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I ,  The Problem 

The des ign  o f  i n f o r m a t i o n  systems,  IS~ p resen t s  c h a l l e n i n g  problems 

to the computer  s p e c i a l i s t s  or IS d e s i g n e r s .  They are a l so  aware of  

t h i s  and are eager to  meet t h i s  c h a l l e n g e .  Consequen t l y  computer  

people  are a n x i o u s  to have the c l i e n t s  or  users  s p e c i f y  t h e i r  r e -  

qu i r emen ts  f o r  the system as soon as p o s s i b l e .  They do not  expec t  the 

c l i e n t s  to p r e s e n t  t h e i r  needs i n  ve ry  p r e c i s e  terms and, hence,  they  

t r y  to i n t e r p r e t e  the r e q u i r e m e n t s  i n t o  "computer  l a n g u a g e " .  In do ing  

so the computer people  f o r m u l a t e  t h e i r  c o n c e p t i o n s  o f  the r e q u i r e -  

ments a c c o r d i n g  to t h e i r  own ideas o f  the s o l u t i o n s .  

U n f o r t u n a t e l y ,  the computer  people are not  aware o f  the f a c t  t h a t  to 

s p e c i f y  the r e q u i r e m e n t s  f o r  the IS i s  a t  l e a s t  e q u a l l y  d i f f i c u l t  as 

to des ign  the IS.  Indeed computer  system s p e c i a l i s t s  tend to i gno re  

the f a c t  t h a t  the IS is  j u s t  a subsystem of  a l a r g e r  system wh ich  i t  

i s  to se rve .  Th is  i g n o r a n c e  i s  s e r i o u s .  To deve lop  the  s p e c i f i c a t i o n s  

f o r  the IS means to des ign  the main s t r u c t u r e  of  the System o f  wh ich 

IS is  but  a component.  And the System is  not  a data p r o c e s s i n g  system~ 

i t  i s  a l i v i n g  o r g a n i z a t i o n  c o n t a i n i n g  peop le  and d i f f e r e n t  subsys-  

tems o n l y  few o f  wh ich  are data systems.  I t  f o l l o w s  t h a t  the System 

des ign  task  i s  not  a task  of computer s p e c i a l i s t s .  

I t  i s  q u i t e  some t ime s ince  the r e c o g n i t i o n  o f  the a n a l y s i s  o f  user  

needs and o f  the System needs - as an e x p l i c i t  p r o j e c t  a c t i v i t y  

was b e g i n n i n g  to a t t r a c t  the a t t e n t i o n  o f  some r e s e a r c h e r s .  One and 

a h a l f  decade ago I wro te  [ L a n g e f o r s  1 9 6 3 - I ] :  

" . . . g r e a t  r i s k s  f o r  a system to grow up, t h a t  w i l l  p rocess l a r g e  

masses o f  data wh ich  are not  used f o r  d e c i s i o n s  - and y e t  i g n o r e  

i m p o r t a n t  data - . . .  

What i s  s o r e l y  needed in  t h i s  area i s  a s y s t e m a t i c  . . .  t e c h n i q u e  

f o r  e s t a b l i s h i n g  the rea l  needs 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 .  Thus i t  has to d e f i n e  the i n f o r m a t i o n  needed, i t s  vo lume,  



the t ime i n t e r v a l s  a t  which i t  is  r e q u i r e d ,  and t h a t  a t  which i t  

is  a v a i l a b l e ,  the data from which i t  can be produced,  and the p roc -  

ess - or  a l t e r n a t i v e  processes - needed f o r  i t s  p r o d u c t i o n  and the 

form f o r  p r e s e n t a t i o n  o f  the r e s u l t s  . . .  

An a n a l y s i s  o f  an i n f o r m a t i o n  system must t h e r e f o r e ,  in  the f i r s t  

p l a c e ,  be hardware i ndependen t .  I t  has to p r o v i d e  an a b s t r a c t  d e f -  

i n i t i o n  o f  the system i t s e l f . "  

L i k e w i s e ,  a decade ago, A c k o f f  p o i n t e d  out  the need f o r  more c a r e f u l  

a n a l y s i s  o f  the user needs and f o r  s ys tema t i c  approaches [ A c k o f f  1967] .  

A c k o f f  a l so  p o i n t e d  ou t  the problem o f  c o l l e c t i n g  and p rocess ing  masses 

o f  data  which are not  used: 

" I t  seems to me they  s u f f e r  more from an 

overabundance o f  i r r e l e v a n t  i n f o r m a t i o n . "  

Also A c k o f f  emphasized the f a c t  t h a t  c r u c i a l  q u e s t i o n s  may be asked 

by peop le  who know the o r g a n i z a t i o n  but do not  know much about  com- 

p u t e r s :  

"The recommendat ion was t h a t  the system be redes igned  as 

q u i c k l y  as p o s s i b l e . . .  

The q u e s t i o n s  asked o f  the system had been obv ious  and s imp le  

ones. Managers shou ld  have been ab le  to ask them but - and t h i s  

is  the p o i n t  - they  f e l t  themse lves  i ncompe ten t  to do so. They 

would not  have a l l o w e d  a handopera ted  system to ge t  so f a r  out  

o f  t h e i r  c o n t r o l . "  

Main Problems 

Who are the users? 

Who does the a n a l y s i s ?  

Why are systems not  made use o f?  

Which system, what p rob lem,  o p p o r t u n i t y ,  or need? 

How combine o v e r v i e w ,  comprehens ion ,  user m e a n i n g f u l n e s s  

w i t h  conc re teness  and p r e c i s i o n  in d e t a i l s ,  in  des ign  

documenta t i on?  



User Needs 

Needs f o r  b e t t e r  o r g a n i z a t i o n ,  management, j ob  des ign  

O r g a n i z a t i o n a l  change,  l e a r n i n g  & deve lopment  

Needs f o r  i n f o r m a t i o n ,  i n f o r m a t i o n  s e r v i c e ,  compute ra ided  data 

h a n d l i n g  

Soc ia l  and persona l  needs 

Problems w i t h  the i n f o r m a t i o n  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Relevance o f  i n f o r m a t i o n ,  f o r  whom? 

Who are ab l e  to share the same data? 

How make sure the  data p r o v i d e  the r i g h t  i n f o r m a t i o n ?  

I n f o r m a t i o n  f o r  Everybody - what des ign  i m p l i c a t i o n s ?  

I n f o r m a t i o n  a d m i n i s t r a t i o n  and data a d m i n i s t r a t i o n ?  

Who are the users? 

Of ten when we t a l k  about  the users we have in  mind a l l  those who are 

a f f e c t e d  by the system in  some way, w i t h o u t  hav ing  a d e s i g n e r ' s  i n -  

t e r e s t s  in  the system. Th i s  i s ,  f o r  i n s t a n c e ,  q u i t e  r easonab le  in  

cases where the main q u e s t i o n  i s  about  dominance o f  the e x p e r t s  or  

when one is  concerned w i t h  o t h e r  u s e r / d e s i g n e r  c o n t r o v e r s i e s .  But 

the people  a f f e c t e d  are o f  many d i s t i n c t  k inds and are a f f e c t e d  in  

d i s t i n c t  ways, o f t e n  in  ways such t h a t  the term " u s e r "  appears q u i t e  

i n a d e q u a t e .  T h e r e f o r e ,  to s tudy  "use r  needs" or  e f f e c t s  o f  systems 

upon people  i t  i s  i m p o r t a n t  to i d e n t i f y  e i t h e r  the  d i s t i n c t  k inds  o f  

a f f e c t e d  people  or  the d i s t i n c t  ways people  are a f f e c t e d .  The l a t t e r  

way has seve ra l  advantages and can be pursued by l i s t i n g  d i s t i n c t  

r o l e s  v i s - a - v i s  the i n f o r m a t i o n  systems.  Then any person or work 

group can be ana l yzed  i n t o  what r o l e s  he or i t  p l ays  and to what 

e x t e n t .  

Some r o l e s  are 

System sponsors - people who i n i t i a t e  and finance systems p ro -  

j e c t s ,  because they  e s t i m a t e  t h i s  i s  in  the 

i n t e r e s t  o f  the o r g a n i z a t i o n ,  r e g a r d l e s s  o f  

whe the r  or  no t  they  w i l l  be s e r v i c e d  d i r e c t -  

l y  by the system. Corpora te  management and 

the concerned l i n e  manager are in  t h i s  r o l e  



but any employee may be t o o ,  depending on 

the power s t r u c t u r e  a t  work.  

I n f o r m a t i o n  consumers peop le  who are a ided  in  t h e i r  work,  d e c i -  

s i on -mak ing  or o p e r a t i n g  a c t i v i t i e s ,  by 

being s e r v i c e d  w i t h  i n f o r m a t i o n .  

I n f o r m a t i o n  s u p p l i e r s  - those who have to p r o v i d e  i n f o r m a t i o n  to 

the system. 

System o p e r a t o r s  - those who have to m a n i p u l a t e  the equ ipment ,  

f o r  i n s t a n c e  i n t e r a c t  w i t h  the systems on 

t e r m i n a l s .  

. Other employed peop le  - who are a f f e c t e d  by the f u n c t i o n i n g  o f  the 

system, f o r  example workers whose work is  

schedu led by the system. 

. Other a f f e c t e d  peop le  - who are not  employees of the o r g a n i z a t i o n  

owning the system, f o r  i n s t a n c e  c i t i z e n s  

v i s - a - v i s  a compu te r i zed  t a x a t i o n  system. 

I t  i s  i m p o r t a n t  to r e c o g n i z e  t h a t  one person may s i m u l t a n e o u s l y  have 

seve ra l  o f  these r o l e s .  Thus a manager may o p e r a t e  a t e r m i n a l  to 

feed in data f o r  a d e c i s i o n  model and r e c e i v e  r e s u l t s  a t  the t e r m i n a l .  

He is  then an i n f o r m a t i o n  consumer and s u p p l i e r  and is  a l s o ,  p a r t  t i m e ,  

a system o p e r a t o r .  He may a l so  be one o f  the system s p o n s o r s . l t  i s  a l so  

i m p o r t a n t  t h a t  the needs o f  these d i s t i n c t  r o l e s  are d i s t i n c t .  

No rma l l y  an IS is  deve loped  f o r  the purpose o f  s u p p o r t i n g  i n f o r m a t i o n  

consumers. People in  the o t h e r  r o l e s  a re ,  t y p i c a l l y ,  a f f e c t e d  by the 

system not  because they  wanted to use the system - be ing no i n f o r m a -  

t i o n  consumers - but because i t  i s  r e q u i r e d  as p a r t  o f  t h e i r  j ob  in  

o r d e r  t h a t  the system w i l l  work.  I t  is  n a t u r a l ,  though u n f o r t u n a t e ,  

t h a t  the needs o f  theese peop le  have a t t r a c t e d  less  i n t e r e s t .  I t  i s  

u n f o r t u n a t e  because i f  the system was not des igned w i t h  the purpose 

o f  s e r v i n g  them in t h e i r  j o b ,  t h e i r  jobs may become most a f f e c t e d .  

However, more r e c e n t l y  the needs o f  these peop le  have begun to be 

taken s e r i o u s l y  i n t o  c o n s i d e r a t i o n .  



Because many peop le  are a f f e c t e d  in the d i s t i n c t  r o l e s  they have, the 

e f f e c t s  on a l l  the n o n - i n f o r m a t i o n  consumer r o l e s  are complex and not 

y~ t  we l l  unde rs tood .  I t  is not  o n l y  how the system a f f e c t s  these peop le  

but a l so  how they  w i l l  e x p e r i e n c e  these e f f e c t s  in the long run t h a t  

must be c l a r i f i e d .  N e v e r t h e l e s s  these problems do not  seem to be es- 

s e n t i a l l y  d i s t i n c t  from o t h e r  job des ign  problems and i t  seems l i k e l y  

t h a t  t h e r e  w i l l ,  f a i r l y  soon, be a r e a s o n a b l e  knowledge among system 

a r c h i t e c t s  - and among the peop le  themse lves  - how to handle  these 

user needs. 

