
www.manaraa.com

INFORMATION TO USERS

This manuscript has been reproduced from the microfilm master. UMI films 

the text directly from the original or copy submitted. Thus, some thesis and 

dissertation copies are in typewriter face, while others may be from any type of 

computer printer.

The quality of this reproduction is dependent upon the quality of the 

copy submitted. Broken or indistinct print, colored or poor quality illustrations 

and photographs, print bleedthrough, substandard margins, and improper 

alignment can adversely affect reproduction.

In the unlikely event that the author did not send UMI a complete manuscript 

and there are missing pages, these will be noted. Also, if unauthorized 

copyright material had to be removed, a note will indicate the deletion.

Oversize materials (e.g., maps, drawings, charts) are reproduced by 

sectioning the original, beginning at the upper left-hand comer and continuing 

from left to right in equal sections with small overlaps.

Photographs included in the original manuscript have been reproduced 

xerographically in this copy. Higher quality 6" x 9" black and white 

photographic prints are available for any photographs or illustrations appearing 

in this copy for an additional charge. Contact UMI directly to order.

ProQuest Information and Learning 
300 North Zeeb Road, Ann Arbor, Ml 48106-1346 USA 

800-521-0600

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



www.manaraa.comReproduced with permission of the copyright owner. Further reproduction prohibited without permission.



www.manaraa.com

Id f c f l  National Library 
I  t  ■  of Canada

Bibliothgque nationale 
du Canada

Acquisitions and 
Bibliographic Services
395 Wellington Street 
Ottawa ON K1A0N4 
Canada

Acquisitions et 
services bibliographiques
395, rue Wellington 
Ottawa ON K1A0N4 
Canada

Your a * vam rtH nnct

Our to  Natm r4t4t*nc0

The author has granted a non
exclusive licence allowing the 
National Library of Canada to 
reproduce, loan, distribute or sell 
copies of this thesis in microform, 
paper or electronic formats.

The author retains ownership of the 
copyright in this thesis. Neither the 
thesis nor substantial extracts from it 
may be printed or otherwise 
reproduced without the author’s 
permission.

L’auteur a accorde une licence non 
exclusive permettant a la 
Bibliotheque nationale du Canada de 
reproduire, preter, distribuer ou 
vendre des copies de cette these sous 
la forme de microfiche/film, de 
reproduction sur papier ou sur format 
electronique.

L’auteur conserve la propriete du 
droit d’auteur qui protege cette these. 
Ni la these ni des extraits substantiels 
de celle-ci ne doivent etre imprimes 
ou autrement reproduits sans son 
autorisation.

0-612-68095-9

Canada

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



www.manaraa.com

The UNIVERSITYo/WESTERN ONTARIO
Faculty o f  Graduate Studies

In the interests o f  facilitating research by others at this institution and elsewhere, I hereby grant a

to make copies o f my thesis entitled 
D / $ g p L i y j A R . Y  W O  3 £ y y i / D T t £  K E L A t / P M S  /b C & D Z Z _________

H O /ylAN  -  ‘C o ** P V  T E P . * a /  F E -P  G -C rF /Q M _________________________________

or substantial parts thereof, the copyright which is invested in me, provided that the licence is
subject to the following conditions:

1. Only single copies shall be made or authorized to be made at any one time, and only in response 
to a written request from the library o f  any University or similar institution on its own behalf or 
on behalf o f one o f its users.

2. This licence shall continue to the full term o f the copyright, or for so long as may be legally 
permitted.

3. The Universal Copyright Notice shall appear on the title page o f all copies o f my thesis made 
under the authority o f the licence.

4. This licence does not permit the sale o f authorized copies at a profit, but does permit the collec
tion by the institution or institutions concerned o f charges covering actual costs.

5. All copies made under the authority o f this licence shall bear a statement to the effect that the 
copy in question "is being made available in this form by the authority o f the copyright owner 
solely for the purpose o f private study and research and may not be copied or reproduced except 
as permitted by the copyright laws without written authority from the copyright owner".

6. The foregoing shall in no way preclude my granting to the National Library o f Canada a licence 
to reproduce my thesis and to lend or sell copies o f the same.

licence to:
THE U N IV E R S IT Y  OF W ESTERN O NTA RIO

(signature o f student)(signature ofJfuness)

(graduate program qystudent)(degree)(date)

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



www.manaraa.com

D isciplinary and Sem iotic  

R elations across 

H um an-C om puter Interaction
P h .D . Thes is  1 

by

Luiz E rnesto M erkle -
G ra d u a te  P ro g ra m  in  C o m p u te r  Science

S u b m itte d  in  p a r t ia l fu lf i lm e n t 

o f  th e  re q u ire m e n ts  fo r  th e  degree o f  

D o c to r  o f P h ilo s o p h y

F a c u l t y  o f  G r a d u a t e  S t u d i e s  

T h e  U n i v e r s i t y  o f  W e s t e r n  O n t a r i o  

L o n d o n . O n ta r io  

D ecem ber 2001

©  L u iz  E rn es to  M e rk le  2002

‘ t h is  w o rk  w as s u p p o r te d  b v  th e  B ra z il ia n  G o v e rn m e n t th ro u g h  th e  C’o n se lh o  N a c io n a l de 

P csq u isa  e D e s e n v o lv im e n to  (C 'N P<i- N a t io n a l R esearch  a n d  D e v e lo p m e n t C o u n c il) ,  b y  th e  C en 

t r o  F ede ra l de E d u o a iy to  T e e n o liig ie a  d o  P a ra n a  ( C E F E T -P R .  P a ra n a  F e d e ra l C e n te r  o f  E d u c a tio n  

an d  T e c h n o n o g v i. a n ti b y  a research  g ra n t to  P ro f. R o b e rt E . M e rc e r

'C e n t r o  F ed e ra l de  E d u ca t,a o  T e c n o ld g ic a  t lo  P a ra n a . A c a d e m ic  D e p a r tm e n t o f  In fo rm a t ic s

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



www.manaraa.com

T h e  U n i v e r s i t y  o f  W e s t e r n  O n t a r io  

F a c u l t y  o f  G r a d u a t e  St u d ie s

Certificate of Exam ination

Chief Advisor

Advisory Committee

The thesis by 

Luiz Ernesto Merkle 

entitled:

Disciplinary and Semiotic Relations 

across Human-Computer Interaction
Ph.D . Thesis

is accepted in partia l fulfilment of the 

requirem ents for the  degree of

Doctor of Philosophy

Chair^of Examining Board

ii

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



www.manaraa.com

A bstract
T h is  th e s is  d iscusses th e  m u lt ifa c e te d  n a tu re  o f  H u m a n -C o m p u te r  In te ra c tio n  

th ro u g h  d im e n s io n s  assoc ia ted  w ith  d is c ip lin e s  in  th e  sciences a n d  e ng in ee rin g  ( in 

fo rm a tio n  te c h n o lo g y ), th e  soc ia l sciences (p e o p le  a nd  s o c ie ty ) , and th e  a rts  and  

h u m a n it ie s  ( in te ra c t io n  a nd  c o m m u n ic a tio n ) , a nd  proposes a th re e -d im e n s io n a l co n 

c e p tu a l fra m e w o rk . T h e  p roposed  fra m e w o rk  is a th re e  d im e n s io n a l c o n ce p tu a l ch a rt 

in  w h ich  d is c ip lin a ry  re la tio n s  can  he v isu a lize d  a nd  e xp lo re d . It is is used to  c h a rt 

th e  h is to r ic a l d is c ip lin a ry  b o u n d a rie s  o f  b o th  in fo rm a tic s  and HC’I a nd  th e ir  expans ive  

o r  re tra c t iv e  te ndenc ies , sh o w in g  a chasm  be tw een  In fo rm a t ic s ’ a nd  H C T s  th eo rie s  

a nd  th e ir  a c tu a l fo o tp r in ts . T h is  ch iis rn  is a m o t iv a t io n  fo r an in -d e p th  e x p lo ra tio n  

o f  a s m a ll p a r t o f  P e irce ’s w o rk , th e  fo u n d a tio n s  o f  S em io tics .

T h e  th es is  s tru c tu re  inc lu de s  to p ic s  across severa l d isc ip lin e s , s h if t in g  from  an e x 

p lo ra t io n  o f  th e  n a r ro w in g  tendenc ies  o f  In fo rm a t ic s  (m o s tly  p ro d u c t d r iv e n ), p tiss ing  

th ro u g h  th e  b ro a d e n in g  goa ls o f  H C 'I and  S o ftw a re  E n g in e e rin g  (m o s tly  hum an  a nd  

m an ag em en t d r iv e n , re s p e c tiv e ly ), and  f in a lly  rea ch in g  th e  fo u n d a tio n s  o f P e irce ’s 

S e m io tic s  (n e ce ssa rily  e th ic a lly  a nd  e s th e tic a lly  d r iv e n ) .

A b s tra c t re la t io n s  a re  fu n d a m e n ta l to  a d eepe r u n d e rs ta n d in g  o f  P e irce 's  w o rk , 

in c lu d in g  s e m io tic s . H ow ever, consensus on P e ircean  s ign  re la tio n s  lnus been ach ieved 

n e ith e r  in  s e m io t ic s  no r in  its  a p p lic a tio n s  to  in fo rm a tic s , b e in g  o fte n  in  c o n tra d ic t io n  

to  i t .  In  o rd e r  to  e s ta b lis h  so lid  fo u n d a tio n  be tw een  H C I a nd  S e m io tic s , th is  thes is  

co nc lud es  w ith  a s y s te m a tiz a t io n  o f  th e  s tru c tu re  o f  P e irce ’s s ign  re la tio n s  w ith  th e  

a id  o f to o ls  d eve lo p e d  in  In fo rm a tic s , s tress ing  th e ir  re la t io n a l and  open  c h a ra c te r is 

tic s . In  p a r t ic u la r ,  i t  d iscusses s ign  re la tio n s  a n d  d e riv e d  ca tego ries  ;is m a th e m a tic a l 

la tt ic e s . M u lt i-d im e n s io n a l Hasse d ia g ra m s  are  in tro d u c e d  a nd  used to  s tru c tu re  a nd  

v is u a liz e  b o th  s ign  re la tio n s  and  re la tio n s  a m o n g  th e ir  ca tegories. E x is t in g  d ia g ra m s  

are  show n  as p a r t ic u la r  cases o f th e  p roposed  s o lu t io n , i l lu s t r a t in g  its  expressiveness.

K e y w o r d s :  D es ign . P rocess M od e ls . C u r r ic u la  R e co m m e n d a tio n s . H u m a n -C o m p u te r  

In te ra c t io n . In fo rm a t ic s . In te rd is c ip lin a ry  R e la tio n s . Pe irce . S em io tics . S ign  

C a te g o rie s . C'hisses o f  S igns. S ign  R e la tio n s
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saber e pouco

como e que a agua do m ar

entra dentro do coco?

to know is a little bit

how is that the sea's water 

gets into the coconut?

P a u lo  L e r n in s k i '

It is good, at certain hours of the day and night, to look closely at the world of objects 

at rest. Wheels that have crossed long, dusty distances with their mineral and vegetable 

burdens, sacks from the coal bins, barrels, and baskets, handles and hafts for the 

carpenter's tool chest. From them flow the contacts of man with the earth, like a text 

for all troubled lyricists. The used surfaces of things, the wear that the hands give to 

things, the air, tragic at times, pathetic at others, of such things -  all lend a curious 

attractiveness to the reality of the world that should not be underprized.

In them one sees the confused impurity of the human condition, the massing of things, 

the use and disuse of substances, footprints and fingerprints, the abiding presence of the 

human engulfing all artifacts, inside and out.

Let be the poetry we search for: worn with the hand’s obligations, as by acids, steeped 

in sweat and in smoke, smelling of lilies and urine, spattered diversely by the trades that 

we live by, inside the law or beyond it."

Pablo N e ru d a .

fro m  "T o w a r d  an Im pa r t  P n t f r i / " 1

’ F ro m  P a u lo  L e rn in s k i. " La  U ir  cn C l o s t " .  K d . B n is jl ie n s e . 1991

'P a b lo  N e ru d a . "P a b lo  N e ru d a  F iv e  Denudes: P o e m s 19 2 5 -1 9 7 0 ". G ro v e  P res*. N ew  Y o rk .  N Y .  

U S A . page  x x i .  197 I
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Preface

In fo rm a t io n  te c h n o lo g y  is d ee p ly  re la te d  to  l ite ra c y  a nd  num eracy , e n a b lin g  peo 

p le  to  c o m m u n ic a te , to  in te ra c t w ith  o th e rs  and w ith  th e  w o r ld  in  p ro a c tiv e , rea c tive  

and  m e d ia te d  w ays, to  in te rv e n e  in  th e  w o rld  th e y  live . In fo rm a t io n  T echno logy  

a ffe c ts  soc ie ty , fo r b e tte r  o r  worse. T h e  assoc ia ted  (‘m ergence o f  new  professions, 

o c c u p a tio n s . are;is o f  e xp e rtise , research top ics , m e rcha nd ise , as w e ll as th e  tra n s fo r

m a tio n s  o f  peop le 's  d a ily  lives  (e ith e r  because' th e y  have access to  such  techno log ies, 

o r  because th e y  do  n o t)  is n o t necessarily  recent, b u t awareness fo r these issues have 

increased  across th e  tu rn  o f  tin * c e n tu ry .

F ie ld s  in  In fo rm a t io n  T echno logy , such as c o m p u te r e n g in e e rin g , c o m p u te r  science, 

and  in fo rm a t io n  system s a re  recogn ized  and e s tab lish ed  w ith in  a cadem ic , in d u s tr ia l,  

co m m e rc ia l, and g o v e rn m e n ta l in s t itu t io n s .  N everthe less, w h a t was new  and em er

gen t a w h ile  ago becam e t r a d it io n a l a n d  co nso lid a te d . A lth o u g h  c o m m u n itie s  in  these 

fie lds  have he lped  to  o v e r th ro w  th e  p re v io u s ly  e s tab lish ed  o rd e r, th e  a c tu a l c u ltu ra l 

tra n s fo rm a tio n s  w en t b eyo nd  th e ir  n iches o f  e xp e rtise . H ow ever, it is not possib le  

to  re m a in  as such. T h e re  is a crevasse betw een th e  w ay In fo rm a t io n  T ech no log y  is 

w oven across soc ie ties  and  the  w ay  i t  is u n d e rs to o d  w ith in  th e  sam e professions th a t 

have deve loped  i t .  W h ile  c o m p u te rs  are  dee p ly  tra n s fo rm in g  c o m m u n ic a tio n , th e  

m a in  th e o re tic a l fra m e w o rk s  s t i l l  c o n s tru e  co m p u te rs  as is o la te d  a b s tra c t m achines.

T hese  fie lds have id e n t it ie s  lin k e d  w ith  in n o v a tio n , e n tre p re n e u rs h ip , leade rsh ip , 

to  m e n tio n  a few . b u t no lon ge r d e te rm in e  a lone th e  b lu e p r in ts  o f In fo rm a t io n  T ech 

no logy . T h e  tra n s fo rm a t io n s  th a t these now  o r th o d o x  c o m m u n it ie s  h e lped  to  fos te r 

are  d e e p ly  echo ing  across th e ir  o w n  fo u n d a tio n s  a nd  c u rre n t p ra c tice s , q u e s tio n in g  

th e ir  p ro fess iona l d is c ip lin a ry  n iches. I t  is poss ib le  to  u n d e rs ta n d  pro fessions across 

In fo rm a t io n  T e ch n o lo g y  as c o m p le tin g  a firs t cyc le , a cyc le  o f in i t ia l  c o n s o lid a tio n .

x v ii
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o f  in i t ia l  re c o g n it io n . B u t th is  h;us o n ly  been a f irs t one am ong  th e  m an y  ye t to  be 

u n d e rta k e n .

T h e  m ore  a nd  less t r a d i t io n a l ly  in vo lved  c o m m u n it ie s  w ill  have to  tra n s fo rm  th e ir  

p ra c tice s , th e ir  th eo rie s , a n d  th e ir  p ra x is  a cco rd in g  to  th e ir  soc ia l a nd  e th ic a l r ig h ts  

a nd  re s p o n s ib ilit ie s . As m ore  a nd  m ore  fie lds em erge  to  f i l l  th e  gaps le f t  by t ra d it io n a l 

d o m a in s  o f  e x p e rtis e , p ro fess iona ls , researchers, e d u ca to rs , and  p o lic y  m akers, w ho  

have th e ir  lives  s tru c tu re d  a ro u n d  c e rta in  w o r ld  v iew s, face th e  ch a llen ge  o f be ing  on  

th e  c rossroads be tw een  th e  new  a nd  th e  o ld . T h e  fu r th e r  deve lopm ent, o f In fo rm a tio n  

T e ch n o lo g y  d e m a n d s  an openness a n d  an in te g ra t io n  o f  th e  c o m p u tin g  a rt ifa c ts  w ith  

th e ir  c o n te x t.

T h e  m e n tio n e d  crevasse is s lo w ly  be ing  cha llenged  and  b rid g e d , b u t changes are 

s im u lta n e o u s ly  fa n ta s t ic  a nd  th re a te n in g . T h e y  are fan tius tic  because th e y  show how  

f r u i t f u l  tin * te c h n o lo g ic a l in te rv e n tio n s  have been across socie ties. T h e y  are th re a te n 

in g  because th is  sam e fru itfu ln e s s  appears  to  d is lodge1 som e o f its  fo re ru n n e rs , m o s tly  

i f  th e ir  t r a d i t io n a l p re s c rip tio n s  tu rn  to  be in e ffe c tiv e  in  c u rre n t s itu a t io n s  o r have 

u n e xp e c te d  consequences. T h e  em ergence o f new fie lds  and  new re s p o n s ib ilit ie s  p u t 

t r a d it io n a l id e n t it ie s  in to  q u e s tio n , tr ig g e r in g  responses th a t go fro m  th e  m ost revo

lu t io n a ry  to  th e  m ost re a c tio n a ry .

F or e xa m p le , th e  re la t io n  be tw een  people and  te chn o lo gy , in  its  m a n y  scales and 

t im e  fram es, has indeed  a t tra c te d  in te re s t on issues th a t  have re m a in e d  d o rm a n t d u r 

in g  th e  c o n s o lid a tio n  years o f  In fo rm a t io n  T echno logy . S im ila r  in te re s ts  have n u r tu re d  

th e  d e v e lo p m e n t o f  fie lds  such  as: H u m a n -C o m p u te r  In te ra c t io n  ( H C 'l)  and  C o m p u te r 

S u p p o rte d  C o o p e ra tiv e  W o rk  (CSC ’W’ ). w ith  th e ir  em phases on peop le 's  a c tiv it ie s : 

C o m p u te r  S e m io tics  and  O rg a n iz a t io n a l S e m io tics  w i th  a focus on  m e a n in g fu l design: 

S o ftw a re  E n g in e e rin g  and  O rg a n iz a t io n a l L e a rn in g  w i th  foc i on th e  m anagem en t o f 

te c h n o lo g y  p ro d u c t io n  a nd  m a in te n a n ce : E le c tro n ic  C om m erce . D is ta n c e  E d u c a tio n , 

a nd  th e  S o c ia l. E th ic a l,  a n d  Lega l aspects o f  te ch n o lo g ic a l in te rv e n tio n s  and  th e ir  

c r it ic a l  a p p ra is a l. A  l in k  be tw een  th e  s tu d y  o f c o m p u te rs  and  th e  s tu d y  o f language 

is n o t new. T h ro u g h o u t th e  h is to ry  o f  In fo rm a t io n  T ech no log y  th e re  are  m any cases 

in  w h ich  th e  c ro s s -p o llin a t io n  be tw een  n um eracy  a nd  lite ra c y , and  be tw een  c o m p u t-

x v i i i

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



www.manaraa.com

in ”; u nd  c o m m u n ic a tio n  has been p resen t. I t  is e nough  to  a t te m p t to  im a g in e  a 

h y p o th e tic a l c o m p u te r  science deve loped  w ith o u t  c o m p u te r  languages. In  o rd e r to  

im a g in e  a s im ila r  scenario , we w o u ld  have to  tra v e l hack h a lf  a c e n tu ry  o r m ore  to  a 

tim e  in  w h ic h  c o m p u te rs  w ere n o t ■ 'p ro g ra m m ed ", b u t w ire d , a n d  also fo rge t e a r lie r  

re la te d  w o rk  on  a lg o r ith m s  a n d  a u to m a tio n .

Indeed , th e  l in k  betw een c o m p u t in g  science4 and lin g u is t ic s  lays at th e  same venue 

as th e  above m e n tio n e d  crevasse. F o llo w in g  a legacy th a t da tes  back to  the  s tro n g  

l in k  betw een lin g u is t ic s  and  fo rm a l languages, th e  d is c ip lin a ry  b a rr ie rs  th a t separa te  

d eve lope rs  fro m  users, and  closes th e  c o m p u te r to  th e  o u ts id e  w o r ld  is not o n ly  in  

close consonance  w ith  the  s tu d y  o f  language  ;us s tru c tu re , b u t a lso  in  c o n tra d is t in c t io n  

to  th e  s tu d y  o f  language  as a c t iv ity ,  as u tte ra n c e . ;is use. As language . In fo rm a t io n  

T e ch n o lo g y  is m e a n t to  be e ffe c tiv e  in  use. a nd  n o t o n ly  ;is fo rm .

T h e  thes is  is in te n d e d  to  to  g ive  a sm a ll c o n t r ib u t io n  to  a b ro a d e r u n d e rs ta n d in g  

o f " In fo rm a tic s ”  as a m u lt ifa c e te d  open  d is c ip lin e , one th a t is c o m m itte d  to  several 

d is c ip lin e s , a nd  m ay  in vo lve  a m y r ia d  o f o th e r  ones. I w i l l  use tin * te rm  In fo rm a tic s  

to  s ta n d  fo r th is  he te rogeneous fie ld  s t i l l  in  c o n s tru c t io n , w h ic h  in  m y  pe rspec tive  

inc lu de s  c u rre n t d is c ip lin e s  such  as In fo rm a t io n  T e ch n o lo g y  a n d  H u m a n -C o rn p u te r 

In te ra c t io n  (H C ’ l) .

As a p a th  to w a rd s  a b ro a d e r u n d e rs ta n d in g  o f In fo rm a t ic s , th e  thesis exp lo res the  

n a tu re  o f H C 'l a n d  its  d is c ip lin a ry  eco logy  h a v in g  p a r t o f C h a rle s  S. Pe irce 's w o rk  

;is a b a ckd ro p . P e irce 's  s y s te m a tic  p h ilo s o p h y  i l lu s tra te d  in  F ig u re  1 spans across a 

scope b ro a d e r th a n  m ost app roaches  th a t  s tu d y  langu ag e  and  c o m m u n ic a tio n .

F ig u re  1 uses an a rb o resce n t d ia g ra m  to  i l lu s t r a te  b o th  th e  se g m e n ta tio n  o f 

P e irce 's  s y s te m a tic  p h ilo s o p h y  a nd  w h a t each b ra n c h  presupposes. For exam p le . 

S e m io tics  (a lso  ca lle d  Log ic ) presupposes E th ic s  a n d  E s th e tic s . T h a t is not neces

s a r ily  th e  case in  S e m io tics  ;ls d eve loped  th ro u g h o u t th e  tw e n tie th  c e n tu ry  by a ll 

o f P e irce ’s fo llo w e rs  a nd  b y  o th e r  schoo ls o f  th o u g h t. S cho la rs  and  sc ien tis ts  have 

th e  te n d e n cy  to  s t ra t ify ,  p ig eo nh o le , and lin e a r iz e  th e ir  d is c ip lin e s  as i f  th e y  were 

u nco nn ec ted , a nd  th is  can be id e n t if ie d  b o th  in  In fo rm a t ic s  a n d  in  S em io tics .

F ig u re  1 g ra p h ic a lly  d e p ic ts  a d e s c r ip t io n  o f P e irce 's  e v o lu t io n a ry  p h ilo s o p h y  w r i t -
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practical Informatics and HCI?
L S ciences like  

Pedagogics

Sciences  
1 *  o f R eview

I Physics  
4 and
/  P sychology

Philosophy

Metaphysics, in treating 
of phenomena as 
representing something 
that is inherently mind 
independent, treats 
phenomena as thirds, 
it studies the most 
general features of 
reality and real objects

M a th e m atics .^

Normative Sciences
treats phenomena 
as seconds It 
investigates the 
universal and necessary 
laws of the relation of 
phenomena to ends.

Phenomenology treats 
phenomena as firsts It 

contemplates the 
universal phenomenon 
and discerns its 
ubiquitous element, 
firstness, secondnes, 
and thirdness

true continua

infinite collections

finite collections

Evolutionary  
Cosm ology Absence 
of determination; 
Determined potentiality;' 
Actuality, events, facts: 
Habit taking

O bjective Idealism
holds that "matter 
is effete mind," 
mind that has become 
hide-bound with habit

Semiotics sign

Logic considers "those/ 
f  things whose ends are V 

/  to represent something
/  :

/ ▼ activity
/  Ethics considers

"those things whose
ends lie in action*

\  y perception

4 Esthetics considers 
"those things whose 
ends are to embody 
qualities of feeling*

cenopythagorean categories

Thirdness is the triadic 
/  element identified with 

/  the sense of learning 
or mediation as in 
thought or semiosis

i Secondness
is the dyadic element 
identified with the sense 
of action and reaction

Firstness
is the monadic element 
of experience usually 
identified with feeling

A gap ism  the thesis 
that love, has real 
Influence in the world 
and. in fact, is "the 
great evolutionary 
agency of the universe

*• Synechism  
the theory that 
continuity prevails

r Tychism  the thesis 
that chance is really 
operative in the universe

communication

4 S peculative Rhetoric 
or M ethodeutic
studies how knowledge 
is transmitted

C ritic  is the formal 
science of the truth of 
representations; it is the 
study of the reference 
of signs to their objects.

S peculative Gram m ar 
studies what is requisite 
for representation of any 
kind; it is the study of the 
‘general conditions 
of signs being signs"

B
y  B presupposes A 

A

C subdivides 
into D and E

Discrete mathematics?

Figure I; Peirce’s Systematic Philosophy: based on the introduction in Peirce et al 

(1991)
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te n  b y  th e  e d ito rs  o f  a recent c o lle c tio n  o f h is  w r it in g s  (P e irce  e t a l.. 1!)!J1). w h ich  

a lso  in c lu d e d  th e  fo llo w in g  co m m e n t:

Peirce’s philosophy is thoroughly system atic - some m ig ht say it is system atic to  a 

fau lt. Central to  his system is th e  idea th a t certa in  conceptions are fundam ental to  

others, those to  still others, and so on; so th a t it is possible to  analyze our various 

theoretical systems (our sciences) into  a dependency hierarchy. A t the top  o f this 

hierarchy (or a t the base if  we envision a ladder o f conceptions) we find a set of 

universal categories, an idea Peirce shared w ith  m any o f the greatest system atic  

thinkers including A ristotle , K a n t, and Hegel. Peirce's universal categories are 

three: firstness, secondness, and thirdness

I have s tru c tu re d  th is  thesis in  tw o  m a in  in te r re la te d  p a rts . P a rt I. w h ich  inc lu de s  

C h a p te rs  I .  2. and  T  exp lo res th e  c u ltu ra l eco logy  o f  In fo rm a t io n  T ech no log y  a n d  

H u m a n -C o m p u te r  In te ra c t io n . P a r t  I I .  w h ich  in c lu d e s  C h a p te r I a nd  th e  conc lus ions, 

e xp lo re s  the  p ro b le m  o f  o rd e r in  s ign  re la tio n s  a n d  d e rive d  ca tego ries , and  discusses 

fu tu re  w o rk , resp ec tive ly .

W i th in  F ig u re  1 I w o u ld  lo ca te  In fo rm a tic s  a nd  H C 'l as a p ra c t ic a l science, lo 

ca te d  a t tho  to p  o f  th e  d ia g ra m . F or Peirce, p ra c t ic a l sciences, such  as pedagogics, 

p resuppose  a ll o th e r  fie lds. T h is  is in  agreem ent w ith  the* fac t th a t HC 'l p resup 

poses psycho logy , fo r  exam p le . In  its  c u rre n t fo rm s . H C 'l does trot a lw a ys  presuppose 

kn ow led ge  tra n s m is s io n  o r m e d ia te d  a c tiv it ie s .

