l o a d nor i d l e n e s s o c c u r s . 

A g a i n , as the de l a y i s d e c r e a s e d towards z e r o , we approach the 

r e a I - t i m e , o n - I i n e sys tem wh i ch w i l l norma IIy e n t a i I the g r e a 

t e s t c o s t . 

A g a i n , the f a m i l i a r U-shaped cu r ve wou ld p r o b a b l y d e s c 

r i b e the c o s t f u n c t i o n b e s t , w i t h an i m p l i e d minimum at a p a r t i 

c u l a r a ge- i n t e r va I comb i na t i on and i n c r e a s i n g c o s t s where the 

s e a r c h f o r and r e p o r t i n g of i n f o r m a t i o n becomes e x t r eme . 

( ' v ) Fo rmat ; Aga i n as was the case e a r l i e r , i t i s d i f 

f i c u l t to c o n c e i v e o f a d e f i n i t e c o s t r e l a t i o n s h i p f o r t h i s v a 

r i a b l e . Th i s i s due i n p a r t to the f a c t t h a t t h e c o s t s a s s o c i a 

t e d w i t h poor or I e s s - t h a n - b e s t f o r m a t s are l a r g e l y o f the r i s k 

c o s t v a r i e t y , r a t h e r than of measu rab le commun i ca t i on c o s t . I f 

a d e c i s i o n - m a k e r m i s - r e a d s , o m i t s or s i m p l y canno t u n d e r s t a n d 

i n f o r m a t i o n p o r t r a y e d i n a c e r t a i n way, then the p r o b a b i l i t y of 

h i s making a poor d e c i s i o n i s g r e a t l y i n c r e a s e d and the c o s t 

a s s o c i a t e d w i t h such a d e c i s i o n e r r o r may f a r ou twe i gh the com

m u n i c a t i o n c o s t of r e p o r t i n g the i n f o r m a t i o n i n any f o r m a t . 
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Thus , i t i s easy to j u s t i f y p u t t i n g many d o l l a r s i n t o i m p r o v i n g 

t h i s a r ^ a , s i n c e the c o s t a s s o c i a t e d w i t h f a i l u r e to produce i n 

f o r m a t i o n i n good f o r m a t s , though unmeasur ab I e, i s i m p l i c i t l y 

h i g'h. 

(v) Re I evance : Here a g a i n a c o s t f u n c t i o n i s d i f f i c u l t 

t o pos tu I a t e , s i n c e the c o s t a s s o c i a t e d w i t h g a t h e r i n g , p r o c e s 

s i n g and r e p o r t i n g , r e l e v a n t i n f o r m a t i o n may be no more, i n terms 

o f commun i ca t i on c o s t , than t h a t f o r i n f o r m a t i o n wh ich i s i r -

r e l e v a n t or I e s s - t h a n - o p t i m a I. A ga i n the r i s k c o s t i s the major 

f a c t o r , the p o s s i b i l i t y of e r r oneou s d e c i s i o n s i n c r e a s i n g as r e 

l e vance ( a d m i t t e d l y s u b j e c t i v e ) i s d e c r e a s e d . 

To summarize once more, the c o s t f u n c t i o n has been a s s u 

med a f u n c t i o n of the f i v e c h a r a c t e r i s t i c s , i n d i f f e r i n g ways; 

i . e . -

c = f ( Q , A, T, F, R) 

where the re I a t i o n s h i p wi II assume a U-shape f o r the f i r s t t h r e e 

i ndependen t v a r i a b l e s w h i l e t h e - r e l a t i o n s h i p f o r . the l a s t two 

. is unknown. A g a i n , i f the f o r m a t and r e l e v a n c e prob lems are 

c o n s i d e r e d overcome, the c o s t f u n c t i o n might appear as g i ven 

i n F i g u r e 3.' 

2.4 G u i d e l i n e s f o r the E v a l u a t i o n of I n f o r m a t i o n 

G i v e n the se two f u n c t i o n s of c o s t and v a l u e , one can 

a r r i v e a t the t h e o r e t i c a l optimum o p e r a t i n g p o i n t by s imp l y 

c h o o s i n g t h a t c o m b i n a t i o n of i n p u t c h a r a c t e r i s t i c s wh ich 

y i e l d s a maximum f o r v a l ue minus c o s t . Th i s m igh t appear as 

I n d i c a t e d i n F i g u r e 3. T h i s opt imum, t h e n , r e p r e s e n t s a " b e s t " 

q u a l i t y m i x ; t h a t i s , the b e s t p o s s i b l e comb i ned ah!-oca-
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t i o n of e f f o r t i n t o each o f the c h a r a c t e r i s t i c s o f i n f o r m a t i o n 

qua I i t y . 

I t ' w i . i l be n o t i c e d t h a t the v a l u e measure f o r i n p u t c h a 

r a c t e r i s t i c s - i s - somewhat d u b i o u s , b e i n g measured bo th i n d o l l a r s 

and U t i Is (where a u t i I r e p r e s e n t s some u n i t of u t i I i ty-). Th i s 

i s a g a i n an i n d i c a t i o n o f the d i f f i c u l t y i n v o l v e d i n a s c r i b i n g 

to o u t p u t i n f o r m a t i o n a q u a n t i t a t i v e v a l u e measu re . The t r a d i 

t i o n a l app roach o f economics i s to pursue the t h e o r y t h a t p r o f i t 

m a x i m i z a t i o n i s the p r ima r y o b j e c t i v e of the f i r m . From t h i s 

s t a n d p o i n t , i t f o l l o w s t h a t a d d i t i o n a l i n f o r m a t i o n has v a l ue 

a c c o r d i n g to the d i f f e r e n c e i n p r o f i t t h a t wou ld a c c r ue to the 

o r g a n i z a t i o n w i t h and w i t h o u t the a v a i l a b i l i t y o f such i n f o r m a 

t i o n . However, the c h a r a c t e r i s t i c s o f i n f o r m a t i o n make such a 

s i m p l i f i e d approach u n t e n a b l e . F i r s t , c a p i t a l and l abour u s u a l 

ly y i e l d measurab Ie ga i n s when i n c r e m e n t a l amounts are added to 

the p r o d u c t i o n p r o c e s s . I n f o r m a t i o n , however, does not behave 

as an i ndependen t v a r i a b l e . I t s v a l u e and c o s t . a r e m u l t i - d i m e n 

s i o n a l f u n c t i o n s of the f i v e c h a r a c t e r i s t i c s d i s c u s s e d p r e v i o u s -

-•| y . "Thus., the add i t i ons to. d e c i s i o n e f f e c t i v e n e s s or u n c e r t a i n t y 

r e d u c t i o n s are not s i m p l e f u n c t i o n s o f the amount o f i n f o r m a t i o n 

s u p p l i e d , , but a l s o of the qua I i ty o f i n f o r m a t i o n i n h e r e n t i n 

the p re sence or absence of the c h a r a c t e r i s t i c s , making i n c r e m e n 

t a l a n a l y s i s on a d d i t i o n a l u n i t s of i n f o r m a t i o n d i f f i c u l t . 

S e c o n d l y , i n f o r m a t i o n i s i n e x t r i c a b l y t i e d to n o t i o n s o f 

u n c e r t a i n t y r e d u c t i o n and d e c i s i o n - m a k i n g e f f e c t i v e n e s s , both 

p r o b a b i l i s t i c c o n c e p t s , making the v a l u e o f a d d i t i o n a l u n i t s o f 

i n f o r m a t i o n or i n f o r m a t i o n q u a l i t y d i f f i c u l t . t o measure i n o b 

j e c t i v e u n i t s . Fo r examp le , a s i n g l e u n i t of c a p i t a l i n p u t 

http://'wi.il
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w i l l add Q u n i t s to o u t p u t o ve r some r ange , but i n f o r m a t i o n 

" b i t " B may reduce the" u n c e r t a i n t y a s s o c i a t e d w i t h manager X ' s 

d e c i s i o n t a s k by a c o n s i d e r a b I y d i f f e r e n t amount than i t r e d u 

ces manager Y ' s d e c i s i o n u n c e r t a i n t y , due to t h e i r d i f f e r e n t 

d e c i s i o n t a s k s and d i f f e r i n g u t i l i t y measures . 

' F o r t he se r e a s o n s , the approaches o f t r a d i t i o n a l econo

mic s wh i ch argue t h a t i n f o r m a t i o n , s i m i l a r to o t h e r i n p u t s to 

a. b u s i n e s s o r g a n i z a t i o n , s h o u l d be t r e a t e d w i t h the t h e o r e t i 

c a l t e c h n i q u e o f m a r g i n a l a n a l y s i s ( t h a t i s , i n f o r m a t i o n s h o u l d 

be a c q u i r e d u n t i I t h a t p o i n t o f o p e r a t i o n i s e n c o u n t e r e d where 

m a r g i n a l c o s t e q u a l s m a r g i n a l r e v e n u e ) , are somewhat i n a d e q u a t e . 

What seems needed f o r i n f o r m a t i o n e v a l u a t i o n i s a " d e c i s i o n -

o r i e n t e d " app roach wh i ch p e r m i t s the a n a l y s i s o f o u t p u t i n f o r 

ma t i on d i r e c t l y i n terms of the n a t u r e . o f the d e c i s i o n t a s k , 

the way i n wh i ch the p r o v i d e d i n f o r m a t i o n i s used i n the d e c i s i o n 

p r o c e s s , and the d e c i s i o n - m a k e r ' s u t i l i t y s t r u c t u r e . Such a 

method must then y i e l d e f f i c i e n c y c r i t e r i a f o r i n f o r m a t i o n wh ich 

measure the degree to wh i ch i t r educe s d e c i s i o n u n c e r t a i n t y . 

Such an approach i s t h a t o f d e c i s i o n t h e o r y , a n d ' i t w i I I be the 

purpose o f t h e -next s e c t i o n - t o i I I u s t r a t e - the -app I i cab i I i ty of 

-such - a-n - approach , - and to compare i t-vvi t h a- m a t r i x fo rma H z a t i o n 

o f the MIS s t r u c t u r e . 



F i g u r e 3 THE EVALUATION OF INFORMATION 

V a l u e 
(5/Ut i Is) 

Q = The Q u a n t i t y & 
Qua I i t y (Accu racy 
& "Time I i n e s s ) o f : 
I n f o r m a t i o r 
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CHAPTER 3 

MODELS FOR ANALYZING MIS !'S 

3.1 The P rob lems o f F o r m a l i z a t i o n 

The i n f o r m a t i o n sy s tem of the b u s i n e s s f i r m r e p r e s e n t s 

the mechanism by wh i ch i t f u n c t i o n s . The e f f i c i e n c y w i t h wh i ch 

i n f o r m a t i o n f l o w s among the f i r m ' s d e c i s i o n c e n t r e s r e f l e c t s 

no t o n l y the ease w i t h wh i ch d e c i s i o n s can be made, but a l s o 

the o v e r a l l degree to w h i c h the o r g a n i z a t i o n a l s t r u c t u r e of the 

f i r m meets the needs p l a c e d on i t by i t s pu rpo se . A l s o , d e c i 

s i o n s imp ly a u t h o r i t y , and the f o r m a l o r g a n i z a t i o n of the f i r m 

i s b a s e d , to a l a r g e e x t e n t , on a u t h o r i t y r e l a t i o n s . These d e 

c i s i o n s must be based on i n f o r m a t i o n . Thus the i n f o r m a t i o n s y s 

tem o f a f i r m c o r r e s p o n d s c l o s e i y to the o r g a n i z a t i o n a l s y s t em, 

i i ' e . - the f o r m a l o r g a n i z a t i o n a l s t r u c t u r e shoudl. be p r e d i c a t e d 

a t l e a s t i n p a r t by i n f o r m a t i o n - f l o w r e q u i r e m e n t s . Fo r t he se 

— r e a s o n s , the - f o r m a I i z a t i o n ( i . e . - - - t h e r e p r e s e n t a t i o n i n some 

k i n d of q u a n t i t a t i v e o r o t h e r " f o r m a l " f o rm) o f i n f o r m a t i o n s y s 

tems i s e x t r e m e I y va l uab I e and lends c o n s i d e r a b l e i n s i g h t i n t o 

the prob lems of management. Thus the model l i n g o f t he se s y s 

tems , p a r t i cu I a r I y i n so f ar as i t y i e I d s e f f e c t i v e n e s s c r i t e r i a , 

i s s i n g u l a r l y u s e f u l . In a d d i t i o n , a c t u a l M I S ' s g e n e r a l l y e x 

h i b i t the f o I'I owing - c h a r a c t e r i s t i c s : 

( i ) They r e p r e s e n t the o r g a n i z a t i o n o f the d e c i s i o n ( a c 

t i v i t y ) c e n t r e s of the f i r m ; t h u s , a s i g n i f i c a n t p o r t i o n o f i t s 
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t o t a l r e s o u r c e s . M I S ' s a re thus u s u a l l y q u i t e c o s t l y . 