The needs o f  the i n f o r m a t i o n  consumers, though they have been i n v e s -  

t i g a t e d  more e a r l y ,  appear to be the most p r o b l e m a t i c  ones and they  

are l i k e l y  to c h a l l e n g e  us as r esea rche rs  s t i l l  f o r  a long t ime .  Be- 

cause they  are a l so  the c e n t r a l  problems o f  any IS des ign ,  they  w i l l  

be g i ven  the main focus in  t h i s  p r e s e n t a t i o n .  A l so ,  remember t h a t  I 

am t a l k i n g  o f  r o l e s ,  not  o f  persons ,  and any use r ,  or a f f e c t e d  person,  

may perhaps improve h is  s i t u a t i o n  th rough  becoming a l so  an i n f o r m a -  

t i o n  consumer. I f  so he w i l l  a l so  p r o f i t  from any advances we make 

in  d e t e r m i n i n g  the needs o f  i n f o r m a t i o n  consumers. 

Who does the a n a l y s i s ?  

T r a d i t i o n a l l y ,  computer programmers have expected the users to s p e c i -  

f y  t h e i r  needs. When t h i s  d i d - n o t  work system a n a l y s t s  en te red  the 

scene. In t h i s  way we had two k inds o f  s p e c i a l i s t s :  the computer spe- 

c i a l i s t s  - programmers and computer system a n a l y s t s  on the one hand 

and management s c i e n t i s t s  on the o t h e r  hand. Of ten the same person 

t r i e d  to be a l l  these t h r e e  e x p e r t s .  The s p e c i f i e d  needs became more 

a r e f l e c t i o n  o f  what these experts b e l i e v e d  to know about  u s e r s '  needs, 

perhaps a f t e r  qu ick  i n t e r v i e w i n g ,  than they  r e f l e c t e d  the r e a l  needs. 

Somewhat l a t e r ,  around 1965, i t  became common to have user r e p r e s e n t -  

a t i v e s  as members o f  the p r o j e c t  teams. They were supposed to know 

the user needs. I t  t u rned  out  t h a t  the "system a n a l y s t s " ,  though 

o f t e n  r e c r u i t e d  from the user l i n e s  and t r a i n e d  by the computer man- 

u f a c t u r e r ,  behaved more as a k ind o f  computer  system e x p e r t s  than as 

rea l  a n a l y s t s  o f  user  needs. T h e i r  documen ta t i on  was not  unders tood  

by the users .  As a consequence,  the user  d id  not  know what the system 

would be do ing  and be r e q u i r i n g  u n t i l  the system was imp lemented .  



Nowadays the i n s i g h t  i s  sp read ing  t h a t  to de te rm ine  IS user  needs - 

a t  l e a s t  those o f  the i n f o r m a t i o n  consumers - r e q u i r e s  a s e a r c h - l e a r n -  

ing process t h rough  which the users  deve lop  an u n d e r s t a n d i n g  o f  what 

t h e i r  rea l  needs are and what new o p p o r t u n i t i e s  have become a v a i l a b l e  

to them. As a consequence,  the users emerge as the key persons in  the 

task  o f  a n a l y s i n g  user  needs. I n f o r m a t i o n  a n a l y s t s  appear to have an 

i m p o r t a n t  p a r t  in  a i d i n g  the users i n  l e a r n i n g  and a n a l y s i n g ,  in  do- 

ing the documen ta t i on  i n  a way u n d e r s t a n d a b l e  to the  use rs ,  w h i l e  

e f f i c i e n t  as a des ign  i n p u t  f o r  the data system des ign  s tages to f o l -  

low,  and in  do ing f e a s i b i l i t y  e s t i m a t e s .  

I t  shou ld  be obv ious  t h a t  the new way of  do ing the analysi~s of  IS 

users needs,  t h a t  we have found necessa ry ,  r a i s e s  q u e s t i o n s  o f  new 

methods. I t  a l so  becomes c l e a r  t h a t  the a n a l y s t s  shou ld  have a s o c i a l  

sc ience  and i n f o l o g y  g round ing  more than one o f  a computer  sc i ence  or 

data p r o c e s s i n g  background.  

Why are the systems not  made use of? 

A f r u s t a t i n g  e x p e r i e n c e ,  to man~ers and system d e s i g n e r s  a l i k e  has 

been t h a t  the  systems are not  used or o n l y  used in  t h e i r  most t r i v i a l  

a s p e c t s .  Expected ga ins  have not  been a t t a i n e d .  Cost have great ly  exceeded 

e s t i m a t e s ,  v a r i o u s  d i f f i c u l t i e s  have been encoun te red .  Why do people  

not  use the systems? Are they  not  enough m o t i v a t e d ?  Is t h i s  because 

they  d id  not  p a r t i c i p a t e  r e a l i s t i c a l l y  in  the des ign?  Are the wrong 

goa ls  d e f i n e d  f o r  the systems? Are the data - and the system docu-  

m e n t a t i o n  - not  a c c e s s i b l e  and u n d e r s t a n d a b l e ?  Is the system a r c h i -  

t e c t u r e ,  the s o f t w a r e ,  the hardware ,  u n s u i t a b l e ?  Which system,  what 

p rob lem,  o p p o r t u n i t y  or need? Befo re  system des ign  is  taken on,  one 

must dec ide  wh ich  system to address .  How shou ld  the sys tem's  b o r d e r -  

l i n e  be drawn.  How i n t e g r a t e d  w i t h  the o r g a n i z a t i o n ?  What problems 

shou ld  be a t t a c k e d ?  Perhaps no problem but  a new o p p o r t u n i t y ?  What 

are the i m p o r t a n t  needs? 

How combine o v e r v i e w  and comprehens ion w i t h  conc re teness  and p r e c i -  

s ion  i n  d e t a i l s ?  The term system is  a s s o c i a t e d  w i t h  t h i n g s  t h a t  have 

many, i n t e r d e p e n d e n t  components.  A c c o r d i n g l y ,  o v e r v i e w  over  the whole 

i s  d i f f i c u l t  and i s  one of  the most t y p i c a l  problems of  system des i gn .  

I t  i s  a l so  a fo remos t  d i f f i c u l t y  w i t h  a n a l y s i n g  user  needs. How do 



t hey  m u t u a l l y  i n t e r a c t ?  By what methods can one reach o v e r v i e w  and 

combine t h i s  w i t h  s y s t e m a t i c  d e t a i l e d  a n a l y s i s ?  

User Needs 

The s e r v i c e  from an IS may be needed f o r  seve ra l  reasons .  The above 

l i s t  o f  user  r o l e s  g i ves  an i n d i c a t i o n  i n  t h i s  r e s p e c t .  B e t t e r  i n f o r -  

ma t ion  makes p o s s i b l e  b e t t e r  d e c i s i o n s .  B e t t e r  i n f o r m a t i o n  s e r v i c e  

a l l o w s  new o r g a n i z a t i o n  s t r u c t u r e s ,  more e f f e c t i v e l y  c o o r d i n a t e d / d i -  

r ec ted  l o c a l  autonomy and may make f o r  more c o n v e n i e n t  o f f i c e  work - 

though sometimes the o p p o s i t e  occu rs .  

With the p r e s e n t ,  r a p i d  changes in  economic and s o c i a l  e n v i r o n m e n t  

o r g a n i z a t i o n s  need to change,  l e a r n ,  and deve lop .  I n f o r m a t i o n  s e r v -  

i ce  m igh t  be des igned to a id  in  those aspec t s .  

Soc i a l  and persona l  needs are a l s o ,  p o t e n t i a l l y ,  served by an appro -  

p r i a t e l y  des igned  IS. 

Problems With I n f o r m a t i o n  

Relevance o f  I n f o r m a t i o n .  Th is  i s  a problem not  mere l y  o f  what i s  

relevant from an o b e j c t i v e  or  " s c i e n t i f i c "  p o i n t - o f - v i e w ,  though t h i s  

i s  o f t e n  the o n l y  k ind  o f  r e l e v a n c e  men t ioned .  The i n f o l o g i c a l  (o r  

c o n c e p t u a l )  v iew on IS has t a u g h t  us t h a t  i n f o r m a t i o n  must be "sub-  

j e c t i v e l y  r e l e v a n t "  in  o rde r  to become used. For i n s t a n c e ,  u s e r ' s  

c o g n i t i v e  s t y l e s  need be r e f l e c t e d .  HOw may we go about  to s a t i s f y  

the two r e l e v a n c e  r e q u i r e m e n t s  s i m u l t a n e o u s l y ?  

Who are ab le  to share the same data? IS (and data bases) presuppose 

t h a t  d i s t i n c t  peop le  may use the same data but  how may data be sub- 

j e c t i v e l y  r e l e v a n t  to d i s t i n c t  people? What de te rm ines  " s h a r e a b i l i t y "  

o f  data? 

How make sure the data c o r r e c t l y  r e p r e s e n t  the i n t ended  i n f o r m a t i o n ,  

to the i n t e n d e d  users? Th is  i s  the c e n t r a l  i n f o l o g i c a l  q u e s t i o n .  

I n f o r m a t i o n  f o r  Everybody.  Not o n l y  democ ra t i c  demands c a l l  f o r  mak- 

ing  the i n f o r m a t i o n  a v a i l a b l e  to eve r ybody ,  a l so  o r g a n i z a t i o n a l  e f f i -  

c i e n c y  and c r e a t i v i t y  makes t h i s  d e s i r a b l e .  What can be done i n  t h i s  
d i r e c t i o n ?  



I f  the  i n f o r m a t i o n  is  made a v a i l a b l e  to everybody  then i t  becomes 

n a t u r a l  to c o n s i d e r  " e v e r y b o d y ' s  needs" in  d e s i g n i n g  the IS. How 

m igh t  t h i s  be approached? What a d d i t i o n a l  i n f o r m a t i o n  c o n t e n t  w i l l  

become r e l e v a n t ?  

I n f o r m a t i o n  a d m i n i s t r a t i o n .  To de te rm ine  sha reab le  i n f o r m a t i o n  and 

s h a r e a b l e  data and to care f o r  system i n t e g r i t y  and s e c u r i t y  t h e r e  

must be a c e n t r a l  IS a d m i n i s t r a t i o n .  To hand le  t h i s  by a s p e c i a l  man- 

agement may h u r t  the s u b j e c t i v e  r e l e v a n c e .  How can both needs be com- 

promised? 

I t  seems l i k e l y  t h a t  l o c a l ,  d e c e n t r a l i z e d  systems w i l l  be common. 

They w i l l  c o n t a i n  l o c a l  data t h a t  do not  need to be s t a n d a r d i z e d  or  

c e n t r a l l y  a v a i l a b l e .  But some data are l i k e l y  to have to s a t i s f y  c o r -  

po ra te  r e q u i r e m e n t s  and must be c o n t r o l l e d  by a c e n t r a l  body. How 

may one d e l i m i t  such r e q u i r e m e n t s  to such data o n l y ,  f o r  wh ich  they  

are j u s t i f i e d ?  

Problems w i t h  User I n v o l v e m e n t  

User i n v o l v e m e n t  is  i m p o r t a n t  and needs to be improved in  a l l  ap- 

p l i e d  t e c h n o l o g y  p r o j e c t s  but  in  the c o n n e c t i o n  w i t h  IS des ign  t h i s  

i s  e s p e c i a l l y  s i g n i f i c a n t .  Thus to d e f i n e  i n f o r m a t i o n  needs one must 

be ab le  to s p e c i f y  the i n f o r m a t i o n  to have. Th is  s p e c i f i c a t i o n  must 

be s t r i n g e n t  in  o rde r  to p r o v i d e  a bas is  f o r  data des ign  and comput- 

er programming.  The s t r i n g e n c y  e a s i l y  leads  to u n i n t e l l i g i b i l i t y  f o r  

the v a r i o u s  use rs .  Th is  is  one f a c t o r  t h a t  hampers user  i n v o l v e m e n t .  

The i n f o r m a t i o n  needs and the i n t e r r e l a t i o n s  between them makes f o r  

an e x t r e m e l y  complex i n f o r m a t i o n  s t r u c t u r e  or a b s t r a c t  i n f o r m a t i o n  

system i n v o l v i n g  many e lements  and l i n k a g e s .  In o rde r  not  to ge t  l o s t  

one must i n t r o d u c e  a b s t r a c t ,  o v e r a l l  i n f o r m a t i o n  system models so, 

i n  a d d i t i o n  to s t r i n g e n c y ,  the users  a l so  w i l l  have to cope w i t h  ab- 

s t r a c t i o n  i f  they  s h a l l  have a rea l  i n f l u e n c e  upon the IS d e s i g n .  