P a rt I I .  how eve r, w o u ld  be lo c a te d  m o s tly  a t th e  b o tto m  p a r t o f  F ig u re  1 a nd  

dea ls w ith  th e  re la t io n a l s tru c tu re  o f  s igns and  ca teg o ries  o f s igns. In  be tw een  to p  a n d  

b o tto m , the re  is a huge crevasse th a t  needs to  be e x p lo re d  m ore  d e e p ly  i f  one in te n d s  

to  d eve lo p  se m io tic  fo u n d a tio n s  fo r  H C I/ In fo rm a t ic s .  W ith o u t  b e in g  com prehens ive . 

I have a tte m p te d  to  deve lop  th is  thes is  in  close resonance w ith  P e irce 's  ra tio n a le , 

w h ic h  does n o t ;issum e th a t Pe irce  was c o m p le te ly  r ig h t .

T h e  thes is  t i t le  is a reference to  these tw o  e x tre m e s . O n  th e  one han d  the  thesis 

e xp lo re s  the  s t i l l  et loose d is c ip lin a ry  re la tio n s  th a t  s tru c tu re  th e  fie ld  o f In fo rm a t

ic s /’H C 'l as an heterogeneous a rena . O n  the  o th e r  h a n d  it  exp lo re s  th e  re la tio n s  o f 

o rd e r  th a t s tru c tu re  th e  core  e lem en ts  o f  its  fo u n d a tio n s , b u t a lw a ys  h a v in g  P e irce ’s
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re la te d  w o rk  o n  th e  h o riz o n . 1 sh o u ld  re m a rk  th a t  ;us lu fo rm a t ie s /H C I m a tu res  th e ir  

h o rizo n s  w ill  a lso change.

C h a p te r 1 exp lo re s  the  d e ve lo p m e n t o f In fo rm a t ic s ’ d is c ip lin a ry  d ive rs ity . T h is  

e x p lo ra t io n  in c lu d e s  to p ic s  such as th e  s p e c ia liz a tio n  o f In fo rm a t ic s  in to  ju s t  a few 

d is c ip lin a ry  b ranches. T h is  s p e c ia liz a tio n  increased  the  d e p th  o f  c e rta in  su b je c ts  a t 

th e  expense o f  loo s ing  p a r t o f In fo rm a t ic s ' in i t ia l  b re a d th . In  th e  proposed concep 

tu a l fra m e w o rk , w h ic h  is co m p le te d  o n lv  in  C h a p te r  2. d is c ip lin a ry  se gm en ta tion  is 

v is u a liz e d  w ith  th e  a id  o f d ive rg e n t c o n s te lla t io n  o f in te re s ts  th a t  have co nso lid a te d  

d if fe re n t b u t n o t necessarily  n o n in te rs e c tin g  n iches o f  e xpe rtise . Som e o th e r re la te d  

areas focused on  w h a t was o u t o f focus in  In fo rm a tic s , b u t th e y  a re  n o t u sua lly  lis te d  

;is p a r t o f it.

C h a p te r  2 e xp lo re s  H u m a n -C o m p u te r  In te ra c t io n  as an e xa m p le  o f such a d iv e r 

g e n t d is c ip lin a ry  fo rce . In  b o th  C h a p te rs  1 a nd  2 in fo rm a tio n  g a th e re d  from  c u r r ic u la  

re c o m m e n d a tio n s  a nd  p ro fess io na l o p in io n s  il lu s tra te s  how  these Helds have n a rro w e d  

th e ir  scope to  s m a ll d is c ip lin a ry  n iches, leav ing  spaces fo r o th e r  Helds to  deve lop. T h e  

d eve lo pm e n t o f  C o m p u te r  S u p p o rte d  C o o p e ra tiv e  W o rk  in  c o n tra p o s it io n  to  M C I is 

an  exam p le . H ow ever, m ode ls  o f H C I's  s u b je c t m a tte r  have n o t been com prehens ive  

enough  to  cap tu re ' th is  and  o th e r  d iv e rg in g  tendenc ies . W ith  th is  com prehensiveness 

;is a goa l, a m u lt i- fa c e te d  m od e l o f H C I’s c u ltu ra l eco logy is p roposed  and b r ie f ly  

e x e m p lifie d . A n  eco log ica l a pp ro a ch  th a t describes d is c ip lin a ry  n iches and th e ir  re

la t io n s  is in te n d e d  to  fos te r b o th  d is c ip lin a ry  d iv e rs ity  and openness tow ards  w h a t is 

d if fe re n t.  T h e  d e s c r ip tio n  o f  th e  "c u ltu ra l eco logy  ” o f  an a rea  invo lves  the  d e m a rca 

t io n  o f th e  scope a nd  d e p th  o f  its  d is c ip lin a ry  n iches, w h ich  in c lu d e s  th e  id e n t if ic a t io n  

o f  in te rfaces , b a rr ie rs , and  s tre n g th  o f  co nn ec tio ns  be tw een  th e m , awareness fo r  u n 

e x p lo re d  reg ions, and  so on. In  th is  sense, th e  p roposed  m o d e l enab les th e  m a p p in g  

o f  a c tu a l o r  a im e d  l im its  and  fo c i o f  th e  d is c ip lin e s  o r  areas th a t c u rre n tly  com pose  

a c e rta in  fie ld . T h e  m od e l is in te n d e d  to  p ro v id e  a m ore  d e ta ile d  d e s c rip tio n  o f  th e  

c u rre n t c o m p le x ity  fo u n d  across H C I and In fo rm a tic s , a t le ;is t co n s id e rin g  th e  p e r

sp e c tive  a do p te d  here. For e xa m p le , w ith  a id  o f  th is  m u lt ifa c e te d  m o d e l, it is poss ib le  

to  v isu a lize  th e  decrease in  scope th a t  w ent fro m  o rg a n iz a tio n s  to  in d iv id u a ls  w hen
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th e  p o p u la r i ty  o f  pe rsona l co m p u te rs  surpassed  m in i a nd  m ainfram e* c o m p u te rs  (d a ta  

p ro cess in g ). T h is  enables a m ore  c o m p le te , b u t n o t y e t com prehens ive , a c c o u n t o f 

th e ir  h is to ry .

T h e  p ropose*I m ode l is s tru c tu re d  w ith in  d im e n s io n s  ;ussociated w ith  techno logy , 

peoph*. a n d  in te rac tiem s. I t  lu is  been developeel in  l ig h t o f  Pe irce 's  weak. M o s t ap- 

proae-hes in  in fo rm a tic s  s t i l l  m ode l c o m p u te rs  ;is close**! is o la te d  machine's. I f  mapp**el 

inte> P e irce  s p h ilo s o p h y  th is  wenild co rre sp o n d  to  m a th e m a tic s  as finite* e*olle*ctions o f 

e*le*me*nts.

I am  aware* e>f th e  elange-rs o f  w o rk in g  be tw een  d isc ip lin e s . T h e  fo llo w in g  e*xample*s 

are in tene led  to  acknow ledge  th a t the* d e v e lo p m e n t o f in fo rm a t ic s /H C I can be m apped  

as a t r a je c to r y  across Pe*ire*e‘s p h iloso ph y . In  o th e r  w o rds . P e irce ’s w o rk  is a s u ita b le  

candielate* to  sca ffo ld  thf*e»ry b u ild in g  in  H C 'I / In fo rm a t ic s .  W h e n  one ta lk s  a b o u t the  

p h e n o m e n o lo g y  *)f user-e)rie*nte*d o r use*r " fr ie n e llv "  f r ie n d ly  sys tem s the*re* is re ference 

te> fe 'e ling. w h ic h  woulel be alme>st a t e>r a t th e  level e>f lirs tn e s s  ( fe e lin g ). re*spee*tively. 

A r t i fa c t  luunan-e*e*ntere.“<lne'ss as deve loped  in  HC’ I. is u s u a lly  re*stricte*el to  in d iv id u a l 

cem ipu te rs  a nd  in r i iv id u a l users. N eam an 's  g u lfs  o f e x e c u tio n  and e v a lu a tio n  w o u ld  

be* at the* lew d  o f secondness (a c tio n  a n d  re a c tio n ). A p p ro a ch e s  th a t em phas ize  the  

role* o f  te c h n o lo g y  as m e d ia tio n . such as C o m p u te r  M e d ia te d  C o m m u n ic a tio n  wemld 

be* mapp<*d a ro u tu l thirdne*ss (m e**lia tions in  th o u g h t) .

T h e  t r a je c to r y  o f genres o f in te ra c t io n  a lso elrifte**! fro m  th e  sini[)le* b u t "a b s t ra c t” 

le*v**l o f  e*)nnnanel language's (th ire lness) p;ust th e  “ c o n c re te " le*vel o f d ire v t m a n ip - 

t i la t io n  (sece)m lness). C u r re n t ly ,  th e re  are  m ixeel genres. S im ila r  ana lys is  cemld be 

e a rrie 'd  o u t a t th e  le*ve*l o f  P e irce 's  N e a m a tive  Sciences, anel elifferent, approaches ce)uld 

be m appeel accore ling  to  the* eeunmon focus on  p e rce p tio n s , a c t iv it ie s , o r represe*nta- 

tio n s . W i th  th e  danger o f be*ing repe*titive*. I shentld re m a rk  th a t  such a c la s s ih c a to ry  

a p [)ro a c li e*asily ente*rs in to  a dt*ad e*nd. T h e  im p ea ta nce  e)f Pe*iree’s ph il*)so ph y  is its  

re la tie m a l ch a ra c te r. Peirce*'s cate*gories a re  ne>t e x is te n tia l. W h e n  one c lass ifies  a 

c e rta in  s ign  in to  a c e rta in  ca te g o ry  one is sa y in g  th a t i t  is o f  a c e rta in  k in d  a t th a t 

m om en t a n d  s itu a t io n . B a s ic a lly  it is in  a c e r ta in  s ta te , b u t a t a n o th e r m om en t i t  can 

la* c la ss ifie d  w ith in  a n o th e r  ca te g o ry  o r  s ta te . In  th is  sense th e y  can be an in te re s tin g

x x i i i
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f ra m e w o rk  to  e xp lo re  th o u g h t ;us a c tio n  a n d  des ign  ;is in te ra c tio n .

C h a p te r  3 fu r th e r  co m p le m e n ts  th e  c o n c e p tu a l fra m e w o rk  w ith  the  n o t io n  o f p ro 

cess. I t  em phasizes th e  d y n a m ic , open, re la t io n a l and  n o n -p e r io d ic  n a tu re  o f  co m p u 

ta t io n a l and c o m m u n ic a tiv e  processes. I t  a lso  il lu s tra te s  how  b o th  in te ra c t io n  and 

process m ode ls  used across H C 'I and S o ftw a re  E n g in e e rin g  have* re s tr ic te d  a scope, 

and  a re  o fte n  re d u c tio n is t. T h e  w a te r fa ll,  tin * s p ira l, a nd  p ro to ty p in g  design  process 

m ode ls  have d iffe re n t c o n s te lla tio n s  o f in te re s t, v a ry in g  in  foc i and  b re a d th . O v e ra ll, 

th e y  u s u a lly  em phasize  d e ve lo p m e n t ra th e r  th a n  b o th  deve lopm ent and use. T he  

process m o d e l is in ten de d  n o t to  be p re s c r ip t iv e  in  th e  sense o f sch ed u ling  design 

a c t iv it ie s . N eve rthe less, i t  p rescribes  a space fo r  poss ib le  design  a c tiv it ie s  w h ic h  can 

c h a o tic a lly  o s c illa te  be tw een  a c t iv it ie s  u s u a lly  assoc ia ted  w ith  developm ent, and  use. 

A t  a g lance , th e  process m od e l in tro d u c e d  in  th is  c h a p te r  seems to  1m* in  close con

sonance w ith  P e irce 's  E v o lu t io n a ry  C osm o logy , in  w h ic h  absence o f d e te rm in a tio n  

p resupposes h a b it .  F u r th e r  research needs to  be c a rr ie d  o u t on  th is  s u b je c t.

C h a p te r  1. th e  sole c h a p te r in  P a rt I I .  has a d iffe ren t, app roach . T h e  thesis 

has u n t i l  th is  p o in t a do p te d  a b road  b u t som ew ha t sh a llo w  p e rspe c tive  co n s id e rin g  

P e irce ’s p h ilo so p h y . T h e  reader in te re s te d  in  HC 'I app roaches such as d is t r ib u te d  

c o g n it io n , s e m io t ic  e n g in ee rin g , c o m p u te r se m io tic s , la n g u a g e /a c t io n , and  th e o ry  o f 

a c t iv i t y  m ay be d is a p p o in te d  th a t I have n o t e xp lo re d  these approaches in  m ore  de

ta i l.  W i th  v a ry in g  em phases on  p u rp o s e fu l p e rc e p tio n , a c tio n , and  rep re sen ta tion s , 

these app roaches  w o u ld  be a t th e  level o f  th e  n o rm a tiv e  sciences and w o u ld  p resup 

pose P e irce 's  phenom eno logy. C h a p te r I e xp lo re s  P e irce ’s concep ts  o f s igns a n d  th e  

assoc ia ted  sets o f  d e rive d  ca tegories. In  P e ircean  S e m io tic s  ( lo g ic ) a s ign  re la t io n  is 

tr ia d ic ,  b u t it  can be re fin e d  in to  a d eca d ic  one. C a teg o ries  o f  signs art* o b ta in e d  

fro m  th e  c o rre la t io n  be tw een  a s ign  re la t io n  and  th e  ce n o p y th a g o re a n  ca tegories , the  

s u b je c t o f  P e ircean  phenom eno logy . T h e  fu l l  d e ve lo p m e n t o f a Pe ircean se m io tic  

fo u n d a tio n  fo r  H C 'I w ou ld  dem an d  a t least th e  c o n s id e ra tio n  o f  issues th a t span  the  

leve l o f  how  know ledge  is tra n s m it te d  (S p e c u la tiv e  R h e to r ic ) . As suggested by the  

d ia g ra m , fu l l  fo u n d a tio n s  fo r  HC’ I / In fo r m a t ic s  w o u ld  d e m a n d  the  c o n s id e ra tio n  o f 

th e  w ho le  d ia g ra m . B o th  o p tio n s  are to o  b ro a d  to  be c a rr ie d  o u t in  a P h .D . thesis.

x x iv
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C on seq ue n tly . I focused on th e  m ost fu n d a m e n ta l and  n a rro w  to p ic  w ith in  P e irce ’s 

re la te d  w o rk , w h ich  deals w ith  f in ite  c o lle c tio n s  o f  e lem ents. W ith  th a t choice. I w ;is 

s t i l l  a b le  to  e n v is io n  the  b re a d th  o f  th e  in vo lve d  fo u n d a tio n s , le a v in g  th e  d o o r open  

to  fu tu re  research, b u t was ab le  to  deepen its  m ost fu n d a m e n ta l core. T h e  chosen 

scope  co inc ides m o s t w ith  th e  th e o re tic a l re a lm  o f  C o m p u tin g  Science, in  w h ich  

severa l fo rm a lism s  a nd  s tru c tu re s  have been deve loped  to  e x p lo re  re la tio n s  betw een 

f in ite  sets o f e lem en ts  (d a ta  s tru c tu re 's ). In  i t .  th e  re la t io n a l s tru c tu re  o f  b o th  s ign  

re la t io n s  and d e riv e d  ca tegories a re  u n d e rs to o d  ;us la ttic e s , not a c o m p le te ly  nove l 

idea , a nd  v isu a lize d  w ith  m u lt i-d im e n s io n a l Hasse d ia g ra m s. Severa l d ia g ra m s  fo un d  

in  th e  li te ra tu re  tu rn  o u t to  be s p e c ia l c;uses o f th e  proposed s o lu t io n , fa c il i ta t in g  

th e ir  co m p a riso n  a nd  i l lu s t r a t in g  its  g e n e ra lity .

T h is  thesis rep resents o n ly  a f ir s t  sm a ll s te p  to w a rd s  th e  d e ve lo p m e n t o f a fu ll-  

fledged  co n ce p tu a l fra m e w o rk  fo r  H C I / In fo rm a t ic s .  I t  was not in te n d e d  to  be co m 

p rehens ive , b u t ra th e r  to  fos te r b o th  an  encom pass ing  ove rv iew  o f th e  in vo lve d  issues 

a n d  m ore  so lid  fo u n d a tio n s .

I w o u ld  say t l in t  p ro fess iona ls  in  In fo rm a t ic s  a nd  HC’ I. b ro a d ly  u n d e rs to o d , have 

a c h a lle n g in g  ta sk  ahead. T h e ir  p e rspe c tives  have g ro w n  l im ite d  b u t are  c la im e d  to  

be u n iv e rs a l, tu rn in g  o th e r fie lds  in to  m ere a p p lic a tio n s . I t  is s t i l l  a p ro d u c t d r iv e n  

d is c ip lin e . Let In fo rm a tic s  and H u m a n -C o m p u te r  In te ra c tio n  g ro w . Let it be d r iv e n  

by th e  w ay people  live .

C u r it ib a .  P a rana . B ra z il

B ib lio g ra p h y

C h a rle s  .Sanders P e irce . N a th a n  H o u se r ( E d i to r ) ,  a n d  C h r is t ia n  K loese l ( E d i to r ) .  Phe Essi  n t i a l  

Pt t ree:  St I r r t t  i l  P h i l o s o p h i c a l  W r i t i n g s ,  v o lu m e  I.. In d ia n a  C n iv e rs ity  P ress. 1991.

H e rb e r t  S im o n . L i te ra r y  c r it ic is m : A  c o g n it iv e  a p p ro a c h . S E f l R -  S t a n f o r d  [ l u m a n i t n  s R e n e w .  1 

l l ) .  199">. L’ R L  h t t p : / / s h r . S t a n f o r d . e d u / s h r e v i e w / 4 - l / t e x t / s i m o n l . h t m l . S pe c ia l Issue 

e n t i t le d  "B r id g in g  th e  C a p : W h e re  C o g n it iv e  S c ience  m ee ts  L ite ra r y  C r i t ic is m " .

C . P. S now . Pub l i c  A f f a i r s .  C h a rle s  S c r ib n e r 's  Sons. 1971.

X X V

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

http://shr.Stanford.edu/shreview/4-l/text/simonl.html


www.manaraa.com

Part I 

The Cultural Ecology  

of Inform atics and 

H um an-C om puter Interaction

1

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



www.manaraa.com

C hapter 1 

Inform atics D isciplinary D iversity

Caminante, son tus huellas 

el camino. y  nada mas; 

caminante, no hay camino, 

se hace camino a l andar.

A l andar se hace camino 

y  a I volver la vista atras 

se ve la senda que nunca 

se ha de volver a pisar.

Caminante, no hay camino, 

sino estelas en la mar.

from  "C am pos de

Wayfarer, the only way 

is your footsteps, there is no other. 

Wayfarer, there is no way, 

you make the way as you go.

As you go, you make the way 

and stopping to look behind, 

you see the path that your feet 

will never travel again.

Wayfarer, there is no way - 

only foam trails in the sea.

A n to nio  M achado, 

i" , from  th e  poem "Proverbios y  Cantares" 1

'P ro v e rb s  a n d  S o n c  Verse. tra n s la te d  b y  A la n  S. T rn e b lo o d  (M a c h a d o . 19S2. p  1 Id )
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1.1 In tro d u ctio n

A m y r ia d  o f  new d is c ip lin a ry  areas re la te d  to  th e  a r t.  th e  science, th e  techno logy , 

and  th e  p o lit ic s  o f  p rocess ing  in fo rm a t io n  have em erged d u r in g  th e  la te  tw e n tie th  

c e n tu ry . P e te r D e n n in g  has re c e n tly  ca lle d  th is  b ro a d  fie ld  In fo rm a t io n  T ech no log y  

(D e n n in g . 2()0()a.b. 2001). I use th e  te rm  " In fo rm a tic s "  to  deno te  th is  a rea .*

In fo rm a tic s  has been a fie ld  in  tra n s fo rm a t io n . I t  is usua l to  desi r ib e  In fo rm a tic s  

re la te d  d isc ip lin e s , such as th e  ones fo c u s in g  on  c o m p u tin g  and  in fo rm a t io n  system s, 

as b e in g  in  a ra p id  a nd  co n s ta n t e xp a n s io n , as h a v in g  an id e n t ity  g ro u n d e d  011 a 

c o n s ta n t in n o v a tio n , a nd  as b e in g  th e  fo u n d a tio n s  fo r an env is ioned  soc ia l re v o lu tio n . 

T h e  e x p a n d in g  tendenc ies  o f  in fo rm a tic s  have also been s u p p o rte d  th ro u g h o u t its  

d e v e lo p m e n t by a b s tra c t io n s  such as M o o re ’s law . w h ic h  p re d ic ts  th a t c o m p u te r  w ill 

be a lw ays  faste r, by  th e  fast paced g ro w th  o f  th e  W o r ld  W ide W eb. and  b y  th e ir  jo in t  

use o f  c o m m u n ic a tio n s  te chn o lo gy . S u d d e n ly , the  p ro d u c ts  o f  in fo rm a tic s  tra n s fo rm e d  

th e  w ay people  in te ra c t across t im e  a nd  space. I t  has n o t been m uch  que s tion ed , 

how ever, how  the  d is c ip lin a ry  p ro file  fo s te re d  th ro u g h o u t its  d eve lo pm e n t has va ried : 

a t least by those w ho  w o rk  in  in fo rm a t ic s . '

H ow ever, the  w idesp read  a s s u m p tio n  th a t  in fo rm a tic s  is an  ever e x p a n d in g  fie ld  

does n o t co rresp on d  to  th e  a c tu a l d is c ip lin a ry  v a r ia t io n s  fo un d  across its  h is to r ic a l 

d e ve lo p m e n t. Indeed, th e  c o m m u n it ie s  in  in fo rm a tic s  have n a rro w ed  th e ir  d is c ip lin a ry

J T h e  te rm  " in fo rm a t ic s "  is no t w id e ly  used in  E n g lis h  s p e a k in g  c u ltu re s  to  re fe r to  c o m p u t in g  

a n d  in fo rm a t io n  re la te d  a reas in  e n g in e e r in g , sc ience , a nd  bus iness . In  E n g lis h  “ in fo rm a t ic s "  s ta n ds  

m o s t ly  fo r  th e  fie ld  o f  L ib r a r y  a nd  In fo rm a t io n  S c ience , b u t its  d e f in it io n  cncom pass i-s  " th e  sc ience  o f  

p ro ce ss in g  d a ta  fo r s to ra g e  a n d  r e t r ie v a l" .  T in *  te rm s  i n f o n n a t i t j u r  in  F rench , i n f o r m a t i k  in  G e rm a n . 

I n f a r m d t i r a  in  P o rtu gu e se , a n d  m f o n n n t i k a  in  R u ss ia n  va ries , b u t  th e y  u s u a lly  d e n o te  b ro a d e r  fie lds  

th a n  does In fo rm a t io n  S cience  in  E n g lis h , in c lu d in g  In fo rm a t io n  S ys te m s  and  E n g in e e r in g . See C’oy

I 1!)97) fo r  even b ro a d e r d e f in it io n s .

'T h e  2001 In fo rm a t ic s  in d u s t r ia l  d o w n tu rn  in  U .S .A . has ta k e n  m a n y  b y  s u rp r is e , b u t  no t e v e ry 

b o d y . ( B ro w n  a m i D u g u id .  2000. p Id  |. fo r  e x a m p le , have ip tes t io n e d  i f  less p o w e r c o u ld  n o t be m ore , 

d e p e n d in g  o n  th e  te c h n o lo g y . C h r is te n s e n  (1 9 9 7 ) d iscussed  in n o v a tiv e  te c h n o lo g y  th a t  has in i t ia l  

lo w e r p e rfo rm a n c e  c o m p a re d  to  e s ta b lis h e d  ones. I t  e v e n tu a lly  overpasses th e m  in  p e rfo rm a n c e  due 

to  t h e ir  h ig h e r  p o te n t ia l.  See C h a p te r  d.
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scope in  o rd e r to  deepen th e ir  fo u n d a tio n s . I t  is n o t b y  chance th a t th e  "n e rd  " s tig m a  

has been h a u n tin g  p ro fess iona ls  in  in fo rm a tic s  fo r a w h ile . In  th is  c h a p te r I explore* 

how  th e  d is c ip lin a ry  scope o f in fo rm a tic s  have been reel need u n t i l  re ce n tly . O n ly  

rece n tly , p a r t o f its  in i t ia l  b re a d th  luus been rescued. F or e xa m p le , d u r in g  in fo rm a t ic s ' 

in c e p tio n  phase ( 194Os a nd  1950s). i t  had  a h ig h e r d is c ip lin a ry  d iv e rs ity  th a n  it 

w;us ab le  to  m a in ta in  d u r in g  th e  s ix t ie s , seventies, a n d  e ig h tie s . D u r in g  th is  p e rio d , 

are.us such as a n th ro p o lo g y , lin g u is t ic s , des ign , hum an  fa c to rs , psycho logy, in d u s tr ia l 

e n g in ee rin g , and  o th e rs  were m e n tio n e d  as c o n tr ib u t in g  to  th e  fie ld . F rom  th a t in i t ia l  

d iv e rs ity , o n ly  some b ranches have been co n so lid a te d  w ith in  th e  c o m m u n ity , on  fie lds 

such ;us c o m p u te r e n g in ee rin g , c o m p u te r  science, and  in fo rm a tio n  system s. T h e  rest 

becam e e ith e r  d o rm a n t, rem a in ed  on  th e  o u ts k ir ts  o f p a r t ic u la r  d is c ip lin a ry  b ranches, 

o r  deve loped  e lsew here. In fo rm a t io n  science is an e xam p le .

A s th e  re la ted  c o m m u n itie s  n a rro w e d  th e ir  fo u n d a tio n s , th e  consequences o f in 

fo rm a tic s  across c u ltu re s  have c o n tin u e d  to  expand . T h is  has b o th  c re a te d  a gap 

be tw een  the  foste red  p e rspectives  a nd  th e  dem anded  perspectives . C u r re n t ly ,  th e  

tra d it io n a l b ranches o f  in fo rm a tic s  face th e  c o n u n d ru m  o f  d is c ip lin a ry  ren ew a l. Peo

p le  e ith e r  re fle c t on th e  b o u n d a rie s  o f  th e ir  fie lds  a nd  o n  th e ir  fo u n d a tio n s , o r  these 

fie lds  ru n  th e  r is k  o f lo s in g  th e  s ig n ific a n c e  and the  e s ta b lish e d  ro le across soc ie ties .

T h e  m a in  c o n tr ib u t io n  o f th is  c h a p te r  and th e  n e x t resides in  e s ta b lis h in g  a 

g ro u n d  on  w h ich  In fo rm a t ic s ' d is c ip lin a ry  d iv e rs ity  can  be d iscussed. I p ropost* a 

m od e l in  o rd e r to  d iscuss In fo rm a t ic s ' d is c ip lin a ry  d iv e rs ity  v a r ia t io n s  across its  h is 

to r ic a l deve lo pm e n t. T h e  research q u e s tio n  b eh in d  th e m  is n o t re s tr ic te d  to  "w h a t 

is in fo rm a t io n  te c h n o lo g y " o r "w h a t is In fo rm a t ic s " .  In s te a d , th e  research q u e s tio n  

encom p;isses "w h a t have been th e  d is c ip lin a ry  re la tio n s  th a t  have he lped  p ro fess io na l 

a c t iv it ie s  in  In fo rm a tic s  to  s u s ta in  and  d eve lop  th e ir  p ra c tice s  and w hen  have d is c i

p lin a ry  re la tio n s  a m o ng  d is t in c t  c o m m u n it ie s  been fos te red  o r avo ide d -.’"  I m ake  use 

o f a set o f h is to r ic a l d a ta , in c lu d in g  co m p a rison s  o f in d iv id u a l o p in io n s , d e ve lo p m e n t 

o f p ro fess iona l assoc ia tions , t ra n s fo rm a tio n s  o f  c u rr ic u la  re co m m e n d a tio n s , a nd  sev

e ra l p roposed  d e fin it io n s  to  i l lu s tra te  d is c ip lin a ry  d e p th  a n d  b re a d th  v a r ia t io n s  across 

h is to ry .
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A  set <>t d is c ip lin a ry  even ts  a n d  tra n s lo rm a t ions to o k  p la te  across In fo rm a t ic s  

life -spa n . A s In fo rm a t ic s ' areas o f  e x p e rtis e  deve loped  and  e xp lo re d  n iches, th e y  n o t 

o n ly  m a tu re d , h u t a lso  e s ta b lish e d  a c o rre s p o n d in g  d iv is io n  o f la b o r. F or e xam p le , as 

c o m p u te r  science re s tr ic te d  its  focus  a ro u n d  so ftw a re  ( th e o re tic a l o r  p ra c tic a l. ;is a l

g o r ith m s  a nd  p ro g ra m m in g ) , o th e r  g ro up s  focused th e ir  in te res ts  e ith e r  on  h a rd w a re  

o r  on system s. T h ro u g h o u t th e  process, u n e xp lo re d  gaps, abandoned  niches, and  re

in fo rce d  b a rr ie rs  e na b led  th e  (‘m ergence, th e  m a in te n a n ce , o r th e  decay o f  d is c ip lin a ry  

p ra c tices , o ld  and  new . C o m p u te r  E n g in e e rin g . C o m p u tin g  Science. In fo rm a t io n  Sys

tem s. In fo rm a t io n  S ystem s M a n a g e m e n t, and  In fo rm a t io n  Science to d a y  are exam p les  

o f  t ra d it io n a l holds.