( i i ) M I S ' s tend to be s t r o n g l y d i f f e r e n t i a t e d , o f t e n 

-to the p o i n t of b e i n g one of a k i n d . 

( i i i ) S i n c e e r r oneou s d e c i s i o n s can r e s u l t , , de s i gn , e r 

r o r s i n M I S ' s are: very c o s t l y . 

( i v ) . In a c co rdance w i t h ( i ) above , the t r i a I - a n d - e r r o r 

t e s t i n g o f a l t e r n a t i v e M I S ' s i s very e x p e n s i v e i f not i m p o s s i b l e 

Thus , a c t u a l e x p e r i m e n t a t i o n w i t h M I S ' s i s u s u a l l y c o s t 

ly and o f t e n i m p o s s i b l e . The r e s u l t one encoun te r s i n p r a c t i c e 

i s t h a t ' the''-MI S of a f i r m i s d e v e l o p e d , as the f i r m d e v e l o p s , 

a round i t s o r g a n i z a t i o n a l s t r u c t u r e . In t h i s p r o c e s s , m a r k e t i n g 

f i n a n c i a l , p r o d u c t i o n and d i s t r i b u t i o n i n f o r m a t i o n systems e vo 

l ve ove r t i m e , t o meet the needs of the c o r p o r a t i o n and the p e r 

sonne l who c a r r y out i t s d e c i s i o n - m a k i n g a c t i v i t i e s . However, 

t h i s k i n d of an e v o l u t i o n o f t e n r e s u l t s i n i n e f f i c i e n c i e s such 

as r e d u n d a n c i e s , r e p e t i t i o n s and m i s - u s e of g a the red d a t a . The 

m o d e l l i n g approach to the e v a l u a t i o n and de s i g n of M I S ' s i s a 

method f o r e n v i s a g i n g the t o t a l MIS of the f i r m , d e s c r i b i n g i t 

q u a n t i t a t i v e l y and thus a t t e m p t i n g to e i t h e r d e l i n e a t e ( i n the 

case of e v a l u a t i o n ) or a v o i d ( i n the case of de s i g n ) the a f o r e 

ment i oned MIS i n e f f i c i e n c i e s . 

As ment ioned p r e v i o u s l y , t h e r e are two c e n t r a l prob lems 

wh i ch make q u a n t i t a t i v e a n a l y s i s of i n f o r m a t i o n systems d i f f i 

c u l t : 

( i ) the f a c t t h a t i n f o r m a t i o n i t s e l f i s an e l u s i v e c o n 

c e p t i n the b u s i n e s s c o n t e x t and i s d i f f i c u l t to dea l w i t h u s i n g 

t r a d i t i o n a l a p p r o a c h e s . 
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( i i ) The f a c t t h a t systems of i n f o r m a t i o n . i n the b u s i n e s s 

c o n t e x t a re d i f f i c u l t to d e f i n e , d i f f i c u l t to r e s t r i c t and d i f 

f i c u l t to f ormuvl a te a n a l y t i c a l l y . 

- I n - a d d i t i o.n . . - there -is the p rob lem of formuI a t i n g e f f i 

c i e n c y c r i t e r i a on a common b a s i s . That i s , t h e r e i s a p rob lem 

i n d e c i d i n g whether the model w i l l d e r i v e c o s t e f f e c t i v e n e s s ' 

pa ramete r s or v a l ue e f f e c t i v e n e s s p a r a m e t e r s . C o s t e f f e c t i v e 

ness pa ramete r s measure the e f f i c i e n c y w i t h wh i ch an i n f o r m a t i o n 

sy s tem p r o c u r e s , p r o c e s s e s and d i s p l a y s i n f o r m a t i o n , qi yen i n 

f o r m a t i o n i n p u t s and o u t p u t s . The c o s t - e f f e c t i v e n e s s approach 

i s the one n o r m a l l y adopted by a c c o u n t a n t s and systems groups 

who are g i v e n the t a s k of s t r e a m l i n i n g the p r o c e s s i n g of da ta 

or c o s t i n g the sys tem by i n f o r m a t i o n c e n t r e . Va lue e f f e c t i v e 

n e s s pa ramete r s measure the e f f e c t i v e n e s s w i t h wh i ch the o u t 

put of an i n f o r m a t i o n sys tem r e f l e c t s changes i n the f i r m ' s en-, 

v i r o n m e n t . T h i s approach i s much more t h e o r e t i c a l and d e a l s 

w i t h the a p p I i c a t i o n Of p r o b a b i I i t y , s t a t i s t i c s and r e l a t e d t h e o 

r i e s wh i ch a t t empt to f o r m a l i z e the d e c i s i o n - m a k i n g s i t u a t i o n . 

The p rob lem c o n f r o n t i n g p r e s e n t day i n f o r m a t i o n t h e o r i s t s i s 

t h a t of d e r i v i n g a m o d e l l i n g approach wh i ch w i l l i n c o r p o r a t e 

bo th c o s t e f f e c t i v e n e s s and v a l ue e f f e c t i v e n e s s c o n s i d e r a t i o n s . 

F o l l o w i n g , i n t h i s c h a p t e r are two models wh i ch h i g h l i g h t 

bo th the most r e c e n t approaches to s o l v i n g t h i s r e p r e s e n t a t i o n 

p rob lem ana the p rob lems ( found i m p l i c i t i n the a s sumpt ion s of 

t he se mode l s ) wh i ch c o n f r o n t the m o d e l l i n g a p p r o a c h . The f i r s t 

i s b a s i c a l l y a c o s t e f f e c t i v e n e s s mode! d e a l i n g w i t h g i ven i n - ' 

put s and o u t p u t s of i n f o r m a t i o n a v a i l a b i l i t y and r e q u i r e m e n t s . 
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The second i s b a s i c a l l y a v a l u e e f f e c t i v e n e s s app roach d e a l i n g 

o n l y w i t h the d e c i s i o n - m a k i n g e f f e c t i v e n e s s o f the i n f o r m a t i o n 

p r o v i d e d by a c e r t a i n g i v e n i n f o r m a t i o n sys tem s t r u c t u r e . 

3.:-2 -A S imp l e M a t r i x Model 

3.2.1 F o r m u l a t i o n 

P o s s i b l y - the f i r s t a n-a I y t i c a I model f o r t h i s purpose was 

t h a t p roposed by L i ebe rman ( A-7) , expanded by Kozmetsky and K i r -

c h e r ( C-6) , and f u r t h e r r e f i n e d by Homer (A-5) . The Lie-berman 

model t a k e s the fo rm of a s e r i e s o f m a t r i c i e s wh i ch show, s u c 

c e s s i v e l y , what i tems of. .data appear on each sou rce document, 

what s ou rce documents are used to p r epa re wh ich f i r s t - l e v e l r e 

p o r t s , and so on , u n t i l the f i n a l m a t r i x wh i ch shows what, n th 

l e v e l r e p o r t s are used to p e r f o r m each of the b u s i n e s s f u n c t i o n s 

under i n v e s t i g a t i o n . 

L i ebe rman d e f i n e s : 

( i ) " B 1 1 , a b u s i n e s s f u n c t i o n - a s e t of m a n a g e r i a l a c 

t i v i t i e s wh i ch are a s s i g n e d to a d e c i s i o n c e n t r e a c c o r d i n g to 

" t ypes , of d u t i es . 

( i i ) " C " , a c l a s s of i n f o r m a t i o n - one or more p i e c e s 

o f i n f o r m a t i o n h a v i n g a-14 common q u a l i t i e s . T h i s i s composed 

o f : a) " i " , the i d e n t i f i c a t i o n c l a s s of i n f o r m a t i o n . 

T h i s i s i n f o r m a t i o n wh i ch d e s c r i b e s or i d e n t i f i e s c e r t a i n da ta 

such as the d a t e , depar tment number, d e s c r i p t i o n of m a t e r i a l , e t c . 

b) " q " , the q u a n t i f i c a t i o n c l a s s . o f i n f o r m a t i o n . 

T h i s i s i n f o r m a t i o n wh i ch shows amounts; t h a t i s , g i v e s quan 

t i t a t i v e measures such as number of hours worked , e t c . 
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( i i i ) " S " , s ou r ce d a t a forms - upon wh ich i n f o r m a t i o n 

i s r e c o r d e d f o r the f i r s t t i m e . 

( i v ) " R " , r e p o r t fo rms - fo rmed by p e r f o r m i n g o p e r a - '". 

t i o r s on s ou r ce da ta f o r m s . 

The m a t r i x s t r u c t u r e i s b u i l t as f o l l o w s : 

(a) The M a t r i x of Sou rce Data Forms, MS. I f t h e r e are 

n c l a s s e s o f i n f o r m a t i o n and m f o r m s , t h e r e wi I I be n rows and 

m co l umns . Each i n t e r s e c t i o n o r " c e l l " w i l l c o n t a i n a I or 0 , 

a c c o r d i n g to whether the i n f o r m a t i o n i s used or not used i n t h a t 

p a r t i c u I a r f o r m . . 

S 1 s 2 s 5 — — " S m 

• l X 11 " 12 x 1 3 " — " x1m 

j 2 X 21 

• - ! where: x = 0 

-• ! ! or 

S t j ! X = 1 

"1 i and p + t = n 

q 2 
• I 

V x n1 x n 2 — — xnm 

(b) The M a t r i c e s of Sou rce Data Forms, used i n the n 

r e p o r t l e v e l s : 



e .o . 1st R e p o r t L e v e l R , 

— R* 

M. = 

S 2 

'm 

R , R 2 

36 
p ' 

2nd R e p o r t L e v e l R , e t c 
,2 

y 11 y i_2 — = — - " y i p 

y 

R 

R 

m y aip R 
, P 

R 2 | R 2

2 R' 

1 1 1 2 

2 2 | • - — ~ 

i p 

Pi PP 

(c ) The M a t r i x o f B u s i n e s s F u n c t i o n s , MB. A f t e r some 

f i n i t e number o f s t e p s , the f i n a l m a t r i x e v o l v e s , r e p r e s e n t i n g 

wh i ch f u n c t i o n s use wh i ch r e p o r t . Assume t h e r e are e r e p o r t 

l e v e l s , and f b u s i n e s s f u n c t i o n s . Them MB, the f i n a l m a t r i x , 

i s : 

MB 

CD B 2 - — . B f 

W ! 2 — — — w | f 

•W2I 

R e 

e 
w e l w e 2 

By s i m p l e m a t r i x m u l t i p l i c a t i o n , each Repo r t L e v e l may 

be e x p r e s s e d i n terms of any o t h e r l e v e l , o r i n terms of the 

i n i t i a l Source Data Forms m a t r i x . The u l t i m a t e m u l t i p l i c a t i o n 

i s t h a t of m u l t i p l y i n g a l l m a t r i c e s , f r om Source to B u s i n e s s 

F u n c t i o n . The r e s u l t i s o f the f o r m ; MSB = MS^M. j .Mgv -—«M e . 
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B 1 B 2 83 B f 

v n v 1 2 v 1 f 

*2 
! j 

j j 

q
P 

Vn1 V n 2 
— „ .~ v n f 

where v - j = any p o s i t i v e number or 0 , and the , v i n d i c a t e s the 

Inumber o f t ime s t h i s c l a s s i f i c a t i o n of i n f o r m a t i o n i s a v a i l a b l 

t o each f u n c t i o n . 

Any i n d i v i d u a l m a t r i x i n t h i s sy s tem i n d i c a t e s the ava i 

l a b i l i t y o f i n f o r m a t i o n f r om one r e p o r t i n g l e v e l to the n e x t . 

In the ca se o f a s o u r c e - d a t a f o r m , the. appearance o f a "1;" i n 

d i c a t e s t h a t a c e r t a i n i t em o f b a s i c da ta i n the s e t " C " i s ac 

t u a l l y used i n p r e p a r i n g t he s o u r c e - d a t a r e p o r t . In t h i s case 

the summation of the e l emen t s a c r o s s any row g i v e s the t o t a l 

e x t e n t to wh i ch t h a t i t em i s used i n p r e p a r i n g a l l s o u r c e - d a t a 

" r e p o r t s ..""S ' imi I ar l y , the summation of any column shows the num. 

be r o f i tems t h a t appear on a p a r t i c u l a r r e p o r t . In the case 

o f h i g h e r - 1 eve I r e p o r t s , t he appearance of a " 1 " shows t h a t i n 

f o r m a t i o n f r om one r e p o r t i s a v a r i a b l e t o a h i g h e r - l e v e l r epo r 

and t h a t some of i t i s u s e d , but not t h a t a l l the i n f o r m a t i o n 

i tems f rom the l o w e r - l e v e l r e p o r t appear on the h i g h e r - l e v e l 

one . Thus, the row sums of t he se h i g h e r l e v e l m a t r i c e s i n d i 

c a t e the degree to wh i ch the i n f o r m a t i o n on the lower-1 eve I re 

p o r t s i s t r a n s m i t t e d upwards , and the column sums i n d i c a t e the 
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G o m p i e x i t y ( i n terms o f the number o f l o w e r - l e v e l r e p o r t s corn-

p r i s i n g the h i g h e r one) o f the- p r e p a r a t i o n o f h i g h e r l e v e l r e 

p o r t s . 