Ano the r  problem is  t h a t  the term ' u s e r '  r e f e r s  to many d i s t i n c t  r o l e s .  

In o t h e r  words many d i s t i n c t  groups o f  peop le  need to be i n v o l v e d  

and as they  are a f f e c t e d  in  d i s t i n c t  ways t h i s  causes d i s t i n c t  p ro -  

blems a l l  o f  wh ich  a f f e c t s  the a n a l y s i s  work and me thodo logy .  



2. A v a i l a b l e  Results 

2.1 Pro jec t  Stages and Problem Areas of IS-design 

Pro jec ts  have since long been s t ruc tu red  in to  stages and phases such 

as 

F e a s i b i l i t y  study 

Main Study 

System Design 

Implementat ion 

Operat ions,  Maintenance, and Assessment 

but t h i s  does not g ive much guidance as to what- to-do-when,  in IS 

design. What problems are brought up in the F e a s i b i l i t y  Study? What 

s t r u c t u r e  and content has Main Study? 

In a sys temat ic  study of  the problem ca tegor ies  invo lved  in IS de- 

sign and t h e i r  i n t e r r e l a t i o n s ,  i t  was found tha t  some d i s t i n c t  pro- 

blem areas (or method areas or top ic  areas) are always invo lved and 

they present d i s t i n c t  kinds of problems and c a l l  f o r  d i s t i n c t  s k i l l s .  

This r e s u l t  o f fe red  improved i n s i g h t  in to  how to organize and s t a f f  

iS p ro jec ts  and what to teach and do research on [Langefors 1963- I ,  

1969]. I t  provided knowledge of var ious  c lasses or problems invo lved  

in every IS p ro jec t  and es tab l i shed  a framework f o r  developing of 

methods and doing research on the d i s t i n c t  problem areas. Groups of 

tasks which requ i re  s i m i l a r  background can be assigned to common pro- 

j e c t  a c t i v i t i e s  and to d e s i g n e r s / a n a l y s t s  wi th  the app rop r i a te  s k i l l  

and exper ience.  

I t  was found tha t  because an IS has the purpose of  serv ing as a com- 

ponent in a l a r g e r  system, i t s  Object System, OS, the s p e c i f i c a t i o n  

of  the IS cannot be produced d i r e c t l y  but must r e s u l t  from an e a r l i e r  

stage in which the main (or t o p - l e v e l )  "subsystems s t r u c t u r e "  of the 

OS is  designed. Impo r tan t l y  the main OS design stage is not a data 

system design and, hence, not p roper l y  delegated to the data system 

department (which should t he re fo re  not be r e fe r r ed  to as the "Systems 

Departments") .  In t h i s  way a s p e c i f i c  problem area or top ic  area Ob- 

j e c t  Systems Ana lys is  & Design (OSA) was i d e n t i f i e d .  The reader may 

a l t e r n a t i v e l y  i n t e r p r e t e  OSA as " o r g a n i z a t i o n  systems a n a l y s i s "  i f  

he so p r e f e r s .  
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Only a f t e r  some object  system ana lys is  and design a c t i v i t i e s  have 
i d e n t i f i e d  some object  system func t ions  can the in fo rmat ion  needed 

of these func t ions  be determined. This can be done in computer- in-  

dependent terms which has s i g n i f i c a n t  consequences for  methods deve l  

opment and user p a r t i c i p a t i o n .  Thus emerged the area In format ion 

Ana lys is  & Design (IAD~. 

The areas OSA and IAD c o n s t i t u t e  the i n f o l o g i c a l  realm of IS design 

problems. Fol lowing them, l o g i c a l l y ,  are the areas w i t h i n  the data- 

l og i ca l  realm. Below the problem areas are presented in a tab leau.  
The da ta log ica l  realm, which is less i n t e r e s t i n g  in t h i s  context  is 

qu i te  condensed in the tableau,  Fig. 2 .1 .1.  

One important  c h a r a c t e r i s t i c  of the framework of problem areas is 

tha t  a f t e r  each completed a c t i v i t y  in one area more knowledge has 
been obtained which is re levan t  for  the cost and f e a s i b i l i t y  e s t i -  

mates in previous areas. This should be exp lo i ted  fo r  re-assessment 

of p rev ious ly  set goals.  In the tableau feed-back arrows are shown, 

to po in t  out t h i s .  

OSA Ob_ject Systems Analys is /Des ign ~ 
Organizat iona l  Change Design 
Object System Anal~sis 

! 

IAD In format ion Analys is /Des ign L,, 

~ - - I n f o l o ~ i c a l  a lg ° r i t hms  __ I ~  

~ ' ~ D ~ t a i ° g i ~ D  [ Abst rac~Data System Design 

1 j 
Data System Const ruct ion ~ - - ~  

Implementation 
_O~eration - - ~  
Fol low-up 

Fig 2 .1- I  
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Problem Areas & Pro jec t  Stages 

D i s t i n c t  c lasses of p ro jec t  tasks are recognized and problem 

areas are i d e n t i f i e d .  

More sys temat ic  research and methods development can be done 

Be t te r  knowledge of the s k i l l s  requ i red in d i s t i n c t  p ro jec t  stages 

and p ro j ec t  a c t i v i t i e s  was gained - hencefor th neglected problems 

and methods needs got detected 

Important  i n s i g h t s  in to  how IS p ro jec ts  might be more e f f i c i e n t l y  

s t r uc tu red  and managed were obta ined.  

~£!~!!~ 

The areas Object  System Ana l ys i s /Des ign  OSA and In fo rmat ion  A n a l y s i s /  

Design (IAD) became recognized as f u l l - f l e d g e d  work areas wi th t h e i r  

own needs f o r  methods and s k i l l s ,  g r e a t l y  d i s t i n c t  from computer 

science and data processing.  Research in OSA and IAD got s ta r t ed  and 

p r a c t i c a l  exper ience ( f o r  one decade, now) was acqui red.  These are 

the i n f o l o g i c a l  areas. 

Thus the i n t r o d u c t i o n  of problem areas s ta r ted  the work on Ana lys is  

of  User Needs. 

The i n f o r m a t ~ l o g i c a l  (nowadays: i n f o l o g i c a l )  approach to IS design 

began to be developed, emphasizing the d i s t i n c t i o n  between i n f o l o g -  

i ca l  problems (OSA,IAD) concerned wi th  people and t h e i r  work and in -  

fo rmat ion use and the d a t a l o g i c a l  problems concerned wi th  formal re-  

p resen ta t ion  and computers. 

Conclusions 

Some ob jec t  system design,  change, and ana l ys i s  should be done be- 

fore  i n fo rma t i on  a n a l y s i s ,  data design and programming ( o r g a n i z a t i o n ,  

people, j obs ) .  

Change process, soc ia l  i n t e r a c t i o n ,  l e a r n i n g ,  and i d e n t i f i c a t i o n  of 

human values are c r u c i a l  to the system design,  as much as is  tech-  
nology. 
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The n e c e s s a r i l y  u n s t r u c t u r e d  change processes must r e s u l t  in  s t r i n -  

gent  des ign  s p e c i f i c a t i o n s  t h a t  lead  to c o n t r o l  o f  the t e c h n i c a l  de- 

s ign - a c lash  between two " s c i e n t i f i c  c u l t u r e s  or  parad igms"  A 

c h a l l e n g e  to human commun ica t ion .  Formal methods can o n l y  do p a r t  

o f  the task .  

As d i s t i n c t  s o c i a l  g roups,  w i th  d i s t i n c t  v a l u e s ,  w i l l  p r e f e r  d i s -  

t i n c t  changes,  the p r o j e c t  problem a r i s e s  as to whether  t h e r e  can 

be one s i n g l e  change p r o j e c t  i n v o l v i n g  a l l  groups or t he re  should  

be d i s t i n c t  change p r o j e c t s  which are  then merged. C o n f l i c t i n g  de- 

s igns would then be deve loped and a n e g o t i a t i o n  process would f o l -  

low. 

Be fo re  i t  i s  de te rm ined  what the rea l  problem i s ,  the boundar ies  

f o r  the a c t u a l  system are u n d e f i n e d ,  hence the set  o f  users is  un- 

d e f i n e d .  

Some prob lems:  

- How to ba lance d i s t i n c t  user needs a g a i n s t  each o t h e r  in s p e c i -  

f y i n g  des ign goa ls?  

- How ove rv i ew  or  comprehend the d i s t i n c t  needs and the e f f e c t s  o f  

des ign  d e c i s i o n s ?  

- A b s t r a c t i o n s  are necessary  f o r  o v e r v i e w :  conc re te  d e t a i l s  are 

needed f o r  c o n s t r u c t i o n .  

System des ign ,  be ing a s o c i a l  change p rocess ,  may change power and 

w i l l  a lways be s e n s i t i v e  to  c o n f l i c t  s i t u a t i o n s .  

Problem Areas are not I d e n t i c a l  w i t h  P r o j e c t  Stages 

There is  a s t r o n g ,  l o g i c a l  precedence o rde r  between the problem a reas .  

Func t i ons  in  the OS must be i d e n t i f i e d  b e f o r e  t h e i r  needs f o r  i n f o r m a -  

t i o n  can be de te rm ined  and t h i s  must be done b e f o r e  the data  and p ro -  

grams can be des igned t h a t  may s a t i s f y  these needs. But t h i s  does not  

mean t h a t  a l l  o f  OSA must be done be fo re  any p a r t  o f  IAD can ge t  

s t a r t e d  and so f o r t h .  For example OSA f o l l o w e d  by IAD can be done on 

a crude l e v e l  and then be succeeded by an OSA a c t i v i t y  f o l l o w e d  by 

a new IAD a c t i v i t y  on the nex t  f i n e r  l e v e l  and so f o r t h .  A l s o ,  a f t e r  
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conc re te ,  d e t a i l e d  data system c o n s t r u c t i o n  - f o r  s p e c i f i c  hardware - 

has been done, one may need to do some OSA work to modify the job de- 

sign f o r  some system opera to rs .  This w i l l  be done in order  to adapt 

the job procedures to the opera t i ng  c h a r a c t e r i s t i c s  of the computer 

system. 

Other Work on IS Design Framework 

A Framework For In fo rmat ion  Systems Development which has many sim- 

i l a r i t i e s  to the above framework of  problem areas was pos tu la ted  in 

[McFar land ,No lan ,Nor ton ,1973 ] .  I t ,  l i k e w i s e ,  d i f f e r s  from the t r a d i -  

t i o n a l  p r o j e c t  frameworks by t a l k i n g  about the con ten t  of  the d i s -  

t i n c t  areas.  The s i m i l a r i t y  wi th  our framework is i l l u m i n a t e d  by the 

f o l l o w i n g  quo ta t i on  as wel l  as the d i s p l a y  of the framework, pre-  

sented below. 

"With a sub jec t  as broad and encompassing as i n fo rma t ion  systems, 

expediency requ i res  tha t  the whole be subd iv ided i n to  manageable 

pa r t s .  I f  t h i s  s u b d i v i s i o n  is performed p rope r l y  i t  becomes pos- 

s i b l e  to address each par t  somewhat i ndependen t l y ,  f o r  the dual 

purpose of unders tand ing and g e n e r a l i z i n g .  The o v e r a l l  framework 

is then used to i n t e g r a t e  the par ts  in to  a meaningful  who le . "  

Organ iza t ion  Ana lys is  

MIS S t ra tegy  

Decis ion Ana lys is  ( I n fo  r e q u i r e m e n t ' s ,  
System Spec.) 

System Design 

Inven to ry  of Data 

Programs Base 

Data Processing 

]-Model 

I of  

I the 

I L_LL 

Fig. 2 .1-2  The Framework of McFar land,Nolan,  and Norton,1973 
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The s i m i l a r i t y  speaks f o r  i t s e l f .  I o n l y  want to p o i n t  ou t  t h a t  

"System Des ign " ,  as used here ,  had b e t t e r  be named "Data System De- 

s i gn "  

I t  i s  o f  i n t e r e s t  to n o t i c e  t h a t  r ecen t  data base work a l so  has be- 

gun to r e c o g n i z e  d i s t i n c t  l e v e l s  o f  the data base schema. A l t h o u g h  

t h i s  has a d i f f e r e n t  background i t  is  r e l a t e d  to our  problem area 

s t r u c t u r i n g  and the f ramework by [Senko,1976]  shows i n t e r e s t i n g  s i -  

m i l a r i t y  to ou rs .  Senko t a l k s  o f  System Name-Based and User Name- 

Based l e v e l s  and the Access Path L e v e l ,  the Encoding Level  and the 

Phys i ca l  Device L e v e l .  