T h e  recent d iv e rs if ic a t io n  o f  In fo rm a tic s  luus been accom pan ied  by th e  e m e r

gence o f  a m y r ia d  o f  o th e r  areas o f  e xp e rtise . H u m a n -C o n ip u te r  In te ra c t io n . B io 

in fo rm a tic s . S o c ia l In fo rm a t ic s . S o ftw a re  D esign . C o m p u te r-M e d ia te d  E d u c a tio n . 

L aw  cC T e ch n o lo g y  a re  exam p les  o f  fie lds  th a t a rt' n o t t ra d it io n a l.  T hese  new com ers 

em phasize  lega l, c o m m u n ic a tio n a l.  m a n a g e ria l, o rg a n iz a tio n a l, c o g n it iv e , b io lo g ic a l, 

a n d  e s th e tic  in  c o n ju n c t io n  w ith  c o n s tru c t iv e  and  a n a ly t ic a l approaches.

M a n y  new  fie lds la y  o u ts id e  p re v io u s  d is c ip lin a ry  b ou nd a ries  o f science a nd  te ch 

no logy. such sis m e d ia  s tu d ie s , d ig i ta l  l ib ra ry  science, and  c o m p u te r  m ed ia  design . 

T h e  in tro d u c e d  n o v e lty  luus been ch a n g e lin g  p ro fess iona ls , e du ca to rs , law  and  p o lic y  

n u ike rs . and p o lit ic ia n s , w ho  have n e ith e r  g ro u n d s  n o r b ackg ro un d  to  dec ide  in  w h ic h  

d ire c t io n  to  go. o r  in  w h a t o r  w h o m  to  in v e s t.1

1.2 D isc ip lin a ry  D iv ers ity  across H isto ry

T h e  c o n s te lla tio n s  o f  d is c ip lin e s  th a t  c o n tr ib u te  to  In fo rm a tic s  v a ry  across a la rge  

s p e c tru m . D u r in g  In fo rm a t ic s ' h is to r ic a l d e ve lo p m e n t, th e  n u m b e r o f  d is c ip lin e s  th a t 

w ere e ffe c tiv e ly  p a r t o f  th e  fie ld  va ried . ;us i l lu s tra te d  by severa l lis ts  g ro u p e d  in  

T a b le  1.1. D u r in g  th e  (‘m ergence  o f  th e  d is c ip lin e , th e  d iv e rs ity  w;us re la t iv e ly  h ig h

'C u l t u r a l  a n d  h is to r ic a l fa c to rs  m a k e  i t  eas ie r, fo r  e x a m p le , fo r  a p ro fe s s io n a l in  th e  h u m a n it ie s  

to  e s ta b lis h  a l in k  w ith  In fo rm a t ic s ,  th a n  th e  o th e r  w av  a ro u n d .
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[1 9 5 4 ] S am uel B . W illia m s , pres ident o l th e  A sso c ia tio n  for C o m p u ter M a c h in e ry , s ta ted  th a t  a lth o u g h  

th e  assoc iation  had been in teres ted  in a ll phases o f  co m p u tin g , it w ould on d irec tin g  its  e ffo rts  on 

"o th er phases o f c o m p u tin g  system s, such as n u m e ric a l analysis, logical design, a p p lic a tio n  an d use." 

and p ro g ra m m in g . (W ill ia m s , 1 9 54 , p 3 ) .

[1 9 6 0 ] D ou g las  E n g e lb art m en tio n ed  "psychology, co m p u te r p ro g ra m m in g  and physical techn olo gy, 

display technology, a rtif ic ia l in te llig en ce, in d u s tria l eng ineering  (e .g .. m o tio n  and t im e  s tu d y ), m a n 

ag e m e n t science, system s analysis, and in fo rm a tio n  re trieva l [as] som e o f th e  m ore like ly  sources" to  

c o n tr ib u te  to  the “a rt o f  do in g  a u g m e n ta tio n  re s e a rc h "(E n g e lb a rt. 1 9 6 2 ).

[1 9 6 3 ] Saul Gorn ch arac te rize d  C o m p u te r  and In fo rm a tio n  Sciences as using concepts fro m  " m a th 

e m a tic s . philosophy, lin gu istics , psychology, en g in eering , m an a g em en t science, lib rary sc ience, etc ."  

and as encom passing to p ics  such as "p ro g ra m m in g  system s, c o m p u te r  system  design, a r tif ic ia l in te l

ligence, in fo rm atio n  re tr ie v a l, e tc ."  (G o rn , 1963 , p 15 0 )

[1 9 6 8 ] In an A C M  cu rricu la r rec o m m e n d a tio n  (A C M -C C C S , 1968, p 1 5 3 ), th e  c o m m itte e  lis ted  only  

th re e  areas (c o m p u te r  science an d s im ila r p rog ram s, in fo rm atio n  science, and d a ta  p rocess ing ) and  

chose to  focus on c o m p u te r  science du e to  its  la rge  g ro w th  com pared to  o th e r  branches.

[1 9 7 0 ] P e te r W eg n er (1 9 7 0 ) .  m ad e  referen ce to  th re e  cultures: C o m p u te r  technology. C o m p u te r  

M a th e m a tic s , and C o m p u te r  Science. H e  de fen ded  co m p u te r science as a d iffe re n t b ran ch  from  

en g in eerin g  and m a th e m a tic s .

[1 9 7 1 ] T h e  A C M  C u rric u lu m  C o m m itte e  on  C o m p u te r  E du cation  fo r M a n a g e m e n t c le arly  p lo tte d  the  

key roles w ith in  the lifecyc le  o f  in fo rm a tio n  processing system s as b e in g  o f  th e  in fo rm a tio n  an alys ts , 

system s designers, p ro g ra m m ers , and o p era to rs  (T e ic h ro e w , 1971, p 5 7 7 ) .

[1 9 8 4 ] T h e  A C M -IE E E  C o m p u te r  S oc ie ty  Jo in t ta sk  force, whose ob jec tives  were p ro g ra m  re q u ire 

m ents  and ac cre d ita tio n  issues, listed (a )c o m p u te r  science and en g in eerin g  (b )  c o m p u te r  sc ience (c )  

in fo rm a tio n  system s (d )  system  analysis an d  (e )  d a ta  processing as in th e  scope o f th e  c o m p u tin g  

sciences (M u ld e r  and D a lp h in , 1 9 8 4 ).

[1 9 9 7 ] M ic h a e l G o ldw eb er e t al. listed sixteen d iscip lines as im p o rta n t to  c o m p u tin g  (G o ld w e b e r  

e t a l.. 1 9 9 7 , page 101).

[2 0 0 1 ] P e te r D en n in g  lis ted  m o re  th an  th re e  d o zen  sp ecia lization  areas re la ted  to  th e  in fo rm a tio n  

te ch n o lo g y  profession (D e n n in g . 2 0 0 1 ) ) .  T w o  years earlier. D e n n in g  m ention ed  o n ly  tw o  dozen  

(D e n n in g , 1 9 9 9 ).

T a b le  1.1: Disciplinary diversity across Informatics development
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;is in  th e  fie ld  o f  c y b e rn e tic s , fo r e xa m p le . D u r in g  its  c o n s o lid a tio n , son ic  to p ic s  have 

been s lo w ly  in c o rp o ra te d , and  o th e rs  have been s lo w ly  aba nd on ed . In  accordance , 

d is c ip lin a ry  lin k s  w ith  o th e r  d is ic p lin e s  w ere tie d , s tre n g th e n e d , loosened o r u n tie d , 

d e p e n d in g  on th e  s u b je c t.

T h e  fie ld  o f  In fo rm a t ic s  becam e s tru c tu re d  a ro u n d  som e a p p a re n tly  a u to n o m o u s  

d is c ip lin a ry  segm ents s u p p o r te d  b y  a b ro a d e r d iv is io n  o f  la b o r. A u to n o m y  m ay be 

h ig h ly  des irab le  and  necessary, b u t i t  has its  d raw backs . T h e  re s u lt in g  la b o r  d iv is io n  

a n d  d is c ip lin a ry  s e g m e n ta tio n  was key to  th e  d eve lo pm e n t o f  th e  fie ld  as it is kn o w n  

to d a y . A s  a few  b ranches a cqu ire d  an  a p p a re n t a u to n o m y , such as c o m p u te t e n g i

nee rin g . c o m p u te r science, and in fo rm a tio n  system s, som e people  in  th e m  also lost 

t ra c k  o r never lea rn e d  a b o u t e a r lie r  lin k s .

H ow ever, th e  c u ltu ra l ro le  o f In fo rm a t ic s  grew  beyo nd  its  n iche o f e xp e rtis e , a nd  

its  theo ries  and  p ra c tice s  s ta r te d  to  becom e in s u ffic ie n t to  account fo r th e  richness 

o f  its  consequences. G iv e n  th e  o p p o r tu n ity ,  o th e r b ranches em erged, in c re a s in g  th e  

e s tab lish ed  d is c ip lin a ry  d iv e rs ity . C u r re n t ly ,  the  fie ld  is in  a tra n s it io n  p e r io d  a nd  

no  d is c ip lin a ry  d y n a m ic s  Inis been s ta b il iz e d  ye t. In  T a b le  1.1. I l is t som e exam p les  

o f  how  p ro fess iona ls  in  In fo rm a t ic s  v ie w  its  d is c ip lin a ry  p ro file  across tin * last f i f t y  

years. See F ig u re  1.1 fo r a q u a lita t iv e  i l lu s t ra t io n .

Information Technology 
Disciplinary Diveristy

C om puter..
Engifie’ering

Lower

1950 1960 1970 1980 1990 2000 2010

F ig u re  1.1: Informatics historical variations in disciplinary diversity
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O v e ra ll. In fo rm a t ic s ' d is c ip lin a ry  d iv e rs ity  has been reduced d u r in g  its  c o n s o lid a 

t io n  p e rio d  and  now  i t  is in c re a s in g  aga in . I t  is an open  quest io n  how  th e  c o m m u n it ie s  

in  In fo rm a tic s  w i l l  s tru c tu re  th e ir  d is c ip lin a ry  d iv e rs ity  in  th e  fu tu re : w h ich  iie ld s  o r  

d is c ip lin e s  w il l  p la y  key roles in  th e  n e x t phases: w h ich  ones w i l l  dec line  o r  re m a in  

d o rm a n t fo r  a s t i l l  la te r  fu tu re : a n d  w h e th e r th is  p a tte rn  is c y c lic a l o r n o t. C u r re n t ly ,  

h u m a n -ce n te re d  approaches a re  an  in d ic a t io n  th a t  a l in k  am ong  th e  te ch n o lo g ica l d is 

c ip lin e s  in  In fo rm a t ic s  can b e n e fit fro m  a c ro s s -p o llin a tio n  w ith  th e  hum an  a nd  so c ia l 

sciences.

I t  is u n d e n ia b le  th a t  th e  in v o lv e d  c o m m u n it ie s  have th e  re s p o n s ib il ity  to  re fle c t 

on  how  In fo rm a tic s  w i l l  be re o rg a n ize d . T h e ir  fu tu re  depends on  th a t .  As G o ld w e b e r 

e t a l. sa id  a b o u t d is c ip lin a ry  d iv e rs ity  in  In fo rm a tic s :

1997 M ichael G oldweber, John Im pagliazzo , louri A . Bogoiavlenski, A . G. (T o n y ) C lear. 

Gordon Davies, Hans Flack, J. Paul Myers, and R ichard Rasala

Historical Perspective, on the C o m p u tin g  Curricu lum : Report o f  the [T iC S E 't)7  W orking  

Croup on Historical Pcrspccticcs in C om puting  E ducation  (G o ld w e b e r  et a l..  1097. p  

LOU

It  has been suggested th a t anthropology, applied psychology, com puter science, cu ltural s tud

ies, economics, ergonom ics, ethics, history, linguistics, m anagem ent, m athem atics, philology, 

philosophy, semiology, sociology, and politics are some o f the disciplines relevant to  c o m p u t

ing. It is clear th a t w e cannot do justice  to this diversity in our educational program s by 

applying a single disciplinary perspective.

T h e  recent incre ;ise  in  n u m b e r o f  fie lds  o r  d is c ip lin e s  th a t  a re  re la te d  to  In fo r 

m a tic s  is o n ly  an  in d ic a t io n  o f  th e  size o f th e  ch a llen ge  ahead. O n  w h a t g ro u n d s  is 

th is  d iv e rs ity  based, w h a t is i ts  c u rre n t a nd  its  past s ta te , how  to  co m p a re  th e m , 

and  how  to  m ap  d is c ip lin a ry  re la t io n s  are issues th a t I e xp lo re  in  th is  and th e  nex t 

c h a p te r. I have co n c e n tra te d  on  th e  fie ld  o f  In fo rm a t ic s  in  th is  c h a p te r. I b e g in  w ith  

a d e s c r ip t io n  o f  th e  h is to r ic a l d e ve lo p m e n t o f  som e p ro fess iona l ;is so c ia tio n s  re la te d  

to  th e  fie ld  o f  in fo rm a t io n  te chn o lo gy . In  th e  n e x t ch a p te r. I address th e  area o f 

H u m a n -C o m p u te r  In te ra c t io n .
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1.3 D ev e lo p m en t o f  P ro fessio n a l A sso c ia tio n s

T h e  o b je c t iv e  o f  th is  sec tion  is to  g ive  a b ro a d  h is to r ic a l o ve rv ie w  o f  some o f th e  

fie ld s  re la te d  to  In fo rm a tic s  in  o rd e r  to  b u ild  th e  fo u n d a tio n s  on w h ich  d is c ip lin a ry  

re la t io n s h ip s  a re  d iscussed. [ have chosen th e  h is to ry  o f  p ro fess iona l a ssoc ia tions  

because th e y  have a ccom pa n ie d  th e  fie ld 's  h is to ry , a nd  because th e ir  o w n  h is to ry  and  

th e ir  in s t itu t io n a l nam es re flect a c tu a l p rac tices .

Severa l p ro fess io na l assoc ia tions  re la te d  to  th e  In fo rm a tic s  p ro fess ion  em erged 

d u r in g  th e  tw e n tie th  ce n tu ry . T h e ir  d e ve lo p m e n t and  m a in ten an ce  have been and 

c o n tin u e  to  be c o n tin g e n t on th e  in te re s t o r  lack  o f  in te re s t o f reasonab ly  seized g roups 

a n d  on  a v a ila b le  re so u rce s ;’ In  F ig u re  1.2. I d e p ic t th e  lineage o f  some* p ro fess iona l 

a ssoc ia tio ns  in  th e  U n ite d  S ta tes . F ig u re  1.2 is o rg a n ize d  a cco rd in g  to  tin * year in  

w h ic h  th e  assoc ia tions  were fo u n d e d , and  a cco rd in g  to  a lin e a r scale th a t goes from  

th e  hardw are ' to  th e  sys tem  a re a s /’ .

I have in c lu d e d  th e  fie ld  o f l ib r a r y  and in fo rm a t io n  sc ience ’ in  th e  d ia g ra m  in  

o rd e r  to  i l lu s tra te  a recogn ized  area  th a t  is no t c u r re n t ly  v iew ed as w ith in  t ra d it io n a l 

In fo rm a tic s . M a n y  o th e r  areas o r  d is c ip lin e s  sca ffo ld  In fo rm a tic s  in  th e ir  p rac tices . 

F ro m  th e  p e rsp e c tive  o f  d is c ip lin a ry  re la tio n s  in fo rm a t io n  science a nd  o th e r areas

’ T in *  co n ce p t o f  C o m m u n it ie s  o f  P ra c t ic e ,  as e x p lo re d  i l l  C h a ik l in  a nd  Lave  (1 9 9 .'ll. Lave a nd  

W e n g e r I 1!)!) 1 1. W e n g e r ( 199!) | w;us key to  m y  u n d e rs ta n d in g  o f  a p ro fe ss io n  ;ts a le a rn in g  c o m m u n ity .

’ ’ I u n d e rs ta n d  th a t c a ll in g  som e d o m a in s  " a p p lic a t io n  a re a s " is b iased  a n d  s h o u ld  be a vo id e d . I 

a v o id  q u a l i fy in g  a a rea  ; l s  an  " a p p l ic a t io n ”  o f  a n o th e r  one . because  th is  p ra c t ic e  luus an  a x io lo g y  

d e e p ly  ro o te d  in  th e  a c tu a l soc ioeconom ic- o rd e r  in  w h ic h  In fo rm a t ic s  d iv is io n  o f  la b o r  is b;used. 

In  th e  e s ta b lis h e d  a x io lo g y , " a p p l ic a t io n ”  u s u a lly  com es a f te r  "d e v e lo p m e n t" .  I f  a p p lic a t io n  w ere  

c h a ra c te r iz e d  as "d e m a n d ” , th e  inve rse  w o u ld  be tru e , a n d  a p p lic a t io n  are;us w o u ld  com e  t irs t .  I do  

n o t exp lo re - d is c ip l in a ry  p o w e r and  s ta tu s  re la te d  issues in  th is  th e s is . B u t th e y  a re  im p o r ta n t  to  

th e  e th ic a l a nd  s o c ia l inspects o f  In fo rm a t ic s .  See B o u rd ie u  a n d  Passeron l 1990): B o tird ie u  ( 1991 I: 

B o u rd ic u  a nd  W a e q u a n t l 1992).

P e o p le  such ;es V a n e v a r B u sh  m ad e  im p o r ta n t  c o n tr ib u t io n s  b o th  to  w h a t is k n o w n  to d a y  ;es 

l ib r a r y  a n d  in fo rm a t io n  sci.-nee. ;us w e ll as to  c o m p u t in g .  In  th e  s ix tie s . S au l C o rn  re fe rre d  to  

th e  n e w ly  em erged  d is c ip lin e  ;us th e  C o m p u t in g  a n d  In fo rm a t io n  Sciences iG o rn .  19(i.'ll. C u r re n t ly .  

P e te r  D e n n in g  chussities In fo rm a t io n  S c ience  a n d  D ig i ta l  L ib ra r y  S cience ;ls in fo rm a t io n  te c h n o lo g y  

in te n s iv e  d is c ip lin e s  (D e n n in g . 2 0 0 1 1.
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F i l l i n '  1.2: Historical development of IT  professional associations (1937-2000):

The history of some IT  professional associations is rich with processes of merges, splits, 

and transformations of identities. The change of the name of a professional association, 

for example, reflects part of the community’s history and part of its aimed future. Some 

associations have never had their names changed, others have done it several times.
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c o u ld  b o th  c o n tr ib u te ' to  and receive' c o n tr ib u t io n s  fro m  In fo rm a tic s .

In  F ig u re  1.2 I depict- the  d e v e lo p m e n t o f the* m a jo r  U.S. p ro fess iona l assoc ia tio ns  

in  In fo rm a t ic s  d u r in g  th e  tw e n tie th  c e n tu ry . Som e p ro fess iona l a ssoc ia tio ns  s p ro u te d  

fro m  spe*cial in te re s t g roups o f  a lre a d y  es tab lish ed  asseieiations. O th e rs  resulte-'d fro m  

th e  m erge  o f d if fe re n t a ssoc ia tions . F or exam p le , th e  In s t itu te  o f  E le c tr ic a l a nd  

E le c tro n ic  E ng inee rs  ( IE E E )  was fo rm e d  by the  m e rg in g  o f th e  A m e ric a n  In s t i tu te  o f  

E le c tr ic a l E ng inee rs  (A IE E )  and  th e  In s t i tu te  o f  R a d io  E ngineers ( IR E ) .  In  F ig u re  1.2. 

I have in c lu d e d  th e  specia l in te re s t g ro u p  on H u m a n  Factors in  E le c tro n ic s  o f th e  

In s t i tu te  o f  R a d io  E ngineers, to  i l lu s t r a te  a g ro u p  in  HC’ I th a t liv e d  fo r a s h o rt 

p e r io d  o f  t im e . O th e r  a ssoc ia tions  sp ro u te d  fro m  reg iona l in te re s t g ro up s  such  as 

th e  A s s o c ia tio n  fo r C o m p u te r  M a c h in e ry  (A C M ) ,  w h ich  s ta rte d  o n  th e  U .S. west 

coast a nd  b u i l t  an  id e n t ity  g ro u n d e d  in  so ftw a re  a nd  its  a b s tra c tio n s . In  th e  e a r ly  

1990s. o th e r  assoc ia tions  had th e ir  p ro fess iona l id e n t it ie s  tra n s fo rm e d  a nd  th e ir  nam es 

u p d a te d  as th e  A s s o c ia tio n  o f In fo rm a t io n  T e ch n o lo g y  P ro fess iona ls  a nd  A m e ric a n  

S o c ie ty  fo r In fo rm a t io n  Science a n d  Techno logy.

T h e  fie ld  o f  L ib ra ry  and In fo rm a t io n  Science, fo r  exam ple , had  p ro fess io na l asso

c ia t io n s  o rg an ized  in te rn a t io n a lly  a lre a d y  in  th e  n in e te e n th  c e n tu ry . T h e  t ra je c to r y  

o f  som e p ro fess iona l assoc ia tions  in  th e  fie ld  o f In fo rm a t io n  Science a t th e  n a tio n a l 

a n d  in te rn a t io n a l leve ls led th e ir  m em be rs  to  change  th e ir  o rg a n iz a tio n a l id e n t it ie s  

and  in s t itu t io n a l nam es a t severa l p o in ts  d u r in g  th e ir  exis tence. T h e  m ost recent 

change  was th e  in c lu s io n  o f th e  w o rd  '‘ te c h n o lo g y ” in  the  fo rm e rly  nam ed  A m e ric a n  

S o c ie ty  fo r In fo rm a t io n  Science, as i l lu s tra te d  in  F ig u re  l..'J.s

T h e  s p a tia l o rg a n iz a tio n  o f  F ig u re  1.2 is im p o r ta n t  in  th is  thes is  because i t  e xem 

p lif ie s  a f irs t  d im e n s io n  on w h ic h  i t  is poss ib le  to  co m p a re  tw o  o r more* d is c ip lin e s , o r  

tw o  m o m e n ts  o f a sam e d is c ip lin e . In  th e  d ia g ra m , a scale fro m  h a rd w a re  to  sys tem s

'T h e  o b je c t iv e  o f  th is  e xa m p le  is i l lu s t r a t iv e  a nd  is in te n d e d  to  g ive  th e  fo u n d a t io n  fo r a s u b 

se q u en t h is to r ic a l a n a ly s is  o f c u r r ic u la r  re c o m m e n d a tio n s  across In fo rm a t ic s  as a w h o le . S e ve ra l 

o th e r  a s s o c ia tio n s  c o u ld  be in c lu d e d  in  a m o re  s y s te m a tic  s tu d y  i f  th e  o b je c tive * w ere  to  c o m p a re  

th e ir  scope. F o r e x a m p le , b o th  th e  A m e r ic a n  F e d e ra tio n  fo r  In fo rm a t io n  P ro ce ss in g  I A F IP S -1 9 0 1 -  

1990) a n d  th e  A m e r ic a n  A s s o c ia tio n  fo r  C y b e rn e t ic s  h ad  d if f ic u lt ie s  to  s u s ta in  th e ir  in h e r ite d  b ro a d  

in te re s ts . T h e  fo rm e r  w ;is  d is c o n tin u e d  ( A F IP S .  196-1-90).
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F ig u re  1.3: Development of professional associations in Information Science

o rgan izes  d is c ip lin e s  h o r iz o n ta lly . I w i l l  re fe r to  th is  scale as th e  te ch n ica l d im e n s io n  

a n d  scale, fro m  now  on. V a r ia t io n s  o f  th is  d im e n s io n  have been w id e ly  used in  In 

fo rm a tic s  to  d escrib e  its  d is c ip lin a ry  se g m e n ta tio n . D iffe re n t scales s u b d iv id in g  th is  

d im e n s io n  are poss ib le . See F ig u re  1.1 fo r som e exam ples.

In  th e  re m a in d e r o f  th is  c h a p te r  I e xp lo re  d is c ip lin a ry  v a r ia t io n s  w ith  th e  a id  

o f  th is  te ch n ica l scale. I s h o u ld  re m a rk  th a t  th is  scale is n o t su ffic ien t to  d e p ic t 

c o m p re h e n s ive ly  In fo rm a t ic s ' d is c ip lin a ry  se g m e n ta tio n , and th e  re la tio n s h ip s  am o ng  

th e  d isc ip lin e s . F o r exam p le , it. is p ro b le m a tic  to  d if fe re n tia te  in fo rm a t io n  system s 

fro m  in fo rm a tio n  m a n ag em en t, so ftw a re  des ign  fro m  h u m an -ce n te red  s o ftw a re  des ign , 

d is t r ib u te d  sys tem s fro m  the  m anagem en t o f  d is t r ib u te d  system s, o r even in fo rm a tio n  

science fro m  l ib ra r y  science.

L a te r  in  th e  d is s e rta tio n . I in tro d u c e  tw o  o th e r  d im ens ions . A  h um an  one is 

in tro d u c e d  in  th is  ch a p te r, a n d  a  c o m m u n ic a tio n a l one in  th e  n e x t. W ith  th e  a id  o f 

these  th ree  d im en s ion s , and  th e ir  assoc ia ted  scales. I address d is c ip lin a ry  re la tio n s  

th a t  in c lu d e  th e  so c ia l sciences a n d  th e  a rts  and  h u m a n itie s .
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(a) 1971Teichroev et al. USE OF COMPUTERS IN ORGANIZATIONS
• Life cycle of Information Processing Systems—►
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(b) 1984 Mulder et al.
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ANTICIPATED PROGRAM RANGE FOR 
COMPUTER SCIENCE ACCREDITATION 
COMMISSION ACCREDITATIONS
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Computer Software Comouterl Information
Engineering Engineering Science I Systems

Management
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Figure 1.1: Informatics disciplinary segmentation scales across history: Some 

examples of disciplinary segmentation and their overlaps: (a) based on a diagram by the 

ACM Curriculum Committee on Computer Education for Management (Teichroew, 1971, 

page 577) (b) based on a diagram by the ACM-IEEE Computer Society Joint task force 

(Mulder and Dalphin, 1984, p 331) (c) based on a National Science Foundation report 

on Information Systems-Centric Computing Domain (Mulder and Lidtke, 1999) (d) based 

on Computing Curricula 2001 (IEEE-C S /A C M , 2001a, page 3).
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1.4 E m ergen ce  o f In form atics

T h e  fie lds  o f C o m p u te r  E n g in e e rin g . C o m p u tin g  Science, a nd  In fo rm a t io n  System s 

have been recogn ized  across acad em ia , in d u s try , com m erce , g o ve rn m e n t, a n d  o th e r 

c u ltu ra l segm ents. In  th e  m id d le  o f  th e  tw e n tie th  c e n tu ry , th e re  wore no such  d isc i

p lines . In  1951. a few  years a fte r  th e  A s s o c ia tio n  fo r C o m p u tin g  M a c h in e ry  (A C M ) 

was foun de d , its  p re s id e n t. Sam ue l B. W ill ia m s , e x p la in e d  th a t the  A C M  w ;is  go ing  

to  re s tra in  its  foc i on  w ha t la te r  becam e kn ow n  ;is so ftw a re  and  system s. He w ro te  

in  th e  lirs t  issue* o f th e  J o u rn a l o f  th e  A C M :

1954 Samuel B. Williams

The As.'iocintion f o r  C o m p u t im j  M a c h in e ry  (W il lia m s . 195 1. p 3)

In 1951, the large engineering societies, AIEE and IRE appointed committees for 

the design and use of computing equipment. The Association has joined with them 

to form a joint AIEE, IRE, and ACM Committee. The JCC Committee has held 

meetings in Philadelphia, Pennsylvania; New York City; and Los Angeles, California.