The f i n a l m a t r i x , r e s u l t i n g f r om the m u l t i p l i c a t i o n o f 

a l l l o w e r - l e v e l m a t r i c e s up to some " b u s i n e s s f u n c t i o n " , i n d i 

c a t e s t h e c I a s ses of i n f o r m a t i o n ava i Iab Ie to each f u n c t i o n . 

Each e lement i n the f i n a l m a t r i x MSB w i l l i n d i c a t e the number 

o f " r o u t e s " t h r ough wh i ch the i tem of i n f o r m a t i o n ( i o r q) i s 

a v a i l a b l e t o a c e r t a i n f u n c t i o n . T h i s g i v e s a measure of the 

redundancy i n the t r a n s m i s s i o n of d a t a up t h rough the r e p o r t 

sy s tem " h i e r a r c h y " ; i . e . , the degree to wh i ch the same i ' s or 

q ' s appear on more than one s ou r ce f o r m , or t h a t a sou rce fo rm 

appear s on more than one r e p o r t f o r m , o r b o t h . 

F i na I I y , L i e verma.n s ugge s t s t h a t t h i s f o r m u l a t i o n so . f a r 

o n l y d e s c r i b e s a p a r t of the commun i ca t i on s w i t h i n the o r g a n i 

z a t i o n , the r ema inde r b e i n g composed of an . in formal network 

wh i ch a lways e x i s t s a ugmen t i n g . t he fo rma I . I t i s then p o s t u l a 

t ed t h a t t h e r e a re many a l t e r n a t i v e ways o f r e p r e s e n t i n g t h i s 

i n f o r m a l ne two r k , depend ing on the amount o f i n f o r m a t i o n wh i ch 

can be o b t a i n e d about i t . One t e c h n i q u e i s to p o s t u l a t e t h a t 

c e r t a i n f u n c t i o n s communicate w i t h o t h e r s i n f o rma l , ly on a f a i r 

ly f r e q u e n t b a s i s . T h i s commun i ca t i on m igh t then be r e p r e s e n t e d 

by the m a t r i x . I B , where : 

B 1 B 2 • — - . • B f 

B 1 u 1 1 u 1 2 u 1 f 

IB = 
B 2 u 2 1 . * — u 2 f 

B f U f l — u f f 

where u j j = l o r 0 
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The f o r m a i ne two r k , MSB, might then be augmented by t h i s 

i n f o r m a l one to fo rm the t o t a l network by s i m p l y m u l t i p l y i n g 

MSB -by 13 ; i . e . 

.. -1MB =. MS3 • IB 

T h i s i s the b a s i c m a t r i x f o r m u I a t i o n p roposed by L v e b e r -

—.man. S u b s e q u e n t l y , - s e v e r a l e x t e n s i o n s o f t h i s approach have ap~ 
I . 

p e a r e d , i n c l u d i n g those of Kozme.tsky and K i r c h e r who ha.ve p r o 

p o s e d r e f i n e m e n t s i n t r o d u c i n g a t ime f a c t o r , m o d i f i c a t i o n s of 

the i n f o r m a l network r e p r e s e n t a t i o n , and a f o r m u l a t i o n f o r e v a 

l u a t i n g the s'ystem based on systems s t u d i e s . In a d d i t i o n , 

2. 

Homer s ugge s t s t h a t i t i s p o s s i b l e to e s t a b l i s h a m o d e l , ASB, 

wh i ch d e p i c t s the i d e a ! da ta r e q u i r e m e n t s of each b u s i n e s s f u n c 

t i o n ; thus , 

CSB = -MSB - ASB 

g i v e s an i n d i c a t i o n of the exce s s r o u t i n g of d a t a , or the l a ck . 

o f needed d a t a , i n the s y s t em. Homer a l s o p roposes two methods 

f o r o ve r com ing the p rob lem wh i ch a r i s e s when i t i s found t h a t 

the m a t r i c e s are i n c o m p a t i b l e f o r m u l t i p l i c a t i o n . 

.3.2.2 R e s u l t s 

T h i s mode.l.. r e p r e s e n t s , a ma j o r b r e a k - t h r o u g h i n quant i t a.-

t i v e t h e o r y o f M I S ' s i n t h a t i t was the f i r s t f o r m u l a t i o n of 

the " m a t c h i n g " p r o ce s s of i n f o r m a t i o n f l o w in wh i ch da ta i n p u t s 

a re matched w i t h i n f o r m a t i o n r e q u i r e m e n t s on the o u t p u t s i d e . 

Kozmet sky , K i r c h e r , E l e c t r o n i c Computers and Management 
Q£2lL2±> M c G r a w - H i l I , 19 5 3 , p. 2 7 5 

E.D. Homer, "A G e n e r a l i z e d Model f o r A n a l y z i n g Management 
I n f o r m a t i o n S v s t e m s " , Management S c i e n c e . J u l y , 19 61, 
p. 500 

I . 

- 2 . -
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The m o d e l , t h rough the f o r m u l a t i o n of the m a t r i x ne twork , p r o 

v i d e s a u s e f u I ,. c o n c e p t u a I f ramework wh i ch e n a b l e s the a n a l y s t 

t o p i c t u r e the whole o f a very complex sys tem i n a r e l a t i v e l y 

s i m p l i f i e d f o r m . The model a l s o has s e v e r a l o t h e r advan tage s ; 

(a) I t c l a r i f i e s the re I a t i o n s h i p . o f the i n f o r m a t i o n 

sys tem to the o r g a n i z a t i o n a l s t r u c t u r e . The r e p o r t l e v e l s as 

d e f i n e d i n the model s h o u l d tend to p a r a l l e l the company ' s o r 

g a n i z a t i o n a l l e v e l s , s i n c e the p r ima r y purpose of such a sys tem 

i s to convey d e c i s i o n - m a k i n g i n f o r m a t i o n . Thus, such a f o r m u 

l a t i o n i n d i c a t e s where the bu l k o f the i n f o r m a t i o n i s be i n g 

s e n t , and presumably where the d e c i s i o n s are b e i n g made. Thus, 

the degree to wh ich the MIS o f the f i r m c o i n c i d e s w i t h i t s mana

g e r i a l s t r u c t u r e i s h i g h l i g h t e d . 

(b) I t p e r m i t s e x p e r i m e n t a t i o n and t e s t i n g of the model 

to p r e - d e t e r m i n e the p o s s i b l e e f f e c t s of p roposed sys tem changes . 

(c ) I t d e l i n e a t e s somewhat the r e l a t i o n s h i p and impo r 

tance o f i n f o r m a l commun i ca t i on w i t h i n the f i r m . 

In a d d i t i o n , a c tua I i m p l e m e n t a t i o n o f the m a t r i x approach 

to a n a l y z i n g M I S ' s p r o v i d e s i n s i g h t i n t o the many " m i c r o " a s 

p e c t s of the i n f o r m a t i o n s y s t e m , f o r examp le , the r e l a t i o n s h i p 

between -the amount of i d e n t i f i c a t i o n da ta be ing c o l l e c t e d and 

the amount of q u a n t i f i c a t i o n d a t a , the duo I i c a t i on i n i d e n t i 

f i c a t i o n d a t a , e t c . The r e s u l t s of such a sys tem s tudy are p r e 

s en ted i n Kozmetsky and K i r c h e r , page 2 8 8 . 

3 . 2 . 3 C r i t i c a l A n a l y s i s 

W h i l e t h i s m a t r i x model p r o v i d e s a very u s e f u l c o n c e p t u a ! 
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f ramework f o r a n a l y z i n g a go'-ven- MIS, i t i n c o r p o r a t e s many a b s t 

r a c t i n g , and simpI i f y i n g a s sumpt i on s wh i ch make i t d i f f i c u l t to 

-apply i n p r a c t i c e , and o f l i m i t e d v a l ue p a r t i c u l a r l y to the a r e a 

-of MIS - e v a l u a t i o n . F i r s t , "the "mode I p r e - s uppo se s t h a t the i n 

put d a t a r e q u i r e m e n t s are known. W h i l e i t seems i m p o s s i b l e t o 

o b v i a t e ' t h i s a s s u m p t i o n , i t i s r a r e l y t r u e i n p r a c t i c e . (see 

Chap te r 5). The same i s t r u e o f o t h e r a s p e c t s of the f o r m u l a 

t i o n ; . f o r examp le , the mode I neat Iy c a t e g o r i z e s the components 

o f a sy s tem i n t o d a t a , s ou r ce documents , v a r i o u s l e v e l r e p o r t s , 

and b u s i n e s s f u n c t i o n s . A c t u a l ca se s do not e x h i b i t such c l e a r -

c u t c h a r a c t e r i s t i c s . F o r a more d e t a i l e d d e s c r i p t i o n of t h i s 

p r o b l e m , see the a r t i c l e by Homer l i s t e d as A-5 i n the ' B i b l i o 

g r aphy , page 503. Nor does the model a d e q u a t e l y e x p l o r e the 

- impo r tan t a s p e c t of " f e e d b a c k " , i n wh i ch the r e s u l t of some b u 

s i n e s s f u n c t i o n m ight be the g e n e r a t i o n o f a r e p o r t wh i ch i n 

t u r n i s u sed i n the p r e p a r a t i o n o f ano the r r e p o r t , wh ich a f f e c t s 

o t h e r b u s i n e s s f u n c t i o n s , and so on . 

S e c o n d l y , i t seems l i k e l y t h a t the. ma.tr i c i e s wh ich would 

r e s u l t f r om i m p l e m e n t a t i o n o f the model to any but the s i m p l e s t 

of s y s t e m s , wou ld be o f such g r e a t s i z e as to make the f o r m u l a 

t i o n e x t r e m e l y cumbersome, p a r t i c u I a r I y i f t h e . m o d i f i c a t i o n s 
3. 

proposed by. Homer, wh i ch must be i n c o r p o r a t e d to produce m a t r i -

c i e s wh i ch are c o m p a t i b l e f o r mu I t i p I i c a t i on, are adop ted . I t 

i s q u i t e c o n c e i v a b I e t h a t the whole c l a s s " C " o f the f i r m ' s i n 

put da ta might e a s i l y c o n t a i n a number of i tems r u n n i n g w e l l i n t o 

3. i b i d . , p. 500 

http://ma.tr
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t he t h o u s a n d s , w h i l e the number o f i n t e r m e d i a t e and f i n a l l e v e l 

r e p o r t s b e i n g p roduced m igh t e a s i l y be s e v e r a l hund red , even 

f o r a f i x e d p o i n t i n t i m e . Such a"huge m a t r i x f o r m u l a t i o n c o u l d 

c o n c e i v a b l y r e q u i r e f a r more e f f o r t than i t i s w o r t h . 

In a d d i t i o n , one o f the main f e a t u r e s of the m a t r i x f o r 

m u l a t i o n i s t h a t i t p r o v i d e s a 'measu re of the redundancy i n the 

c o l l e c t i o n and r e p o r t i n g of d a t a . Wh i l e redundancy i s not p a r 

t i c u l a r l y good i n a MIS, i t i s not n e c e s s a r i l y bad e i t h e r , s i n c e 

i t may s e r v e , pu rpo se fu I Iy o r n o t , t o reduce e r r o r s bo th t h r ough 

c r o s s - c h e c k i n g o f p r o c e s s e d da ta ( such as the v e r i f i c a t i o n p r o 

c e d u r e s used i n da ta p r o c e s s i n g ) , and th rough management impact 

( i . e . , the r e - a p p e a r a n c e of i m p o r t a n t i tems o f i n f o r m a t i o n may 

i n s u r e t h a t management uses or a t l e a s t i s aware of such i n f o r 

m a t i o n , much i n the same way as " r e m i n d e r " a d v e r t i s i n g i s used 

f o r impact on the con sumer ) . 