2.2 I n f o l o g i c a l  and S o c i o - T e c h n i c a l  Approaches to User Needs 

The i n f o l o g i c a l  v iew is  t h a t  because data are handled f o r  the  so le  

purpose o f  u t i l i z i n g  i n f o r m a t i o n  in  an o r g a n i z a t i o n  and because many 

d i s t i n c t  data fo rma ts  may be used to r e p r e s e n t  the same i n f o r m a t i o n  

i t  i s  necessary  to d e s c r i b e  i n f o r m a t i o n  in  a way wh ich  i s  a c c e s s i b l e  

to the  users  and is  i ndependen t  o f  computer  t e c h n o l o g y .  The i n f o r m a -  

t i o n  s p e c i f i c a t i o n  s t a t e s  what is  r e q u i r e d  or d e s i r e d  from the data 

p r o c e s s i n g .  I t  i gno res  how the data system works,  i n t e r n a l l y .  

The i n f o l o g i c a l  v iew led  to the i n t r o d u c t i o n  o f  s p e c i f i c ,  e a r l y  a n a l -  

y s i s  s tages where the g o a l s / d e s i r e s  o f  users  are s t u d i e d  and i d e n t i -  

f i e d ,  separa ted  from the i n t r i c a t e  t e c h n i c a l  c o n s t r u c t i o n  work t h a t  

w i l l  s u b s e q u e n t l y  implement  the d e s i r e s .  As a consequence,  the i n f o -  

l o g i c a l  approach [ L a n g e f o r s  1963,1966,  Lundeberg 1968,1970,  Nissen 

1972, Sundgren 1973] s u b o r d i n a t e d  the t e c h n o l o g i c a l  c o n s t r u c t i o n  to 

s o c i a l  and human f a c t o r s  and deve loped methods and t o o l s  f o r  making 

t h i s  p o s s i b l e .  

The r e c e n t  deve lopment  o f  the database management has begun to ad- 

dress i n f o l o g i c a l  aspec ts  f o r  i n s t a n c e  in  d e f i n i n g  i n f o r m a t i o n  in  

terms o f  a b s t r a c t  r e l a t i o n s  [Codd 1970, Senko 1976] and d e v e l o p i n g  

query  languages t h a t  a l l o w  the s p e c i f i c a t i o n  of  the i n f o r m a t i o n  to 

be r e t r i e v e d  in  i n f o l o g i c a l ,  d a t a s t r u c t u r e - i n d e p e n d e n t  te rms.  O f t en ,  

user  needs may be d e f i n e d  in  terms o f  such query  s t a t e m e n t s .  



15 

The Socio-Technica l  Approach 

The i n f o l o g i c a l  approach i s ,  c l e a r l y ,  a soc io techn ica l  approach. I t  

was developed from a computer science and systems eng ineer ing back- 

ground. Else soc io techn ica l  approaches have been advocated and de- 

veloped by d i s t i n c t  soc ia l  s c i e n t i s t s ,  f o r  d i s t i n c t  kinds of systems. 

Mumford and Ward [Mumford and Ward,1968] presented a soc io techn i ca l  

approach to data systems design. They propose tha t  two d i s t i n c t  l i s t s  

of  design a l t e r n a t i v e s  be worked out ,  one l i s t  of a l t e r n a t i v e s  deve l -  

oped from the p o i n t - o f - v i e w  of the users (the "system opera to rs "  main- 

l y ,  in our t e r m i n o l o g y ) .  The other  l i s t  should be developed from a 

computer e f f i c i e n c y  p o i n t - o f - v i e w .  Then both l i s t s  are compared and 

a design a l t e r n a t i v e  is se lec ted which is as good as poss ib le  from 

both p o i n t s - o f - v i e w .  This scheme, l i k e  o ther  soc io techn ica l  propos- 

a ls  by soc ia l  s c i e n t i s t s ,  does not employ the s t r i c t  s u b d i v i s i o n  in -  

to stages.  This is  na tu ra l  because the soc ia l  s c i e n t i s t s  were not 

aware of  t h i s  kind of development in the IS eng ineer ing area. The 

soc io techn i ca l  approach, by pu t t i ng  the soc ia l  and the techno log ica l  

d r a f t i n g  at  equal l e v e l s  imp l ies  a compromising between the human 

and the computer aspects.  Contrary to t h i s ,  the i n f o l o g i c a l  approach 

g ives a p r i o r i t y  to the human aspects,  r e q u i r i n g  from the da ta log -  

i ca l  designers to s a t i s f y  ( r e a l i z a b l e )  i n f o l o g i c a l  s p e c i f i c a t i o n s  (or 

to feed back r e a l i z a b i l i t y  problem i n f o r m a t i o n ) .  I t  should be noted 

tha t  the soc io techn i ca l  model descr ibed here was publ ished a decade 

ago and tha t  development is going on in the area. The Socio-Techni -  

cal approach was also discussed r e c e n t l y  in [Bostr~m and Heinen 1977]. 

See also my d iscuss ion  l e t t e r  to MIS Qua r te r l y  regard ing t ha t  a r t i c l e  

[Langefors 1978]. 

Object Systems Ana lys is  and Social  Change Design 

The i n f o l o g i c a l  approach s ta r ted  by tak ing i n fo rma t ion  d e f i n i t i o n  as 

a basis f o r  data and program c o n s t r u c t i o n .  As a consequence the un- 

avo idab le ,  s u b j e c t i v e  human cond i t i ons  f o r  i n t e r p r e t i n g  data and u t i -  

l i z i n g  i n fo rma t i on  came out as a fundamental a n a l y s i s / d e s i g n  bas is .  

In t h i s  way the problem area of  Object Systems Ana lys i s /Des ign  emerged. 

The people,  the s t a t i o n s ,  the func t ions  in the OS (the o r g a n i z a t i o n )  

to be se rv i ced ,  were analyzed as to what was in ex is tence  and what 

was des i red f o r  the f u t u r e  [Langefors 1963- I ] .  I t  was proposed by 
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Nissen [N issen  1972] t h a t  the t e c h n i q u e s  f o r  precedence and component 

a n a l y s i s  deve loped in  the  i n f o r m a t i o n  a n a l y s i s  area ought  to be ap- 

p l i e d  a l so  in  OSA, a f t e r  s u i t a b l e  amendments o f f e r e d  by N issen .  Th is  

t u rned  out  to be a f r u i t f u l  approach and has come to be a s tanda rd  

p a r t  of in fo log ica l  s ys temeer i ng  ( IS a n a l y s i s / d e s i g n ) .  I t s  advan tages  

are i l l u m i n a t e d  in  [Lundeberg 1976] .  

An i m p o r t a n t  deve lopment  in  OSA has been the s tudy  o f  IS deve lopment  

as a s o c i a l  change process by the ISAC group in  Stockholm [Lundeberg 

1977] and by H~yer i n  Oslo [H~yer  1975] .  Th is  work has made i t  i n -  

c r e a s i n g l y  c l e a r  t h a t  the OSA - and, as a consequence the o v e r a l l  

System Design task  - must be a r ranged  so as to  beg in  w i t h  a s o c i a l  

change and l e a r n i n g  process i n v o l v i n g  the f u t u r e  users  as the main 

a c t o r s .  In v iew o f  these f i n d i n g s  (wh ich  are now a c c u m u l a t i n g )  " a n a l -  

y s i s  o f  user  needs" i s ,  f u n d a m e n t a l l y ,  a s o c i a l  l e a r n i n g  and c r e a t i n g  

process and i t  i s  my imp ress i on  t h a t  t h i s  shou ld  be i n t e g r a t e d  as a 

c e n t r a l  area p reced ing  a l l  s ys temeer ing  (o r  IS des i gn )  p r o j e c t s .  With 

t h i s  i n s i g h t  i t  i s  no l o n g e r  reasonab le  to go on as i f  one would be 

b e l i e v i n g  t h a t  the users  know t h e i r  needs or - s t i l l  worse - as i f  

computer  e x p e r t s  or  management sc i ence  e x p e r t s  would know, The p rac -  

t i c a l  e x p e r i e n c e  a s s o c i a t e d  w i t h  t h i s  i n s i g h t  i s  s t i l l  meagre, but  

what has been a t t a i n e d  i s  q u i t e  c o n v i n c i n g .  

I t  i s  i m p o r t a n t  to p o i n t  out  t h a t  the  i n s i g h t s  from our  work on the  

e a r l y  s tage o f  sys temeer ing  as a s o c i a l  change process c l a r i f y  t h a t  

both the u n s t r u c t e r e d  s o c i a l  processes and the w e l l - s t r u c t u r e d  i n -  

t e g r a t i o n  and documen ta t i on  o f  t h e i r  r e s u l t s  are necessary  and w o r t h y  

o f  be ing deve loped f u r t h e r .  Thus the b r i d g i n g  of  the two emerges as 

the c e n t r a l  i n f o l o g i c a l  s ys temeer i ng  i s s u e .  

2.3 S t r u c t u r e d  I n f o r m a t i o n  A n a l y s i s  

The i n f o l o g i c a l  p e r s p e c t i v e  made i t  c l e a r  t h a t  data and a l g o r i t h m s  

are to be de te rm ined  based on the needs f o r  i n f o r m a t i o n  - knowledge - 

p r o v i d e d  to people  t h rough  da ta .  At the bas is  i s  t h e r e f o r e  not  s c i -  

e n t i f i c  or  l o g i c a l  laws but  i n t u i t i v e :  n o n - l o g i c a l  user  v iew o f  t h e i r  

work and i t s  needs. No un ique  s o l u t i o n s  can be expected and p u r e l y  

fo rmal  methods are i n a p p l i c a b l e .  But una ided  i n t u i t i o n  gets  l o s t  i n  
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complex systems problems. The best t ha t  can be hoped fo r  is  a s t r uc -  

tured approach which i d e n t i f i e s  semiseparate subdesign tasks and 

achieves an i n t e g r a t i o n  between them. Crude p i c tu res  alone perm#t 

t o t a l  views but dec is ions  regard ing the whole thus comprehended must 

be formulated as a prec ise framework which s t r i c t l y  con t ro l s  subse- 

quent,  d e t a i l  design a c t i v i t i e s .  Thus the l a t t e r  e s s e n t i a l l y  f i l l s  

in d e t a i l  content  in to  the meshes of the framework. A s t ruc tu red  

design approach is  thus obta ined.  A s t ruc tu red  i n f o l o g i c a l  sys te -  

meering approach has been developed based on a few p r i n c i p l e s  

The i n fo rma t i on  product users want from the system determines 

the design task ( toge ther  wi th goal i n fo rma t ion  users want to 

p r e s c r i b e ) .  

In fo rmat ion  precedence a n a l y s i s ,  step by s tep,  s t a r t i n g  at  user 

determined i n fo rma t i on  products determines where to c o l l e c t  the 

i n fo rma t i on  or from which o ther  i n fo rma t i on  to de r i ve  i t  and 

i d e n t i f i e s  the d e r i v a t i o n  processes. 

The i n t e r n a l  design of  the i n fo rma t i on  d e r i v a t i o n  processes can 

be done sepa ra te l y  from the i n fo rma t i on  precedence a n a l y s i s .  

To gain overv iew,  crude pro-concepts of  i n fo rmat ion  may be iden- 

t i f i e d  f i r s t  and then component a n a l y s i s  can be performed to 

i d e n t i f y  f i n e r  pro-concepts ,  components, u n t i l  e-concept ( e l e -  

mentary i n fo rma t ion  k inds)  and e-messages (e lementary messages) 

are i d e n t i f i e d .  Precedence a n a l y s i s  can be performed on any pro- 

concept l e v e l ,  as deemed s u i t a b l e ,  as wel l  as on the elementary 

l e v e l .  