It is interesting to note that the attendance at the various computer meetings has 

grown from 78 in 1947 to 1500 in 1953.

The Association [for Computing Machinery] has become an important factor in the 

field of computing machinery. Until the engineering societies, AIEE and IRE, became 

sufficiently interested to struggle with the 'hardware', the Association provided a 

forum for all phases of the field. Now [1954] the association [ACM] can direct its 

efforts to the other phases of computing systems, such as numerical analysis, logical 

design, application and use, and at last, but not least programming."

W il l ia m s ’ e x p la n a t io n  i l lu s tra te s  an  h is to r ic a l w a te rshed  be tw een  tw o  p e rio d s : a 

firs t p e r io d  in  w h ic li th e  A m e ric a n  In s t i tu te  o f E le c tr ic a l Eng ineers , th e  In s t i tu te  o f  

R a d io  Eng ineers , a n d  th e  th e n  re c e n tly  fo rm e d  A s s o c ia tio n  fo r C o m p u tin g  M a c h in e ry  

were o rg a n iz in g  jo in t  conferences, fo r e xam p le , and  a second p e rio d  in  w h ic h  th e  IT  

c o m m u n ity  s ta rte d  to  n a rro w  d o w n  its  in te re s ts  in  o rd e r  to  deepen its  fo u n d a tio n s .

S im u lta n e o u s ly , a d is c ip lin a ry  se g m e n ta tio n  was be ing  s tru c tu re d . A n  iissocia-
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l io n  th i i t  d id  n o t survive* th is  s e g m e n ta tio n  process was th e  A m e ric a n  F e d e ra tio n  fo r 

In fo rm a t io n  P rocess ing  ( A F IP S - I9 ( i I - 1990). It g rew  o u t o f  th e  o rg a n iz a tio n  o f  th e  

jo in t  conferences o rg a n ize d  by th e  A IE E .  th e  IR E  and  th e  A C M  u n t i l  1951 (A F IP S . 

19(31-90).

T h e  c o n te x t in  w h ic h  In fo rm a t ic s  w;is e m e rg in g  was indeed ve ry  d ive rse . T h e  

fie ld  o f C y b e rn e tic s , fo r e xa m p le . w ;ls also e m erg ing . C y b e rn e tic s ’ s u b je c t m a tte r  is 

focused on  c o n tro l and  c o m m u n ic a t io n  system s. C y b e rn e tic s  is in te rd is c ip l in a ry  and 

in c lu d e s  a range o f  to p ic s  th a t goes fro m  th e  s ta b il iz a t io n  o f  s u b -a to m ic  p a rtic le s  to  

w e a th e r forec;usting.‘, 10

I sh ou ld  re m a rk  th a t  in  th e  p e r io d  betw een th e  1910s and e a r ly  1900s the re  w;is 

no c o m p u te r  science as i t  is kn o w n  to d a y . Even th e  nam e o f th e  new  held  w ;ls yet 

to  be  de fined . The* c o m m u n ic a tio n , c o m p u tin g , a nd  in fo rm a tio n  d is c ip lin e s  em erged 

fro m  a m ilie u  a t least ;is w ide  ;is th e  scope th a t c y b e rn e tic s  had in  th e  n in e tee n  fiftie s . 

C y b e rn e tic s  w;us n o t tin * o n ly  d is c ip lin e  in  th e  c o n te x t th a t  s u rro u n d e d  a n d  su p p o rte d  

th e  em ergence o f In fo rm a tic s . S au l G o rn  lis te d  th e  c o n tr ib u t io n  o f severa l d isc ip lin e s :

1963 Saul Gorn The Com puter and Information Sciences: A new basic discipline 

(Gorn, 1963, p 150)

It is the belief of the author that a new basic discipline is emerging which might be 

called "The Computer and Information Sciences” . This field makes application of con

cepts from the traditional fields of mathematics, philosophy, linguistics, psychology, 

engineering, management science, library science, etc. [. . . ]

■’ Sec th e  "T ra n s a c t io n s  o il  M a i l .  S y s te m s  a m i C y b e rn e t ic s " ,  an  IE E E  jo u rn a l p u b lis h e d  s ince  th e  

la te  s ix t ie s , fo r e xa m p le s .

10 A  series o f  co n fe rences  o il  " C ir c u la r  C a u s a l a nd  F eedback  M ech a n is m s  in  B io lo g ic a l a nd  Soi ia l 

S y s te m s " spon sore d  b y  th e  J o s ia h  M a e y . d r .  F o u n d a tio n  w h ic h  to o k  p lace  b e tw e e n  191 1 and  1!)">.'5 

i l lu s t ra te s  c y b e rn e t ic s ' in te rd is c ip l in a r y  p ro f ile .  T hese  con fe re n ce s  have been c h a ire d  by W a rre n  

M c C u llo c h .  a nd  w ere  a t te n d e d  b y  p e o p le  l ik e  G re g o ry  B a te so n  ( a n th ro p o lo g y i.  H e in z  V on  F oers te rs

I s e lf-o rg a n  iza t io n  I. d o lm  vo n  N e u m a n n  (m a th e m a t ic s  a n d  c o m p u t in g ) .  M a rg a re t M e a d  i a n th ro p o l

o g y  a n d  s o c ia l p s y c h o lo g y  l.  N 'o rb e rt W ie n e r  I m a th e m a tic ia n  a n d  fo u n d e r  o f  c y b e rn e t ic s . See H e im s  

(1 9 9 1 ) a n d  A m e ric a n  S o c ie ty  fo r  C y b e rn e t ic s  A S C  I'JOOO).
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Examples of general topics of study in it might be called programming systems, 

computer system design, artificial intelligence, information retrieval, etc. [ . . .  A] 

central topic in the new discipline would be the synthesis and analysis of mechanical 

languages and their processors.

C’o n tn is t in g  th e  s itu a t io n  in  th e  m id - tw e n t ie th  ce n tu ry , it is in te re s tin g  to  no te  

t hat c o m p u te r  science and in fo rm a t io n  science. ;is c u rre n t ly  co nce ive d , are cons ide red  

to  he ve ry  d iffe re n t d is c ip lin e s . In  th e  sam e a r t ic le . C o rn  lis te d  som e o f  the  co n te n ts  

o f  "C o m p u te r  and  In fo rm a t io n  Sciences". T h e  co m m e n ts  in s e rte d  are  m ine  and  th e y  

co rresp on d  to  c u rre n t areas.

1963 Saul Gorn The C o m p u te r  a m i  I n fo rm a t io n  Sciences: .1 m ir  basic d isc ip l in e  

(G o rn . 1963. p 151).

[The Com puter and Inform ation Sciences include the study o f  any] kind of signals 

which may be sensed, whether they be visual, aural, tactile, olfactory or motor [m ul

tim odal interactions]; or whether they be electrical, electromagnetic, mechanical, 

heat, or whatever [m ultim edia interfaces]. The arrangements of the signals may be 

in time, space, or both [dig ita l signal processing and image processing]. The sig

nals may be continuous or discrete [control, discrete control systems, and robot/'cs). 

Their interpretation may proceed purely sequentially or by an interlocking process 

with many partial interpretations going on simultaneously [distributed systems]. The 

arrangements of the signals may be linear, as on this page, or in multidimensional 

form [hypermedia and m ultim eadia], as in multicolored diagrams [com puter graphics, 

visualization], tabular formats [spreadsheets], etc.

A  s tro n g  d is c ip lin a ry  re la t io n  th a t has s u p p o r te d  th e  em ergence  o f In fo rm a tic s  

was th e  c ro s s -p o llin a tio n  b e tw een  e n g in e e rin g  a n d  m a th e m a tic s . C o m p u te r  sc ie n tis ts  

went b eyo nd  th e  l im its  o f  b o th ,  a n d  b u i l t  th e  c o m p u tin g  a r t i fa c t .  In  one o f  th e  firs t 

A C M  re p o r ts  fo r c u rr ic u la  re c o m m e n d a tio n s  th e  co m m itte e 1 w ro te :
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1965 Curriculum  C o m m itte e  on C om p u ter Science A C M -C C C A

A n U n d erg radu ate  P ro g ram  in C o m p u ter Science  - P re lim in ary  Recom m entations  (A C M -  

C C C S , 1965 , p 544)

T h e  m ath em atic ian  is interested in discovering the syntactic  relation between elem ents  

based on a set o f axiom s which may have no physical reality. T h e  com puter scientists 

interested in discovering the p ragm atic m eans by which in fo rm ation  can be transform ed to  

m odel and analyze th e  in form ation  transform atio ns in the real world. [ . . . ]

A lth ou gh  much change has been accom plished w ith in  existing programs, such as m a th e 

m atics and electrical engineering, there  is a sizeable area o f w ork which does not fit into  

any existing field. T hu s, it is now generally recognized th a t  th is area, most often called 

C o m p u ter Science [ . . . ]  has become a d is tin ct field o f study.

T a b le  1.2 and F ig u re  1.5 g ive  a s y n o p tic - v iew  o f  th e  c u rr ic u la  re co m m e n d a tio n s  

p u b lis h e d  in  the* U n ite d  S ta tes  c o n te x t a nd  some o th e r  re la te d  docum ent.s. In  N o r th  

A m e ric a , c o m p u te r e n g in ee rin g , c o m p u te r  science, a n d  in fo rm a tio n  sys tem s were 

a nd  continue* to  be g e n e ra lly  housed in  schoo ls  o f e n g in e e rin g , science, and  business, 

re s p e c tive ly . T h e  re la t iv e  a p p a re n t ind ep en d en ce  o f  each b ra nch  can be n o te d  by 

th e  e x is te n ce  o f p a ra lle l e ffo rts  p resent u n t i l  th e  1990s. w hen  m a jo r  jo in t  e ffo rts  have 

s ta r te d  to  be foste red  a nd  a c tu a liz e d .

The* c o n s o lid a tio n  a n d  th e  d e ve lo p m e n t o f  a p ro fess io na l id e n t ity  does not happen  

in  a va cu u m . It d em an ds  a lo t o f  e ffo r t a nd  n e g o tia t io n . I t  inc ludes b o th  n o ve lty  

and  s ta b i l i ty .  N o v e lty  m ay be ach ieved  b y  e x p a n d in g  th e  bou nd a ries  o f a fie ld , o r 

b y  b r id g in g  e x is t in g  fie lds , fo r e xa m p le . S ta b il i t y  m a y  be d e rive d  by dee pe n in g  o r 

c o m p le m e n tin g  th e  p ro fe ss io n 's  fo u n d a tio n s  in  acco rdance  w ith  its  scope.

W h e n  some* c o m m u n it ie s  in  In fo rm a t ic s  fo u n d  o r  opened  a n iche  fo r th e ir  in te re s ts , 

th e y  c o n s o lid a te d  these  niche's in to  d is c ip lin a ry  d o m a in s . In  tenn is o f d is c ip lin a ry  re

la t io n s . tin * c o n s o lid a tio n  o f  a fie ld  is c o n c o m ita n t w i th  th e  c o n s tru c t io n  o f  its  id e n t ity  

a n d  s u b je c t m a tte r . T h e re fo re , there* is a te n d e n cy  to  n a rro w  th e  k in d  o f  phenom ena  

th a t  tin * fic 'ld  encom passes. In  in fo rm a t ic s ,  i t  is poss ib le  to  id e n t ify  n a rro w in g  te n 

denc ies  in  the* fo llo w in g  q u o te  fro m  a 1965 A C M  c u r r ic u lu m  c o m m itte e  in  com pute*r 

science*. The* epiote i l lu s tra te s  e ffo rts  in  the* fie*lel o f  c o m p u te r  scie*nce* to  c o n c e n tra te
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See (W egner, 1970 ) for a view  o f the disciplinary culture in the early  seventies w hich contrasted  

engineering, m athem atics, and co m p u ter science.

In the engineering dom ain  there are some key docum ents in the history o f curricula recom m en

dations. T h e  N atio n al A cadem y o f Engineering and the Com m ission on Engineering Education  

w ro te  a report in 1967 C O S IN E  (1 9 6 7 ). In 1977 and 1983 the IE E E  C om puter Society pub

lished model curricula in com puter science and engineering (IE E E  C om puter Society, 1977; 

IE E E  C om puter Society. 1983).

These efforts were independent from  the A C M , but in 1984 IE E E -C S  and the A C M  started 

to  jo in  efforts. In 1991 the two associations published Curricula 91 together (A C M /IE E E -C S ,  

19 91 ). Since then, the tw o professional organizations have continued to work together, but 

m ain ta in in g  their differences. In the 1990s, a recurrent discussion topic has been th e  definition  

and the delim ita tion  o f Softw are Engineerings T h e  differences in perspective can be exemplified  

by the opinions o f tw o researchers w ho have been giving constan t contributions to  Inform atics, 

D avid  L. Parnas and P ete r J. Denning. Parnas (19 98 , 1999 ) reinforces boundaries by say

ing, for exam ple, th a t Softw are Engineering is not C om p u ter Science. Denning (1 9 9 2 ) tends 

to  underm ine boundaries, a im ing towards a broader education for engineering and com puter 

science.

In the dom ain o f In fo rm ation  Systems the key efforts have been developed since the early 1970s 

w ith  the certification  and registration o f  "business” program m ers. In the eighties the Data  

Processing M an ag em en t Association (fo rm erly  the N ational M an ag em en t A ccountan ts  Asso

c ia tio n ) published tw o sets o f curricula recom m endations, the D P M A  81 and the D P M A  86. 

D u rin g  the nineties, m em bers o f the D P M A  changed its nam e to  "Association o f Inform ation  

Technology Professionals" and published five sets o f recom m endations.

IS ’97  was developed as a jo in t effort o f th e  A C M , o f the Association for In fo rm ation  Systems 

(A IS ) , and o f the Association o f In fo rm ation  Technology Professionals ( A IT P ) .  T h e  Com puting  

Curricula 2001 intends to  bridge the field by g iving recom m endations in C om puter Engineering, 

Softw are Engineering, C o m p u ter Science, and Inform ation System s.

For a comprehensive overview  o f curricula see G oldweber e t al. (1 9 9 7 ). T h e  s ituation  has not 

been much d ifferent in Europe. See Coy (1 9 9 7 ) in Freksa e t al. (1 9 9 7 ) for a discussion on 

disciplinary choice and exclusion, am ong o th er related issues.

T a b le  1.2: Curricula recommendations across Informatics development
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Figure 1.5 ; Curricula recommendations in engineering, science, and business
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e ffo rts  and e s ta b lis h  a d is t in c t  id e n t ity :

1965 Curriculum  C o m m ittee  on C o m p u ter Science A C M -C C C 5

A C M  C u m culu m  C o m m ittee  on C o m p u te r Science (A C M -C C C S , 1965, p 5 4 4 )

W e  [the co m m ittee] recognize th a t m any needs are to be m e t in co m puter-re lated  education; 

instruction in the use o f com puters as a tool is increasingly sought by students in the natural 

sciences, lite ra tu re , m edicine, m anagem ent, etc.

It  has been suggested th a t the educational needs o f those w ho will plan and design the 

com puting  and com m unication  eq u ip m ent o f the fu ture should be given special consider

ation. M ore specific thought w ill be given to  the education o f those w ishing to prepare 

themselves for w ork in inform ation retrieval, m anagem ent science, the life sciences, and the 

behavioral sciences. However, the background o f the students, the language appropriate  

to  the subject, the pertinen t exercises and examples, all d iffer, depending on the students' 

prim ary field. T h e  C o m m ittee  has chosen to  d irect its a tte n tio n  first to  th e  student whose 

prim ary interest is in com puter science. T h e  co m m ittee  solicits com m ent and criticism  o f 

the present report w ith  the view o f b o th  strengthening th e  curren t recom m endations and 

illum inating  the relation between co m p u ter science and o th e r fields o f studies.

S im u lta n e o u s ly  i t  w ;is necessary to  d if fe re n tia te  th e  fie ld  o f c o m p u tin g  fro m  o th e r  

ones such  as m a th e m a tic s  and  e n g in e e rin g , i t  was a lso  necessary to  e s ta b lis h  a co m 

m on  d e n o m in a to r  am o ng  its  m em be rs , in  o rd e r to  s u p p o r t th e ir  p ra c tic e s  a nd  th e ir  

id e n t ity .  T h e  c o m p u tin g  a r t i fa c t  a n d  its  p ro d u c t io n  process p layed  th is  ro le  fo r In 

fo rm a tic s  as a w h o le .11 T h e  d e f in it io n  o f c o m p u te r  sc ience1- g iven  b y  th e  1965 A C M  

c o m m itte e  encom passed the  fo llo w in g :

"S e e  S ta r  a nd  G r ie s e m e r ( 19S9) a n d  S ta r  I 19891 fo r th e  n o t io n  o f  b o u n d a ry  o b je c t . a n d  B ro w n  a n d  

D u g tt id  ( 19911 fo r  an a lte rn a t iv e  b u t  re la te d  n o t io n  o f  b o rd e r .  W e n g e r l 19991 re fe rre d  to  b o u n d a ry  

o b je c ts  a n d  o f  b ro k e rs  as a m eans o f  c o n ta c t  a m o n g  d is t in c t  c o m m u n it ie s  o f  p ra c t ic e .

'" O v e r a l l  th e  fo c i a n d  b o u n d a r ie s  o f  c o m p u te r  sc ience 's  s u b je c t  m a t te r  v a ry  across its  d e v e lo p m e n t. 

D e f in it io n s  go fro m  seve ra l phases o f  c o m p u t in g  (195  1). to  a u to m a te d  in fo rm a t io n  sys te m s  l 19<>5|. to  

p h e n o m e n a  s u r ro u n d in g  c o m p u te rs  ( 19081. to  p ro g ra m m in g  s o ftw a re  a n d  h a rd w a re  I 1 9 7 S i. to  "w h a t 

can  be (e f f ic ie n t ly !  a u to m a te d . ’' ' I  1989). to  a l l  c o m p o n e n ts  o f  th e  In fo rm a t ic s  p ro fe s s io n  |2H 01). I 

d iscu ss  som e o f  these  d e f in it io n s  in  th is  c h a p te r .
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1965 A C M  C urricu lum  C om m ittee on C o m puter Science

.-IC’.U  C’u n 'u  alum C om m itte r  on C o m p u te r  Sc ience  (A C M -C C C 'S . lD lio . p o-l.'J)

[C o m p u ter Science] is devoted to  th e  representation, storage, m anipulation, and presenta

tion  o f in fo rm ation  in an environm ent p e rm ittin g  au to m atic  inform ation systems. [ . . . ]  S om e  

form s o f in fo rm ation  have been m ore thoroughly studied and are b etter understood than  

others', nevertheless, all forms o f in fo rm ation  -  num eric, pictorial, verbal, tactile , o lfactory, 

results o f experim enta l m easurem ent, etc . -  are o f interest in com puter science.

In  1965. as tin * above d e f in it io n  re flec ts , th e  d om a in s  o f  C o m p u te r E n g in e e rin g . 

C o m p u tin g  Science, and In fo rm a t io n  S ystem s were n o t c le a r ly  d e m arca ted . T h is  

d if fe re n t ia t io n  has been ach ieved o n ly  d u r in g  th e  1970s. w hen  th e  re la tio n  be tw een  

these fie lds have c ry s ta lliz e d  th ro u g h  th e ir  in s t itu t io n a liz a t io n  as academ ic, in d u s t r ia l,  

c o m m e rc ia l, a nd  g o v e rn m e n ta l o rg a n iz a tio n s .

1.5 C o n so lid a tio n  o f  In form atics

In  th e  19(i()s c o m p u te r  science a n d  o th e r  fie lds  in  In fo rm a t ic s  w ere n o t fu l ly  [( 'co gn ized  

in  th e  a cad em ic  m ilie u . A lth o u g h  th e  c r it ic is m s  were m any, c o m p u te r science and 

s im ila r  fie lds  c o n tin u e d  to  d eve lo p  s te a d ily .

A s  In fo rm a t ic s  deve loped  fu r th e r ,  its  s o c ia l im p lic a t io n s  a nd  consequences in 

creased. a nd  its  d is c ip lin a ry  d iv e rs ity  decreased. T h ro u g h o u t th e  c o n s o lid a tio n  p ro 

cess. m ost fie ld s  in  In fo rm a tic s  s lo w ly  w ith d re w  h u m a n  and  o rg a n iz a tio n a l issues fro m  

th e ir  s u b je c t m a tte rs , d eve lo p in g  pe rspe c tives  re s tr ic te d  to  th e  a r t i fa c t :  ce n te re d  on 

th e  a r t i f ic ia l as i f  it were iso la te d  fro m  its  c o n te x t.

In  som e cases these issues re m a in e d  in  th e  d o m a in  o f p a r t ic u la r  areas. F or e xa m 

ple . in d iv id u a ls  o r  g ro up s  w ho  w ere in te re s te d  in  peop le  in  c o m p u te r  science a n d  in  

c o g n it io n , b e h a v io r  ended up a c c o m m o d a tin g  th e ir  in te re s ts  in  areas such as c o m p u te r  

g ra p h ics , a r t i f ic ia l  in te llig e n ce , a n d  p ro je c t m an ag em en t. In  in fo rm a tio n  sys te m s th e  

s e g m e n ta tio n  s tru c tu re d  the  h e ld  in to  in fo rm a t io n  system s a nd  in fo rm a tio n  sys tem s 

m a n ag em en t. L ib ra r y  and In fo rm a t io n  Science rem a in ed  o u ts id e  In fo rm a t ic s  ;is an 

"a p p lic a tio n  " a rea, a nd  s u b d iv id e d  in to  in fo rm a t io n  science a nd  l ib ra r y  science. W i th
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t im e . as t lu ' nam es in d ic a te . each b ra n c h  n e g o tia te d  its  d is c ip lin a ry  d o m a in  a n d  its  

c o rre s p o n d in g  o rg a n iz a t io n .u

As I have a lre a d y  m e n tio n e d , in  1951. th e  A C M  p res iden t c o m m u n ica te d  th a t  th e  

a ssoc ia tio n  w o u ld  locus on  so ftw a re  a nd  its  use. w ith d ra w in g  h a rdw a re  to  e ng in ee r

ing . R eference  to  a n o th e r d is c ip lin a ry  b o u n d a ry  was de fended  a ro u n d  th ir te e n  years

la te r . In  1967. N ew ell. P e rils , a n d  S im o n  w ro te  a le t te r  to  Science, d e fe n d in g  th e  

fie ld  o f  c o m p u te r  science, e x p la in in g  its  d iffe ren ce s , and  d iscuss ing  c r it ic is m s . In  th is  

le t te r ,  th e y  gave a d e fin it io n  o f c o m p u te r  science th a t re s tr ic te d  the  su b jec t m a tte r  

o f  c o m p u te r  science to  those  phenom ena  "s u r ro u n d in g  c o m p u te rs ” . In  te rm s  o f  d is 

c ip l in a ry  scope, th e ir  d e f in it io n  had  a n a rro w e r scope th a n  e a r lie r  ones:

1967 A llen N ew ell and Alan J. Perils and H e rb ert A . Simon  

Com puter S rtencr  (Newell et al.. 1907. p 127.'})

In the d efin ition , "computers" means "living com puters" - the hardware, their program s  

and a lgorithm s, and all th a t goes w ith  them . C o m p u te r science is the study o f  the pheno m 

ena surrounding  computers. "Com puters plus algorithm s, "living com puters," or sim ply  

com puters all com e to the same th ing - the sam e phenom ena.(added italics)

N ew e ll. P e rils , and S im o n 's  d e f in it io n  s t i l l  fo llo w ed  a h e r ita g e  o f system s th in k in g  

and  c y b e rn e tic s , w h ich  equ a te  th e  a r t i f ic ia l  w ith  th e  n a tu ra l.  D u r in g  th a t p e r io d , 

tin * fie ld  was g ro w in g  a t a fast pace, b u t it n e ith e r  had ach ieved  re c o g n itio n  n o r an  

e s ta b lish e d  id e n t ity .

O ne  ye a r la te r , a m ore  re s tr ic te d  scope can  be id e n t if ie d  in  a n o th e r d e f in it io n . 

In  C u r r ic u la  68. a subsequent set o f  c u r r ic u la  re c o m m e n d a tio n s  fro m  th e  A C M . th e  

c o m m itte e  g ro u p e d  th ree  m a jo r  s u b d iv is io n s  th a t encom passed c o m p u te r sc ience 's  

su b je c t m a t te r  (A C M -C C C ’S. 1968. p 1 5 1 -1 5 5 ):1'

(a ) “in fo rm ation  structures and processes concerned w ith  representations and transform a

tions o f inform ation structures and w ith  th eo retica l models for such representations and

! ’ O rg a n iz a t io n a l change is n o t in s ta n ta n e o u s  a n d  m a y  have d is t in c t p a tte rn s  o f  d e v e lo p m e n t 

( M in t / . l ie rg .  1990: M in tz b e rg  a n d  W a te rs . PJSai.

1‘ T he se  th ro e  ite m s  can lie  c o rre la te d  w ith  th e  la te r  e s ta b lis h e d  c o m p u te r  science, c o m p u te r  

e n g in e e r in g , a n d  in fo rm a t io n  sys tem s.
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transformations",

(b )  "in fo rm ation  processing systems" concerned w ith  "systems having th e  ability to  transform  

in form ation . Such systems usually involve the interaction o f hardware and software” , and

(c ) "m ethodologies" derived from  "broad areas o f applications o f com puting  w hich have 

com m on structures, processes, and techniques."

T h e  A C M  c o m m itte e  chose to  l a i d  th e  area  C o m p u te t S c ie n c e , ins tead  o f in 

fo rm a t io n  sciences o r d a ta  m anagem en t (A C M -C C C S . 19GS. page la d ). T h e y  b;ise*d 

th e ir  dec is ion  011 th e  num be r o f  d e p a r tm e n ts  th a t had chosen such a labe l be tw een  

1‘JG l a n d  LOGO. O th e r  o p tio n s  w ere  D a ta  p rocess ing  and In fo rm a t io n  Science. In  

c o n tra s t to  th e  e a r lie r  d e f in it io n  th e  n a tu ra l,  a nd  th e  " l iv in g "  was a b s tra c te d  away 

fro m  its  c o n te n t.

T h e  areas m en tion ed  in  C u r r ic u la  GS in te rse c te d  w ith  m a th e m a tic s  (n u m e ric a l 

m a th e m a tic s  a nd  s im u la t io n ) , e n g in e e rin g  (process c o n tro l) , in fo rm a tio n  system s 

(d a ta  p rocess ing , f ile  m an ag em en t, a n d  in fo rm a tio n  re tr ie v a l) , and  o th e r  re la te d  areas, 

such  as p h ilo so p h y , lin g u is tic s , in d u s t r ia l e n g in e e rin g , and m anagem en t. T h e  19GS 

c o m m itte e  cons ide red  them  e ssen tia l to  ba lance  c o m p u te r  science p rogram s.

T h e  s t i l l  b lu rre d  1‘JGOs c o m p u t in g  a r t i fa c t  was c le a rly  s u b d iv id e d  in  h a rd w a re , 

so ftw a re , and  sys tem s d u r in g  th e  1970s. T h is  s u b d iv is io n  was accom pan ied  by a 

d is c ip lin a ry  se g m e n ta tio n  ch a in  in  w h ich  eng ineers  b u ild  hardw are1, c o m p u te r sc ien 

t is ts  w r ite  software*, and  in fo rm a tio n  te ch n o lo g is ts  de*ploy and m a in ta in  the* re 'su ltin g  

sys te m s w ith in  o rg a n iz a tio n s .