F i n a l l y , the model o f f e r s l i t t l e i n the way of p r o v i d i n g 

e v a I u a t i o n p a r a m e t e r s . The b a s i c d i f f i c u l t y i s t h a t the " e c o n o 

m i c s " o f t he sys tem are not a d e q u a t e l y i n c o r p o r a t e d . There i s 

no i n d i c a t i o n of the r e l a t i v e " v a l u e " of a r e p o r t or s e t of r e 

p o r t s to a b u s i n e s s f u n c t i o n , o n l y of the f a c t t h a t i t (he) get s 

them. N e i t h e r i s t h e r e c o n s i d e r a t i o n of i n f o r m a t i o n c o s t or 

i n h e r e n t " n o i s e " i n the s y s t e m , thus the e f f e c t i v e n e s s of the 

sy s tem and the e f f e c t i v e n e s s o f the i n f o r m a t i o n b e i n g p r o v i d e d 

by the sys tem remain i.ndeterrn i nant i n the f o r m u l a t i o n . 



3.3 A D e c i s i o n - T h e o r y Mo de I. 

3.3. I FormuI a t i on 

E x t e n s i o n s of d e c i s i o n t h e o r y , and i n p a r t i c u l a r B a ye -

s i a n d e c i s i o n r u I e s , a re i n c o r p o r a t e d here i n an approach to 

MIS e v a l u a t i o n wh i ch ' i s .par t i cu I ar ' l y s u i t a b l e f o r c o m p u t e r i z a 

t i o n . The app roach i s one o f m o d e l l i n g the i n f o r m a t i o n sys tem 

as a s t o c h a s t i c sy s tem i n wh i ch any p a r t i c u I ar s t a t e o f n a t u r e 

can g i v e r i s e to s e v e r a l p o s s i b l e messages. The " d e c i s i o n r u l e 

t hen s p e c i f i e s an o p t i m a l a c t i o n f o r each message r e c e i v e d . 

G i v e n a " u t i I i t y - i ndex " a s s o c i a t e d w i t h each a c t - s t a t e p a i r , . 

" t he B a y e s i a n c r i t e r i o n p o s t u l a t e s t h a t a d e c i s i o n r u l e w i l l be 

o p t i m a l i f i t s a d o p t i o n max im ize s the e x p e c t e d u t i l i t y , u s i n g 

-as w e i g h t s t h e . p o s t e r i o r p r o b a b i l i t i e s wh i ch are computed by 

emp l o y i n g B a y e s 1 Theorem. The v a l u e a s s o c i a t e d w i t h an i n f o r 

m a t i o n sy s tem i s then o b t a i n e d by comput ing the e x p e c t e d ga in 

( u s i n g the o p t i m a l d e c i s i o n r u l e ) as a r e s u l t of emp loy i n g the 

s y s t em. 

I t then f o l l o w s t h a t an a p p r o p r i a t e measure of e f f e c t i 

veness o f a g i v e n i n f o r m a t i o n sys tem to a p a r t i c u l a r u se r i s 

the net g a i n i n the e x p e c t e d u t i l i t y r e s u I t i n g f rom empIoy ing 

the i n f o r m a t i o n sys tem as an a i d i n d e c i s i o n - m a k i n g p r o c e s s e s , 

over and above the e x p e c t e d u t i l i t y wh i ch r e s u l t s when no i n f o r 

ma t i on sys tem i s emp loyed . Thus, the i n f o r m a t i o n sy s tem e f f e c 

t i v e n e s s i s c o n s i s t e n t w i t h the u t i l i t i e s c h o s e n , and the s t a 

t i s t i c a l h ypo the se s c o n c e r n i n g the p r i o r u n c e r t a i n t y about the 

e n v i r o n m e n t . 
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The' u s ua l dec i s i o n - t h e o r y mode I i n c l u d e s the f o I l ow ing 

d e f i n i t i o n s : 

L e t : X j denote the j t h s t a t e of n a t u r e , j = I,: . . . . . . . n 

.• y k denote the k t h message r e c e i v e d , k = I .m 

: .a,--"denote the i t h a c t open to us -y i = I, . p 

: U j j denote the u t i l i t y index a s s i g n e d to the a c t -

s t a t e p a i r , ( a ^ X j ) , u { j = U • (a,. , x - ) 

: R denote a d e c i s i o n - r u l e wh i ch a s s i g n s an a c t to 

each of the p o s s i b l e messages , a = R (y ) 

An i n f o r m a t i o n s t r u c t u r e can then be c h a r a c t e r i z e d a s : 

Message T r a n s m i t t e d 

y, - — y m 

q-i i — — q , m 

S t a t e of i ! ! 
Natur e 

V %\ " i " — — — q n m 

where q j k = P ( Y k A f ) i s the c o n d i t i o n e d p r o b a b i l i t y o f the k t h 

"me s s a ge , " g i v en the f a c t t h a t the t r u e s t a t e of na tu re i s X j . 

1 he Bayes i an d e c i s i o n - r u l e assumes the f oI Iow i ng th i ngs: 

( i ) There i s a c e r t a i n p r i o r p r o b a b i l i t y a s s o c i a t e d w i t h 

each s t a t e o f n a t u r e , P ( X J ) . 

( i i ) Fo r each message t r a n s m i t t e d , a . p o s t e r i o r p r o b a b i 

l i t y d i s t r i b u t i o n over the s t a t e s o f n a t u r e can be d e r i v e d by 

u s i n g the theo rem. 

I f P ( x j / y k ) denotes the p o s t e r i o r p r o b a b i l i t y o f the 



s t a t e x.j g i v e n the. f a c t t h a t y k has been o b s e r v e d , then u s i n g 

the Bayes t heo rem, i t i s d e f i n e d by;. 

P(x.j) . P ( y k A j ) 
P(x j A k ) 

& p(x-t) . P ( y k A i ) 
J 

G i v e n the u t i I i t y - i ndex, u j j , the e x p e c t e d v a l u e o f an 

a c t , a j , g i v e n the f a c t t h a t y k has been r e c e i v e d , i s denoted 

by: 

V(.aj /y k ) ; = E P ( x j / y k ) U J j 

The B a y e s i a n c r i t e r i o n then says t h a t f o r each message, 

y k , one s h o u l d s e l e c t the a c t aj = R ( y k ) such t h a t : 

V ( a j / y k ) = Max V ( a j / y k ) 
a i . 

= -• Max E P (x j / y k ) u | j 
a i J 

Fo r any g i v e n i n f o r m a t i o n s y s tem, S, t h e n , the t r a n s m i s 

s i o n p r o b a b i I i t i e s P ( y j / x j ) a re s p e c i f i e d . The p r o b a b i l i t y of 

r e c e i v i n g the i t h message g i v e n the p r i o r p r o b a b i l i t y d i s t r i b u 

t i o n ove r x and the i n f o r m a t i o n s y s t em, S, i s t h e n : 

P (y.{) = E P ( X J ) . P ( y j / x j ) 

j 

The B a y e s i a n va l ue of S then becomes: 

V (S) . = E P ( y j ) V (ai/y,-.) 
i 

= • BiP ( y j ) Max E P ( x ; A j ) u ( a j , x . ) ( 7 ) 
i a i j 

• • , ' P ( y i A j ) • P(X,) 
where , as g i v e n b e f o r e , P (x ; A i ) = — — ± « — a n d the 

: v p ( y i ) 
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P (y j / / j ) can be d i r e c t l y s p e c i f i e d once the s t a t i s t i c a l n a t u r e 

of the e r r o r p r o c e s s e s i:n the i n f o r m a t i o n sy s tem i s known. 

Th i s f o rmu I a t i o n s ugge s t s t h a t the e f f e c t i v e n e s s o f an 

- i n fo rmat i . cn system - , E (S ) , may be c o n s i dered as the net ga in i n 

the ex pec t e d u t i I i t y , r e s u l t i n g f rom emp loy i n g the i n f o r m a t i o n 

sy s tem as an a i d i n the dec i s i on-mak i n g p r o c e s s e s , over and above 

the e x p e c t e d u t i l i t y wh i ch r e s u l t s when no i n f o r m a t i o n sys tem 

i s empIoy ed . That i s : 

E (S ) = V(S) - V ( S 0 ) (2) 

w h e r e - S Q i s the n u l l i n f o r m a t i o n sys tem d e f i n e d by P ( x j / y j ) = 

P ( x j ) f o r a l l i and j . 

Hence, V ( S 0 ) i s g i v e n by: 

V ( S Q ) = | P ( Y i ) Max E P.(Xj) u C a p X j ) 
a i j 

= Max E P (x ) u ( a j , x j) (3) 
a i j 

. =" the va l ue of i n f o r m a t i o n based on the 

pr}qr_ p r o b a b i l i t i e s o n l y . 

3.3.2 R e s u I t s 

These' e q u a t i o n s then a l l o w the c o m p u t a t i o n of the Baye -

s i a n e f f e c t i v e n e s s o f the i n f o r m a t i o n s y s t em, S, c h a r a c t e r i z e d 

by the " n o i s e " p r o b a b i l i t i e s P(y j/x j ) , and p r i o r d i s t r i b u t i o n 

P ( x j ) . S i n c e the normal p r o cedu re i s to p o s t u l a t e a u t i l i t y 

m a t r i x r e l a t i n g t h e ' s t a t e s ..of n a t u r e and the a c t space to the 

u t i l i t y measure , the s o l u t i o n of e q u a t i o n s ( I ) , (2) and (3) c o n 

s t i t u t e s probI ems of the m a t h e m a t i c a l programming type in wh i ch 

a l l the a l t e r n a t i v e s a re e v a l u a t e d ( i n most p r a c t i c a l c a s e s , no 

http://-informati.cn


a I g o r i t h m i c so I u t i o n wi I I e x i s t ) . 

Examples of. I n f o r m a t i o n Sy s tems: 

( i ) -The.-Null I n f o r m a t i o n System 
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v i y m 

x l - — " ^lm 
1 i i 
1 i i 
1 i i 
1 i i 

x n q n | . ^nm 

q j j = q k j for 

J = ,m 

The n u l l i n f o r m a t i o n sys tem s e r v e s as a lower bound f o r 

the B a y e s i a n v a l u e o f an i n f o r m a t i o n s y s t e m , wh ich i s a measure 

of the b e s t ( a c c o r d i n g to the B a y e s i a n c r i t e r i o n ) a d e c i s i o n 

maker can do w i thou t the a i d o f an i n f o r m a t i o n s y s t em. I t 

s h o u l d be no ted t h a t , s-i nee .. t h e . - e f f e c t i veness , E (S) ,• measures 

"*- n e i n ere ment a I v a l ue o f an i n f o r m a t i o n sys tem over and above 

the va l ue of n_o i n f o r m a t i o n s y s t em, t h i s measure i s an i n d i c a 

t i o n to the d e c i s i o n - m a k e r of how much he s h o u l d be w i l l i n g to 

pay f o r such a s y s t em, i n terms of the d e c i s i o n - m a k i n g b e n e f i t 

he may d e r i v e f rom i t . 

( i i ) The P e r f e c t " I n f o r m a t i o n System 

rm 

I 

0 

0 0 

0 

i . e . , 

qj j = I, i f i = j 

d j j = 0, i f i t j 
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The p e r f e c t i n f o r m a t i o n sys tem s e r v e s as an .upper bound 

f o r the B a y e s i a n v a l u e of an i n f o r m a t i o n s y s t e m , wh ich i s a mea

su re of the be s t a d e c i s i o n - m a k e r can do w i t h the a i d O f p e r f e c t 

- i n f o r m a t i o n . Such .a bound w i l l t e l l us what the maximum ga i n 

i s t h a t can be e x p e c t e d by i m p r o v i n g the p r e c i s i o n of an i n f o r 

ma t i on sys tem and whether an e f f o r t to improve the i n f o r m a t i o n 

sy s tem j u s t i f i e s i t s c o s t . 