5. Through the successive re f inement  of the IS s t r u c t u r e  which is  

obta ined dur ing the s t ruc tu red  des ign,  success i ve l y  more is spe- 

c i f i e d  about the i n fo rma t i on  processes and about the data but at 

the e lementary l e v e l ,  process design (a lgo r i t hm design) is  com- 

p le ted .  

The steps 1,2,  and 3 were developed in [Langefors 1963-I and 1966]. 

Steps 4 and 5 were formula ted in ELangefors 1969] and f u r t h e r  deve l -  

oped in e.g.  [Lundeberg 1969] and [Langefors 1973]. 
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The s t r u c t u r e d  i n f o r m a t i o n  a n a l y s i s  (and o b j e c t  systems a n a l y s i s )  

based on the precedence and component a n a l y s i s  a l l o w s  a p r e c i s e  

gu idance and a p r e c i s e  documen ta t i on  to suppo r t  any i n t u i t i v e ,  

s o c i a l  l e a r n i n g  a n a l y s i s / d e s i g n  p rocess .  The p r e c i s i o n  is  o b t a i n e d  

w i t h o u t  us ing  any computer  language which would have hampered the 

u n d e r s t a n d i n g  by v a r i o u s  use rs .  I t  i s  s t r i n g e n t  enough to pe rm i t  

per fo rmance c a l c u l a t i o n s  on des ign  a l t e r n a t i v e s ,  employ computer  a id  

to documen ta t i on  and data and program des ign  and form a s y s t e m a t i c  

bas is  f o r  subsequent  des ign  t asks .  The s t r u c t u r e  o b t a i n e d  can 

d i r e c t l y  be r e p r e s e n t e d  t h rough  system m a t r i c e s ,  d e c i s i o n  t a b l e s  

and l i s t  s t r u c t u r e s  but  g r a p h i c a l  r e p r e s e n t a t i o n  is  u s u a l l y  p re -  

f e r r e d  by the users .  

S t r u c t u r e d  IS a n a l y s i s / d e s i g n  " a u t o m a t i c a l l y "  produces c r u d e l e v e l  

s t r u c t u r e d  programming s p e c i f i c a t i o n s  so t h a t  a d i r e c t  c o n t i n u a t i o n  

to program des ign  is  a v a i l a b l e .  The same is  t r u e  f o r  data base 

des i gn .  

A very  b r i e f  and s i m p l i f i e d  i l l u s t r a t i o n  o f  a s t r u c t u r e d  i n f o r m a t i o n  

a n a l y s i s  work is  g i ven  in  the " i n f o r m a t i o n  g raphs"  Fig 2 . 3 - I  and 

2 . 3 - 2 .  I t  i s  assumed t h a t  the r e l e v a n t  users  have dec ided to look  

i n t o  a p rospec t  o f  an IS f o r  goal s t e e r i n g  o f  the sa les  a c t i v i t i e s .  

I t  is  emphasized by the method t h a t  the o r g a n i z a t i o n  shou ld  be care -  

f u l  to s e l e c t  " a l l "  r e l e v a n t  people to p a r t i c i p a t e  in  the s t udy .  

I n f o r m a t i o n  a n a l y s t s  a id  them in  g e t t i n g  i n t o  a c r e a t i v e ,  s o c i a l  

i n t e r a c t i o n  and in  do ing the documen ta t i on .  F i r s t  one d e c i d e s ,  we 

assume f o r  the i l l u s t r a t i o n ,  t h a t  " O p e r a t i n g  S a l e ' s  Goals ( g , t ) "  

are to  be proposed by the IS.  Th is  i s  r ep resen ted  by a rhomboid 

( r e p r e s e n t i n g  an i n f o r m a t i o n  e n t i t y ) ,  wh ich is  p laced below ( f o r  

o u t p u t )  the l a r g e  box,  " 0 " ,  s y m b o l i z i n g  the IS to  be e x p l o r e d .  The 

i n d i c a t i o n  ( g , t )  i s  used to sugges t  t h a t  the goa ls  w i l l  be se t  f o r  

a s e r i e s  o f  p roduc t  groups "g" and a t ime pe r i od  " t " .  O p e r a t i n g  

S a l e ' s  Goal ( g , t )  i s  a p r o - c o n c e p t ,  t h a t  i s ,  an i n f o r m a t i o n  k ind  

wh ich  is u n d e f i n e d ,  so f a r ,  excep t  f o r  i t s  name and the meaning i t  

sugges ts .  I t  is  s t i l l  conc re te  enough to a l l o w  the a n a l y s i s / d e s i g n  

team to do a f i r s t  s tep o f  precedence a n a l y s i s .  Th is  they  do by 

r a i s i n g ,  and d e b a t i n g ,  the q u e s t i o n  of  what one would need to know 

in o rde r  to de te rm ine  r e a l i s t i c  and e f f i c i e n t  S a l e ' s  g o a l s ,  t h a t  i s ,  

what i n f o r m a t i o n  p receden ts  are r e l e v a n t .  The q u e s t i o n  of  how to 
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d e r i v e  the goa ls  from i t s  p receden ts  is  pos tponed.  The team s t a r t s  

by l i s t i n g  a l a r g e  number o f  c a n d i d a t e  p receden ts  and a f t e r  l e n g h t y  

d i s c u s s i o n s ,  a n a l y s i s  and e s t i m a t i n g  they  dec ide  to  use o n l y  two 

p r e c e d e n t s ,  the ( p r o - c o n c e p t s )  Sales Fo recas t  ( g , t )  and Other  

Corpo ra te  Goals .  The l a t t e r  i s  assumed to be p r o v i d e d  to  the IS 

from o u t s i d e  which is  i n d i c a t e d  by p l a c i n g  i t  above the system box 

"0" ( z e r o ) .  "0" i s  used to tag t h i s  box in  o rde r  to i n d i c a t e  t h a t  

i t  r e p r e s e n t s  the whole o f  the IS be ing  a n a l y z e d .  "Sa les  Fo recas t  

( g , t ) "  i s  p laced i n s i d e  the box to symbo l i ze  t h a t  i t  w i l l  be d e f i n e d  

w i t h i n  t h i s  system. The l i n e  "3" is  p a r t  o f  the bund le  of  l i n e s  

s y m b o l i z i n g  the precedence r e l a t i o n s .  I t  w i l l  l a t e r  be a s s o c i a t e d  

w i t h  a subsystem "3" i n t ended  f o r  p r o d u c i n g  Ope ra t i ng  Sa les '  Goals 

( g , t )  f rom i t s  p receden t s .  The des ign  of  "3"  i s  pos tponed.  

The r e s t  o f  the graph i l l u s t r a t e s  the rema in i ng  precedence a n a l y s i s  

f o r  the IS (System " 0 " ) .  The graph r e p r e s e n t s  the whole IS as i s  

d i r e c t l y  seen by the team from the f a c t  t h a t  a l l  i n f o r m a t i o n  to  be 

produced by the IS has been p r o v i d e d  w i t h  a l l  i t s  s p e c i f i e d  

p receden ts  and the i n i t i a l  p receden ts  (above the box) are a l l  

assumed to be a v a i l a b l e  from o u t s i d e .  The team now makes a c a r e f u l  

" w o r k a b i l i t y "  check on the system as s p e c i f i e d ,  be fo re  go ing  on to 

a more d e t a i l e d  a n a l y s i s .  

Note t h a t  at the p r e s e n t ,  crude ( p r o - c o n c e p t )  l e v e l  i t  would not  be 

p o s s i b l e  to  d e f i n e  the a l g o r i t h m s  i n v o l v e d  so t h i s  a n a l y s i s / d e s i g n  

was made p o s s i b l e  by s e p a r a t i n g  and p o s t p o n i n g  the i n t e r n a l  des ign  

o f  the process from the IS s t r u c t u r e  des ign .  

A more d e t a i l e d  a n a l y s i s / d e s i g n  can be b u i l t  s y s t e m a t i c a l l y  on the 

top graph "0" by a d d r e s s i n g ,  one by one, the subsystems a s s o c i a t e d  

w i t h  the l i n e  " I " ,  " 2 " ,  and "3 " .  T h i s ,  a g a i n ,  r e q u i r e s  the  team and 

( p o s s i b l y  o t h e r  teams) to  engage in  c r e a t i v e  work but  one i s  gu ided 

by hav ing  the p r e c i s e  tasks  of  s t a r t i n g  w i t h  component a n a l y s i s  o f  

the i n f o r m a t i o n  p roduc t  of  one subsystem at  a t ime and then repea t  

the precedence a n a l y s i s  on a l l  the components.  Th is  work i s  

i l l u s t r a t e d  in  F ig .  2 . 3 - 2 ,  f o r  the subsystem 3. I t  can be seen 

t h a t  the team dec ided to  d e f i n e  t h ree  components f o r  the  s a l e ' s  

goa l .  They are shown as subboxes w i t h i n  O p e r a t i n g  S a l e ' s  Goal .  They 

happen to be e - c o n c e p t s ,  e l emen ta r y  i n f o r m a t i o n  each occu r rence  o f  
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wh ich  is  one e l emen ta ry  message possess ing  one v a l u ~  f o r  each va lue  

se t  o f  "g"  and " t " .  

The S t r u c t u r e d  Method is  A l w a y s P a r t i a l  

I t  shou ld  be c l e a r  t h a t  the s t r u c t u r e d  i n f o r m a t i o n  a n a l y s i s ,  as 

i l l u s t r a t e d ,  can be done in  any k ind o f  o r g a n i z a t i o n  and leaves  i t  

open to be s e p a r a t e l y  dec ided  whe the r  more or l ess  democ ra t i c  des ign  

d e c i s i o n - m a k i n g  shou ld  be a p p l i e d .  Th is  is  to say,  s t r u c t u r e d  

methods are l i k e  a network  of  roads.  They make e f f e c t i v e  d r i v i n g  

p o s s i b l e .  But they  do not  d r i v e .  They can suppo r t  many d i s t i n c t  

k inds  o f  d r i v i n g ,  many d r i v i n g  methods and p o l i c i e s .  S i m i l a r l y ,  

s t r u c t u r e d  methods o f  a n a l y s i s  des ign  he lp  des ign  teams o r g a n i z e  

the work and i n t e g r a t e  the r e s u l t s .  But they  leave  open the q u e s t i o n  

o f  who p a r t i c i p a t e  i n  the des ign  team or how to do the d e t a i l s  o f  

work.  Methods need be deve loped f o r  t h i s  as a supp lement  to the 

s t r u c t u r i n g  methods. 

In the case of  i n f o r m a t i o n  g raphs ,  or  o t he r  s t r u c t u r e  d e s c r i p t i o n s  

the d e t a i l s  l e f t  a s i d e ,  f o r  separa te  document ing are e .g .  q u a n t i t i v e  

data such as number and s i ze  of  message i n s t a n c e s  o f  an e - c o n c e p t ,  

t ime ,  f r e q u e n c y  and c o n t r o l  c o n d i t i o n s  f o r  the p r o c e s s i n g ,  semant ic  

m a t e r i a l  f o r  the e -concep ts  and a l g o r i t h m i c  or  ma themat i ca l  d e t a i l s .  

The f a c t  t h a t  d e t a i l s  may be r ep resen ted  s e p a r a t e l y ,  and p iece  by 

p i e c e ,  i m p l i e s  t h a t  the way they  are rep resen ted  and documented is  

no t  ve ry  c r i t i c a l  - as long as t he re  are c l e a r  r e f e r e n c e s  to p o i n t s  

in  the s t r u c t u r e  d e s c r i p t i o n .  

The s t r u c t u r e  documenta t ion  must be a b s t r a c t  in  o rde r  to p r o v i d e  

o v e r v i e w  and comprehens ion .  I t  may t h e r e f o r e  be d e s i r a b l e  to add 

conc re te  m a t e r i a l  such as conc re te  l a y o u t  o f  r e p o r t s  or t e r m i n a l  

screen p i c t u r e s  to show how s p e c i f i e d  i n f o r m a t i o n  (messages) may be 

communicated between people and system. 

The s t r u c t u r e d  documen ta t i on  has a l so  the advantage o f  l e n d i n g  i t -  

s e l f  to compu te r i zed  documen ta t i on  and computer  a ids  to a n a l y s i s  

and des ign .  
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2.4 Other  S t r u c t u r e d  A n a l y s i s  Approaches 

Some o f  the p u b l i s h e d  work on the s t r u c t u r e d  sys temeer i ng  approach 

d e s c r i b e d  i n  S e c t i o n  2.3 in  a d d i t i o n  to  the r e f e r e n c e  g i ven  above 

are [Lundberg  1976 ,1977 ] ,  [N issen  T972 ,1976 ] .  