T en  w a rs  la te r , th e  A C M  p u b lis h e d  a n o th e r set o f c u rr ic u la r  re co m m e n d a tio n s . In  

th e  C u r r ic u lu m ‘78. th e  c o m m itte e  d id  no t g ive  a d e f in it io n  o f c o m p u te r  science*, b u t 

i t  l is te d  fo u r  g ro u p s  o f  top ics  cons ide red  fu n d a m e n ta l to  c o m p u te r  sciemce*: (a ) p ro 

g ra m m in g  to p ic s . ( b ) so ftw a re  o rg a n iz a tio n .(c )  hardware* o rg a n iz a tio n , and. id )  d a ta  

s t ru c tm v s  and  file  processing. In  te rm s  o f d is c ip lin a ry  re la tio n s , th is  de*fin ition  e*n- 

a b le d  (a ) a cemipnte*r sciemce fen-us em p ro g ra m m in g  to p ic s  and software* o rg a n iz a tio n ,

(b )  an  interface* w ith  e le c tr ic a l e n g in e e rin g  th ro u g h  hardware* o rg a n iz a tio n , and  (c) 

a n  in te r fa c e  w ith  in fo rm a tio n  systeuns th ro u g h  d a ta  s tru c tm v s  and  file* p rocess ing .
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ie sp t'cU v i* ly . I sh o u ld  re m a rk  th a t  C u r r ie u lu m '7 8  has p a r t ia l ly  g u ided  th<* e s ta b lis h 

m en t o f  m an y  c o m p u te r sc ience  p ro g ra m s  across N o r th  A m e r ic a .1'

1.6 E xcess o f  D isc ip lin a ry  S eg m en ta tio n

D u r in g  th e  1970s th e  d is c ip lin a ry  s e g m e n ta tio n  s ta b iliz e d  on  s p e c ia liz a t io n  h a v in g  

d o m a in s  focused on  h a rd w a re , so ftw a re , a nd  system s. Each s p e c ia liz a t io n  becam e 

re ilie d  across e d u c a tio n a l in s t itu t io n s  a nd  th e ir  enacted  c u rr ic u la , across in d u s try  

and  com m erce  and th e ir  o rg a n iz a tio n s , a n d  across g ove rn m e n ts  w ith  p o lic ie s  and 

resource's.

The' conso lida te 'd  b ranches o f  In fo rm a tic s  becam e eom pu te 'r e n g in e e rin g , c o m p u te r  

science, a nd  in fo rm a tio n  sys tem s. T h e y  b u i l t  id e n tit ie s  conne-cted to  h a rd w a re , s o ft

ware*. a n d  sysle 'tns. and th e y  w ere  u s u a lly  housed in  sc'hools o f e n g in e e rin g . science, 

anel busine'ss. re s p e c tiv e ly .H’

T h e  proee'ss mode'ls th a t g u id e d  th e  deve lopn ie ’nt o f c o m p u tin g  syste 'tns re'llect 

th is  s u b d iv is io n . The1 w a te r fa ll p ro d u c t life c y c le , fo r example*, is c o m m o n ly  d e p ic te d  

w ith o u t  a m a in ten an ce  plnuse. T h is  is in  accordance  w ith  a d is c ip lin a ry  s u b d iv is io n  

in  w h ic h  the>se w h o  do  th e  m a in te n a n c e  a re  p ro fess iona ls  in  in fo rm a t io n  sys tem s, and 

n o t in  eom pu te 'r seie'tiee.1.

As t im e  passed. e d u c a tio n a l and  p ro fess io na l p rac tices  in  these fie ld s  be'came' 

in c re a s in g ly  in s u la r. I s h o u ld  stre*ss th a t th e  in s u la r ity  is a p p a re n t in  tenn is e»f d is 

c ip l in a ry  re la tio n s . I t  w o rke d  anel i t  was ineleed effective' be'causi' it  luus be>e*n co

1 ’ L a te r  o n . C t ir r ic u lu m T S  has been  c r it ic iz e d  fo r  its  excess o f  e m p h a s is  o n  p ro g ra m m in g . W h a t 

is u s u a lly  n o t m e n tio n e d  is th a t ,  a lth o u g h  th e  co re  w ;is  v e ry  n a rro w  a m i re s tr ic te d  m o s t ly  to  s o f t 

w a re . C u r r ic u lu m  ” ^  had  a course- o n  C o m p u te rs  a n d  S oc ie ty . H o w e ve r, m ost u n iv e rs it ie s  neve r 

im p le m e n te d  it .

l, ,T h is  s u b d iv is io n  is no t th a t  s im p le '. It  is c o n t in g e n t on  th e  u n iv e rs ity ,  in d u s try ,  g o v e rn m e n t, 

c o u n try , c u ltu re ,  a m i p e r io d  in  w h ic h  i t  e x is ts . T h e re fo re , th is  c a te g o r iz a t io n  is q u e s tio n a b le  to  

d e lim it  t lu ' i r  b o u n d a r ie s , b u t it  can  be  use fu l to  id e n t i fy  th e ir  a p p ro x im a te  c e n te r o f  in te re s t and  

fo s te re d  b o u n d a r ie s .

1 See C h a p te r  .1 fo r  a c r i t ic a l  d is c u s s io n  on  p rocess  m od e ls .
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deve loped  w ith  a b ro a d e r d iv is io n  o f  la b o r  a c tu a liz e d  by o th e r  segm ents .

T h e  d is c ip lin a ry  s u b d iv is io n  was a c tu a lly  d e p ic te d  g ra p h ic a lly  in  a 1981 jo in t  

A C M  and IE E E  C o m p u te r  S o c ie ty  re p o r t on  p ro g ra m  re q u ire m e n ts  and  a c c re d ita 

t io n  o f  c o m p u te r science and  e n g in e e rin g  p ro g ram s . In  th is  g ra p h ic  re p re s e n ta tio n . ;is 

re d ra w n  in  F ig u re  L. 1(b). th e  c o m m itte e  d e m a rc a te d  th e  d o m a in s  o f  severa l sp e c ia l

iz a t io n s  across In fo rm a tic s . O f  p a r t ic u la r  in te re s t in  F ig u re  1 .1 (b ) are th e  in te rs e c tio n  

be tw een  e n g in e e rin g  and th e  c o m p u t in g  science's, and the  m a in  schoo ls in  w h ich  th e  

s p e c ia liz a t io n  were u s u a lly  housed : e n g in ee rin g , science' and  lib e ra l a r ts  (w h ic h  fo r 

th e  c o m m itte e  had th e  same scope ), a n d  business. I t  is also in te re s tin g  to  co m p a re  

i t  w ith  F ig u re  1. 1(a) d eve lo pe d  in  in fo rm a t io n  sys tem s m an ag em en t in

W ith  th e  advancem ent o f  In fo rm a t ic s  peop le  s ta r te d  to  q u e s tio n  th e  a p p ro p r i

ateness o f its  d is c ip lin a ry  o rg a n iz a t io n . S ince th e  1980s and 1990s. th e re  have been 

severa l a tte m p ts  to  increase. o r  rescue, some o f In fo rm a tic s ' in i t ia l  b re a d th  and  re

s ilience . For e xam p le , a lth o u g h  C u r r ic u lu m '6 8  had  several course's in  m a th e m a tic s . 

C u r r ic u lu m T 8  d id  n o t have1 m a th e m a tic s  in  its  core  set, o f courses. I ts  absence w;us 

im m e d ia te ly  c r it ic iz e d  (R a ls to n  a n d  Shaw . 1980: R a ls to n . 198 1). Each set o f  recom 

m e n d a tio n s  was preceded and  fo llo w e d  by a d iscuss ion  w ith in  th e  in vo lve d  c o m m u 

n it y .1"

T h e  dem and  fo r  p ro fess iona ls  w ith  a genera l u n d e rs ta n d in g  o f  in fo rm a tic s , b u t 

w ith  a m a jo r  in  a n o th e r  d is c ip lin e  was not encom passed by e ith e r  o f  its  enacted  d is 

c ip l in a ry  b ranches. A ro u n d  th e  m id  1980s. a m ovem ent to w a rd s  l ib e ra l a rts  degrees 

in  c o m p u te r science appea red  (C dbbs a n d  T ucke r. 1980). In  a set o f  re co m m e n d a tio n s  

fo r  a "L ib e ra l A r ts  degree in  C o m p u te r  S c ience". G ib b s  and T u c k e r gave* the  fo llo w in g  

d e f in it io n  o f  th e  fie ld 's  d o m a in  a nd  its  em phases:

'•'See A p p e n d ix  A  fu r  ; i set o f  b ib l io g ra p h ic  re fe rences w ith  d iscuss ions  a b o u t th e  d is c ip lin e  o f  

c o m p u t in g  a n d  its  b ra n ch e s  across its  h is to ry .  A p p e n d ix  B  g ro u p s  recent d iscu ss io n s  a b o u t S o ftw a re  

E n g in e e rin g . A p p e n d ix  C’ lis ts  s im i la r  re fe rences  in  H u tn a u -C o m p u te r  In te ra c t io n .
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1986 N orm an E. Gibbs and A llen  B. Tucker

.4 Model C urricu lum  f o r  a Liberal A r ts  Degree m  C o m p u te r  S c ience  (G ib b s  a n d  T u c k e r .  

1986. p  2 0 4 ) . (see F ig u re  1 .6 ).

C om puter Science is the system atic study o f algorithm s and d ata  structures, specifically

(1 ) their formal properties

(2 ) th e ir m echanical and linguistic realizations  

(4 ) their applications

[ . . . ]  It is im p o rtan t to reaffirm  the essential ordering o f em phasis am ong these three co m 

ponents listed above. T h e  fo rm a l p roperties  (1 )  o f algorithm s and d ata  structures m ust 

be overem phasized over their specific m achines and languages ( 2 ) ,  as well as their app li

cations (3) ,  in order for a program  to  be leg itim ate ly  called co m p u te r science. If  (2 )  takes  

precedence over ( 1) ,  then  the program  m ig ht be called co m p u ter eng ineering ; if (3 )  takes 

precedence, the program  m ight be called in fo rm ation  systems. (N e ith e r  o f these alternatives  

is considered in this rep o rt).

G ib b s  a nd  T u c k e r 's  d e f in it io n  is in te re s tin g  fo r th e  s tu d y  o f  d is c ip lin a ry  re la t io n s  

because i t  app roaches th e  fie ld 's  s u b je c t m a tte r  n o t ;is a s ing le  d o m a in , s h a rp ly  d e lim 

ite d . b u t as a c o n s te lla t io n  o f  in te re s ts . T h is  d e f in it io n  im p lie d  th a t th e  b o u n d a rie s  

am ong  In fo rm a tic s  d is c ip lin e s  co u ld  be n o t s h a rp ly  d e lim ite d . In  F ig u re  1.6. I rep 

resent G ib b s  and  T u c k e r m o d e l as g ra p h ic  w e ig h te d  averages: ;is c o n s te lla tio n s  o f 

in te res ts , h i 198!). th e  fo llo w in g  d e f in it io n  o f  c o m p u te r  science and e n g in e e rin g  was 

g iven  in  w h a t becam e k n o w n  as th e  D e n n in g  re p o r t:

1989 P eter J. Denning  and D ouglas E. C om er and David  Gries and M ichael C. M u ld er and 

Allen Tucker and A. Joe T u rn e r and Paul R. Young

C om puting  as a Discipline  ( D e n n in g  e t a h . 1989. p  16)

C om puter science and engineering is the system atic study o f a lg orith m ic  processes -  th e ir  

theory, analysis, design, efficiency, im p lem enta tio n , and app lication  -  th a t describe and 

transform  inform ation . T h e  fund am en ta l question underlying all o f com puting is, " W h a t  

can be (e ffic ien tly ) au tom ated?"

As in  the  D e n n in g  re p o r t ,  th e  excessive em phas is  on  p ro g ra m m in g  was a lso  c r i t i 

c ized in  tin * n e x t set o f  re c o m m e n d a tio n s . C u r r ic u la  91. T h e  1991 c o m m itte e  w ro te
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Computer Engineering

Systematic study of algorithms 
and data structures, specifically

Their 
mechanical 

and linguistic 
. realizations'

Their formal" 
'properties

ITheir
applications

Information Systems

Systematic study of algorithms 
and data structures, specifically

Their;: 1 Their formal ' Their"
properties applicationsmechanical 

and linguistic 
realizations

Computer Science

Systematic study of algorithms 
and data structures, specifically

j Thelr_^ Their formal ..-- Their
: mechanical > properties ; applications 
: and linguistic V i

realizations \

Liberal Arts

Systematic study of algorithms 
and data structures, specifically

Ihelr Their formal Their
mechanical r  properties applications

and linguistic
realizations

F ig u re  L.ti: Informatics difFerent constellations of interests: Illu s tra tio n  based on 

q u o ted  te x t  (G ib b s  and  T u c k e r, 1 9 8 6 , page 2 0 4 ) .

I h u t th e  (‘inplnusos g ive n  to  d if fe re n t to p ics  d id  n o t p e rm it ;i ba lance  be tw een  e x 

p e r im e n ta l a nd  th e o re tic a l c o m p u te r  science. A  focus on a lg o r ith m s  ra th e r  th a n  on 

p ro g ra m m in g  was an a t te m p t  to  rescue some o f  th e  fie ld 's  in i t ia l  o r ie n ta t io n . T h is  is 

c le a r ly  s t i l te d  in  C u r r ic u la  91:

1991 C o m p u tin g  Curricula 1991: A C M /IE E E -C S  Jo int Curriculum  Task Force 

(D en n in g  e t a l., 1989, p 9 )

T h e  view th a t "com puter science equals program m ing" is especially strong in m ost o f our 

current curricula: the in trod u cto ry  course is program m ing, the technology is in o ur core 

courses, and th e  science is in our electives. T h is  view  blocks progress in reorganizing the  

curriculum  and turns away the best students, w ho w an t a g rea ter challenge. It  denies a 

coherent approach to  m aking  experim enta l and theoretical co m p u ter science integral and 

harm onious parts o f a curricu lum . T h e  em phasis on program m ing arises from  our long

standing b elie f th a t program m ing languages are excellent vehicles for gaining access to  the  

rest o f the field, a belief th a t lim its our ab ility  to speak about th e  discipline in term s th a t 

reveal its full breadth  and richness.
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In  C u r r ic u la  91. th e  c o m m itte e  also stressed th e  "b ;is ic  c u ltu ra l,  so c ia l, legal. and  

e th ic a l issues in h e re n t in  th e  d is c ip lin e  o f  c o m p u t in g " .  A s  I m e n tio n e d , d e sp ite  a 

respec tive  course* on  C u r r ic u lu m T S . i t  had  no t heen enac ted  b y  m ost p ro g ram s . A s  

in  C u rr ie u lu m '7 8 . th e  91 c o m m ite e  d id  n o t in c lu d e  such an area in  th e  core  courses 

o f  c o m p u tin g . H ow eve r i t  stressed th e  im p o rta n c e  o f th e  a rea:

1991 C o m p u tin g  Curricula 1991 : A C M /IE E E -C S  Jo in t C urriculum  Task Force 

(A C M /IE E E -C S . 1991. p 73 )

Undergraduates also need to  understand the basic cu ltura l, social, legal, and ethical issues 

inherent in the discipline o f com puting . They should understand w here the discipline has 

been, where it is, and where it  is heading. T hey should also understand their individual 

roles in this process, as well as appreciate the philosophical questions, technical problems, 

and aesthetic values th a t play an im p o rtan t part in th e  developm ent o f the discipline. 

Students also need to  develop the ab ility  to ask serious questions a b o u t the social im pact o f 

com puting and to  evaluate  proposed answers to  those questions. Future practitioners m ust 

be able to  an tic ip a te  the im p ac t o f in troducing  a given product in to  a given environm ent. 

W ill th a t product enhance or degrade the q uality  o f life? W h a t w ill the im pact be upon 

individuals, groups, and institutions?

Finally, students need to  be aw are o f  th e  basic legal rights o f software and hardware vendors 

and users, and they also need to  appreciate the eth ical values th a t are the basis for those  

rights. Future  practitioners m ust understand the responsibility th a t they will bear, and the 

possible consequences o f failure. T h e y  must understand th e ir own lim ita tio n s as well as the  

lim itations o f their tools. [ . . . ]

All practitioners m ust m ake a lon g -te rm  co m m itm en t to  rem ain ing current in their chosen 

specialties and in the discipline o f com puting  as a w hole.

To provide th is level o f awareness, undergraduate program s should devote explicit curricular 

tim e to the study o f social and professional issues.

T h e  absence o f  soc ia l a n d  e th ic a l issues in  C u r r ic u la  91 co re  courses d id  n o t p;iss

by w ith o u t n o t ic e .1;> T h e  p ro po sed  c o m p le m e n ta t io n  o f C u r r ic u la  9 1 .w h ic h  in c lu d e d  

soc ia l and e th ic a l issues as fu n d a m e n ta l, becam e k n o w n  as th e  te n th  s tra n d . M a n y

l ‘JSw H u ff  a n d  M a r t in  ( 1995). M a r t in  <-t a l. ( 1996). a n d  M a r t in  a nd  W e lt/ .  ( 199S |
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o th e r c r it ic is m s  have* been ra ised  th ro u g h o u t th e  1990s. F o r e xa m p le . .James E. 

P itk o w  asked .James Foley "w h a t have been th e  p r im a ry  c h a ra c te r is t ic s  o f successfu l 

HC 'I s tu d e n ts ? " Fo ley answ ered:

1996 James Foley

The Evolution o f  the S tu dent Experience: Interview s w ith  S tu a rt Card a n d  James Fo- 

le y (Pitkow , 1996, page 29)

Pitkow : W h a t have been the prim ary characteristics o f  successful H C I students?

Foley: An ab ility  to  get outside o f  themselves, to  look a t a problem  as someone else 

m ight, to  put oneself in another's shoes. T h is  is the heart o f understanding [User Interface] 

design. W e  design not for ourselves, but for our users. Com ing a t H C I [H u m an -C o m p u ter  

Interaction] from  the com puter science side, I find th e  biggest roadblock to  be w hat I 

call "the arrogance o f  the technolog ist” w ho understands com puters and c a n 't  accept th a t  

others m ight not understand them .

A lth o u g h  a focus excessive ly re s tr ic te d  on  th e  p ro d u c t (h a rd w a re , so ftw a re , o r 

system s) has been t ig h t ly  e n tw in e d  in  the  p ro fess iona l id e n t ity  a n d  in  the  p ro fes

s io n a l's  a t t i tu d e s , th is  p ro b le m  has been recogn ized  w ith in  th e  p ro fess io n , b o th  w ith in  

academ ia  a nd  in d u s try . F or e xa m p le , the re  is a lso  agreem ent th a t  g ra d u a te s  are  not 

re ce iv in g  th e  e d u c a tio n  th a t in d u s tr ie s  w a n t, th a t  th e y  do  n o t now  how  to  c o m m u 

n ica te . and  th a t  th e y  do n o t k n o w  how  to  w o rk  in  team s (L e th b r id g e . 2000): th a t 

p ro fessiona ls a nd  o rg a n iz a tio n s  a re  n o t capab le  o f  add ress ing  m a in s tre a m  cus tom ers  

(M o o re . 1991): th a t th e y  m ake use o f  euphem ism s in  re la t io n  to  users (C o o p e r. 1999): 

th a t th e y  need a "less p a ro ch ia l a t t i tu d e "  to w a rds  o th e r  sciences (D e n n in g . 1981. page 

982). and  m a n y  o th e rs .

A lth o u g h  c o m p u te r  eng ineers, c o m p u te r s c ie n tis ts , and in fo rm a t io n  system s te ch 

n o log is ts  sha red  in te re s ts , th e  d a i ly  p ra c tic e  o f  n e ith e r  had fos te red  m uch  in te ra c t io n  

a m ong  th e m  b e yo n d  th e ir  e s ta b lish e d  roles and enacted  d is c ip lin a ry  in te rfaces . D a v id  

Lorge  P a rm is . w h o  also advoca tes  th a t  so ftw a re  e n g in e e rin g  is n o t eom pu te 'r science 

Parnas I 1998. 1999). has recogn ized  th a t c o m p u te r  sc ie n tis ts  d id  n o t c a n ' a b o u t en

g in e e rin g  (P a rn a s . 1990. p 18). a nd  th a t eng ineers d id  n o t ca re  m u ch  fo r so ftw a re  

(P a rnas. 1997):
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1990 David  Lorge Parnas

Education f o r  C o m pu ting  Professionals(P;\m ns.  1990. p  18)

In the early sixties, those o f us w ho were interested in com p u tin g  began to  press for the  

establishm ent o f co m p u tin g  science departm ents. M uch to  my surprise, there was strong  

opposition, based in part on th e  argum ent th a t graduates o f  a program  specializing in such 

a new (an d , consequently, shallow ) field would not learn the fu ndam ental m athem atical 

and electrical engineering principles th a t should form  its basis [ . . . ]

Nearly 25 years later, I have re luctan tly  concluded th a t our opponents w ere right.

1997 David  Lorge Parnas

Software Engineering: A n  u n consum m ated  marriage  ( P a m a s . 1997. p 128)

W hen N A T O  organized tw o  fam ous conferences on softw are engineering three decades 

ago [1 9 6 8 /6 9 ] , m ost engineers ignored them . Electrical engineers, interested in building  

com puters, regarded program m ing  as som ething to  be done by others -  e ith er scientists 

who w anted  the num erical results or m athem atic ians interested in num erical methods. 

Engineers view program m ing as a trivial task, akin to  using a calculator. T o  th is day, many  

refer to program m ing as a '‘skill,’’ and deny th a t engineering principles m ust be applied  

when building software.

Software* e n g in e e rin g 's  d o m a in  has been ch a ra c te r iz e d  ;us be ing  be tw een  c o m p u te r  

e n g in e e rin g  and  c o m p u te r  science20. Som e a u th o rs  s ta te  th a t  s o ftw a re  e n g in e e rin g  is 

in c lu d e d  in  th e  fo rm e r, o th e rs  s ta te  th a t so ftw a re  e n g in e e rin g  is in c lu d e d  in  c o m p u te r  

science, even o the rs , th a t i t  is in c lu d e d  in  n e ith e r.

M a ry  S haw  c h a ra c te r iz e d  S o ftw a re  E n g in e e rin g  as a c ra ft  on its  p a th  to w a rd  p ro 

fess iona lism  th ro u g h  th e  c u m u la tiv e  in c lu s io n  o f  in d u s t r ia l,  c o m m e rc ia l, and  s c ie n tif ic  

e le m e n ts .21 See T a b le  1.,'3. T h e re fo re , fo r Shaw , so ftw a re  e ng in ee rin g  d epends on  b o th .

• ‘ 'See A p p e n d ix  B fo r  a lo n g  lis t  o f  e x a m p le s . in c lu d in g  th e  S o ftw a re  E n g in e e r in g  B o d y  o f  K n o w l

edge (B o u rq u e  e t u l.. 1998. p 11). a n d  a  series o f  a r t ic le  w ith  su g g e s tiv e  t it le s :  "S o ftw a re  E n g in e e rin g : 

a n d  u n c o n s u m m a te d  m a rr ia g e  " ( P a rn a s . 1997). "C o m p u te r  S cience  a n d  S o ftw a re  E n g in e e r in g  P il

in g  fo r  D ivo rce " ' (D e n n in g . 1998). "S to p  T h a t  D iv o rc e !"  E l- K a d i I 1999). and  "S o ftw a re  E n g in e e rin g  

P ro g ra m s  A re  N o t C o m p u te r  S cience  P ro g ra m s "  (P a rn a s . 1 9 9 9 1

JLC o p lie n  CiOOO) a rg u e d  th a t  to  he h u m a n  o r ie n te d , s o ftw a re  d e s ig n  needs to  s h if t  its  focus  fro m  

o b je c ts  a n d  to o ls  to  p e o p le , a n d  th is  im p lie s  a r e tu rn  to  c ra f ts m a n s h ip .
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M ary  Shaw  described th e  evolution o f th e  engineering disciplines as a progressive evolution  

from  cra ft to professional engineering through a merge o f econom ic and scientific interests and 

associated required transform ations (S h aw , 1990, p 17).

In the evolution o f civil engineering, for exam ple, Romans m erged the cra ft o f dwelling con

struction w ith  production practices to  build urban and transporta tion  in frastructure. Centuries  

la ter, advancem ents in the science o f statics and o f strength o f m aterials, to g e th er w ith  com 

m ercial interests gave rise to  professional civil engineering around the n ineteenth  century.

For Shaw , chem ical engineering is a younger discipline. Its com m ercial applications arose only 

a t the end o f the e ighteenth  century, w ith  the developm ent o f an industrial alkali process. 

L ater on, the developm ent o f atom ic theory, joined w ith  w h a t was learned from  the industrial 

production and com m ercial interest, bootstrapped the developm ent o f unit operations around  

the turn  o f the tw en tie th  century.

scientific ^  1965-70: algorithms and data structures based on Shaw (1990)

" "  professional
industrial _ ^engineering

   commercial j  \  . . , ,
r ■*•>._________ isolated examples of algorithms

\ and data structures, such as
(compiler construction)

a—  1980s software development methodologies

most o f SB I
is s tiiic ra ft v _  Software Engineering Current State

->■ time

According to M ary  Shaw , Software Engineering is still in its c ra ft stage o f evolu tion . There  

are some isolated exam ples th a t can be characterized as scientific, com m ercial, and profes

sional con tribu tions such as algorithm s, software developm ent m ethodologies, and com piler 

construction, respectively. See Shaw (1 9 9 0 , page 17) and Gibbs (19 94 , page 9 2 ).

O rg an iza tio n a l and com m ercial issues have been included across engineering program s through

o ut the early n ineteenth  century. D avid  F. Noble (1 9 7 7 , 19 84 ) has critica lly  analyzed how  

industrial and com m ercial interests have d ic tated  engineering curricula in the U nited  States.

T a b le  1.3: Software engineering development
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T ilt -  emergenc e o f C’o m p u t ing  Science passed th ro u g h  a s im ila r  k in d  o f a rg u m e n ta tio n  

(N e w e ll o t ah. 1907) (W e gn e r. 1070).

I t  is in te re s tin g  to  n o te  th a t th e  em ergence o f  fie lds such as S o ftw a re  E n g in e e rin g  

a nd  H u in a n -C o m p u te r  In te ra c t io n  happened  d u r in g  a p e r io d  in  w h ich  some s p e c ia l

iz a tio n s  in  In fo rm a tic s  w ere a c q u ir in g  re c o g n itio n  and s ta b i l i t y  by n a rro w in g  th e ir  

b re a d th  and  inc reas ing  th e ir  d e p th . A lth o u g h , so ftw a re  e n g in e e rin g  is o fte n  c h a ra c 

te rize d  as betw een c o m p u te r  e ng in ee rin g  and  c o m p u te r science, a close ana lys is  o f  its  

p roposed  b o d y  o f know ledge  unve ils  a set o f to p ics  re la ted  to  people  and o rg a n iz a 

tio n s  such  ;is c o g n it iv e  science, p ro je c t m an ag em en t, and  m anagem en t. These to p ic s  

have been p a r t o f In fo rm a t io n  System s and  In fo rm a t io n  S ystem s M an ag em en t (See 

A s h e n lm rs t (1972 ). N u n a m a k e r J r. e t a l. (1982 ). and G o rg on e  et a l. (19 99 )). T h e  

d o m a in  o f  w h a t is ca lled  e m p ir ic a l e x p e r im e n ta l so ftw a re  e n g in e e rin g  also (extends 

th e  focus o f so ftw a re  des ign  tow ards  re q u ire m e n ts  and te s tin g  (B a s ili.  1992).

T h e  em ergence o f new areas o f s tu d y , p ro fess iona l o c c u p a tio n s , q u a rre ls  on  e s ta b 

lished  b o u n d a rie s , in te r -d is c ip lin a ry  w o rk , a ll in d ic a te  th a t In fo rm a t ic s ' t r a d it io n a l 

d is c ip lin a ry  o rg a n iz a tio n  is becom ing  in a d e q u a te . T h e re  is no rec ipe  to  reo rgan ize  

in fo rm a tic s , b u t in d iv id u a ls  and  com m ittee 's  have a lrea d y  expressed th e ir  o p in io n s  on 

how  to  renew  and reo rgan ize  th e  fie ld .