3.3.3 C r i t i c a l E v a l u a t i o n 

A g a i n , what has been deve l oped i s an i n t e r e s t i n g and u s e 

f u l s t a t i s t i c a l mode I wh ich ha£ q u a n t i f i e d the n a t u r e and f r a m e 

work of M I S ' s , y e t has o b v i o u s I im i t a t i o n s w i t h r e s p e c t to p r a c 

t i c a l e v a l u a t i o n of d e c i s i o n s y s t ems . T h i s d e c i s i o n t heo r y 

f ramework has the advantage ove r o t h e r approaches o f i n c l u d i n g 

i n the f o r m u l a t i o n the u t i l i t y - s t r u c t u r e a t the d e c i s i o n c e n t r e , 

t h e r e b y i n c o r p o r a t i n g the ya I ue of i n f o r m a t i o n c o n s i d e r a t i o n s as 

d i s c u s s e d i n C h a p t e r 2. Thus, a sy s tem i s s e l e c t e d wh i ch i s 

d e s i g n e d to meet the needs of i t s e v e n t u a l u s e r s . In a d d i t i o n , 

i t i s p o s s i b l e to t e s t the s e n s i t i v i t y o f a p roposed sys tem to 

—change s i n the u t i l i t y and p r i o r p r o b a b i l i t y p r e m i s e s . F u r t h e r 

more, the method :;i s u s e f u l i n v e r i f y i n g whether the u t i l i t y s t r u 

c t u r e s o f two or more d i s t i n c t u s e r s are s u f f i c i e n t l y c ong ruen t 

t o w a r r a n t a j o i n t d e s i g n and the s h a r i n g o f c o s t s , o r whether 

i t i s b e t t e r to keep s e p a r a t e systems because the c o s t o f comp

r o m i s i n g , i n terms of l owered p e r f o r m a n c e , i s too h i g h . 

The mode l , however, i n c o r p o r a t e s much i n the way o f a s 

sumpt ion s and s i m p l i f i c a t i o n . Fo remost among these are the 
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f o I i aw i ng: 

(a) The mode I d e a l s w i t h a s t a t i c d e c i s i o n s i t u a t i o n . 

That i s , i t assumes the o b j e c t i v e of r e p r e s e n t i n g the v a l u e to 

one p a r t i c u l a r u se r o f an i n f o r m a t i o n channe l c h a r a c t e r i s e d by 

f i x e d " n o i s e " p r o b a b i l i t i e s ( the c o n d i t i o n a l p r o b a b i l i t i e s of 

the. i n f o r m a t i o n s y s t e m ) , such as i s the ca se i n mechan i zed con 

t r o l systems used i n the m i l i t a r y (see G a g l i a r d i , e t a l . i n B-4 

of the B i b l i o g r a p h y , page 2 5 ) , o r s t a t i s t i c a l s a m p l i n g systems 

used f o r q u a l i t y c o n t r o l . U n f o r t u n a t e l y , i n g ene ra l b u s i n e s s 

a p p l i c a t i o n s the sy s tem must be d e s i g n e d to s upp l y r e l e v a n t 

- i n f o r m a t i o n for---marry_ k i n d s of "dec i s i on s , wh i ch may change bo th 

i n number and n a t u r e even i n the s h o r t r u n . In a d d i t i o n , the 

human component of b u s i n e s s sy s tems i n t r o d u c e s a random e lement 

w h i c h makes the c o n d i t i o n a l p r o b a b i l i t i e s of the sys tem d i f f i 

c u l t to p r e d i c t . Thus, the o r i e n t a t i o n of the model i s to the 

m o d e l l i n g o f r e I a t i v e I y " t a n g i b I e " and l e s s complex sys tems 

than are e n c o u n t e r e d i n b u s i n e s s a p p l i c a t i o n s . 

(b) T h i s app roach to a n a l y z i n g i n f o r m a t i o n systems i s 

somewhat l i m i t e d i n t h a t i t does not dea l s p e c i f i c a l l y , w i t h the 

r e p o r t i n g network o f -the s y s t em. The p r o c e s s i n g and r e p o r t i n g 

...mechanics are assumed i n the f o r m u l a t i o n o f the " i n f o r m a t i o n 

s t r u c t u r e " , and t he reby v i r t u a l l y i g n o r e d . T h i s i s i n d i r e c t 

c o n t r a s t to the L i ebe rman m o d e l , wh i ch d e a l s w i t h these e x c l u 

s i v e l y , i g n o r i n g the e s s e n t i a l " d e c i s i o n " c o n t e x t o f the i n f o r 

m a t i o n s y s t e m . 

(c ) The f o r m u l a t i o n does not p e r m i t a b e n e f i t - c o s t e v a 

l u a t i o n , but r a t h e r a v a l u e - a d d e d e v a l u a t i o n . That i s , i t 
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e v a l u a t e s a s y s tem on the b a s i s of i t s v a l u e over and above t h a t 

of no sy s tem at a l l . U n f o r t u n a t e l y , t h e r e i s no i n d i c a t i o n of 

...how much _thi.s added v a l u e m ight c o s t i n terms o f a b e t t e r o r more 

s o p h i s t i c a t e d MIS, and thus whethe r the c o s t i s j u s t i f i e d . Wh i l e 

t h i s i s somewhat overcome by the f a c t t h a t the i n c r e m e n t a l v a l ue 

g i v e s an i n d i c a t i o n o f how much the d e c i s i o n - m a k e r s h o u l d be w i l 

l i n g to pay f o r the s y s t e m , o r bv r e f e r r i n g t o ne t u t i l i t i e s as 

4 . 

does Ma r s chak , the many d i f f i c u l t i e s of f o r m u l a t i n g the c o s t 

s i d e o f e v a l u a t i o n are n e v e r t h e l e s s assumed away. 

(d) F i n a l l y , the model adopt s the b a s i c a s sumpt i on s o f 

d e c i s i o n t h e o r y : ~ t h a t ""the r e l e v a n t s t a t e s o f n a t u r e a re known 

-and can be l i s t e d e x h a u s t i v e l y ; t h a t the d e c i s i o n - m a k e r ' s 

p r i o r p r o b a b i I i t y d i s t r i b u t i o n o ve r the s t a t e s o f n a t u r e i s 

.known; t h a t the "mes sage s " (y^) ou tpu t , f r om the sys tem are 

known and a re m u t u a l l y e x c l u s i v e ; and t h a t a m e a n i n g f u l u t i l i t y 

measure can be d e r i v e d . In p r a c t i c e , t he se f a c t o r s a re d i f f i 

c u l t , i f not i m p o s s i b l e to a r r i v e a t s i n c e , i n many c a s e s , mana

gement w i l l be a b l e t o p r o v i d e I i t t I e more t h a t hazy gues se s . 

In a d d i t i o n , the c o m p u t a t i o n s i n v o l v e d may be a s t r o n o m i c a l , as 

"the number of p o s s i b l e s y s tem c o n f i g u r a t i o n s (see C h a p t e r 4 ) , 

wh i ch d e t e r m i n e the c o n d i t i o n a l d i s t r i b u t i o n s , P ( y /x ) and 

P ( x / y ) , m a y approach i n f i n i t y . F o r l a r g e s y s t ems , the compu

t a t i o n a l c o s t s may w e l l be p r o h i b i t i v e . 

4. J . Marschak^ K. M i ya sawa, "Economic C o m p a r a b i l i t y o f I n f o r 
ma t i on S y s t e m s " , Western.Management S c i e n c e I n s t i t u t e , 
U . C . L . A . , Work ing Paper No. 85, J u l y , 1965, p. 13 
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No te : Some E x t e n s i o n s 

F o r a t h e o r e t i c a l but i n t e r e s t i n g e x t e n s i o n of t h i s k i n d 

o f an a p p r o a c h , and one wh i ch i n c o r p o r a t e s the t heo r y of " t e a m s " 

the r e a d e r i s r e f e r r e d to the paper by K r i e b e l l i s t e d i n the 

B i b l i o g r a p h y as B -5 . . 

In a d d i t i o n , Marschak (see B-7, B - 8 , and B - 9 ) and h i s 

c o - a u t h o r s have done e x t e n s i v e work i n the a r ea o f M I S ' s , i n 

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

t h e o r y . T h i s work i s a l s o h i g h l y q u a n t i t a t i v e and t h e o r e t i c a l , 

-yet - i t p r o v i d e s s e v e r a l d i f f e r e n t .aspects wh ich are o f i n t e r e s t . 
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CHAPTER 4 

INTEGRATION OF THE MODELLING APPROACHES 

4 . 1 . I n t r o d u c t i o n and L i s t of V a r i a b l e s 

T h e p r e c e d i n g formuI a t i o n s i l l u s t r a t e the d i f f i c u l t i e s 

f a c i n g q u a n t i t a t i v e approaches t o e v a l u a t i n g M I S ' s . The m a t r i x 

mode! i n d i c a t e s the b a s i c p rob lems of d e s c r i p t i o n ( i . e . , the 

d i f f i c u l t y i n a d e q u a t e l y f o r m a l i z i n g the many c o m p l e x i t i e s and 

i n t e r r e l a t i o n s h i p s i n t he se s y s t e m s ) , w h i l e the d e c i s i o n s - t h e o r y 

approach i l l u s t r a t e s the p rob lem of d e r i v i n g m e a s u r a b l e , s u f f i 

c i e n t pa ramete r s f o r b e n e f i t - c o s t ana I y s i s ..'(i . e. , the i n a d e 

quacy of c o n v e n t i o n a l " d o l l a r measu re s " i n e v a l u a t i n g i n f o r m a 

t i o n v a l u e , due. to the p r o b a b i l i s t i c n a t u r e o f the d e c i s i o n - m a 

k i n g p r o c e s s under u n c e r t a i n t y ) . ;The m a t r i x a p p r o a c h , wh i ch a s 

sumes away the v a l ue of i n f o r m a t i o n , can be ex tended (see K o z -

metsky and K i r c h e r , C-6 i n the B i b l i o g r a p h y ) to y i e l d c o s t i n -

d i c a t p r s i n s o f a r as they r e l a t e to compI e x i t y , redundancy and 

f o u t i n g ' s p e c i f i c a t i o n s , w h i l e the d e c i s i o n - t h e o r y mode l , wh ich 

assumes away r e p o r t i n g d i f f i c u l t i e s and c o s t s of i n f o r m a t i o n , 

p r o v i d e s a measure f o r v a l u e d - e f f e c t i v e n e s s . But the J j^-Lca_l 

approach to MIS e v a l u a t i o n (see C h a p t e r -2) i s t h a t of d e t e r m i 

n i n g to what e x t e n t a g i v e n MIS o p t i m i z e s the v a l u e - c o s t t r a d e 

o f f ; t h a t i s , a t what p o i n t a l o n g the i n f o r m a t i o n a x i s of F i g u r e 

3 i s the sys tem o p e r a t i n g ? Thus, f o r p r ope r e v a l u a t i o n , both 



v a l u e and c o s t a s p e c t s must be f o r m a l i z e d . U n f o r t u n a t e l y , n e i 

t h e r of t he se approaches p e r m i t s t h i s k i n d o f t ho rough a n a l y s i s , 

..even i n a b s t r a c t f o r m u l a t i o n . 

One method o f r e s o l v i n g t h i s d i f f i c u l t y would seem YO be 

the i n t e g r a t i o n o f the two approaches t o d e r i v e a more i n c l u 

s i v e mode l . T h i s would them p e r m i t the a d o p t i o n of bo th the 

- r e p o r t i n g sy s tem c o n s i d e r a t i o n s o f the m a t r i x model and the p r o 

bab i I i s t i c dec i s i on-rnak i ng i n f o r m a t i o n v a l u e s o f the d e c i s i o n -

t h e o r y a p p r o a c h . In a d d i t i o n , a more comprehens i ve model wou ld 

p r o v i d e an e v a l u a t i o n t o o l wh i ch more c l o s e l y c o i n c i d e s w i t h 

the a p p r o p r i a t e b e n e f i t - c o s t approach ment ioned above , s i n c e 

b o t h v a l u e and c o s t pa r amete r s c o u l d be d e r i v e d . One drawback 

t o such an app roach wh i ch becomes i m m e d i a t e l y c l e a r , however, 

.Is . t ha t , i n o r d e r to i n t e g r a t e the two approaches , , one must adopt 

the r e s t r i c t i n g and simp I i f y i n g - a s s u m p t i o n s o f b o t h . However, 

s i n c e one purpose o f t h i s t h e s i s i s to i l l u m i n a t e the assump

t i o n s . n e c e s s a r y to q u a n t i f y M I S ' s f o r e v a l u a t i o n purposes (see 

Chap te r 5 ) , t h i s d i f f i c u l t y i s i m m a t e r i a l . The f o I Iwoing f o r 

m u l a t i o n i s o f f e r e d as p r o v i d i n g an i n t e g r a t e d approach wh ich 

overcomes many o f the d i f f i c u l t i e s of the p r e v i o u s methods. 

B e f o r e b e g i n n i n g the f o r m u l a t i o n , f o r pu rposes o f c l a r i 

f i c a t i o n the f o l l o w i n g i s a l i s t o f v a r i a b l e s to be used i n the 

a n a l y s i s : 

S = [s,-J - the s e t of the s t a t e s o f n a t u r e r e l e v a n t to 

the d e c i s i o n p rob lems a t hand. 