The s t r u c t u r i n g  in  the approach d i scussed  above was c h a r a c t e r i z e d  

by s t r i n g e n t  l i n k i n g  of  u n s t r u c t u r e d  chunks of  work and by p r o v i d i n g  

s y s t e m a t i c  l i n k a g e  both h o r i z o n t a l l y  (p recedence a n a l y s i s )  on the 

same l e v e l  o f  d e t a i l  and v e r t i c a l l y  (component a n a l y s i s )  from c r u d e r  

to  f i n e r  l e v e l s .  Pos tpon ing  of  l o c a l  des ign  tasks  was a l so  a key 

f e a t u r e .  Other  approaches which a t t e m p t  a t  s y s t e m a t i c  work p r o v i d e ,  

o f  cou rse ,  some s t r u c t u r i n g  but not  any i n t e g r a t i o n  of  a l l  the 

ment ioned c h a r a c t e r i s t i c s .  A lso  most s t r u c t u r e d  approach p roposa l s  

are emphas iz ing  the program des ign  e f f i c i e n c y  whereas the above 

work i s  g i v i n g  a t  l e a s t  the same emphasis on i d e n t i f y i n g  user  needs. 

One s t r u c t u r e d  approach which has some s i m i l a r i t i e s  to the above,  

though not  t a k i n g  up a l l  the ment ioned aspec ts  i s  HIPO ( H i e r a r c h y  

p lus  I n p u t - P r o c e s s i n g - O u t p u t )  [S tay  1976] .  I t  i s  more program- 

focussed .  

One can see from the name a l r e a d y  t h a t  HIPO a lso  d e f i n e s  v e r t i c a l  

and h o r i z o n t a l  r e l a t i o n s h i p  ( " h i e r a r c h y " ,  I n p u t - O u t p u t ) .  One can 

a lso  see t h a t  i t  does not  postpone process d e f i n i t i o n  and t h a t  i t  

has not used the a b s t r a c t i n g  from " p r o c e s s - i n p u t - o u t p u t "  to  i n -  

f o r m a t i o n  precedence r e l a t i o n s .  On these grounds i t  appears l ess  

deve loped c o n c e p t u a l l y .  A lso  HIPO does not  employ the s t r i c t  

d i s t i n c t i o n  between data and i n f o r m a t i o n  t h a t  has been found so 

i m p o r t a n t  f o r  the o b t a i n i n g  of  a c l e a r - c u t  s t r u c t u r i n g  o f  the 

des ign  t ask .  

Some quotes from S t a y ' s  a r t i c l e  w i l l  have to s u f f i c e  here ,  to g i ve  

an idea of  what HIPO is  or a t t e m p t s .  

"The HIPO des ign  process is  an i t e r a t i v e  top-down a c t i v i t y  in  

wh ich  i t  i s  e s s e n t i a l  t h a t  the h i e r a r c h y  c h a r t  and the i n p u t -  

p r o c e s s - o u t p u t  c h a r t  be deve loped c o n c u r r e n t l y ,  so as to c rea te  

a f u n c t i o n a l  b reak -down . "  
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User u n d e r s t a n d i n g  and agreement on f u n c t i o n a l  c o n t e n t  are 

made e a s i e r .  

M i s s i n g  or i n c o n s i s t e n t  i n f o r m a t i o n  is  i d e n t i f i e d  e a r l y .  

F u n c t i o n s  are d i s c r e t e  and are t h e r e f o r e  more e a s i l y  

documented and, i f  necessa ry ,  m o d i f i e d . "  

The quotes i l l u s t r a t e s  the ( p a r t i a l )  s i m i l a r i t i e s  in  approach and 

i t e n t i o n s .  I t  appears t h a t  deve lopment  a long the l i n e s  d e s c r i b e d  

e a r l i e r  i s  b e g i n n i n g  in  more and more p l aces .  

2.5 Other  I n f o r m a t i o n  A n a l y s i s  Approaches 

The i n f o l o g i c a l ,  s t r u c t u r e d  approach d e s c r i b e d  e a r l i e r  d id  not  

assume t h a t  users - or  s p e c i a l i s t s  - do know t h e i r  needs. The 

approach was d i r e c t e d  to  gu ide  i n  d e f i n i n g  and document ing  known 

needs but  a l so  - most i m p o r t a n t l y  - to per fo rm c r e a t i v e  work in  

f i n d i n g  out  unknown needs. Most o t h e r  approaches presume t h a t  users  

do know the i n f o r m a t i o n  (o r  the da ta)  t h a t  they  need. 

Some of  the more deve loped o t h e r  a n a l y s i s  approaches are 

Data A n a l y s i s ,  Look ing  a t  e x i s t i n g  data f l ows  

D e c i s i o n  A n a l y s i s ,  Look ing  at  d e c i s i o n  processes t h a t  need 

to be done 

S y s t e m a t i c s ,  as deve loped by G r i n d l e y  

An i m p o r t a n t ,  d i f f e r e n t  approach is  the e x p e r i m e n t a t i o n  w i t h  q u i c k l y  

implemented p r o t o t y p e  systems.  

Data A n a l y s i s  and D e c i s i o n  A n a l y s i s  appear as s p e c i a l  and l i m i t e d  

cases o f  i n f o r m a t i o n  precedence a n a l y s i s  w h i l e  i g n o r i n g  the 

v e r t i c a l  (component a n a l y s i s )  aspects  e n t i r e l y .  

Data A n a l y s i s  [Munro & Davis 1977] a s c e r t a i n s  i n f o r m a t i o n  r e q u i r e -  

ments by examin ing  a l l  r e p o r t s ,  f i l e s ~  and o t h e r  i n f o r m a t i o n  

sources .  Managers are asked to s t a t e  any a d d i t i o n a l  i n f o r m a t i o n  

r e q u i r e m e n t s .  Data f o r  wh ich t h e r e  is  no p e r c e i v e d  need are 

e l i m i n a t e d .  As compared w i t h  s t r u c t u r e d ,  i n f o l o g i c a l  a n a l y s i s  t h i s  
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appears as a very l i m i t e d  spec ia l  case, The o rgan i za t i ona l  l ea rn ing  

aspects,  the v e r t i c a l  s t r u c t u r i n g  and the fo rma l i zed  documentation 

aspects seem to be miss ing,  

Decis ion Ana lys is  [Ackof f  1967] [Mc Far lan ,No lan ,Nor ton  1973], 

s i m i l a r l y  to the i n f o l o g i c a l  precedence a n a l y s i s ,  takes the needs 

fo r  i n fo rma t ion  and dec is ions as the s t a r t i n g  po in ts  fo r  the analysis~. 

Contrary  to precedence ana l ys i s  i t  s tud ies  the dec is ion  process in 

i t s  d e t a i l  steps in order to i d e n t i f y  the i n fo rma t ion  requ i red .  L ike-  

wise con t ra ry  to the i n f o l o g i c a l  approach i t  r e s t r i c t s  i t s e l f  to 

the needs of  managers. Because in the i n f o l o g i c a l  work i t  was 

detected e a r l y  [Langefors 1963-I ]  tha t  the i n fo rma t i on  needs are not 

determined by procedure steps but by dependencies in r e a l i t y ,  the 

Decis ion Ana lys is  model reminds on the very e a r l i e s t  i n f o l o g i c a l  

models (before 1963). Again, no f o r m a l l y  s t ruc tu red  too ls  appear 

to be developed in the Decis ion Ana l ys i s .  

Systemat ics ,  as developed in [Gr ind ley  1966] has severa l  s i m i l a r i t i e s  

wi th the i n f o l o g i c a l  a n a l y s i s / d e s i g n  approach. Thus to obta in  a 

prec ise d e f i n i t i o n  of the in fo rmat ion  the concept 6f "element" is 

in t roduced,  corresponding to e-concepts and e-processes in the 

i n f o l o g i c a l  approach. But the methodological  separa t ion  between the 

in fo rmat ion  and the processes is not employed in Systemat ics .  There 

also is no coun te rpar t  to the pro-concepts and the component 

a n a l y s i s .  Sys temat ics ,  l i k e  the i n f o l o g i c a l  approach, develops semi- 

formal d e s c r i p t i o n  techniques.  Decis ion tab les  are used as a cen t ra l  

d e s c r i p t i o n  t o o l .  

One of Gr ind leys  s t a r t i n g  points  was an observa t ion  from a Diebold 

s tudy,  around 1964, in which i t  was found tha t  programmers spent 

less than h a l f  of t h e i r  t ime w r i t i n g  and t e s t i n g  programs. The res t  

was spent on var ious System Queries such as 

I .  Changes made by the ana lys ts  to o r i g i n a l  s p e c i f i c a t i o n s  

2. Misunderstandings between ana lys ts  and programmers 

3. Errors in s p e c i f i c a t i o n s  

4. Omissions in s p e c i f i c a t i o n s  

Many of the p ropos i t i ons  in Systematics are in complete agreement 

wi th  fundamental i n f o l o g y .  For ins tance the p ropos i t i on  tha t  two 
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e s s e n t i a l l y  d i s t i n c t  tasks go in to  any IS design work: 

I Cons iderat ion of user needs 

I I  Cons idera t ion  of  computer needs. 

Exper imentat ion wi th Prototype §ystems 

A d i f f e r e n t  way to determine user needs is to d i r e c t l y  implement 

ex t remely  s i m p l i f i e d  pro to type systems. Through ignor ing  performance 

problems and employing ex t remely  simple design one can q u i c k l y  

implement a p p l i c a t i o n  systems, using m in ia tu re  data banks. One can 

thus a l low the users to experiment wi th  the system and then modify 

and extend the system success i ve l y ,  according to user demands, 

A f te rwards ,  when the users fee l  s a t i s f i e d  one can redesign to 

achieve acceptable performance. In some a p p l i c a t i o n  perform- 

ance is not important  so the pro to type can be used o p e r a t i o n a l l y .  

This way of developing IS is sometimes advocated as an a l t e r n a t i v e  

to a n a l y s i s .  I t  seems to me tha t  i t  is more appropr ia te  to regard 

t h i s  approach as another way of doing the a n a l y s i s .  I t  is  e s s e n t i a l l y  

s i m i l a r  to the i n f o l o g i c a l  approach in some fundamental aspects,  

such as i n v o l v i n g  users a c t i v e l y  and r e a l i s t i c a l l y  in the s p e c i f i -  

ca t ion  work. 

The idea to use s i m p l i f i e d  f a s t  implementat ion fo r  " incrementa l  

system implementat ion"  was proposed by Bubenko and K~llhammar in 

the CADIS p ro jec t  at the Royal I n s t i t u t e  of Technology, Stockholm, 

as a par t  of a development of Computer-Aided Design of In fo rmat ion  

System [Bubenko,Langefors,S~Ivberg,1971,  a r t i c l e  by Bubenko and 

K~llhammar]. This kind of  ideas have appeared in d i f f e r e n t  p laces,  

f o r  ins tance [ B a l l y , B r i t t e n ,  and Wagner,1977]. One i n t e r e s t i n g ,  

recent  development of t h i s  kind has been done by S ta f fan  Persson, 

Stockholm School of  Economics. He is using a small minicomputer 

which he takes along when v i s i t i n g  companies in Scandinavia,  by 

car or by plane. He o f f e r s  to implement a pro to type of any system 

in three days, sometimes. He programs o n - l i n e  wh i le  querying the 

users. These can then immediate ly  exper iment w i th  the system and 

f i nd  out des i r ab le  m o d i f i c a t i o n s .  T y p i c a l l y ,  one f i nds  tha t  

quest ions a r i se  e a r l y  which may need several  weeks fo r  dec i s i on -  

making. I t  is  impor tant  to i d e n t i f y  such problems before l a r g e - s c a l e  
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implementat ion has been f i n i s h e d .  This happens, t y p i c a l l y ,  a lso in 

i n f o l o g i c a l  ana l ys i s  work where then no programming at a l l  has had 

to be done, 

I t  is  my est imate tha t  the s t ruc tu red  i n f o l o g i c a l  ana l ys i s  is 

supe r io r  in some aspects,  where a b s t r a c t i o n  and comprehension is at 

issue wh i le  the pro to type exper iment is super io r  in making the 

ope ra t i ve  s i t u a t i o n  of the user concrete and l i v e .  I t  seems tha t  the 

two approaches supplement each o ther ,  which ought to be done research 

on. 