1.7 R en ew al and  R eorgan iza tion

In  2090 an  IE E E -C ’S A C M  jo in t  task fo rce  recogn ized  th e  "e x p a n d in g ”  scope1 o f  t lit*  

p ro fess ion . As I w r ite  th is  thesis. C u r r ic u la  2001 is in  p re p a ra tio n . T h e  resp ec tive  

c o m m itte e  has a lrea d y  expressed th e  v ie w  th a t  th e  su s ta in e d  n a rro w in g  tendenc ies 

o f p r io r  s im ila r  re co m m e n d a tio n s  are  c u r re n t ly  inadequa te . Indeed the  task  force 

began its  w o rk  w ith  a re s tr ic te d  scope on  c o m p u te r  science a nd  eng inee ring , as in  th e  

C u r r ic u la  91. L a te r on. it rev iew ed its  in i t ia l  dec is ion  g iv in g  th e  fo llo w in g  reasons to  

en la rg e  th e  scope o f th e  re co m m e n d a tio n s :

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



www.manaraa.com

2001 T h e  Jo in t Task Force on C o m puting  Curricula IE E E  C om puter Society and A C M  

C o m p u tin g  Curricula 2001, ( IE E E -C S /A C M , 2001a, p 2 )

(a )  N arro w in g  the discipline o f com puting  to its tra d itio n a l com ponents lim its the evolution  

o f the discipline through synergies w ith  related fields.

(b ) In trod u cto ry  courses th a t are designed only for p o ten tia l com puter science majors will 

not serve the best interests o f com puting  education as a whole.

(c ) T ak in g  a broader view o f the com puting  field may m ake it possible for institutions to 

share resources.

(d ) T h e  o ther disciplines th a t comprise the broad field o f com puting are a t least as im portant 

to  the academ ic com puting curriculum  as trad itional com puter science.

A s d irect. c r it ic is m  o f p;ust re p o rts , th e  c o m m itte e  e x p lic it ly  s t i lte d  th e  l im i t i i t io n  

o f  tn u l i t io m i l  approaches b ;ised e x c lu s ive ly  in  science and e ng in ee rin g . T h e  '2001 

c o m m itte e  c o n tin u e d :

2001 T h e  Jo in t Task Force on C om puting  Curricula IE E E  C om puter Society and A C M  

C o m p u tin g  Curricula 2001 - Volum e II, ( IE E E -C S /A C M , 2001b, p 2 )

C o m p u tin g  has changed d ram atica lly  over th a t t im e  in ways th a t have a profound effect 

on curricu lum  design and pedagogy. M oreover, th e  scope o f w hat we call com puting  has 

broadened to the point th a t it is d ifficu lt to  define it as a single discipline. Past curriculum  

reports have all too  often regarded com puting  as synonym ous w ith  com puter science or 

com puter engineering. W h ile  such an approach m ay have seemed reasonable th irty years 

ago, there is absolutely no question th a t com puting  in the 21st century encompasses many  

vital disciplines beyond these two.

•Iiian  Y a ls in e r deve loped  a re p re se n ta tio n  o f  p e rsona l d e ve lo p m e n ta l tra je c to r ie s  as 

d y n a m ic  sys tem s (Y a ls in e r a nd  Law rence . 1'J‘JG. page S‘J). L’s in g  th e  same a pp roach . 

I d e p ic t th e  t r a d it io n a l b ranches o f  In fo rm a tic s  a n d  some em ergen t ones in  F ig u re  1.7.

I sh o u ld  re m a rk  th a t the scope o f  each s p e c ia liz a t io n  demotes th e ir  co m m on  discussed 

in te rs e c tio n . In  th e  d ia g ra m  th e  d o m a in  o f  H n m a n -C 'o m p u te r In te rfa c e  is a p ro je c tio n  

o f  H u m a n -C o m p u te r  In te ra c t io n . I place* S o ftw a re  E n g in e e rin g  be tw evn  E n g in ee rin g  

and  Sciemce. a lth o u g h  I am  aw are  th a t i t  has a s tro n g  o rg a n iz a tio n a l perspec tiv e . 

I de*pict In fo rm a t io n  Science as a p a rt fro m  th e  o th e rs , and as h a v in g  a b ifu rc a t io n
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Ecological Environment of a sub-set of the collective culture of computing

Focus
Electrical Engineering

Electronic Engineering^ computer Engineering

V — ~ ---------------- Software Engineering•. Computer Science ________   3
* ..........................................    LTtjefal'Afts'7

; Information Systems ’
Human Computer Interfaces

Library and Information Science__________________ I I Information Science

. •  Lrbra'ry Science \/

Time

Collective - cultural life space Particular route of development^,...n)

Bifurcation point Specific Community of Practice

F i l l i n '  1.7: Trajectories of Informatics' development

p o in t in  w h ich  In fo rn u it io n  Science In is se pa ra te d  fro m  L ib ra ry  S c ie n c e ."  [ p lace 

L ib e ra l A r ts  In fo rm a t ic s  as a b r id g in g  th e  w ho le  fie ld  o f  In fo rm a tic s .

In  F ig u re  1.7 th e  scope o f each b ra n ch  is d e p ic te d  ;us c o n s ta n t across h is to ry . B u t 

an h is to r ic a l re p re s e n ta tio n  o f  scope dem ands  a h ig h e r  level o f  d e ta il.  T h e  a c tu a l 

v a r ia t io n s  in  scope are  key to  a re fle c tio n  on th e  is o la tio n is t tendenc ies  o r  on th e  

em ergence o f new iie ld s  o f In fo rm a tic s , as d iscussed u n t i l  here.

In  F ig u re  l.S . d is c ip lin a ry  b re a d th  v a r ia t io n s  are  d e p ic te d  in  re la t io n  to  th e  t r a d i

t io n a l b ranches o f  in fo rm a tic s . T h e  n a rro w in g  and  e x p a n d in g  tendenc ies  are  d e lim ite d  

by tw o  lines. T h e  a p p ro x im a te  scope o f  severa l d o c u m e n ts  have been a b s tra c te d  to  

d e p ic t th e  o v e ra ll d y n a m ic s . T h e  e llipses in  F ig u re  l.S  d e p ic t th e  a p p ro x im a te  per- 

pec tive s  a d o p te d  b y  p ro fess iona ls  and  c o m m itte e s . Som e p ro fess iona ls , such as D a v id  

P a rnas. te n d  to  re in fo rc e  b o u n d a rie s , o th e rs , such as P e te r D e n n in g  and  W o lfg a n g  

Coy. te n d  to  b lu r  th e m . T h e  b o ld e r  line s  d e p ic t th e  a p p ro x im a te  C o m p u tin g  Sci-

" S e e  V u k k a r i l l ' J ' . l l )  fu r  a d iscu ss io n  o n  tlit*  re la t io n  b e tw e e n  In fo rm a t io n  S cience  a n d  L ib ra r y  

S cience . H e u n d e rs ta n d s  th a t  t l ie  fo rm e r in c lu d e s  th e  la t te r  because  it is n o t re s tr ic te d  to  a sp e c ific  

k in d  o f  o ru a n i/ .a t io u .
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2001 Engineering

*

CC Information 
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F ig u re  1.8: Scope of Computing Science’s nebulae of interests across its develop

ment: The scope variations of the computing science field, for example, can be explored 

according to the individual opinions about the profession throughout its development.
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ence c lo ina in  p ro je c te d  on  the  te c h n ic a l d im e n s io n . T h e  lig h te r  lines d e p ic t c o m p u te r  

e n g in e e rin g  and  in fo rm a tio n  sys tem s b ou nd a ries . I have represen ted  a sm a lle r g ap  

b e tw een  c o m p u te r  e n g in ee rin g  and  c o m p u te r  science th a n  be tw een  c o m p u te r science 

a nd  in fo rm a t io n  s y s te m s .^

F ig u re  1.8 d e p ic ts  o n ly  a s m a ll subse t o f  the  a c tu a l d is c ip lin a ry  d iv e rs ity  present in  

In fo rm a tic s . I t  is l im ite d  to  th re e  branches and th e ir  re la tio n s  a re  reduced to  lin e a r  

scale. As m e n tio n e d  on T ab le  1.1. th e  n um be r o f d is c ip lin e s  th a t have a ro le  h;us 

e xpa nd ed  in  th e  la s t few years. D e n n in g  lis ted  t h i r t y  e ig h t areas d ire c t ly  re la ted  to  

In fo rm a t io n  T e ch n o lo g y  (D e n n in g . 2001). He g ro u p e d  th e m  ;us IT  sp ec ific  d isc ip lin e s . 

I T  in te n s ive  d is c ip lin e s , and  IT  s u p p o r t iv e  o ccu p a tio n s . See F ig u re  1.9. D e n n in g ’s lis t  

i l lu s tra te s  b o th  th e  c u rre n t d iv e rs if ic a t io n  fo un d  in  th e  fie ld , and th e  recent increase

n e a d th  and  h e te ro g e n e ity o f In fo rm a t io n  T e ch n o lo g y  ire la ted  pro fessions.

Information Technology Information Technology Information Technology
Specific Disciplines Intensive Disciplines Supportive Occupations

Artificial intelligence Aerospace engineering Computer technician

Computer science Bioinformatics Help desk technician

Computer engineering Cognitive science Network technician

Computational science Digital library science Professional IT trainer

Database engineering E-commerce Security specialist

Computer graphics Genetic engineering System administrator

Human-computer interaction Information science Web services designer

Network engineering Information systems Web identity designer

Operating systems Public policy and privacy Database administrator

Performance engineering Instructional design

Robotics Knowledge engineering

Software architecture Management infor. systems

Scientific computing Multimedia design

Software engineering 

System security
T elecommunications

F ig u re  1.9: Denning’s list of IT  disciplinary diversity

■ ’ i t  is p o ss ib le  to  c o rre la te  these gaps w ith  th e  d is t in c t io n  b e tw een  th e  t r a d i t io n a l  co n ce p ts  o f  

h a rd w a re  a nd  s o ftw a re , a n d  be tw een  des ig n  a n d  d e p lo y m e n t.
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D is c ip lin a ry  d iv e rs ity  a nd  h e te ro g e n e ity  is a cha llenge . O n ly  som e d is c ip lin e s  

m e n tio n e d  by D e n n in g  (F ig u re  1.9) have been recogn ized  tus p a r t o f  th e  p ro fess ion . 

O th e r  ones have been co ns ide red  areas o r  to p ic s  w ith in  a sp e c ific  b ra n ch . S t i l l  o the rs  

have been e xc lu de d  fro m  its  d om a in s  o r  have never been in c lu d e d . For exam p le , 

l ib ra ry  science, g ra p h ic  des ign , and  in s t ru c t io n a l des ign  m a y  have had and  m ay  have 

a s tro n g  in flu en ce  on the  d e ve lo p m e n t o f  In fo rm a tic s . T h e  area o f L in g u is t ic s , fo r 

e xam p le  had a s tro n g  in flu e n ce  on th e o ry  o f  c o m p u tin g . T oday , it In is been in c o r

p o ra te d  w ith in  th e o ry  o f c o m p u tin g , a nd  m os t peop le  in te re s te d  in l in g u is t ic  issues 

d escribe  th e ir  area w ith in  a r t i f ic ia l  in te llig e n c e . H ow ever, th e  above areas have s tro n g  

lin k s  w ith  d e p a rtm e n ts  a nd  p ra c tices  assoc ia ted  w ith  th e  h u m a n  and  so c ia l sciences, 

o r th e  a rts  a nd  h u m a n itie s . H ow  th e y  can  c o n tr ib u te  o r  have c o n tr ib u te d  to  in fo r 

m a tics  is a q u e s tio n  th a t has no  d e f in it iv e  answ er. Indeed , th e  q u e s tio n  o f  how to  

a cco m m o d a te  and n e g o tia te  d is c ip lin a ry  n iches a n d  in te rface s  w il l  a lw ays be an open 

one. M y  o b je c t iv e  in  these tw o  in i t ia l  c h a p te rs  is re s tr ic te d  to  s y s te m a tic a lly  m a p p in g  

these d is c ip lin a ry  re la tio n s  in  o rd e r to  fa c i l i ta te  th e  co m p re he ns io n  o f th e ir  d yn a m ics . 

For peop le  in  In fo rm a tic s , one o f  th e  cha llenges ahead is to  overcom e th e  o r th o d o x y  

co n so lid a te d  in  p ro fess iona l p ra c tices . T h is  w il l  d em an d  a deeper s tu d y  th a n  th e  one 

in it ia te d  here.

Besides S o ftw a re  E n g in e e rin g  and H u m a n -C o m p u te r  In te ra c t io n , th e re  are several 

o th e r areas e m e rg ing  in  In fo rm a tic s . T in *  cha llenges are  a m p lif ie d  b y  th e  co n te m p t 

in  w h ich  som e p ro fess iona ls  h o ld  fo re ign  areas. I have m e n tio n e d  o n ly  som e o f  them  

in  th e  pre face . T w o  o th e r exam p les  are  S o ftw a re  D esign , a nd  O rg a n iz a tio n a l o r  So

c ia l In fo rm a t ic s . Lbw green  and  S to lte rrn a n . fo r  e xa m p le , m e n tio n e d  th e  d is c ip lin e  o f 

design ;is a poss ib le  resource  to  g ro u n d  th e  des ign  o f  s o ftw a re :21

1999 Jonas Lowgreen and E rik Stolterrnan

Design M eth o do log y  and  Design P ractice  (Low gren  and S to lterrnan . 1999, p 13)

T here  are good reasons for considering the developm ent o f  softw are design as a discipline.

■'See a lso  W in o g ra d  i l! ) !)5 i:  W in o g ra d  e t a l. ( It t '. t t i l a n d  D e n n in g  a n il M e tc a lfe  I t!>!)7) fo r  a deeper 

d iscu ss io n  on  s o ftw a re  d e s ig n  a n d  re la te d  issues.
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[ . . . ]  Design m ethodology as a general field has developed across disciplines, prim arily  ar

ch itecture , engineering design, and industrial design. Th is  body o f knowledge is not well 

known in our d iscipline but appears to  be highly re levant.

T h e  d e f in it io n  o f O rg a n iz a tio n a l In fo rm a t ic s , fo r exam p le , stresses tin * e ffects  o f 

te c h n o lo g y  on  peop le , o rg a n iz a tio n s , and  so c ie ty . M o re  rece n tly . K lin g  used th e  te rm  

S o c ia l In fo rm a t ic s :

1993 Rob K ling

Organizational Analysis in Computer Science (K lin g , 1993, p 75 )

O rg an iza tio n al Inform atics denotes a field th a t studies the developm ent and use o f co m p u t

erized in fo rm ation  systems and com m unication  system s in organizations. It includes studies  

o f their conception, design, effective im p lem enta tio n  w ith in  organizations, m ain tenance, 

use, o rgan izational value, conditions th a t foster risks o f failure, and effects for people and  

an o rgan iza tion 's  clients.

1999 Rob K ling

What is Social Informatics and Why Does it M atter?  Kling (1 9 9 9 )

A  serviceable w orking conception o f "social In fo rm atics" is th a t it identifies a body o f  

research th a t exam ines the social aspects o f co m p u teriza tio n . A  more form al d efin ition  is 

“the in terd isciplinary study o f the design, uses and consequences o f inform ation technologies  

th a t takes in to  account their in teraction  w ith  in s titu tio n a l and cultural contexts."

H u m a n -c a n te re d  approaches in  In fo rm a t ic s  a rc  ;is o ld  ;is In fo rm a tic s  its e lf. W ith  

th e  re s tr ic t io n  o f  its  foc i on  a r t i fa c ts * ’ these app roaches rem a in ed  on th e  o u ts k ir ts  

o f  th e  p ro fess io n  fo r a w h ile . T h e ir  resu rgence  s ta r te d  in  th e  1980s. I a na lyse  th e  

fie ld  o f H u rna n -C ’o m p u te r  In te ra c t io n  in  th e  n e x t c h a p te r. In  th e  sequel. I p resen t a 

re o rg a n iz a tio n  o f  D en n in g 's  lis t  w ith  the  use o f  tw o  layers (see F ig u re  1.10). a n d  tw o  

scales. O ne  la y e r is centered  on  th e  h um an  a n d  th e  o th e r  on  th e  a r t i f ic ia l aspects  o f 

In fo rm a tic s . O n e  scale is the1 te c h n ic a l scale d iscussed  u n t i l  now . T h e  o th e r  o rgan izes

- ’ I sec se ve ra l d ra w b a c k s  in  c h a ra c te r iz in g  h u m a n -c e n te re d  a p p ro a ch e s  in  c o n tra p o s it io n  to  

m a c h in e -c e n te re d  ones. I am  p ro p o s in g  a d is c ip l in a ry  m o d e l th a t  In is  m u lt ip le  d im e n s io n s  because

I u n d e rs ta n d  th a t  h u m a n  and  m a c h in e  p e rs p e c tiv e s  c o m p le m e n t each o th e r .
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In fo rm a t ic s  d is c ip lin e s  a cco rd in g  to  th e  m a in  a c t iv it ie s  th a t a rc  ;uscrihed to  each 

d is c ip lin e  in  te rm s  o f process.

F ig u re  1.10: Disciplinary diversity organization: draft of a layered model

T h e  te c h n ic a l la ye r is rep resen ted  in  th e  u p p e r  h a lf  o f F ig u re  l . l l .  It co n ce n tra te s  

tin *  sp e c ia liz a tio n s  w h ich  have* an  id e n t ity  and  a s u b je c t m a tte r  t r a d it io n a l ly  focused 

o n  th e  te c h n o lo g ica l aspects o f  IT .  T h e  h u m a n  laye r, rep resen ted  in  low er h a lf  o f 

F ig u re  1.11. g ro u p s  those  s p e c ia liz a tio n s  w hose id e n t ity  and s u b je c t m a tte r  have 

been  t r a d it io n a l ly  co n s tra in e d  to  a focus on  th e  h u m a n  e lem ents o f  IT .  The1 o rd in a te 1 

(v e r t ic a l d im e n s io n ) o f  b o th  layers  rep resen t th e  scale o f the  s u b je c t m a tte r  o f  the1 

s p e c ia liz a tio n s .

The1 e lise ip lines o r o c c u p a tio n s  a re  p lo tte d  a c co rd in g  te> th e ir  Ibe i. The>ir bemnel- 

a ries  u s u a lly  c u t acreiss eliffewent scales anel laye rs . In  e*ach layer, the1 abscissa (he irizon - 

ta l  scale) rep resen ts  the1 m a in  a c t iv i t y  e>f e>aeji spec ia liza tiem  cemsielering the1 life -sp a n  

o f  a p n ie lu e t. T im e  is ne>t represeuite'el in  th is  e liag ram . theredbro. ;i lemger life '-span  

ele)es n o t im p ly  th a t  such s d is c ip lin e  eir e xcu lpa tion  comes a fte r  a n o th e r e>ne w i th  a 

s h o r te r  life -s p a n .J,> T h e  o rd in a te  is o rg a n ize d  a c c o rd in g  to  th e  te c h n ic a l d im e n s io n  e>r 

sca le  usee 1 u n t i l  now . W’he'ti tw t) o r  metre spec ia liza tie m  are in  e liffe ren t layers. e»r even 

w h e n  one spec ia liza tiem  spans th rem gh  metre1 th a n  one layer, the  discre'te1 na tu re1 eif the  

rep resen ta tiem  helps t »> rednforce th e ir  e lifferences. ins tead  eif th e ir  s im ila r it ie s . For 

exam ple1, i t  fos te rs  vieuvs th a t H u m a n -C e m ip u te r In terface's anel H u m a n -C o m p u te r  

In te ra c tie m  are e liffe ren t tielels. in s te a d  o f Ibs te 'r ing  v iew s th a t say th a t th e  twei have1 

eliffe-rent eunphase's anel are1 e lependent on each e ither.

■’’S im1 C h a p te r  : i fo r  a d iscu ss io n  o n  te 'ohneile ig ica l a n d  o rg a n iz a t io n a l life c y c le s  an d  ln>w th e y  are1 

redate'd to  the1 h is to r ic a l i le v i'Io p rn e n t o f  In fo rn ia t ic s .
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Information science

Bioinformatics

Human factors

Multimedia design 

Knowledge engmeenng

System secunty

Web services designer 

Information systems

Computer technician

Database administrator 

Secunty specialist

System administrator

focus on people

Computational science 
Scientific computing

Genetic engineering

Human-computer interaction

Instructional design Professional IT trainer
Cognitive science

i-> .—'U V ' i  • - r c o

Hetp desk technician 

Management inform systems E-commerce

Digital library science
Public policy and privacy

Design and 
Construction

Deployment 
and Tailoring

Management Demand and
and Support Enployment

focus on activity

F ig u re  l . L L :  Denning’s IT  list organized in a two layered model: T h e  sp ec ia liza tio n s  

rep resen ted  in lig h te r g ray  are fro m  th e  o th e r  layer and  are  in te n d ed  to  g iv e  a sense o f  

re la tiv e  p o s itio n .
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1.8 S u m m ary  an d  F in a l R em ark s 1

T h e  academ ic  c o m m u n itie s  d ir e c t ly  assoc ia ted  w ith  in fo rm a tic s  have va ried  th e ir  

scope in  o rd e r to  g ro w  across a s ig n if ic a n t p a r t o f  th e ir  d e v e lo p m e n t. T h is  chap 

te r  exp lo res  th e  h is to r ic a l d e v e lo p m e n t o f  in fo rm a tic s  us ing  th e  t r a je c to r y  o f m a jo r  

p ro fess iona l a ssoc ia tio ns , c u r r ic u la  re co m m e n d a tio n s , and the  re la te d  lite ra tu re .  It  

il lu s tra te s  how  it  is th a t such  an  in n o v a tiv e  fie ld  tu rn e d  in to  a co n s e rv a tiv e  one.

In fo rm a t ic s ’ c o n s o lid a tio n  o r  g ro w th  is u su a lly  associa ted  w ith  th e  great d e p th  

th a t  its  c o m m u n itie s  have d eve lo pe d  w ith in  c e rta in  su b jec ts . T h ro u g h o u t th is  h is

to r ic a l process o f c o n s o lid a tio n , th e  in vo lve d  c o m m u n itie s  ra ised m a n y  b a rrie rs  and 

bridge 's th a t  end up  s t r u c tu r in g  th e  fie ld  o f  In fo rm a t io n  T echno logy , as w e ll as th e  fie ld  

o f  H u m a n -C o m p u te r  In te ra c t io n  (H C I) .  B y  n a rro w in g  th e  k in d  o f phenom ena  d is c i

p lin e s  such as c o m p u te r  e n g in e e rin g , c o m p u tin g  science, and in fo rm a tio n  system s 

co m p rise d , these c o m m u n it ie s  have been ab le  to  co n so lid a te  them se lves  as es tab 

lished  fie lds  o f  know ledge1. In te re s ts  in  cy b e rn e tic s , sys te m ic  app roaches, lin g u is tic s , 

and  a n th ro p o lo g y  have* been s lo w ly  le ft o u t o f  the1 core  issues o f th e  p ro fess ion . C o m 

p u te r  E n g in e e rin g . C o m p u tin g  Science and  In fo rm a t io n  S ystem s d eve lo pe d  n a rro w  

b u t c f 'e m e n ta ry  c o n s te lla t io n s  o f  in te re s ts  focused on h a rd w a re , so ftw a re , and 

sys tem s, resp ec tive ly . T h is  decrease in  d iv e rs ity  and  increase in  focus m ay  have been 

a p p ro p r ia te  in  th e  pas t, b u t i t  sh o u ld  be rev ised  in  th e  fu tu re . A w areness o f th is  

d y n a m ic s  can h e lp  th e  re o rg a n iz a tio n  o f  in fo rm a tic s  as a w ho le , in c lu d in g  a b e tte r  

u n d e rs ta n d in g  a nd  a p p ra is a l o f  th e  ro les th a t  som e re c e n tly  em erged Helds can play.

O ne  o f th e  issues th a t I addressed  in  th is  c h a p te r is in te n d e d  to  shed some lig h t 

on  how  an o fte n  v ib ra n t  fie ld  such as In fo rm a t ic s  e v e n tu a lly  p roduces n a rro w -m in d e d  

p ro fess iona ls . T h e  e x p a n d in g  n a tu re  o f  in fo rm a tic s  a nd  its  successes are  not enough  

to  ju s t i f y  th e  o v e r-s p e c ia liz a tio n  o f  its  p ro fess iona ls . Indeed . In fo rm a t ic s  has reached 

a p o in t at w h ich  a n o n -re fle c tiv e  p ra c t ic e 2, m ay h in d e r  its  d e v e lo p m e n t.

T h e  deve ' i ~ >nt o f  a fie ld , a p ro fess ion , a d is c ip lin e , a research to p ic  happens

■ '(S lu m . 1 !)S.‘5: S lu m  a m i B e n n e tt .  1996) e x p lo re s  des ign  ;is re fle c tiv e  p ra c t ic e .  ;is  a ro n v c rs a t io n  

w ith  m a te r ia ls .
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n o t o n ly  a t its  cemte'r o r  locus, h u t a lso  o n  its  b o u n d a rie s  and  beyond  th e m . C u rre n t 

research tre n d s  a n d  p ro fess io na l c r it ic is m s  can bo ch a ra c te rize d  ;is h a v in g  o r  d em an d 

in g  fo c i th a t go b e yo n d  In fo rm a t ic s ' recogn ized  te ch n ica l d im ens ions . F o r exam p le , 

a p ro d u c t cen te red  des ign  can be e n rich e d  w ith  p e rspe c tives  th a t s tress n o t o n ly  

th e  connectedness be tw een  p ro d u c t a n d  process, be tw een  m anagem en t a n d  p ro je c t 

size, betw een in te re s ts  a nd  consequences am ong d e v e lo p m e n t, use. e v a lu a tio n , and 

d isp o sa l, bu t a lso th e  consequences o f  re m e m b e rin g  a nd  fo rg e tt in g , seek ing  and d is 

c a rd in g . teach ing  a nd  le a rn in g , d e v e lo p in g  a nd  using. I t  in te rw eaves th e  im a g in a ry  

w ith  th e  concre te , m a k in g  poss ib le  fo r des igners  to  m ake th e ir  d ream s becom e re a lity  

v ia  a  n e g o tia tio n  w ith  m a te r ia ls .

C o n s id e rin g  th e  p e r io d  a fte r  th e  l!JS()s. the  p ro fess ion  o f  in fo rm a tic s  Inis been 

in c re a s in g ly  conce rned  w ith  h um an  issues b y  the  d ire c t in c lu s io n  o f  in d iv id u a l and 

c o lle c tiv e  issues in  fie lds  such as H u m a n -C o m p u te r  In te ra c t io n  and C o m p u te r  Su{>- 

p o r te d  C ooperative* W o rk , o r by in d ire c t re ference to  m a n a g e ria l and  e con om ic  issue's 

in  fie'leIs such as Sedtware* Enginee*ring anel E le*ctm nic CommeTce*.

A lth e m g h  In lb rm a tie s  prom ise's e'asy te> le'arn anel use' tevhlieileigv. phemeimena as- 

seiciate'el w ith  c o g n it io n  anel ce m n n u n icn tio u  have neit been th e  foc i in  w h ic h  m a in 

s tre a m  In lb rm a tie s  lnus elevedope'd g re a te r  d e p th . The* recent ine n 'ase o f In fen ina tie 's ' 

ftie»tprint, ele'mands the* e'.xpleiratiem e>f ne-w re'alms. w h a t ra n  lie* fae ilita te 'e l th ro u g h  

c ro s s -p o llin a tie in  w ith  d isc ip line 's  th a t have- be-em s tu d y in g  the'se rea lm s fe>r .some* time>. 

Inde'e'd. se‘ve*ral new  pm fe 'ssions anel oe c u p a tio n s  relateel to  in lb rm a tie s  have* emerge'el. 

b r in g in g  hete re igene ity  te> i t .  anel fo rc in g  a  e lis c ip lin a rv  ree irgan iza tion .

A s I have sa id , some' eif the'se endeavors  have been fo rg e itten  in  th e  p ;is t. B u t. 

abseirbeel. tran s fo rm e 'd . eir d iscare led. th e y  have continuee l tei p lay  a role* in  subse- 

epie'tit stages o f  profe*ssionaI deve le ipn ie 'n t. C u rre n tly , fie'lels such as b ie>ce>m putation. 

e om pu te 'r a lgeb ra , m eelieal in fe irm a tic s . s o ftw a re  ergem om ics. seiftware e 'ng inevring . 

h um an -e om p u te 'r in te 'ia c t iem. com pute r-suppe irte 'e l ce iope ra tive  weirk. ce m ipu te r sem i- 

e itics. e-om puter m eeliateel e’e lucatieui. in fo rm a t io n  m anagem e 'iit anel re tr ie v a l, seicial 

in fo rm a tic s , ceunputers anel law . e'lee tremie- cemimeree. and  we*l>-service's des ign  have 

th e 'ir  s tre 'iig th  exxactly greameled e»n th e  c ro s s -p o llin a tio n  fro m  tw o  o r m ore  a p p a re n tly
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a u to n o m o u s  t r a d it io n a l d is c ip lin e s .