B = | b j j - the s e t of b a s i c d a t a i n p u t s to the r e p o r t i n g 

s y s t em. 
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R = 

A = the s e t o f a c t i o n s open to the d e c i s i o n -

the s e t o f a l l the r e p o r t s gene ra ted i n the 

make r 

MIS, where R 1 i s the s e t o f a l l r e p o r t s 
P 

p roduced a t l e v e l i i n the o r g a n i z a t i o n , 

i . e . , R' = f R 
I P 

- the s ub se t o f B c o n s i s t i n g o f the b a s i c 

d a t a p i e c e s used i n r e p o r t R

p • 

4 .2 F o r m u l a t i o n 

Any MIS can be r e g a r d e d as i n c l u d i n g t h r e e b a s i c a c t i v i 

t i e s : i n f o r m a t i o n g e n e r a t i o n ( p r o c u r e m e n t ) , p r o c e s s i n g , and r e 

p o r t i n g . The £JiLPJ3se_ o f any MIS i s to p r o c u r e c[ajta r e l e v a n t to 

management d e c i s i o n - m a k i n g , to p r o ce s s i t i n t o a p p r o p r i a t e f o r 

mats of i nf ormat i o n , and to t r a n s m i t t h i s i n f o r m a t i o n as e f f i 

c i e n t l y as p o s s i b l e to the d e c i s i o n - c e n t r e s o f the f i r m . Three 

b a s i c q u e s t i o n s f a c i n g the i n f o r m a t i o n - a n a l y s t a r e , t h e n : 

r e p r e s e n t the p rob lem (be i t i n the i n t e r n a l o p e r a t i o n s of the 

f i r m or i t s env i r onment ) f a c i n g the d e c i s i o n - m a k e r ; i . e . - i s 

the c o r r e c t amount of re l e v a n t da ta b e i n g c o l l e c t e d i n i t i a l l y ? 

( i i ) Is the p r o c u r e d data be i ng p r o c e s s e d i n t o f o r m a t s 

wh i ch are o p t i m a l f o r use by the d e c i s i o n - m a k e r , o r i s the v a l ue 

of the b a s i c da ta f o r d e c i s i o n - m a k i n g b e i n g r educed by poor 

f o r m a t s or i n c o m p r e h e n s i b l e r e p o r t s ? 

( i ) To what degree does the b a s i c da ta b e i n g c o l l e c t e d 

( i i i ) Is the MIS r o u t i ng the data c o r r e c t l y to the a p p r o -
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p r i a t e d e c i s i o n - c e n t r e s of the f i r m ; i . e . , i s each d e c i s i o n 

maker u t i l i z i n g the f u l l " v a I u e 1 p o t e n t i a I " o f i n f o r m a t i o n b e i n g 

c o l l e c t e d ? 

To answer the se q u e s t i o n s , i t w i l l be p o s t u I a t e d , as i n 

the L i ebe rman m o d e l , t h a t the i n f o r m a t i o n sy s tem of the f i r m ca n 

be r e p r e s e n t e d by a s e r i e s o f R e p o r t i n g - L e v e I m a t r i c e s . The 

f i r s t m a t r i x w i l l r e p r e s e n t the " p r o c u r e m e n t " a c t i v i t y of the 

MIS, and wi I I be termed the P rocu rement M a t r i x , PM. The row v e c 

t o r s of t h i s m a t r i x , S j , w i l l r e p r e s e n t the s t a t e s of n a t u r e 

or the d e c i s i o n - m a k i n g env i r onment ( e x t e r n a l or i n t e r n a l t o the 

f i r m ) , w h i l e the column v e c t o r s , b j , r e p r e s e n t the b a s i c da ta 

i n p u t s t o the MIS. The e l ement s of PM w i l l be the p r o b a b i l i t i e s 

P ( b j / s | ) , and w i l l r e p r e s e n t the degree to wh i ch the p rocurement 

o r " s e n s o r " s y s tem i s e r r o r p rone ; i . e . , " h o w c I o s e T y the b a s i c 

d a t a p i e c e s r e p r e s e n t the r e l e v a n t s t a t e s of n a t u r e . The p r o 

curement m a t r i x , PM, i s t hen of the f o r m : 

B a s i c Data ( I n p u t s to the 

r e p o r t i n g system) 

S t a t e s 

Z o f 

Na tu re 

b1 b 2 b 3 — — — - - b m 

s x x „ 
1 11 12 13 1m 

s X 
2 21 J 

s 3 X31 ! 
i i I i i • 
i i i 

s n xn1 xnm 

where the x j j - P ( d J / S J ) , the c o n d i t i o n a l " p r o c u r e m e n t " proba

b i l i t i e s . 
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In a g i v en d e c i s i o n - m a k i n g s i t u a t i o n , t he se p i e c e s of 

b a s i c d a t a , b k , w i l l have a c e r t a i n y a Iue a s s o c i a t e d w i t h the 

r e d u c t i o n of u n c e r t a i n t y p r o v i d e d by the b a s i c da ta and the u t i 

l i t y s t r u c t u r e o f the d e c i s i o n - m a k e r . T h i s v a l ue i s g i ven by 

the e x p e c t e d u t i l i t y of an a c t i o n , , g i v e n b a s i c d a t a , b d , 

l e s s the e x p e c t e d u t i l i t y of a k w i t h n_o i n f o r m a t i o n ; i . e . , 

V ( a k / b d ) = 8 P ( S j / b d ) u ( S j , a k ) - 6 P ( S J ) u ( s j , . a k ) 
i i 

where the P ( s j / b d ) a re the p o s t e r i o r p r o b a b i l i t i e s wh i ch may be 

d e r i v e d f r om the p r i o r and c o n d i t i o n a l p r o b a b i l i t i e s u s i n g 

Bayes t heo rem, or may s i m p l y be s u b j e c t i v e e s t i m a t e s by the 

d e c i s i o n - m a k e r , and the u ( s j , a k ) a re the a c t - s t a t e u t i l i t i e s of 

the d e c i s i o n - m a k e r . 

S i m i l a r l y , the p o t e n t i a l (maximum) va l ue of the b a s i c 

da ta i s g i v e n by the v a l u e under an o p t i m a l d e c i s i o n - r u l e , ; 

i . e . , 

V* U k / b d ) = Max V ( a k / b d ) 
a k 

The r e p o r t i n g sys tem conveys t he se b a s i c da ta to the 

d e c i c i o n - c e n t r e s i n a c e r t a i n f a s h i o n . A ga i n emp loy i n g the 

m a t r i x f o r m u l a t i o n , the sys tem of r e p o r t i n g b a s i c da ta to the 

f i r s t r e p o r t l e v e l i s r e p r e s e n t e d , b y ; t he m a t r i x on the f o l l o w i n g 

page. J 

S i m i l a r m a t r i c e s show the r o u t i n g of da ta f rom r e p o r t 

l e v e l 1 , to l e v e l 2, to l e v e l 3 , and so on up to the h i g h e s t 

l e v e l . T h i s f o r m u l a t i o n i s s i m i l a r to the b a s i c L ieberman mode l , 

w i t h the e x c e p t i o n t h a t " B u s i n e s s F u n c t i o n s " as he terms i t , . 
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w i l l be c o n s i d e r e d d e c i s i o n - c e n t r e s as d e f i n e d i n t h i s t h e s i s , 

and t he se w i l l be c o n s i d e r e d to e x i s t a t every;, r e p o r t I eve I . 

R e p o r t s a t LeveI 1 

H\ ny .... — - R 1 

m 

Bas i c 
b 1 y 11 y 1 2 y 1 3 y 1m 

Data 
b 2 

y 2 l 

I npu t s 
b 3 
i 
i 

y 31 
i 
i 
i 

j 
> 

— b 
n 

y 31 
i 
i 
i 

> 

— b 
n 

y n1 

where V i j = o i f the p i ece b j i s not c o n t a i n e d i n r e p o r t R p 

and ^ i j = 1 l f i t i s. tsast. 

C o n s i d e r i n g the f i r s t r e p o r t I eveI , t h e n , the maximum 

p o t e n t i a I u t i l i t y a s s o c i a t e d w i t h any r e p o r t , R p , w i l l be the 

sum of the p o t e n t i a l v a l u e s o f the b a s i c da ta wh i ch are c o n t a i 

ned i n t h a t r e p o r t , as suming proper usage and f o r m a t ; t h a t i s , 

U ( R i ) 6 V* (a ./b ) 
1 J 

j 
where B̂ . = | b l | , 

p o r t Rp. 

the s ub se t of b.f w h i c h i s c o n t a i n e d i n r e -
J 

S i n c e the b a s i c da ta a re b e i n g p r o c u r e d w i t h some degree 

o f u n c e r t a i n t y r e g a r d i n g t h e i r r e l e v a n c e , ( i . e . , the c o n d i t i o 

na l p r o b a b i l i t i e s of b a s i c da ta r e p r e s e n t i n g the r e l e v a n t s t a 

t e s o f n a t u r e i s l e s s than o n e ) , the B a y e s i a n Va l ue of Repo r t 

Rp can be computed by w e i g h t i n g these b a s i c da ta v a l u e s , V * , by 

t h e i r t o t a l p r o b a b i l i t y of b e i n g r e l e v a n t ; i . e . , 
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B a y e s i a n Va l ue of RV = v ( R p ) = 6 P ( b j ) V'* '(a k/b" j ) . 

where P ( b . ) = & P ( s - ) P ( b . / s . ) 
J I J 

- the t o t a l l i k e l i h o o d o f b . ' s b e i n g r e l e v a n t t o 
J 

the dec i s i o n probI em a t hand; t h a t , i s , the probab i I i ty t h a t 

b j r e p r e s e n t s the s t a t e of n a t u r e w h i c h , when combined w i t h o p 

t i m a l a c t , a ^ , y i e l d s the u t i l i t y v a l ue V * . 

I t s h o u l d be no ted t h a t the b a s i c data v a l u e s were o r i 

g i n a l l y a s s i g n e d on the b a s i s of oj^j ,maX d e c i s i o n - m a k i n g , a s s u 

ming the d a t a was e v e n t u a l l y p o r t r a y e d c o r r e c t l y to the d e c i s i o n 

making f u n c t i o n s . Thus the b a s i c da ta v a l u e s r e p r e s e n t £ o J e n -

t i a I s of the p rocurement s y s t e m , and what we are now t r y i n g to 

a c c o m p l i s h i s the s e l e c t i o n of a re,portjn_q s y s tem wh ich w i l l 

most n e a r l y r e a l i z e . t h i s p rocu rement sys tem p o t e n t i a l . S i n c e , 

as g i v e n by the m a t r i x f o r m u l a t i o n , the r e p o r t i n g sys tem up to 

some d e c i s i o n - m a k i n g l e v e l may be r e p r e s e n t e d by a m a t r i x r e l a 

t i n g the b a s i c da ta i n p u t s to t h e i r e v e n t u a l d e s t i n a t i o n , t h i s 

s e l e c t i o n w i l l amount to c h o o s i n g the p a r t i c u l a r s e t of b a s i c 

d a t a r o u t e s t h r ough the i n f o r m a t i o n sys tem 'wh i ch max im i ze s the 

- v a l u e o f the s y s tem; i . e . , we are s t r i v i n g to ' ; 

Max im i ze V(R1) / V* ( a k / b - ) 
. p J 

B 
P 

T h i s i s the r e v e r s e o f the p r ocedu re f o l l o w e d by G a g l i a -

r d i e t a I i n the d e c i s i o n - t h e o r y f o r m u l a t i o n d e s c r i b e d in Chap

t e r 3, where the o p t i m a l i t y of the r e p o r t i n g sys tem i s i g n o r e d , . 

and the p rocurement ( s e n s o r ) sy s tem i s chosen so as to max imize 
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the t o t a I B aye s i art v a l u e . 

F o r s i m p l i c i t y , l e t us assume t h a t a l l r e s u l t s are mea

s u r a b l e i n te rms of money, and t h a t the u t i l i t y f u n c t i o n s o f 

—money g a i n s are I i n e a r f o r a I I - d e c i s i o n - m a k e r s . i n v o I v e d . The 

da ta v a l u e s t h r o u g h o u t are then a d d i t i v e and the t o t a l v a l ue of 

a l l r e p o r t s , up to any g i v e n l e v e l " g " w i l l be g i v e n by: 

V '(R) = I € V ( R M 
9 i p P 

= the t o t a l v a l ue of the r e p o r t i n g s y s t em, 

R, composed of any number of r e p o r t s , R^ up to the l e v e l R^. 