2.6 Documentation and Ana lys i s /Des ign  Aids 

A l l  sys temat ic  or s t ruc tu red  a n a l y s i s / d e s i g n  methods need be 

supplemented wi th some documen ta t i on /desc r ip t i on  methods, In the 

IS a n a l y s i s / d e s i g n  area some one-dimensional languages have been 

proposed. Examples are the system algebra language (supplemented 

wi th  Algol  or COBOL statements)  [Langefors 1966] and PROBLEM 

STATEMENT LANGUAGE (PSL) ~Teichroew 1972]. PSL i s ,  in the ISDOS 

p r o j e c t ,  supplemented wi th  PSA, Problem Statement Analyser which 

checks the statements fo r  cons is tency and some kinds of completeness. 

The l -d imens iona l  languages are poor system-languages in the sense 

of not a id ing  overv iew very w e l l .  Thei r  advantage seems to be 

expected to be tha t  they can be i n t e r p r e t e d  and analyzed by com- 

puters .  But then one should not ignore the f a c t  tha t  2-d imensional  

d e s c r i p t i o n s  are a lso qu i te  easy to input  to a computer. 

Two-dimensional languages are useful  fo r  systems d e s c r i p t i o n s  

because they employ both dimensions of the document paper to be t t e r  

aid overv iew,  which is one of  the cen t ra l  problems wi th complex 

systems. System mat r i ces ,  precedence and inc idence matr ices were 

in t roduced f o r  IS d e s c r i p t i o n s  both f o r  needs ana l ys i s  and design 

computat ions,  based on system a lgebra ,  in [Langefors 1963- I ,  and 

1966]. These matr ices descr ibe the s t r u c t u r e  of  the system whereas 

dec is ion  tab les  were a v a i l a b l e  fo r  system log i c  d e s c r i p t i o n s  

[Langefors 1970, 1970 vers ion of 1966], [ G r i n d l e y  1966]. 
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As was observed by J~der lund in  1974, dec i s i on  tab les  may be t rea ted  

as spec ia l  par ts  of  the IS i nc idence  ma t r i x  so t h a t  a combined 

m a t r i x ,  the Process Cont ro l  M a t r i x ,  [ J~de r l und  1976] was ob ta ined 

which desc r i bes ,  c o n c u r r e n t l y ,  the IS s t r u c t u r e  and the process 

con t r o l  l o g i c ,  see a lso ELangefors and Sundgren 1974]. 

As we have a l ready  seen, f o rma l i zed  graph p r e s e n t a t i o n s  have been 

developed and used e x t e n s i v e l y  as documentat ion t o o l s  f o r  user needs 

a n a l y s i s ,  both i n f o r m a t i o n  a n a l y s i s  and ob jec t  system a n a l y s i s  

( o r g a n i z a t i o n a l  a n a l y s i s ) .  This kind of  p r e s e n t a t i o n  seems to be 

p r e f e r a b l e  to users though a sys temat ic  comparison w i t h  mat r i ces  

has not been undertaken so f a r .  I t  is  o f ten  held aga ins t  the use of  

graphs t ha t  they cannot be i npu t  to computers° Such s ta tements ,  

however, are b u i l t  upon ignorance.  I t  is r a t h e r  easy to i n p u t  formal 

graph i n f o r m a t i o n  to computers as may be concluded from the f ac t s  

t ha t  such graphs are isomorphic  to i nc idence  ma t r i ces .  A l i t t l e  more 

d i f f i c u l t  is  to produce graphs by computers but reasonable s o l u t i o n s  

do e x i s t .  

2.7 Computer Aids to Needs A n a l ~ s i s  

I t  was po in ted  out e a r l y  [Lange fo rs  1963-1,1966] t ha t  f o r m a l i z i n g  IS 

a n a l y s i s / d e s i g n  concepts to improve unders tand ing  would a lso have 

the advantage of  a l l o w i n g  the use of  computers as an aid to IS 

design but a lso to the a n a l y s i s  o f  user needs. The p o s s i b i l i t y  o f  

computer a id to IS design has aroused a g rea t  deal o f  i n t e r e s t  in  

many p laces.  I t  is  a q u e s t i o n ,  though,  whether we have not under-  

es t imated the o ther  kinds of  knowledge t h a t  we need to have before 

i t  w i l l  be w o r t h w h i l e  to use computer aided needs a n a l y s i s .  As 

a lways,  i t  is  easy to jump to f o r m a l i z i n g  and automat ing too much 

too e a r l y .  
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3. Some P r a c t i c a l  Expe r i ences  

3.1 E a r l y  Expe r i ence  

I t  has long  been known t h a t  data p r o c e s s i n g  systems o f t e n  were 

f a i l u r e s  and even those seen as r e a s o n a b l y  s u c c e s s f u l  were 

q u e s t i o n a b l e  in  many r e s p e c t s .  Costs and t ime f o r  i m p l e m e n t a t i o n  

were t y p i c a l l y  t w i c e  the e s t i m a t e d  f i g u r e s ,  or  more, and ga ins  were 

h a l f .  Users f a i l e d  to use the systems,  ma in tenance was e x t e n s i v e  and 

e n d l e s s .  Th i s  s o r t  o f  e x p e r i e n c e  was p u b l i s h e d  w i d e l y  in the 1960 's .  

As l a t e  as in  the e a r l y  1970 's  one cou ld  s t i l l  see r e p o r t s  o f  t h i s  

k ind  by ( s t i l l )  s u r p r i s e d  and d i s a p p o i n t e d  a u t h o r s .  One such work 

[Dew & Gee 1972] s t u d i e d  the use made o f  budget  i n f o r m a t i o n .  They 

r e p o r t  f o r  i n s t a n c e  

" i n  a s tudy  o f  f o u r  m a n u f a c t u r i n g  e n t e r p r i s e s  w i t h  " w e l l  

e s t a b l i s h e d  budget  c o n t r o l  systems" 60 m idd le  managers were 

q u e r i e d .  I t  was found t h a t  32 i gno red  c o m p l e t e l y  t h e i r  budget  

i n f o r m a t i o n  and 12 made on l y  l i m i t e d  use of  i t . "  

3.2 Expe r i ences  w i t h  I n f o l o g i c a l  A n a ! y s i s  A p p l i c a t i o n s  

A l r e a d y  in  the e a r l y  a p p l i c a t i o n  work (mid 1960 's )  some o f  the 

i n t ended  advantages were c l e a r l y  r e a l i z e d :  

users  d id  f i n d  the  documen ta t i on  p o s s i b l e  to  unde rs tand  

and a p p r e c i a t e d  the absence o f  computer  l anguage ,  f o r  

i n s t a n c e ,  users  have by themse lves  c o r r e c t e d  m is takes  in  

system graphs 

thanks to the p r e c i s i o n  o f  d e s c r i p t i o n  users de tec ted  

mis takes  and asked f o r  changes - t y p i c a l l y  I0  to 20 

changes were done on the e a r l i e s t  graphs - and, t h u s ,  

f a u l t y  i m p l e m e n t a t i o n  was avo ided  

users l ea rned  about  t h e i r  own work t h rough  p a r t i c i p a t i n g  

in  the a n a l y s i s  - they  s t a t e d  they  had reached an o v e r v i e w  

o f  t h e i r  own work and i t s  p lace  in  the o r g a n i z a t i o n ,  never  

p o s s i b l e  b e f o r e .  
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i t  was easy to r ep l ace  a n a l y s t s ,  thanks to the s t r u c t u r e d  

d o c u m e n t a t i o n .  Th is  i s  i m p o r t a n t  in  a l l  l a r g e  p r o j e c t s .  

La te r  on ( i n  the 1970 's )  some " f i n e r  p o i n t s " ,  not  v i s i b l e  to the 

r esea rche rs  e a r l i e r ,  have come ou t :  

fo rmal  t r a i n i n g  shou ld  be p r o v i d e d  to the users be fo re  

p r o j e c t  s t a r t i n g  

users shou ld  be encouraged to take c o n t r o l  in  the a n a l y s i s  

work and do some o f  the d o c u m e n t a t i o n ,  themse lves  

use rs ,  from many o r g a n i z . a t i o n s ,  have become r a t h e r  

e n t h u s i a s t i c  about  the i n f o l o g i c a l  a n a l y s i s  approach ,  

f o r  i n s t a n c e ,  seve ra l  o f  them have emphasized the i m p o r t -  

ance t h a t  u n i v e r s i t i e s  c o n t i n u e  research  and t e a c h i n g  in  

the area 

a l l  k inds o f  use rs ,  not  o n l y  managers,  have taken p a r t ,  

f o r  i n s t a n c e ,  in  some cases the f a c t o r y  workers  were ab le  

to s p e c i f y  r e q u i r e m e n t s  f o r  economic i n f o r m a t i o n  t h a t  would 

i l l u s t r a t e  the  " v a l u e  added" o f  t h e i r  work in  the company 

p r o f i t  

in  some cases i t  has been p o s s i b l e  to  mai l  the documen ta t i on  

to  the computer  programming team who then ma i l ed  the 

programs to  user  r e p r e s e n t a t i v e s  who took care o f  the 

i m p l e m e n t a t i o n .  

As a l r e a d y  men t i oned ,  e x p e r i e n c e  lead to expand ing  on the " s o c i a l "  

p a r t  o f  the i n f o r m a t i o n  a n a l y s i s  and o b j e c t  system a n a l y s i s / d e s i g n  

and o r g a n i z a t i o n a l  change: 

seve ra l  p r o j e c t s  f a l t e r  e a r l y  because o f  s o c i a l  c o n f l i c t s  

between d i s t i n c t  use r  g roups ,  a c o n c l u s i o n  has been t h a t  a 

s o c i a l  f e a s i b i l i t y  s t udy  ought  to be done be fo re  o t h e r  

f e a s i b i l i t y  s t u d i e s .  No p r o j e c t  shou ld  be s t a r t e d  un l ess  

the s o c i a l  env i r onmen t  is  c o o p e r a t i v e  

in  research  p r o j e c t s  where the users  took ove r  most o f  the 

a n a l y s i s  work p o s i t i v e  r e s u l t s  have been most c e r t a i n  
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in p ro j ec t s  where teams of  users for doing the soc ia l  change 

design have been e s t a b l i s h e d ,  o p e r a t i v e  va l uab le  o rgan i za -  

t i o n a l  i n n o v a t i o n s  have been created and implemented in the 

system 

i t  has become c l e a r  t h a t  " i n f o r m a t i o n  a n a l y s i s "  has to be a 

c r e a t i v e ,  l e a r n i n g  proc#ss,  not j u s t  a mapping of  known 

needs 

users tend to gain power through work ing w i th  the s t r u c t u r e d  

a n a l y s i s ;  t h i s  may generate c o n f l i c t s  w i th  o the r  users who 

are brought  i n t o  the p r o j e c t  l a t e r  on - hence i t  seems 

impor tan t  to b r i ng  in a l l  people from the beg inn ing  

[Lundeberg 19771. 

3.3 Some Observat ions from Empi r ica !  Research 

Problem w i th  User Represen ta t i ves .  E f f o r t s  at r e a l l y  i n v o l v i n g  users 

in IS design p ro j ec t s  has been taken s ince long.  I t  used to be found 

t h a t  t h i s  d i d n ' t  work. We know now t h a t  i t  c o u l d n ' t  w i th  t r a d i t i o n a l ,  

t echno logy  dominated a n a l y s i s  methods. More r e c e n t l y  user represen-  

t a t i v e s  have been more i n v o l v e d ,  in some cases. Th is  seems to be 

more the case w i th  o n - l i n e  systems, e s p e c i a l l y  w i th  l o c a l ,  m i n i -  

computer p r o j e c t s .  A d i s t u r b i n g  f i n d i n g ,  repor ted  f o r  i ns tance  by 

John Kjaer and by Peter Neergaard from d i s t i n c t  p ro j ec t s  at the 

Copenhagen School o f  Economics, has been tha t  i f  user r e p r e s e n t a t i -  

ves do get to f u n c t i o n  in design teams then they q u i c k l y  get 

regarded as t e c h n o l o g i c a l  exper ts  and, thus cease to be r e a l l y  

r e p r e s e n t a t i v e .  I have, myse l f ,  seen t h i s  happen, a l so ,  at  d i f f e r e n t  

p laces .  