F rom  a P e ircean  p e rspe c tive , th e  th e o re tic a l u n d e rs ta n d in g  o f  c o m p u t in g  is s t i l l  an 

iso la te d  p henom enon , re s tr ic te d  to  th e  rea lm  o f an  is o la te d  m ach ine . E x c e p tio n s  p o in t 

to  in te ra c tiv e  m ach ines, and  to w a rd s  a s h ift fro m  p ro d u c t d r iv e n  d e s ig n  processes to  

h u m a n  d r iv e n  ones, w h a t adds a second facet to  In fo rm a t ic s , and  leads to  th e  second 

ch a p te r.

T h e  m a in  c o n tr ib u t io n  o f  th is  c h a p te r  is th e  in t ro d u c t io n  o f  a m u lt id im e n s io n a l 

m od e l th a t enables th e  g ra p h ic  re p re s e n ta tio n  o f  d is c ip lin a ry  c o n s te lla t io n s  o f  in te r 

ests. In  th is  c h a p te r  o n ly  th e  te c h n o lo g ic a l d im e n s io n  is e xp lo re d  in  respect to  how  it  

has deve loped . E ach d im e n s io n  a n d  c o rre s p o n d in g  scale can be used to  d if fe re n tia te  

d if fe re n t p e rspe c tives  o r  in te res ts .
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Chapter 2 

H um an-C om puter Interaction

A m id  the good things o f this here-and-now  world are also to be found false connections  

th a t d istort the au thentic  nature o f  things, false associations established and reinforced 

by trad ition  and sanctioned by religious and official ideology. [ . . . ]

It is necessary to  destroy and rebuild the en tire  false picture o f the world, 

to sunder the false hierarchical links between objects and ideas, to  abolish 

the divisive ideational strata . It  is necessary to liberate  all these objects and perm it 

them  to en ter in to  the free unions th a t are organic to  them , no m a tte r  how monstrous 

these unions m ig ht seem from  the poin t o f view o f ordinary, trad itio n a l associations.

These objects m ust be p erm itted  to  touch each o th er in all their living corporeality,

and in the m anifo ld  diversity o f  values th a t they bear. It is necessary to  devise new m atrices

between objects and ideas th a t w ill answer to th e ir real nature, to  once again line up

and join to g e th er those things th a t have been falsely d isun ited  and distanced from

one another -  as well as to  d isun ite those things th a t had been falsely brought into proximity.

O n the basis o f th is new m a trix  o f  objects, a new p icture o f the world necessarily opens up -

a world perm eated  w ith  an in ternal and authentic  necessity.

Thus, in Rabelais the destruction o f the old p icture o f  the w orld and the positive 

construction o f a new picture is indissolubly interwoven w ith  each other.

M ikh ail M . B a kh tin  (B a kh tin , 1981. p 169)
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2.1 In tro d u ctio n  to  th e  C u ltu ra l E co lo g y  o f  H C I

In  C h a p te r  I I have e xp lo re d  th e  h is to r ic a l academ ic  ro o ts  o f  In fo rm a tic s  w ith  a 

focus on  c o m p u te r  science e d u c a tio n . I have in tro d u c e d  a te c h n ic a l d im e n s io n  and 

I have in d ic a te d  th e  p o s s ib il i ty  o f  u s in g  o th e r  d im e n s io n s  to  describe  In fo rm a t ic s ’ 

d is c ip lin a ry  c o m p o s itio n .

In  th is  c h a p te r I e x p lo re  th e  n a tu re  o f  H C I th ro u g h  its  h is to r ic a l and  c u ltu ra l aca

d em ic  ro o ts  and propose a m ode l based on  h u m a n /te c h n ic a l.■'in te ra c t iv e  d im ens ions  

to  c h a ra c te r iz e  H C I ’s d is c ip lin a ry  c u ltu ra l eco logy across h is to ry .

T h e  leve l o f a b s tra c t io n  o f  th is  m o d e l is in  consonance' w ith  th e  to p ic s  th a t the  

A C M  c o m m itte e  in c lu d e d  in  th e  S IG C ’ H I C u r r ic u la  fo r  H u m a n -C o tn p u te r  In te ra c 

t io n  u n d e r th e  n a tu re  o f H C I (H e w e tt et a l.. 1092). I t  is a th e o re tic a l fra m e w o rk  

th a t enab les an o ve rv ie w  o f phenom ena  in vo lve d  in  the* c o m m u n ic a tio n  am o ng  and 

across p eo p le  and in fo rm a tio n  a r t i fa c ts  (e.g. c o m p u te rs ). T h e  resp ec tive  SICJCHI 

c o m m itte e  lis te d  fo u r to p ic s  as p a r t o f th e  n a tu re  o f  H C I:

1992 A C M  5 IG C H I Curricula for H um an  C o m p u ter In teraction  H e w e tt et al. (1 9 9 2 )

•  Points o f view: H C I as com m unication , agent paradigm , tool paradigm , the w ork cen

tered p o in t o f view, h u m an /s ys tem /tas ks  division, supervisory control

•  Objectives (e.g . Productivity , user em pow erm ent)

• History and intellectual roots

• HCI as an academic topic: journals lite ra tu re , re lation to  o th er fields, science vs.

engineering vs. design aspects

E c o lo g ic a l approaches in  In fo rm a t ic s  and  in  H C I have n o t been m uch  exp lo re d . 

Indeed , th e  n u m b e r o f  w o rks  th a t m ake references to  eco logy o r  e co log ica l m e ta ph o rs  

in  H C I a n d  In fo rm a tic s  is s m a ll and s c a tte re d . I sh o u ld  re m a rk  th a t th e  m ean ing

I am  a s c r ib in g  to  the  te rm  eco logy here is b ro a d e r, b u t sh a llow e r, th a n  dom a ins  

re s tr ic te d  to  phenom ena re la te d  to  n a tu ra l resources. In  th is  sense, i t  is c loser to  

th e  o r ig in  o f  th e  w ord , w h ic h  encom passes " th e  s tu d y  o f  th e  house", and  to  the  

o r ig in a l m e a n in g  o f ecology, w h ic h  in c lu d e d  phenom ena  to d a y  labe led  ;ts h u m a n  and 

o r c u ltu ra l ecology. T a b le  2.1 g roups  som e uses o f th e  te rm  eco logy across In fo rm a t ic s .
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E co log ica l m e ta p h o rs  have been used by som e au th o rs  w h o  used a system ic  perspective  to  s tru c tu re  

In fo rm a tic s  an d  its ro le  in society. For exam p le , S ie fk les  discussed c o m p u te r  science th ro u g h  an 

ecolog ica l ap p ro ach  (S ie fk les , 1 9 9 5 ). W ith  a focus on in te rfa c e  d e v e lo p m e n t, Rasm ussen called his 

approach e c o lo g ic a l in te r fa c e  d e s ig n  (R asm ussen and V ic e n te , 1989; V ic e n te  and Rasm ussen, 1992: 

C hristo ffersen  e t a l., 1 9 9 8 ). In in fo rm a tio n  system s. In fo rm a t io n  e c o lo g y  ap peared  in H asenyager  

(1 9 9 6 ) ,  w h o  exp lo red  a c tiv it ie s  o f  m a in te n a n c e  and d e v e lo p m e n t in th e  m a n a g e m e n t o f in fo rm a tio n  

techn olo gy, an d  in D a v e n p o rt (1 9 9 7 )  w h o  em ployed th e  te rm  very loosely

N ard i an d O 'D a y  used in fo rm a t io n  e c o lo g ie s  m e ta p h o ric a lly  as a system  o f  p e o p le , p ra c tic e s , va lue s , 

a n d  te c h n o lo g ie s  in  a p a r t ic u la r  lo c a l e n v ir o n m e n t  (N a rd i an d  O 'D a y , 1 9 99 , p 5 0 ). B y focusing no t on 

technology, b u t on p eop le 's  ac tiv it ie s , N ard i and O ’ D ay  proposed a m id d le  p o in t betw een u n critic a l 

a c cep tan ce  an d b la n k e t re jec tio n  o f  techn olo gy, discussing a w id e  rang e o f cases, from  libraries and  

schools to  th e  in te rn e t.

Susan Leigh S ta r  has been using th e  te rm  extensively. S he has deeply exp lo red  a m echanism  labeled  

b o u n d a ry  o b je c ts  in w h ich  in s t i t u t io n a l  e c o lo g ie s  susta in  th e ir  re la tion sh ip s and th e ir  in teg rity , even  

in th e  presence o f d ive rs ity  (S ta r  an d G riesem er, 1989; S ta r . 19 95 ).

In 1969 , P o s tm a n  referred  to  th e  te n d e n cy  tow ards s ta b ility  in physio log ical system s (h o m eo s tas is ) to  

approach e d u c a tio n a l a c tiv it ie s  in th e  lig h t o f cy b ern e tics  (P o s tm a n , 1969 . 1 9 7 9 ), and used th e  te rm  

m e d ia  e c o lo g y .  In m ass m ed ia , Fo sb erg  also used m ed ia  ecology, b u t to  a n a ly ze  televis ion (F o rsb e rg , 

1 9 9 3 ). B lo n d h e im  explored  m ass m u ltim e d ia  netw orks as in fo rm a tio n  ecologies (B lo n d h e im , 1 9 9 4 ), 

and A lth e id e  referred  to  th e  e c o lo g y  o f  c o m m u n ic a t io n ,  o r th e  s tru c tu re ,  o rg a n iz a t io n ,  a n d  a c c e s s ib il ity  

o f  v a r io u s  fo ru m s , m e d ia  a n d  c h a n n e ls  o f  in fo rm a t io n  (A lth e id e , 1995. p x i) .

G regory B a te s o n 's  b o o k  "S teps  to  an E cology o f  M in d "  (B a te s o n . 1 9 7 2 ) an d Jam es J G ibson 's bo o k  

" T h e  E co log ica l A p p ro ach  to  V is u a l P ercep tio n "  b e cam e classics (G ib so n , 1 9 8 6 ). T h e  co n cep t o f 

a ffo rd a n ce  used in H C I w as in tro d u c e d  by G ibson. See also Tu dg e e t al. (1 9 9 7 )  for E n v iro n m e n ta l 

P sychology. T h e  te rm  c u ltu ra l ecology has been used in G eo grap hy  since th e  sixties, and it en co m 

passes th e  s tu d y  o f  th e  in te ra c tio n s  betw een  peop le and th e ir  e n v iro n m e n t. A cco rd ing  to  B u tz e r  it 

is no t w ell kn ow n even in G e o g rap h y  (B u tz e r . 1 9 8 9 . p 1 9 2 ). See also H a rd e s ty  (1 9 8 1 )  and T u rn er  

II (1 9 8 9 ) .  T h e  te rm  h u m a n  eco lo g y  has a longer h istory, b o th  in G eo g rap h y  (B arro w s . 1 9 2 3 ) and in 

S ocio logy (E u fra s io . 1 9 9 9 ), in w h ic h  it  p layed an im p o rta n t role a t th e  C h ic ag o  School o f socio logy in 

th e  firs t h a lf  o f  th e  cen tu ry , an d  in o th e r  discip lines. See K ing sland (1 9 9 1 )  fo r a general in tro d u c tio n  

to  ecology: E van s  (1 9 5 6 )  fo r th e  co n ce p t o f  ecosystem : and V a n  D yn e  (1 9 6 9 )  ap p lica tio n s  in n a tu ra l 

resource sciences.

T a b le  2.1: References and uses of “Ecology” across Informatics and HCI
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H C I. m e d ia  .studies, and psycho logy, and  som e reference's to  basic l ite ra tu re .

I in i t ia l ly  address th e  c u rre n t and  th e  p ris t d is c ip lin a ry  d iv e rs ity  present in  H C I. 

d if fe re n t o p in io n s  a b o u t th e  d ire c tio n s  o f  its  d e ve lo p m e n t, a n d  how it  has been m o d 

eled in  th e  l i te ra tu re . In  th e  sequel. I p ropose  a m u lt id im e n s io n a l c o n ce p tu a l m od e l o f 

H C T s d is c ip lin a ry  fa b r ic , a n d  i l lu s tra te  its  use in  the  v is u a liz a t io n  o f H C I ’s h is to r ic a l 

foc i a c c o rd in g  to  d iffe re n t [ jo in ts  o f v ie w  fo u n d  in  th e  lite ra tu re .  I co nc lud e  w ith  a 

d iscuss ion  a b o u t th e  ro le  o f  c o m m u n ic a tiv e  phenom ena  in  H C I and th e  d is c ip lin e s , 

m o s tly  housed in  the  H u m a n itie s , th a t s tu d y  th em . I in d ic a te  th e  ex is tence  o f  a 

gap be tw een  H C T s  recogn ized  theo ries a n d  d is c ip lin e s  and  its  p rac tices  and  c u ltu ra l 

re s p o n s ib ilit ie s .

T i l t '  d is c ip lin a ry  t ra je c to r y  o f  H C I has severa l p o in ts  in  com m on  w ith  th e  t r a 

je c to ry  o f  In fo rm a tic s  described  in  C h a p te r  I . 1 In  a sn a p s h o t, th e  H C I c o m m u n ity  

was a lso u n c o m fo r ta b le  w i th  its  d is c ip lin a ry  p lu ra l i ty  present d u r in g  its  c o n s o lid a tio n  

years. T in *  Held d id  n o t have an id e n t ity ,  was s c a tte re d , a n d  w;is not recogn ized  in  

academ ia . T h e  H C I c o m m u n ity  n a rro w ed  its  in te res ts  in  o rd e r  to  b u ild  an a im e d  

id e n t ity  and  academ ic  re c o g n itio n . T h ro u g h o u t the  process, o n ly  a few branches had 

s ig n if ic a n t g ro w th  d u r in g  its  c o n s o lid a tio n . F or e xam p le , p e rspe c tives  assoc ia ted  w ith  

t r a d it io n a l c o g n itive 1 science ( in fo rm a t io n  p rocess ing  m ode ls  based on  a b s tra c t io n s  o f  

a u to n o m o u s  c o m p u tin g  m achine's) o u tg re w  pe rspec tives  th a t were focuse*el on soe ia l 

phenem iena. Xeve*rthe'less. as phe tunnena  relateel te> In fo rm a tie  s g rew  u ne len iab ly  be>- 

yemd th e  in e liv id u n l user anel in d iv ie lu a l m a ch in e  o th e r brane-he-s e*meTge’d . senne'time's 

w ith in ,  sejtnetime's outs ide ' H C T s  e s ta b lish e d  d o m a in  anel encler. B roae lly  spe 'aking. 

the re  is ihj a ccep ted  la b e l th a t  b ridg e  th e  e liffe ren t g ro up s  o r  branches. Feu- e xam p le , 

fie lds such as C o m p u te r  Suppe>rteel C o o p e ra tiv e  W o rk  (C’SC’W ) elevelopeel a e lis tin c t 

ie le n tity  outs ie le  t r a d it io n a l H C I.

A  eeunparisem o f H C T  anel In fe a m a tic s ’ conste lla tiem s eif in te res ts  shenvs s ig n if i-  

e-ant elifferene.-e’s te>e>. In  th is  thesis I am  cem stru ing  th e  te>rm H C I b m a d ly . e>ncom- 

p tiss ing  fie'lels such  as H u m a n -F a c to rs . C o g n it iv e  E n g in e e rin g . C o g n it iv e  E rgonennics.

H u  C li; i [> I i 'r  I .  I have add re sse d  th i* h is to r ic a l t r a n s fo rm a t io n  o f  In fo rm a t ic s ' i l is c ip l in a r y  d iv e rs ity ,  

a m i th e  c u r re n t  cha lle n g es  a sso c ia ted  w ith  its  re n e w a l anel r t 'o rg a n iz a i io n .
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C o m p u te r  S u p p o rte d  C o o p e ra tiv e  W o rk . G ro u p w a re . C o m p u te r  S em io tics . C o m p u te r  

M e d ia te d  C o m m u n ic a tio n , a nd  o th e rs . H ow ever. I e n v is io n  H C I and In fo rm a tic s  ;is 

u n d e n ia b ly  in te rw o v e n . C u r re n t ly ,  th e y  have a lo t to  le a rn  fro m  each o th e r, a nd  from  

o th e r  d is c ip lin e s  and areas le ft on  th e ir  o u ts k ir ts .

I t  is possible* to  say th a t  H C I b a s ic a lly  d isa pp ea red  d u r in g  th e  1970s. O nce  H C I 

re -em erged  as a fie ld  in  th e  e igh ties , i t  neve r achieved th e  same degree o f recog

n it io n  o r d is c ip lin a ry  s e g m e n ta tio n  as In fo rm a t ic s  d id  d u r in g  its  d e ve lo p m e n t. As 

H C I m a tu re d  ;is a fie ld , th e  in i t ia l  d is c o m fo r t to w a rds  its  m u lt ip le  fo u n d a tio n s  w;us 

s lo w ly  recogn ized  as one o f  its  advan tages. L ikew ise , th e  im p o rta n c e  o f  d iv e rs ity  

w ith in  H C T s  d is c ip lin a ry  s tru c tu re  had  been discussed e a r lie r  th a n  in  In fo rm a tic s . I t  

happened  a lre a d y  in  th e  la te  1980s and  e a r ly  1990s.

A f te r  p re s e n tin g  a nd  d iscuss ing  issues re la te d  to  H C T s  d is c ip lin a ry  d iv e rs ity . 1 

p ropose  a m u lt i-d im e n s io n a l m od e l fo r  c h a r t in g  th e  d is c ip lin a ry  c u ltu ra l eco logy  o f 

H u m a n -C o m p u te r  In te ra c t io n . T h e  in t ro d u c t io n  o f  a m u lt i-d im e n s io n a l m od e l is 

in te n d e d  to  (‘ l ia b le  a s y n o p tic  d is c ip lin a ry  v ie w  o f H C T s n a tu re . T h is  m od e l is the  

m a in  c o n tr ib u t io n  p resen ted  in  th is  c h a p te r. In  re la t io n  to  subsequen t ch ap te rs , such a 

m o d e l enab les  m e to  d e lim it  th e  c o n tr ib u t io n  o f a th e o re tic a l s tu d y  o f c o m m u n ic a tio n  

in  H C I. a p e rsp e c tive  w h ich  has rece ived  l im ite d  re c o g n itio n  u n t i l  now . and  one th a t 

has n o t been m uch e x p lo re d .

2.2 In th e  Search  o f T h eo retica l F ou n d ation s

W h ile  across In fo rm a tic s  th e re  s t i l l  is res is tance  to w a rd s  d iffe rence , to w a rd s  d is c i

p lin es  in  th e  so c ia l sciences and  h u m a n itie s  as sources o f  th e o re tic a l p r in c ip le s , b u t 

n o t as a p p lic a t io n  areas, in  H C I th e re  is a c e rta in  agreem ent th a t its  n a tu re  is in 

te rd is c ip l in a ry  and  sh o u ld  re m a in  as such. T h ro u g h o u t th e  d eve lo pm e n t o f  H C I. the  

c o m m u n ity  assum ed d if fe re n t a t t i tu d e s  to w a rd s  th e  fie ld 's  fo u n d a tio n s . Indeed , the  

p a tte rn  fo llo w e d  by in fo rm a tic s  o f re d u c in g  d is c ip lin a ry  b re a d th  and in c re a s in g  its  

d e p th  in  a t irs t c o n s o lid a tio n  phase is also p resen t in  H C I.

D u r in g  th e  s ix tie s , fo r  e xam p le , p re cu rso rs  o f  HC’ I. h a d  h ig h ly  in te rd is c ip lin a ry
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in te re s ts  and e x p lo re d  a w ide  range o f  phenom ena . T h e  exam p les  I g ive  in  t in 1 sequel 

d iscuss issues th a t to d a y  lay  in  th e  re a lm  o f H C I. h u t i t  is im p o ss ib le  to  cb iss ify  those  

e a r ly  in it ia tiv e 's  as b e in g  in  In fo rm a tic s , in  c o m p u te r  science, in  H C I.  o r  w h a te v e r 

o th e r  fie ld , s im p ly  because there* were no  such fie ld s .2

A n  exam p le  in  h u m a n -fa c to rs  in  e le c tro n ics  i l lu s tra te s  th a t conce'rns s im ila r  to  

H C I we're1 a lre a d y  pre'semt in  the* e a r ly  s ix tie s . In  the* f irs t o f  the* o n ly  fe*w issue's o f  

th e  IR E  ( In s t i tu te  o f R ad io  E ng iiu *e rs) jo u rn a l e n t it le d  " IR E  T ra n s a c tio n s  on H u 

m an  Factors  in  E le 'c tm n ie s ”  C u r t is  M . .Jansky made* an appe*al to  the* e*ngine*e*ring 

c o m m u n ity  fo r  coopera tiem  w ith  th e  fie ld  o f H u m a n  F ac to rs . The* jo u rn a l was late*r 

d isco n tin ue 'd  w ith  th e  me*rging o f th e  A IE E  and  th e  IR E . .Jansky wrote*:

1960 Curtis M . Jansky

G uest Editorial, IR E  Transactions on H u m an  Factors in Electronics  

(Jansky, 1960, p 3)

As a s ta rt tow ard this sought-for defin ition , one may say th a t  any field o f H u m an  Factors is 

concerned w ith  the nature o f com m unication  o f in fo rm ation  between a hum an being and a 

m achine, and is concerned w ith  the engineering o f m an-m ach in e  systems. Since machines  

are designed to  serve hum an beings, it would appear th a t  H um an  Factors is every engineer's  

responsibility as it relates to  the products they have under d e v e lo p m e n t^ . .]

In general, it would seem th a t the reward o f better designed products for our hum an society 

is available to  the developm ent engineer w ho uses H um an Factors inform ation throughout 

his developm ent program , calling upon the services o f  specialists whenever refinem ents and 

extensions o f the H um an Factors a rt are required.”

D u r in g  th e  sam e p e rio d  D oug las  C’. E n g e lb a rt. w ho  deve loped  th e  in p u t  dev ice  

k n o w n  as th e  "m o u s e ", was also e x p lo r in g  d if fe re n t d is c ip lin e s  in  th e  search fo r th e 

o re t ic a l fo u n d a tio n s . In  19G2. E n g e lb a rt w ro te  a re p o rt in  w h ich  he d iscussed th e  

c o n c e p tu a l fra m e w o rk  o f a p ro je c t a im in g  to  a u g m e n t th e  hum an  in te lle c t. T h e  

co n c e p tu a l fra m e w o rk  p roposed by h im  cons is ted  o f H um an s . Language. A r t ifa c ts .  

M e th o d o lo g y , a nd  T ra in in g  ( H - L A M /T )  and w ;is g ro u n d e d  in  m an y  d isc ip lin e s . A

■See I L ic k l i i lo r .  fo r a use o f  " in a n -c o m p u te r  s y m b io s is "  d u r in g  th e  ld tiO s. a n d  (L e w is  J r . .

l'.H i.'il fo r  d is cu ss in g  th e  re la t io n  b e tw e en  "m e n  a nd  m a c h in e s " across th e  h is t few  c e n tu r ie s .
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q u o te  fro m  Enge l h u r t 's  re p o rt i l lu s tra te s  th e  r ieh  s p e c tru m  o f d is c ip lin e s  present in  

h is  a pp ro ach :

1962 Douglas C. Engelbart

A u g m en tin g  H um an Intellect: A  C onceptual Fram ew ork  (Engelbart, 1962)

T h is  report covers the first phase o f  a program  aimed a t developing means to  augm ent the  

hum an intellect. These "means" can include m any th in g s -a ll o f which appear to  be but 

extensions o f means developed and used in the past to  help man apply his native sensory, 

m enta l, and m otor capabilities -  and we consider the w hole system o f a hum an and his 

au g m en tatio n  means as a proper field o f search for practical possibilities.[p 1] [ . . . ]

T h is  kind o f system approach to hum an inte llectual effectiveness does not find a ready-m ade  

conceptual fram ew ork such as exists for established disciplines. Before a research program  

can be designed to  pursue such an approach intelligently, so th a t practical benefits m ight 

be derived w ith in  a reasonable tim e  w hile  also producing results o f long range significance, 

a conceptual fram ew ork must be searched out -  a fram ew ork th a t provides orientation as 

to  the im p o rtan t factors o f the system, the relationships am ong these factors, the types o f  

change am ong the system factors th a t offer likely im provem ents in perform ance, and the  

sort o f research goals and m ethodology th a t seem prom ising.[p 2] [ . . . ]

An in tegrated  set o f tools and techniques will represent an art o f doing augm entation  

research. A lthough no such art exists ready-m ade for our use. there are m any applicable or 

ad ap tab le  tools and techniques to be borrowed from  o ther disciplines. Psychology, com puter  

program m ing and physical technology, display technology, artificial intelligence, industrial 

engineering (e .g ., m otion  and tim e  s tu d y), m anagem ent science, systems analysis, and 

in fo rm ation  retrieval are some o f th e  more likely sources. These disciplines also offer initial 

subject m a tte r for the research." [p 119]

E n g e lb a rt 's  research g ro u p  a t th e  S ta n fo rd  Research In s t itu te  em erged in  th e  

s ix t ie s , becam e ve ry  s tro n g  in  197 1. and  co llapsed  in  1977. E n g e lb a rt was l i te ra l ly  

“ s w im m in g  a ga in s t th e  tid e ” . E n g e lb a rt re la ted  th a t  he. at th e  t im e , had no t u n 

d e rs to o d  th e  d y n a m ic s  th a t led  to  th e  g ro u p  v a n ish in g . L a te r  on. he rea lized  th a t 

i t  was “ fa ir ly  c lea r to  [h im ] th a t  it  is n 't  th e  m a rk e t 's  fa u lt i f  som eone fa ils  in  t r y in g  

to  se ll it s o m e th in g  th a t  i t  is n 't  re a d y  fo r"  (E n g e lb a r t et a l.. 1973: E n g e lb a rt. 1989).
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E n g e lb a rt \va.s a t te m p t in g  to  e n la rge  th e  b re a d th  o f In fo rm a tic  s d u r in g  a p e r io d  in  

w h ic h  th e re  were s tro n g  n a rro w in g  forces focused on  th e  a r t ifa c t to  he p ro du ced .

T h e  h is to ry  o f the* A C M  S pec ia l In te re s t G ro u p  on C o m p u te r-H u m a n  In te ra c 

t io n  (S IG C ’H I)  g ives a n o th e r e xa m p le  o f  th e  n a r ro w in g  tendencies in  H C I. F o rm e rly . 

S IG C ’H I w;us ca lle d  th e  S pecia l In te re s t G ro u p  on S oc ia l and B e h a v io ra l C o m p u tin g  

(S IG S O C ). B o rm a n  ( 19D6) re la te d  th a t  S IG S O C  was h a v in g  d if f ic u lt ie s  m a in ta in 

in g  and  a t t r a c t in g  m em bers d u r in g  th e  seventies. I t  o n ly  g rew , once it changed its  

d e n o m in a tio n , b e co m in g  S IG C ’H I.  A c c o rd in g  to  he r. due  to  th e  change, p a rt o f t l i t '  

fo rm e r m em bers  in te re s te d  in  th e  so c ia l and b e h a v io ra l aspects o f  techno logy o r  on  

a p p lic a t io n s  o f c o m p u tin g  to  re la te d  issues d id  n o t re m a in  in  the  g ro up .

.Just a yea r a fte r  E n g e lb a rt *s research g ro u p  co llapsed , b u t a ro u n d  tw o  decades 

a fte r  h is  p ro je c t w i th  b road  th e o re tic a l fo u n d a tio n s . .James D. Fo ley c o m m e n te d  on  

th e  lack  o f th e o rie s  a b o u t th e  use o f  co m p u te rs . Foley gave a pape r on  "u s e r-o r ie n te d  

in te ra c t iv e  sys te m s" in  a "C o n fe ren ce  on  E as ie r and  M o re  P ro d u c tiv e  Use o f C o m 

p u te r  System s'*, w h ic h  w ;is o rg an ized  b y  S IG S O C . Foley w ro te :

1979 James Foley

T he developm ent o f  user-oriented in terac tive  systems (Foley, 1979, p 9 )

T o  build effective user-oriented co m p u ter systems, we need to  develop theories o f how  

people use co m p u ter systems and process in form ation . W e  also must construct models o f 

various sorts. W e  need to  apply those things th a t we know, and do a lot o f  teaching. Since 

we haven’t  been doing these things very effectively thus far, our com puter systems are not 

particu larly user-oriented or people-oriented.