- -As-soc i a-ted w-i t h - r - e p o r t i ng ©system R wi I I be a t o t a l c o s t , 

composed o f a p rocurement sy s tem c o s t , a p r o c e s s i n g c o s t , and 

a r e p o r t i n g sys tem c o s t . The p rob lem of MIS e v a l u a t i o n i s to 

measure the degree to wh i ch i t i s p o s s i b l e to max imize the d i f 

f e r e n c e between t h i s t o t a l sy s tem .vaj j je, V ( R ) , and i t s c o s t ; 

i . e . , 

Max im i ze D (R) = V N ( R ) - C (R ) 

by c h o o s i n g the o p t i m a l c o m b i n a t i o n o f p rocurement and r e p o r t i n g 

s y s t ems . Fo r the p rocu rement sys tem t h i s i m p l i e s c h o o s i n g a 

' method o f g a t h e r i n g i n p u t d a t a , b ., o f maximum r e l e v a n c e (and 

thus v a l u e ) a t l e a s t c o s t . F o r the r e p o r t i n g sy s tem t h i s means 

c h o o s i n g an o p t i m a l r o u t i n g sys tem of t he se b a s i c i n p u t s to the 

l e v e l s a t wh i ch they a re u s e f u l i n d e c i s i o n - m a k i n g . 

4.3 R e s u l t s . 

T h i s f o r m u I a t i o n • h a s a t t e m p t e d to y i e l d pa ramete r s f o r 

j u d g i n g the e f f e c t i v e n e s s of M I S ' s wh i ch a re c o n s i s t e n t w i t h 
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the approach d i c t a t e d by the economic a n a l y s i s p r e s e n t e d i n 

Chap te r 2. The t o t a l e f f e c t i v e n e s s o f the sys tem i s g i v e n by: 

D g (R ) *= V g ( R ) - C g ( R ) 

where : Dg(R) = the " n e t b e n e f i t of the sys tem (p rocurement 

and r e p o r t i n g ) over and above i t s c o s t . As 

g i v e n i n Chap te r 2, t h e r e w i l l be some o p t i -

mum l e v e l o f i n f o r m a t i o n q u a l i t y and quan 

t i t y wh i ch w i l l max i mi ze t h i s ne t b e n e f i t . 

The e f f i c i e n c y o f the system r e l a t i v e to t h i s 

opt imum, D ( R * ) , i s then g i v e n by: 

E f f (R) = D g ( R ) / D g ( R * ) 

: V (R) = the t o t a l v a l u e of the MIS to l e v e l g 

= I e v ( R P ) 
i p 

= £ 6 £ P(b j) V * ( a k / b •) 

• 1 P B) 

= £ £ £ P(b .) Max V (a ./b ) 
i p B i a k 

J 

: C n ( R ) = the t o t a l c o s t of the MIS to l e v e l g 

= the sum o f the r e p o r t i ng system c o s t to l e v e l 

g and the p rocurement sys tem c o s t . 

= C (R.S . ) + C ( P . S . ) 

As p o i n t e d out by the o r i g i n a t o r s o f the m a t r i x system 

(see A-5, A-7 and C-6 i n the B i b l i o g r a p h y ) , some i n d i c a t i o n s of 

sy s tem c o s t s a re g i v e n by the c o m p l e x i t y and redundancy c h a r a c 

t e r i s t i c s wh i ch are q u a n t i f i e d by the m a t r i x m a n i p u l a t i o n . 



6 1 

However, much rema in s to be done on t h i s s i d e o f the- e v a l u a 

t i o n p r o c e s s , s i n c e , as p o i n t e d out i n C h a p t e r 2 , the c o s t f u 

t i o n of i n f o r m a t i o n i s q u i t e comp lex . 
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CHAPTER 5 

SOME EXTENSIONS: IMPLICATIONS FOR DESIGN 

AND EVALUATION OF M IS ' S 

In o r d e r to f o r m u l a t e the p r e c e d i n g mode l s , many assum

p t i o n s have been made, e x p l i c i t l y and i m p l i c i t l y , w h i c h ' a b s t -

r a c t the f o r m u l a t i o n s somewhat f rom s i t u a t i o n s i n the r e a l 

w o r l d . These a s sumpt i on s c o n c e r n the na t u r e of i n f o r m a t i o n i t 

s e l f , the f l o w s of i n f o r m a t i o n i n the f i r m , and the c h a r a c t e r i 

s t i c s of the d e c i s i o n - c e n t r e s wh i ch use t h i s i n f o r m a t i o n . The 

a s sumpt i on s and l i m i t a t i o n s of the m a t r i x and d e c i s i o n - t h e o r y 

approaches have been p o i n t e d out i n C h a p t e r 3 and, as s t a t e d 

i n Chap te r h, the i n t e g r a t e d approach embodies the a s sumpt ion s 

o f b o t h . These a s sumpt i on s w i l l not be r e - enumera ted h e r e ; 

r a t h e r , the a t t empt w i l l be made to p i c k out s e v e r a l o f the 

more c r i t i c a l r e s t r i c t i o n s and d i s c u s s t h e i r i m p l i c a t i o n s on 

r e a l w o r l d de s i g n and e v a l u a t i o n of M I S ' s . These a s sumpt ion s 

a r e : 

(1) The c r i t i c a l a s s umpt i on of the m a t r i x f o r m u l a t i o n -

t h a t the b a s i c data r e q u i r e m e n t s r e l e v a n t f o r d e c i s i o n - m a k i n g 

are known. I n . a c t u a l p r a c t i c e , the a n a l y s t u s u a l l y p roceeds on 

the b a s i s of a s k i n g management what they need. However, as 

A c k d f f p o i n t s o u t : 

1. R.L. A c k o f f , op. c i t . , p. B- I49 
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" F o r a manager to know what i n f o r m a t i o n he needs , he 
must be aware of each type of d e c i s i o n he s h o u l d make (as 

.weII a s , does) and he must have an adequate model o f e a ch . 
These c o n d i t i o n s are se ldom s a t i s f i e d . Most managers have 
some c o n c e p t i o n of at l e a s t some o f the t ype s o f d e c i s i o n s 
they must make. T h e i r c o n c e p t i o n s , however, are l i k e l y to 
be d e f i c i e n t i n a . v e r y c r i t i c a l way, a way t h a t f o l l o w s f rom 
an i m p o r t a n t p r i n c i p I e of s c i e n t i f i c economy: the l e s s we 
u n d e r s t a n d a phenomenon, the more v a r i a b l e s we r e q u i r e to 
e x p l a i n i t . Hence, the manager who does not unde r s t and the 
phenomenon he c o n t r o l s p l a y s i t " s a f e " and , w i t h r e s p e c t to 
i n f o r m a t i o n , wants " e v e r y t h i n g " . The MIS d e s i g n e r , who has 
even l e s s u n d e r s t a n d i n g o f the r e l e v a n t phenomenon than the 
manager, t r i e s to p r o v i d e even more than e v e r y t h i n g . He 
t h e r e b y i n c r e a s e s what i s alre.ady an o v e r l o a d of i r r e l e v a n t 
i n f o r m a t i o n . " 

Thus, the d i f f i c u l t y o f d e t e r m i n i n g i n f o r m a t i o n r e q u i r e 

ments i s a very r e a l one , and one wh i ch i s v i r t u a l l y i m p o s s i b l e 

to overcome, when, i n a d d i t i o n , i t i s e v i d e n t t h a t i n f o r m a t i o n 

needs wi I I l i k e l y change ove r t i m e , as the f i r m ' s env i ronment 

change s , the n a t u r e of i t s b u s i n e s s changes , and the c o m p o s i 

t i o n of i t s d e c i s i o n sys tem change s . 

T h i s p r o b l e m , and o t h e r s to be d i s c u s s e d l a t e r , has led to 

the de s i g n of m o d u l a r , d a t a - b a s e d i n f o r m a t i o n p rocurement s y s 

tems wh i ch c o l l e c t and s t o r e a " b a s e " of da ta i n s e v e r a l modu le s , 

one f o r each f u n c t i o n a l a r e a of the f i r m . Th i s da ta base can 

then be s e a r c h e d f o r r e l e v a n t i n f o r m a t i o n as needed by manage

ment f o r p l a n n i n g and c o n t r o l . Such a sys tem i s p i c t u r e d i n 

F i gure A. 

(2) One b a s i c a s s umpt i on of the d e c i s i o n - t h e o r y approach 

i s t h a t a p a r t i c u l a r u t i l i t y s t r u c t u r e can be s p e c i f i e d , u s u 

a l l y by a r a n k i n g of a l l p o s s i b l e ou tcomes , based on the p r e 

f e r e n c e s o f the d e c i s i o n - m a k e r . Th i s i m p l i e s two t h i n g s : one 
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t h a t the u t i l i t y s t r u c t u r e depends on the s u b j e c t i v e v a l ue j u d -

gemens of one d e c i s i o n - m a k e r or g roup , so t h a t the c r i t e r i a may 

l a c k u n i v e r s a l appea l t h roughou t the o r g a n i z a t i o n ; and s e c o n d 

l y , t h a t even f o r a s i n g l e ' - dec i s i on-makef , t h i s u t i I i ty s t r u c 

t u r e may vary over t i m e , chang i n g the k i n d of sy s tem p r e f e r r e d . 

A g a i n , the f a c t t h a t the MIS o f any c o r p o r a t i o n . , i s ve ry 

l i k e l y t o . b e a dynami c s t r u c t u r e r a t h e r than the s t a t i c systems 

p o r t r a y e d by these models i s e v i d e n t . In a d d i t i o n , w h i l e u t i 

l i t y measures may be deve l oped i n c e r t a i n spec i f i.c • app I i c a t i ons 

( see f o r example B-4 i n the B i b l i o g r a p h y ) , i n gene ra l i t w i l l 

be d i f f i c u l t to de te rm ine such u t i l i t i e s ( p a r t i c u l a r l y a d d i t i v e 

o n e s ) , thus making the a s s i gnment o f i n f o r m a t i o n ya Iu es n e a r l y 

i m p o s s i b l e . In the absence o f these v a l u e s , MIS e f f e c t i v e n e s s 

must be measured i n terms o f c o s t s o n l y , thus t y i n g the sys tem 

to the a v a i l a b i l i t y of f u n d s , and l e a v i n g the systems manager 

v i r t u a l l y i n the dark r e g a r d i n g the r jetu.rn b e i n g gene ra ted f rom 

the a p p l i c a t i o n of such f u n d s . 

Such c o n s i d e r a t i o n s p o i n t to the impor tance of f I ex i b i I -

j r tx i n o r i g i n a l systems • des i gn, and one method of a c h i e v i n g 

t h i s i s t h r ough the modular app roach i l l u s t r a t e d i n F i g u r e 4 , 

i n wh i ch t h e r e i s no f i x e d r e p o r t i n g system pa s t the "modu le " 

(m i dd l e management) s t a g e , and i n wh i ch the b a s i c sy s tem s t r u c 

t u r e can be a l t e r e d to meet the needs of management by s imp l y 

a d d i n g or d e l e t i n g modu le s . 

(3) The p s y c h o l o g i c a l and s o c i o l o g i c a l a s p e c t s of human 

d e c i s i o n - m a k i n g systems are o f t e n i g n o r e d i n q u a n t i t a t i v e a n a 

l y s i s , y e t they p r e s e n t very r e a l prob lems to the i n f o r m a t i o n 



65. 

Per sonne 

Modu I e 

f f r o d u c t i on 
& 

I n v e n t o r y 

Modu I e 

F i g u r e 4 A GENERALIZED MODULAR MIS 

I n f o r m a t i o n Data Base 

M a r k e t i n g 

Modu I e 

F i nanc i a 

Module 

C e n t r a I 
P r o c e s s o r & 

Update 

V 

R & D 

Modu I e 

lEconom i c s 
& 

$ t a t i s t i e s ! 

Mo du I e 

R e p o r t G e n e r a t i o n 

P l a n n i n g & 
F o r e c a s t i ng 

D e c i s i o n s 
C o n t r o l & 

E v a l u a t i on 
D e c i s i o n s 

Re sea r ch & 
Organ i z a t i o n a 

D e c i s i o n s 



66 

sys tem a n a l y s t . Some of the more p rominent a s p e c t s a r e ; 

(a) That d e c i s i o n - m a k e r s i n the f i r m are not the i s o 

l a t e d i tems p r e s e n t e d i n mode I I i n g app roache s . They i n t e r a c t 

and communicate f r e e l y w i t h . o t h e r members of the sys tem p u t s i de 

the f o r m a l commun ica t i on channe I s , and a l s o w i t h o t h e r groups 

o u t s i d e the f i r m i t s e l f . T h i s k i n d o f commun ica t i on n o r m a l l y 

w i l l not f o l l o w any r e g u l a r p a t t e r n , nor i s i t u s u a l l y p r e d i c 

t a b l e , even by the manager h i m s e l f . F o r t h i s r e a s o n , t he se 

i nfqrmaI i n f o r m a t i o n systems u s u a l l y defy f o r m a l i z a t i o n , y e t 

they w i l l o f t e n s i g n i f i c a n t l y augment (or even s u p p l a n t i n some 

ca se s ) the f o r m a l MIS, and thus have major e f f e c t s on d e c i s i o n 

mak ing . The au tho r i s aware of s e v e r a l i n s t a n c e s i n wh ich the 

f o r m a l MIS of the f i r m became i n c r e a s i n g l y l e s s i m p o r t a n t t o 

management the h i g h e r up i n the o r g a n i z a t i o n a l h i e r a r c h y the 

d e c i s i o n - m a k e r was, up to the most s e n i o r p o s i t i o n where the 

e x e c u t i v e ( s ) would use the f o rma l MIS perhaps o n l y f i f t y p e r 

c e n t o f the t i m e , the rema inder of the i n f o r m a t i o n coming f rom 

p e r s o n a l c o n t a c t s , a s s o c i a t e s i n the i n d u s t r y or p r o f e s s i o n , 

e t c . 