One-Line Users - System Operators  

Many of the systems s tud ied  in  recent  research have been o n - l i n e  

systems. There is  a c l e a r  s h i f t  in f i n d i n g s  in t ha t  whereas batch 

systems used to be p rob lemat i c  from both user aspects and business 

aspec ts ,  s t ud ies  of  o n - l i n e  systems have r e g u l a r l y  shown resu l~s  

where p o s i t i v e  user r e a c t i o n s  dominate the o v e r a l l  es t imates .  On 

the o the r  hand i t  is  a lso r e g u l a r l y  found t ha t  people who work f o r  
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long s t re tches  of  t ime have phys ica l  problems of var ious kinds 

caused by unsu i tab le  design of t e r m i n a l s ,  desks and cha i r s .  Job 

r o t a t i o n ,  d a i l y ,  has been found impor tant  fo r  these reasons. 

IS In f luence  upon Social  Communication. The design of modern IS 

tends to replace man-to-man communication by man-to-computer 

te rmina l  communication. This may reduce soc ia l  contacts  in a 

ser ious way which has been pointed to by some researchers .  However, 

recent s tud ies  have also shown tha t  IS may have the opposi te  e f f e c t  

in encouraging d i s t i n c t  system users to take up contacts wi th each 

other  tha t  they did not have before [John Kjaer,1977,Copenhagen 

School of Economics, personal communicat ion].  
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4. Ongoing Work 

The s tudy  o f  user  needs, both as a sepa ra te  resea rch  f i e l d  and as 

a s p e c i f i c  problem area in  IS p r o j e c t s  is  q u i t e  r e c e n t ,  as we have 

seen,  and not  too much is  go ing  on or known to be. Indeed i t  is  

hoped the p r e s e n t  con fe rence  w i l l  c o n t r i b u t e  to i m p r o v i n g  the 

s i t u a t i o n  in t h i s  r e s p e c t .  Only a few i n d i c a t i o n s  can be p resen ted  

here .  

Communicat ion Aspects  in  IS des ign  

The s t r u c t u r e d  i n f o l o g i c a !  approach and i t s  emphasis on user  under -  

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

o r i e n t e d  towards communica t ion  but  t h a t  term is  not  emphasized in  

p u b l i s h e d  work.  Communicat ion has many a s s o c i a t i o n s  w i t h  IS des ign  

but  t h ree  may deserve s p e c i a l  a t t e n t i o n :  ( I ) :  the des ign  documents 

as v e h i c l e s  f o r  commun ica t ion  between use rs ,  a n a l y s t s ,  programmers,  

o p e r a t o r s  and ma in tenance  s t a f f ,  ( 2 ) :  the system des ign  process as 

a communica t ion  process and ( 3 ) :  the use o f  data p r o c e s s i n g  systems 

as commun ica t ion  sys tems.  

E m p i r i c a l  research  on d e s c r i p t i o n  t e c h n i q u e s  from an i n t e r s p e c i a l i s t  

commun ica t ion  p e r s p e c t i v e  was r e p o r t e d  in  [ W i l l o u g h b y  and A r n o l d l .  

I hope work o f  t h i s  k ind  is  go ing on and I t h i n k  more o f  i t  would 

be d e s i r a b l e .  Work on methods concerned w i t h  human communica t ion  to 

be i n c l u d e d  in  IS des ign  work is  p r e s e n t l y  be ing  pursued at  the 

Royal I n s t i t u t e  o f  T e c h n o l o g y ,  S tockho lm [Lundeberg  1977] .  

The h y p o t h e s i s  t h a t  i t  i s  u s e f u l  f o r  the s t udy  o f  e x i s t i n g  IS to 

regard  them as i n s t r u m e n t s  f o r  human communica t ion  was fo rwarded  

and pursued by Nissen [ N i s s e n  1976] .  I t  seems p r o m i s i n g  a l so  from 

the needs a n a l y s i s  p o i n t - o f - v i e w .  N issen p o i n t s  ou t  t h a t  the use o f  

a f o r m a l i z e d  language r e s t r i c t s  the s u b j e c t  t h a t  can be communicated.  

C o m p u t e r i z a t i o n  r e s t r i c t s  f u r t h e r .  I t  i s  i m p o r t a n t ,  when f o r m a l i z e d  

channe ls  are i n t r o d u c e d ,  so as to r e p l a c e  i n f o r m a l  commun ica t i on ,  

to de te rm ine  the commun ica t ion  t h a t  becomes r u l e d  out  by the change 

and to i n t r o d u c e  a p p r o p r i a t e  means o f  compensat ion .  
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Human I n f o r m a t i o n  P r o c e s s i n g  Aspects  

The i n f o l o g i c a l  approach emphasizes t h a t  data must be des igned w i t h  

t h e i r  use in  human i n f o r m a t i o n  p r o c e s s i n g  in  mind.  Th i s  i s  the 

essence o f  d i s t i n g u i s h i n g  between data and i n f o r m a t i o n .  Th i s  area 

i s ,  o f  cou rse ,  c l o s e l y  r e l a t e d  to t h a t  o f  the human communica t ions  

approach .  R e c e n t l y ,  much work has been s t a r t e d  in  t h i s  area.  Ongoing 

work i s  i n d i c a t e d  by some recen t  p u b l i c a t i o n s .  B a r k i n ,  at  the 

U n i v e r s i t y  o f  Utah,  and Dickson at  the U n i v e r s i t y  o f  M inneso ta  

[ B a r k i n  and Dickson 19771 r e p o r t  on e m p i r i c a l  work ,  on h y p o t h e s i s  

t e s t i n g ,  r e g a r d i n g  i n f o r m a t i o n  system u t i l i z a t i o n  as dependent  on 

the c o g n i t i v e  s t y l e  o f  the d e c i s i o n - m a k e r s .  S i m i l a r  s t u d i e s  are 

r e p o r t e d  in  [Lucas  1975] .  

D i a l e c t i c a l  Needs A n a l y s i s  

We p o i n t e d  out  t h a t  s t r u c t u r e d  methods p a r t i t i o n  the t o t a l  a n a l y s i s  

and des ign  task  i n t o  sub tasks .  The boundary c o n d i t i o n s  f o r  subtasks  

and the l i n k a g e  between them i s  handled p r e c i s e l y  by the s t r u c t u r e d  

method w h i l e  the c o n t e n t  o f  each sub task  is  l e f t  e n t i r e l y  open by 

the s t r u c t u r e d  method. Va r i ous  methods and v a r i o u s  d e c i s i o n  power 

systems can use the same s t r u c t u r i n g  methodo logy  but  lead to cho i ce  

o f  d i s t i n c t  subtask  methods. The use o f  c r e a t i v e  l e a r n i n g  processes 

w i t h i n  subtasks  was men t ioned .  An a l t e r n a t i v e  method to  be used f o r  

sub task  a c t i v f t i e s  is  " t he  D i a l e c t i c a l  Method" .  Th is  i s  thus not  an 

a l t e r n a t i v e  to s t r u c t u r e d  methods b u t ,  r a t h e r ,  one p o s s i b l e  s u p p l e -  

mentary  method to be c o n s i d e r e d  f o r  some subtask  a c t i v i t i e s .  

D i a l e c t i c a l  approaches to systems des ign  have been advocated and 

worked on by Churchman and f o l l o w e r s ,  such as lan M i t r o f f  [ M i t r o f f ,  

1972] and, a p p a r e n t l y ,  i s  s t i l l  go ing  on. They p o i n t  out  t h a t  i n -  

f o r m a t i o n  and e p i s t e m o l o g y  are c l o s e l y  r e l a t e d ,  a p o s i t i o n  wh ich  is  

ve ry  s i m i l a r  to  t h a t  o f  i n f o l o g y .  P h i l o s o p h e r s  have d i scussed  

v a r i o u s  systems of  e p i s t e m o l o g y  or i n q u i r i n g  systems. D i f f e r e n t  

k inds o f  i n f o r m a t i o n  are a s s o c i a t e d  w i t h  each o f  them, M i t r o f f  

a s s e r t s .  Churchman and M i t r o f f  p r e s e n t  a l i s t  o f  d i s t i n c t  systems 

o f  i n q u i r y  



35 

L e i b n i t z i a n :  

Lockean 

Kantian 

ian : He~el __ 

S inger ian : 

pure ly  fo rma l ,  deduct ive 

e x p e r i e n t i a l ,  i n d u c t i v e ,  consensual,  emp i r i ca l  

both formal and e m p i r i c a l ,  r econc i l es  L e i b n i t z i a n  

and Lockean 

c o n f l i c t ,  s y n t h e t i c  des ign , the  s t ronges t  poss ib le  

c o n f l i c t  on any issue 

s y n t h e t i c ,  i n t e r d i s c i p l i n a r y ,  at tempt to i n t e g r a t e  

s c i e n t i f i c ,  e t h i c a l ,  and a e s t e t i c  modes of thought.  

Compared wi th  the i n f o l o g i c a l  framework the L e i b n i t z i a n  corresponds 

to the d a t a l o g i c a l ,  Lockean corresponds to the e m p i r i c a l ,  data 

c o l l e c t i o n  aspect and the Kant ian,  Hegelian and S inger ian  correspond 

to var ious  aspects of the i n f o l o g i c a l  concept of " i n t e r p r e t i n g  

s t r u c t u r e "  or frame of re fe rence.  Thus the Churchman and M i t r o f f  

l i s t  does not take us outs ide i n f o l o g y  but ,  r a t he r ,  provides 

a d d i t i o n a l  content  i ns ide  i t .  An example is  the d i a l e c t i c a l ,  Hegelian 

approach as suggested by M i t r o f f .  On every impor tant  issue one 

should f i nd  two exper ts  wi th  opposing views (corresponding to 

possessing d i s t i n c t  data i n t e r p r e t i n g  s t r uc tu res  in the i n f o l o g i c a l  

sense).  They should be " e q u a l l y  c r e d i t a b l e " .  These exper ts  should 

perform a s t ronges t  poss ib le  debate on the issue and be watched by 

the dec is ion-maker  ( the users we would say) who should create his 

own syn thes i s .  C l e a r l y  t h i s  is one proposal f o r  t r y i n g  to handle 

the i n f o l o g i c a l  problem, mentioned e a r l i e r ,  of how to reconc i l e  

s u b j e c t i v e l y  r e l evan t  and " o b j e c t i v e l y "  r e l evan t  i n fo rmat ion  spec i -  

f i c a t i o n s .  Let me end t h i s  account of M i t r o f f ' s  work wi th  a quote 

from him [ M i t r o f f  1972]. 

" . . .  the search f o r  a common, consensual p o s i t i o n  may be 

i l l - f a t e d ,  i f  not o u t r i g h t  dangerous. I t  may be more 

impor tant  to have a methodology tha t  a l lows one to make 

sense out of  d i r e c t  con f ron ta t i on  than to e l i m i n a t e  

c o n f r o n t a t i o n  by e i t h e r  suppressing i t  or whishing i t  

away." 
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Empir ica l  Research to Evaluate Needs Ana lys i sMe thods  

When a l t e r n a t i v e  ana l ys i s  methods become a v a i l a b l e  i t  becomes 

i n t e r e s t i n g  to eva lua te  t h e i r  respec t i ve  advantages and d i s -  

advantages. This turns out to be an ex t remely  compl icated task .  

I t  appears to me tha t  we do not ye t  know what c r i t e r i a  might be 

r e l evan t  fo r  the comparison. Never the less we ought to get s t a r t e d ,  

Hence the work taken up in t h i s  d i r e c t i o n  in [Munro and Davis 1977] 

is welcome beginn ing.  Munro and Davis t r y  to compare two v a r i a n t s  

of  i n fo rmat ion  needs a n a l y s i s ,  the "data a n a l y s i s "  and the "dec is ion  

a n a l y s i s " .  They formula te  a number of hypotheses and design an 

exper iment to c o l l e c t  data fo r  t e s t i n g  them. 
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