(b) That a s s o c i a t e d w i t h each d e c i s i o n - c e n t r e w i l l 

be a maximum amount of i n p u t da ta t h a t he can r e a s o n a b l y d i 

g e s t . Th i s has been ment ioned p r e v i o u s l y i n the r e f e r e n c e to 

A c k o f f ' s a r t i c l e . The c o n s t r a i n t on the amount o f i n f o r m a t i o n 

wh i ch can be p r o c e s s e d w i l l be a t i l ea s t a p a r t i a l f u n c t i o n of 

* n e f o r m a t i n wh ich the i n f o r m a t i o n i s p o r t r a y e d to the d e c i 

s i o n - c e n t r e . R e l e v a n t i n f o r m a t i o n i s an a i d to d e c i s i o n - m a k i n g 

o n l y i f i t i s c o n c i s e and c l e a r and can be d i s c e r n e d and used 
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by the manager. Two i m p l i c a t i o n s become appa ren t h e r e : f i r s t , 

t h a t npr e r e l e v a n t i n f o r m a t i o n may' be. s u p p l i e d to a manager and: 

not produce an " i n p u t o v e r l o a d 1 ' ' r f i t i s p r o p e r l y o r g a n i z e d and 

c o n c i s e l y p o r t r a y e d ; and s e c o n d l y , t h a t d i f f e r e n t d i s p l a y s o f 

the same b a s i c da ta may produce d i f f e r e n t t o t a l r e p o r t v a l u e , 

r e f l e c t i n g the p r e f e r e n c e of the d e c ! s i o n - m a k e r f o r one f o r m a t 

ove r a n o t h e r . An example o f t h i s i s g i v en by the p r e f e r e n c e s 

of some managers f o r graphs over t a b l e s of numbers (and v i c e 

v e r s a ) . 

W h i l e t h i s a s p e c t c o u l d be the s u b j e c t o f a t h e s i s i n 

i t s e l f , i t s h o u l d be ment ioned i n p a s s i n g t h a t c o n s i d e r a t i o n s 

such as these make the r e p o r t v a l u e s , V ( R p ) and r e p o r t i n g s y s 

tem v a l u e s , V g ( R ) , very d i f f i c u l t to max imize s i n c e i t no l o n 

ger becomes a m a t t e r o f s i m p l y c h o o s i n g a s e t of v a l ued d a t a 

wh i ch y i e l d s a maximum r e p o r t v a l u e ; r a t h e r , the prob lem i s 

one o f c h o o s i n g t h a t c o m b i n a t i o n and d i s p l a y of b a s i c da ta wh i ch 

p roduces t he most u s e f u l r e p o r t ( i . e . , the i n f o r m a t i o n v a l u e s 

a r e ILSJj. a d d i t i v e ) . 

( c ) That the d e c i s i o n p r o c e s s i s complex and ve ry 

much a f u n c t i o n of the i n d i v i d u a l c a p a b i l i t e s o f the d e c i s i o n 

maker . The m i s t a k e i s o f t e n made o f assuming t h a t i f a manager 

i s p r o v i d e d w i t h the i n f o r m a t i o n he needs , he w i l l then have 

no p rob lem in u s i n g i t e f f e c t i v e l y . As A c k o f f p o i n t s o u t : 
2 . 

"The h i s t o r y of OR s t and s to the c o n t r a r y . " He then goes on 

,to c i t e s e v e r a l i n s t a n c e s i n wh i ch t h i s became e v i d e n t . 

- 2 . : i b i d . , p. B-150 
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A g a i n , w h i l e an e x t e n s i v e t r e a t m e n t i s i m p o s s i b ' e h e r e , 

i t s h o u l d be p o i n t e d out t h a t a key f u n c t i o n in MIS d e s i g n (and 

y e t a n o t h e r f a c t o r p o i n t i n g t o the impor tance of f l e x i b i l i t y 

i n t he se sy s tems) i s the d e t e r m i n a t i o n o f e x a c t l y how w e l l ma

nager s can use s uppo sed l y " n e e d e d " i n f o r m a t i o n . Wh.er e po ss i b I e 

the d e c i s i o n p r o c e s s s h o u l d be a i d e d by p r o v i d i n g d e c i s i o n r u l e 

and pe r fo rmance f eedback so the d e c i s i o n - c e n t r e s can i d e n t i f y 

and l e a r n f r om t h e i r m i s t a k e s . Th i s a g a i n makes a MIS f l e x i b l e 

and i ndependen t of the i n d i v i d u a l d e c i s i o n p r o c e s s e s . Fo r f u r 

t h e r a n a l y s i s of t h i s p r o b l e m , the reader i s r e f e r r e d to i tems 

A-6 and C-4 i n the B i b l i o g r a p h y . 
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CHAPTER 6 

' . • SUMMARY 

Of. the many a rea s o f s t udy c u r r e n t l y e xam in i n g the p r o b 

lem of MIS e v a l u a t i o n , the two judged most f r u i t f u l and compre 

h e n s i v e a re the L ieberman m a t r i x approach and the d e c i s i o n -

t heo r y approach adopted by the s t a t i s t i c a l m a t h e m a t i c i a n s . 

These methods p r o v i d e v a l i d and r e a s o n a b l y p r a c t i c a l t e c h n i q u e s 

f o r e n v i s a g i n g the i n f o r m a t i o n - p r o c e s s i n g sy s tem of the f i r m , 

and i n a d d i t i o n a re s u i t a b l e f o r c o m p u t e r i z a t i o n . However, the 

economic a s p e c t s o f i n f o r m a t i o n and M I S ' s d i c t a t e a more com

p r e h e n s i v e f o r m u l a t i o n than i s p r o v i d e d by e i t h e r a p p r o a c h . 

Th i s t h e s i s has a t t e m p t e d to demons t r a te the v a l i d i t y and l i m i 

t a t i o n s o f the a p p r o a c h e s , to i n t e g r a t e the approaches i n t o a 

more comprehens i ve f o r m u l a t i o n wh i ch i s more i n a cco rdance w i t h 

the p r i n c i p l e s o f e conom i c s , and to i n d i c a t e s e v e r a l i m p l i c a 

t i o n s wh i ch these app roaches c a s t on the r e a l - l i f e a n a l y s i s o f 

M I S ' s . 

In C h a p t e r 2, the c h a r a c t e r i s t i c s of i n f o r m a t i o n wh i ch 

c o n t r i b u t e to v a l u e and c o s t were p r e s e n t e d and the shape o f 

the v a l u e and c o s t f u n c t i o n s f o r each was p r o p o s e d . G i v en thes 

f u n c t i o n s , g u i d e l i n e s were then e s t a b l i s h e d f o r e v a l u a t i n g MIS ' 

on an economic b a s i s wh i ch d i c t a t e d t h a t such systems s h o u l d 

o p e r a t e a t a p o i n t where the v a l u e - c o s t d i f f e r e n t i a l was the 
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g r e a t e s t . The d i f f i c u I t i e s o f such an a p p r o a c h , g i v en the n a 

t u r e of d e c i s i o n - m a k i n g i n f o r m a t i o n and the e x i s t e n c e o f u n c e r 

t a i n t y , were o u t l i n e d . 

Two a t t e m p t s a t f o r m a l i z i n g M I S ' s i n q u a n t i t a t i v e terms 

were p r e s e n t e d i n Chap te r 3. A m a t r i x mode l , f i r s t p roposed 

by L i e b e r m a n , ( A - 7 ) , was o u t l i n e d , and the m e r i t s and drawbacks 

o f such an approach were d i s c u s s e d . The l i m i t a t i o n s of the f o r 

m u l a t i o n w i t h r e s p e c t to v a l ue measures led i n t o the p r e s e n t a 

t i o n of a d e c i s i o n - t h e o r y model p roposed by G a g l i a r d i , Y i n g and 

H o l t (B - 3 ) • T h i s model y i e l d e d e f f i c i e n c y pa ramete r s i n terms 

o f i n f o r m a t i o n va l ue i n d e c i s i o n - m a k i n g , but i g n o r e d both the 

c o s t s o f i n f o r m a t i o n and the c o m p l e x i t i e s of c o r p o r a t e r e p o r 

t i n g s y s t ems . 

The a t t e m p t was made i n Chap te r 4 to i n t e g r a t e these two 

a p p r o a c h e s , and i n so do i ng to propose a more g e n e r a l l y a p p l i 

c a b l e model and one wh i ch y i e l d s e f f e c t i v e n e s s pa rameter s i n 

terms of bo th v a l u e and c o s t . The MIS of the f i r m was p r o p o 

sed as b e i n g composed of bo th a p rocurement s y s t em, wh i ch i n i 

t i a l ly a c q u i r e s the d a t a , and a r e p o r t i n g s y s t em, wh ich r o u t e s 

the da ta to management. The v a l u e of such a MIS was r e l a t e d 

to bo th the degree to wh i ch r e l e v a n t i n f o r m a t i o n i s a c q u i r e d by 

the p rocu rement s y s t em, and to the method in wh ich i t i s r o u t e d 

to the d e c i s i o n - m a k i n g f u n c t i o n . The c o s t o f such a sys tem 

was then d e s c r i b e d as b e i n g composed of both p rocurement and 

r e p o r t i n g c o s t s , where some i n d i c a t i o n of such c o s t s i s g i v e n 

by the c o m p l e x i t y of the m a t r i c e s d e s c r i b i n g each s y s tem. 
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The o v e r a l l e f f e c t i v e n e s s o f such a s y s tem i s then the v a l u e -

c o s t d i f f e r e n t i a l , and the r e l a t i v e e f f i c i e n c y , i n a cco rdance 

- w i t h the economic g u i d e l i n e s of Chap te r 2, i s measured by the 

degree t o wh i ch t h i s d i f f e r e n t i a l i s m a x i m i z e d . 

S e v e r a l i m p l i c a t i o n s of the se t h e o r e t i c a l approaches on 

- a c t u a l , p r a c t i c a l MIS e v a l u a t i o n were then d i s c u s s e d i n Chap te r 

5 . The assumption.-; o f known i n f o r m a t i o n r e q u i r e m e n t s i n the 

m a t r i x model was r e l a t e d i n the r e a l w o r l d to the d i f f i c u l t y 

a n a l y s t s o f t e n have i n p i n n i n g down what s hou l d a c t u a l l y be the 

i n p u t s to such a s y s t em, and the r e l e v a n t a r t i c l e by A c k o f f (A-1) 

w a s . . c i t e d . The u t i l i t y a s sumpt ion s o f the d e c i s i o n - t h e o r y mo

de l were r e l a t e d to the d i f f i c u l t y o f mea su r i n g the r e l a t i v e 

v a l u e of i n f o r m a t i o n to bo th the i n d i v i d u a l d e c i s i o n - m a k e r (due 

— - t o c hang i n g u t i l i t y over t i m e ) and to the f i r m as a whole (due 

to d i f f e r i n g . i n d i v i d u a I u t i l i t i e s ) . Both o f the se i m p l i c a t i o n s 

h i g h l i g h t e d the n e c e s s i t y f o r f l e x i b i l i t y i n MIS d e s i g n , and 

t h i s was p roposed as one r ea son f o r the emergence of m o d u l a r , 

d a t a - b a s e d computer s y s t ems . F i n a l l y , t h r e e " h u m a n - f a c t o r s " 

i n h e r e n t i n M I S ' s were d i s c u s s e d b r i e f l y - the e x i s t e n c e o f i n 

f o r m a l M I S ' s , the d a t a - p r o c e s s i n g l i m i t a t i o n s of the i n d i v i d u a l 

d e c i s i o n - m a k e r , and the c o m p l e x i t y o f the human d e c i s i o n - m a k i n g 

p r o c e s s . 
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