I re m a rk  th a t  th e  resurgence o f  H u m a n -C o m p u te r  In te ra c t io n  in  th e  la te  seven

tie s  p a r t ia l ly  co in c ide s  w ith  th e  e x c lu s io n  o f  s im ila r  issues w ith in  m ost b ranches o f  

In fo rm a tic s .

A s I have a lre a d y  m e n tio n e d , a lth o u g h  th e  A C M  C’u rr ic u lu m '7 8  proposed a course  

o n  C o m p u te rs  a nd  S oc ie ty , th e  focus  o n  so ftw a re  p ro g ra m m in g , n a r ro w ly  u n d e rs to o d , 

p re v a ile d . I have n o t e xp lo re d  th e  issue, b u t th e re  were p ro b a b ly  ve ry  few peop le
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w ith  in te re s ts  and b a c k g ro u n d  in  C o m p u te rs  and  S o c ie ty  to  teach such courses. *

I re m a rk  th a t I am  n o t suggesting  a causa l l in k  be tw een  th e  lack o f d e ve lo p m e n t 

o f  In fo rm a t ic s  and th e  d eve lo pm e n t o f  H C I.  W h a t I am  sa y in g  is th a t th e  d ire c t io n  

o f  d e ve lo p m e n t o f  In fo rm a tic s  It'd  peop le  w ith  in te re s ts  in  o th e r  d ire c t io n s  to  g a th e r 

in  d if fe re n t fie lds. T h e  re m a rk  is im p o r ta n t  because th e  in i t ia l  c o n s o lid a tio n  o f H C I 

h ap pe ne d  in  resonance w ith  In fo rm a tic s  a n d  n o t in  d issonance  w ith  it .

D u r in g  the  1980s. H C I deve loped w ith  one foot in  c o g n it iv e  psycho logy  and  an

o th e r  fo o t in  c o m p u te r science. In d iv id u a l c o g n it iv e  b e h a v io r  was eva lua te d  in  te rm s 

o f  response tim es, k e y b o a rd  ty p in g  speed, and  m e m o r iz a tio n  p a tte rn s . M e th o d o lo 

gies focused on fa c to rs  w ith in  a u n ity  o f  ana lys is  in v o lv in g  m o s tly  one c o m p u te r, 

one user, a n d  sh o rt tasks such as th e  C o a ls . O p e ra to rs . M e th o d s  and S e le c tio n  ru les 

(G O M S )(.J o lm . 1995). and  User In te rfa c e  M a n a g e m e n t S ystem s (U IM S ) ( H a rtso n  

and  H ix . 11)9(1). In  te rm s  o f theo ry , th e  d o m in a n t v ie w  in  H C I d u r in g  th e  e a r ly  n in e 

teen e ig h tie s , was th a t in fo rm a tio n  p rocess ing  m ode ls  a nd  la b o ra to ry  e x p e rim e n ts  

w ere  e nough  to  g u id e  th e  f ie ld ’s d e ve lo p m e n t. T h e  in fo rm a t io n  p rocessing m o d e l, fo r 

e xa m p le , assum ed even to  th is  day th a t  a h u m a n  c o g n it iv e  sys te m  can be m o d e lle d  as 

an  a b s tra c t iso la ted  c o m p u tin g  m ach in e  th a t  processes in fo rm a tio n . T h e  fe a s ib il ity  

o f  such a goa l was soon c r it ic iz e d  in  th e  m id  1980s. D e s p ite  th e  c r it ic is m s , no a lte r 

n a tiv e  th e o re tic a l sca ffo ld  has been a b le  to  rep lace  th e  es tab lish ed  p a ra d ig m . T h e  

m u lt ip le  a lte rn a tiv e s  a nd  a consequen t la ck  o f d ire c t io n  le ft th e  c o m m u n ity  u n co m 

fo r ta b le  w ith  the  s itu a t io n . A f te r  th a t ,  d if fe re n t p e rspe c tives  have g u ide d  th e  fie ld , 

p ro p o s in g  a lte rn a tiv e  a nd  som etim es c o m p le m e n ta ry  sets o f  th e o re tic a l fo u n d a tio n s .

C o m m e n ts  o f researchers th ro u g h o u t H C T s  h is to ry  (see T a b le  2.2) i l lu s tra te  d if fe r 

e n t p e rspe c tives  on  th e  th e o re tic a l fo u n d a tio n s  sough t fo r th e  fie ld . A f te r  E n g e lb a rt s 

b ro a d  a nd  p lu ra l c o n c e p tu a l fo u n d a tio n s , th e  c o m m u n ity  a tte m p te d  to  ha rde ne d  its  

fo u n d a tio n s  (N e w e ll and  C a rd . 1985). b u t i t  was soon  c r it ic iz e d  (C a rro l a nd  C a m p 

b e ll. 198b). T he  lack  o f  re su lts  in  e s ta b lis h in g  a s ing le  set o f  s c ie n tific  fo u n d a tio n s  fo r 

H C I le ft th e  c o m m u n ity  w ith  a fee ling  o f  co n fu s ion  a n d  lack  o f  hope. For e xam p le .

■’D u ly  a i l  h is to r ic a l research  w il l  e v e n tu a lly  c la r i f y  h o w  m u ch  th e  re s tr ic te d  fo c i o f  th e  d is c ip lin e s  

in  In fo rm a t ic s  h e lp e d  th e  in i t ia l  c o n s o lid a tio n  o f  H C I  h y  c le a r ly  d e m a rc a t in g  a b o u n d a ry  o f  in te re s t.
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1984 Donald A. Norman

D e s ig n  P r in c ip le s  fo r  H u m a n -C o m p u te r  In te r fa c e s  (N o rm a n , 1 9 8 4 , p 1)

I f  w e in ten d  a science o f h u m a n -c o m p u te r  in te ra c tio n , it is essentia l th a t  we have princip les from  w h ich  

to  d e riv e  th e  m an n er o f  th e  in te rac tio n  b e tw ee n  person and c o m p u te r[. . .]  O u r design princip les m ust 

b e o f  su ffic ien t g e n era lity  th a t  th ey  w ill o u tla s t th e  tech n o lo g ica l dem ands o f  th e  m o m e n t[. . .] T h is  

new  field - H u m a n  Facto rs  in C o m p u tin g  S ystem s - co n ta in s  an u n ru ly  m ix tu re  o f th eo re tica l and 

p ra c tic a l problem s.

1989 Marilyn M antei

A n  H C I C o n t in u in g  E d u c a t io n  C u r r ic u lu m  (M a n te i ,  1 9 89 , pp  1 6 -1 7 )

D e s p ite  th e  in tense in te res t in th e  fie ld  o f  H u m a n -C o m p u te r  In te ra c tio n  [ . . . ] ,  w ith o u t a solid fo u n d a

tio n  su m m ariz in g  th e  H C I body o f kn o w le d g e , th is  field is in d a n g er o f  d is a p p e a rin g !.. . ]  T h e  question  

should be, no t w h e th e r H C I has an a d e q u a te  th e o re tic a l base, b u t ho w  to  e la b o ra te  and d e m o n s tra te  

th is  th eo re tica l base. T h is  is th e  role o f th e  fo u n d a tio n  builders.

1994 Gary W . Strong, J. B. Gasen, T . H ew ett, D . Hix, J. Morris, M . J. M uller, D . G. Novick

N e w  D ire c t io n s  in  H C I  (S tro n g  et a l. . 1 9 9 4 , pp 2 4 -2 6 )

[F u n d a m e n ta l th eory  o f  H C I is scarce. A s te ch n o lo g y  is re la tiv e ly  new, we have an excep tio n a lly  

l im ite d  u n d e rs tan d in g  o f  w h a t peop le a c tu a lly  do . w a n t to  do , an d  could  do w ith  c o m p u tin g  system s, 

m u ch  less w ith  in te g ra te d  c o m p u tin g  and c o m m u n ic a tio n  system s [. . . j  A  fu n d a m e n ta l prob lem  for 

in te rfa c e  developers and for the fu rth e r  d e v e lo p m e n t o f  th e  fie ld  its e lf is th a t  w e do  n o t rea lly  know  

w h a t it m eans to  in te ra c t. T h is  d esp ite  th e  fa c t th a t  hu m ans in te ra c t successfully w ith  each o th er  

e v ery  d ay  -a n d . ra th e r  less successfully w ith  m ach ines [ . . . ]  [T ]h e  lack o f  a basic th eo ry  d ire c tin g  th e  

fie ld  m ay be a s ig n ifican t hand icap  to  its  c o n tin u e d  progress

1994 Yvonne Rogers. Liam Bannon and Graham Button

R e th in k in g  T h e o re t ic a l F ra m e w o rk s  fo r  H C I  (R o g ers  e t a l.. 1 9 9 4 , p 2 8 )

T h e re  w as a general consensus, how ever, th a t  th e  m ost 's c ie n tific ' use o f a th eo ry  to  propose and  

e v a lu a te  pred ictions a b o u t hum an p e rfo rm a n c e  was n o t a p p ro p ria te  for th e  c u rre n t w ave  o f  th eory  

b u ild in g . T h e  lesson le a rn t from  a tte m p ts  to  ap p ly  in fo rm a tio n -p ro ces s in g  m odels  to  h u m an  p e rfo r

m an c e  w ere  ta ken  as su ffic ien t ev idence th a t  th e  field o f  H C I is to o  rich and co m p lex  to  force in to  a 

set o f  hypotheses th a t can be q u a n tita tiv e ly  te s ted . F u rth e rm o re , th e  field is to o  d iverse and chang ing  

to  be fo rm u la te d  as a co h eren t th eo ry  o f  H C I.

T a b le  2.2: H C I’s theoretical foundations: q uo tes
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N o rm a n  described  th e  fie ld  ;ls no t b e in g  .successful in  e s ta b lis h in g  one set o f th e o re t

ic a l fo u n d a tio n s . and as c o n ta in in g  "a n  u n ru ly  m ix tu re  o f  th e o re tic a l m id  p ra c tic a l 

p ro b le m s ” (N o rm a n . 1981. p 1). M a n te i w ro te  th a t "w ith o u t  a so lid  fo u n d a tio n  [ . . .  

H C I was] in  d ange r o f  d is a p p e a r in g ” !M a n te i.  1989. p p  10-17). T h e  p a r t ic ip a n ts  o f 

a N S F  c o m m itte e  recogn ized  th a t " fu n d a m e n ta l th e o ry  o f  H C I [was] scarce  ;... and 

c o u ld  be ... a] s ig n ific a n t h a n d ica p  to  its  c o n tin u e d  p rogress”  (S tro n g  et a l.. 1991. pp 

2 1 -20 ).

T h e  process d id  n o t s to p , and reached a d is c ip lin a ry  tu rn in g  p o in t . In  th e  m id  

1980s severa l a u th o rs  such ;is W in o g ra d  a nd  F lores (1990 ). and  S u eh n ia n  (1987) 

a rg ue d  fo r the  necessity  o f  m u lt ip le  p e rspe c tives  in  u n d e rs ta n d in g  p henom ena  in v o lv 

in g  people  in te ra c tin g  w ith  co m p u te rs . S ince then , a th e o re tic a l d r i f t  has gone from  

p u rs u in g  hom ogeneous fo u n d a tio n s  to  w eav ing  he te rogeneous o ne s .1 R ogers et al. 

s u m m a riz e d  the  consensus re ce n tly  ach ieved  as a h e a lth y  fo rm  o f  th e o re tic a l p lu ra l

ism  a nd  ch a ra c te rize d  H C I as to o  r ic h  a n d  co m p le x  to  be co n s tra in e d  by th e  p rev ious  

tendenc ies  (R ogers et a l.. 1991. p 29).

2 .3  D isc ip lin ary  D iv ers ity  across H C I

O v e ra ll.  H C I fo llo w ed  a s im ila r  p a tte rn  o f  th a t id e n t if ie d  in  In fo rm a tic s . I ts  d isc i

p lin a ry  d iv e rs ity  got reduced  in  the  seven ties , a t th e  apex o f th e  in fo rm a t io n  process

in g  m o d e l (w h ic h  equates th e  hum an  w ith  th e  m ach in e ). H C T s decrease in  d iv e rs ity  

cam e a fte r  In fo rm a t ic s ' decrease. A s  I m en tion ed  be fo re , h u m a n -c o m p u te r  issues 

w ere n o t se riou s ly  cons ide red  in  In fo rm a t ic s ' scope (h ir in g  its  c o n s o lid a tio n  years. 

H C I becam e d o rm a n t in  th e  seventies, a n d  arose, d o m in a te d  by a s ing le  a p p ro a ch , in  

th e  e a r ly  e igh ties . T h e  increase o f  d iv e rs ity  in  H C I was d iscussed a lre a d y  in  th e  m id  

e ig h tie s , and  it g rew  at a h is te r pace th a n  in  In fo rm a tic s , as I address in  th e  fo llo w in g  

se c tion .

'S ec C a rd  et a l. ( l'J 8 3 ). N e w e ll a m i C a rd  I 198aI and  M o ra n  I 19Sai fo r  app ro a ch e s  th a t  te n de d  

to w a rd s  a n a rro w  d e l in i t io n  o f  H C I.  See C 'a rro l a n d  C a m p b e ll I I 9 8 t i i .  W in o g ra d  a m i F lo re s  I 199(1). 

a n d  S u e lim a n  ( 1987) fo r  w o rk s  th a t  in te n d e d  to  rescue H C T s  b re a d th  in  th e  la te  1980s.
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In  in fo rm a tic s . H C I re a lly  em erged in  th e  m id  1990s. and  i t  is b e in g  discussed 

now . In de ed . H u m a n -C o m p u te r  In te ra c t io n  a nd  o th e r  fie ld s  are  e n r ic h in g  In fo rm a t ic s ' 

fo u n d a tio n s  w ith  h u m a n -ce n te re d  pe rspec tives .

T ab les  2 .9 and  2. 1 l is t  com m en ts  th a t  describe  th e  severa l p e rspe c tives  on  how  the  

H C I c o m m u n ity  u n d e rs to o d  d is c ip lin a ry  d iv e rs ity  in  th e  1990s. In  s h o r t, d is c ip lin a ry  

d iv e rs ity  in  H C I has been q u a lifie d  as "h ig h ly  c o n tro v e rs ia l"  (P reece and  K e lle r . 1990. 

p G7). as te n d in g  to  th e  centers o f e s tab lish ed  fie lds, not th e  edges I M a rc h io n in i and 

S ib e r t. 1991. p 2G). as "h a v in g  a r ich  space of to p ics , som e at th e  cen te r, some at 

th e  p e r ip h e ry "  (H e w e tt e t a l.. 1992. p  7 ). as " in  d a n g e r o f  b e in g  abso rb ed  in  a s ing le  

d is c ip lin e ”  (H e w e tt e t a l.. 1992. p 79). ; l s  "b e in g  a loose u m b re lla  o r  s o m e th in g  new " 

(B a n n o n . 1992a). ;is b e in g  in  th e  in te re s t o f m an y  d e p a r tm e n ts  across u n iv e rs it ie s  

(S tro n g  e t a l.. 1991. p 1G). as "b e in g  u n d e r the  r is k  o f  fra c t ie m a liz a tio n ” (Chusen. 

199G. pp  25 -29 ). and  f in a lly , as "h a v in g  a h e a lth y  fo rm  o f  p lu ra lis m "  (R ogers  et a l.. 

199 1. p 29).

1 s h o u ld  re m a rk  th a t  In fo rm a tic s , i ts e lf  d is c ip lin a ry -d iv e rs e , is o n ly  one o f the  

fie lds  on  w h ich  H m n a n -C o m p u te r  In te ra c t io n  relies a nd  to  w h ic h  it c o n tr ib u te s . P sy

cho logy . indeed, has d o m in a te d  H C I. T h e re  are a w ho le  set o f  d is c ip lin e s /a re a s  in  

th e  m e d ic a l science's, so c ia l science's, a nd  h u m a n itie s  th a t have been p a r t ic ip a t in g  

in  th e  c u ltu ra l eco logy  o f phenom ena  in v o lv in g  people' in te ra c t in g  w ith  c o m p u te rs  

as w e ll. Som e o f  these d isc ip lin e s  a n ' no t cons ide red  as b e in g  w ith in  th e  rea lm  o f 

t r a d i t io n a l H C I. E x a m p le s  inc lu de : M e d ic in e  and p h y s io th e ra p y  in  com pute*!' relate'el 

h e a lth  p ro b le m s : a n th ro p o lo g y  in  te a m w o rk  w hen m ee lia ted  by te 'chno logy : m ed ia , 

mass m e d ia  s tu d ie s  a n d  so c io lo g y  in  u n d e rs ta n d in g  in te rn e t c o m n n m it ie's and its  so

c ia l im p lic a t io n s : econom ics  and  business in  e -com m erce : p o l i t ic a l science' and law  

in  te 'chno logy p riva cy , a cce ss ib ility , anel c r im e  ndate'el issue's, amemg o the 'r. Itt e>the'r 

worels. d is c ip lin a ry  rene'wal anel a conse'que*nt reo rg an iza tie m  is alse> pre'ssing th e  H C I 

e -o m m un ity  to  re'lle'et o n  its  fo u n d a tio n s .

In  th e  re 'tna inde r o f  th is  ch a p te r. I aeldre'ss th e  rnexle ls th a t de'scribe* o r  moelel 

the* n a tu re ' eif H C I. anel pmpe)se an e x te n s io n  eT the\se m oelels in  orele>r to  inc lude ' the  

c u rre 'iit r lis c ip l in a ry  e liv e rs ity  p resent in  th e  fie ld .
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1990 Jenny Preece and Laurie Keller

K e y  Issues in  H C I C u r r ic u lu m  D e s ig n  (P re e c e  and K e lle r, 1 9 9 0 , p 6 7 )

T h e  m u ltid is c ip lin a ry  n a tu re  o f  H C I is id e n tifie d  as b e in g  h ig h ly  co ntrovers ia l w h en  decid ing  w h a t  

to  te ach  and how  [. . . ]  T o o  often -stressed asp ec ts  a b o u t h u m a n -c o m p u te r  in te ra c tio n  ( H C I )  are its  

new ness and its m u lti-d is c ip lin a ry  n a tu re . T h e s e  n o t on ly  p rov ide un iqu e challenges to  b o th  researchers  

a n d  teach ers , th ey  are also th e  source o f  prob lem s

1991 Gary Marchionini and John Sibert

A n  A g e n d a  fo r  H u m a n  C o m p u te r  In te ra c t io n  S c ie n c e  a n d  E n g in e e r in g  S e rv in g  H u m a n  N e e d s  ( M a r 

ch io n in i and S ib e rt. 1 9 9 1 . p 2 6 )

H C I in fra s tru c tu re  d e v e lo p m e n t is c o m p lic a te d  by th e  fa c t th a t  th e  best research in H C I is h ighly  

in terd is c ip lin ary . It  does no t fa ll d irec tly  w ith in  th e  c u rre n t d isc ip lin a ry  s tru c tu re  o f  C o m p u te r  Science  

or P sychology, b u t r ig h t a t th e  bo u n d ary  b e tw ee n  th e  tw o . In s titu tio n a l pressures te n d  to  lead  

researchers to w ard  th e  cen te rs  o f  th e ir  d iscip lines, no t th e  edges. For ex am p le , it is easier to  achieve  

te n u re  in a d e p a rtm e n t by do in g  w ork th a t  is close to  th e  c e n te r  o f  its d iscip line.

1992 Thomas T . H ew ett et al.

A C M  S IG C H I C u r r ic u la  fo r  H u m a n -C o m p u te r  In te ra c t io n  H e w e tt  e t al. (1 9 9 2 )

B u t it is c lear th a t  v a ry in g  w h a t is m e a n t by in te ra c t io n ,  h u m a n ,  and m a c h in e  leads to  a rich space o f  

possible top ics, som e o f  w h ich , w h ile  w e m ig h t n o t wish to  ex c lu d e  th e m  as p a rt o f  h u m a n -c o m p u te r  

in te ra c tio n , w e w ould  nevertheless, w ish to  id e n tify  as p e rip h e ra l to  its  focus. O th e r  to p ics  we w ould  

w ish to  id e n tify  as m o re  c e n tra l.[p  7 ] [ . . . ]

O n e  o f  th e  tasks le ft u n d o n e  by th is  g ro u p  is th e  sp ec ifica tio n  o f ho w  H C I re la tes  to  various estab lished  

d isc ip lines. W e  c u rre n tly  feel strongly th a t  H C I appears by n a tu re  to  be m u ltid is c ip lin a ry  and w ould  

h o p e , as H C I develops fu rth e r , th a t it does n o t g e t absorbed in to  a single d isc ip lin e .[p  79]

1992 Liam Bannon

In te r d is c ip l in a r i t y  a n d  In te rd is c ip l in a ry  T h e o ry  in  C S C W  B an n o n  (1 9 9 2 a )

W h ile  th a t d e b a te  co n tin u e s  a b o u t th e  core issues in th e  e m e rg e n t fie ld  o f  C S C W  [C o m p u te r  S up ported  

C o o p e ra t iv e  W o rk ] [ . . . ] ,  few  w ould  d isagree w ith  th e  o b serva tio n  th a t  its  in te rd is c ip lin a ry  n a tu re  is a 

key fe a tu re . T h e  a t te m p t  to  m eld v ie w p o in ts  from  such d iverse fields as a n th ro p o lo g y  an d  so ftw are  

e n g in eerin g  has, h o w ev er, c rea ted  som e d iffic u ltie s  and c o n fu s io n s ].. . ]  A t issue is w h e th e r  C S C W  is 

s im p ly  a loose u m b re lla  te rm  w h ich  allow s for p eop le  from  a v a rie ty  o f  d iffe re n t d isc ip lin a ry  perspectives  

to  p u t forw ard th e ir  research tra d itio n s  to  a n e w  au d ience , or w h e th e r  th ere  is s o m e th in g  genu inely  

n e w  an d  in n o v a tiv e  b e in g  achieved th ro u g h  novel " in te rd isc ip lin a ry"  research parad ig m s.

T a b le  2.3: Comments on H C I’s disciplinary diversity I
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1994 Jonathan Grudin

C S C W :  H is to ry  and Focus (G ru d in . 1 9 9 4 a )

S o m e w rite rs  describe C S C W  as an em e rg in g  fie ld  or d isc ip line , bu t w h a t w e see to d ay  m ore resem bles  

a fo ru m , an undisc ip lined  m a rk e tp la c e  o f  ideas, observations, issues, and techn olo g ies . W e  ex p ec t to  

fin d  shared or o v erlap p in g  in terests and w e  should also a n tic ip a te  d ifferences in in te res ts  and priorities. 

E veryo ne com es to  a fo ru m  from  so m eplace and retu rns th e re . In fac t, p eop le  co m e from  d iffe re n t 

places, and it is useful to  know  w h ere  each is from  and w h y  th ey have com e. Each vis itor can see 

w h a t th e  o thers  have  to  o ffe r and can d e c id e  w h a t is w o rth  ta k in g  hom e. N o  on e expects  ev ery th in g  

to  be persona lly  useful or a ll possib ilities to  be represented. T h e re  is no as sum ption  th a t everyone  

speaks th e  sam e lan g u ag e , on ly  th a t  th e y  w ill try  to  w o rk  o u t som e m eans o f c o m m u n ic a tin g  

I f  w e th in k  o f C S C W  as an em erg in g  field o r co m m o n  en terprise , w e m ay be fru s tra te d  by this m osaic  

o f  d iffe re n t pieces, th e  fre q u e n t m isun ders tand ing s , and th e  lack o f in te lle c tu a l coherence. B u t w h en  

u n d e rs to o d  and resp ected , th e  differences fo rm  th e  core o f  richer, shared u n ders tand ing s .

1994 Gary T . Strong et al.

N e w  D ire c t io n s  in  H u m a n -C o m p u te r  In te ra c t io n  (S tro n g  e t a l., 1994, p 16)

[T ]h e  m a te r ia l o f  H C I [ . . . ]  can in tersec t w ith  a w id e va rie ty  o f o th e r d e p a rtm e n ts , inc lud ing  en g i

n eering , psychology, c o m m u n ica tio n s , lib ra ry  and in fo rm a tio n  sciences, business and even (espec ia lly  

in sm all co lleges) h u m a n ities .

1994 Jean B. Gasen

H C I E d u c a t io n :  P a s t, p re s e n t, a n d  fu tu re ?  (G asen , 1996. pp  2 5 -2 6 )

T h e  increasing s p e c ia liza tio n  w ith in  th e  fie ld , ev iden t in m ore  narrow ly defined conferences and jo u r 

nals. is a do u b le -ed g ed  sword. Such d e ve lo p m en ts  reflect th e  m a tu rin g  and d e ep e n in g  o f our bo d y  o f 

kn ow ledge . O n  th e  o th e r h an d , H C I runs th e  risk o f  fra c tio n a liz in g  bo th  th e  b o d y  o f  kn ow ledge and 

th e  H C I c o m m u n ity  as a w h o le  by such sp ecia lized  focus. M a in ta in in g  a broad, in terd isc ip lin ary  v iew  

m ay b eco m e m ore d iffic u lt as th e  fie ld  advances .

1994 Yvonne Rogers. Liam Bannon, and Graham B utton

R e th in k in g  T h e o re t ic a l F ra m e w o rk s  fo r  H C I  (R o gers  e t a l.. 1994 . p 2 9 )

I t  ap pears  th a t  th e o ry  b u ild ing  in H C I is becom in g  very m uch a g row ing  c o tta g e  industry. T h e  

em erg en ce  o f a po lyp h o n y  o f  theories in H C I appears to  be deve lo p in g  in to  a h e a lth y  fo rm  o f p lu ra lism . 

[. . . ]  th eories  are p rim arily  w o rk in g  as he u ris tic  tools [ . . . ]  for system atica lly  and c o n s tru c tiv e ly  th in k in g  

a b o u t how  to  s u p p o rt and enhance w o rk in g  practices.

T a b le  2 .T. Comments on H C I’s disciplinary diversity II
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I p roceed  w ith  m ode ls  th a t d e sc rib e  H C Ts c o n te n ts , as w e ll as its  d is c ip lin a ry  

n iches a nd  th e ir  re la t io n s h ip s  across t im e . I s ta r t  w i th  c o n ce p tu a l c h a rts  o f re la te d  

d is c ip lin e s .

2 .4  C o n cep tu a l C harts and D isc ip lin a ry  S cop e

I a m  a ssum in g  th a t  h e te rogene ity , ra th e r  th a n  h o m o g e n e ity , is th e  n o rm  ac ross H C I 

a nd  In fo rm a t ic s  u n d e rs to o d  b ro a d ly , n o t th e  e x c e p tio n . In  th is  se c tion  I present a 

d iscu ss ion  o f c o n c e p tu a l c h a its  based o n  exam p les  fo u n d  in  in fo rm a t io n  science, co g 

n it iv e  sciences, a n d  language  s tud ies . These e xam p le s  a re  in ten de d  to  i l lu s tra te  how  

som e d is c ip lin e s  th a t a re  u su a lly  m e n tio n e d  as p a rt o f  H C I a n ' them se lves d is c ip lin a ry  

d ive rse . I s ta r t  w ith  a com m on  c h a ra c te r iz a tio n  o f  d is c ip lin a ry  d iv e rs ity  in  H C I th a t 

us«\s b a llo o n s  to  rep resen t th is  d iv e rs ity / '

Cognitive Social and Organ!- 
Psychology zational Psycology

Computer Ergonomics and
Antal® H n Human Factors

Intelligence HCI Engineering 
Linguistics Design

Philosophy Anthopology
Sociology 

original order

s°c ia f.

Sociology

Cognitive
Psychology Anthopology

Social and 
Organizational 

Psycology

Artificial
Intelligence

Computer
Science “L H C I

Engineenng \

 <

Ergonomics,'' Linguistics 
and Human

Factors

Philosophy

F ig u re  2.1: Human-Computer Interaction’s disciplinary composition. See (P re e c e  

e t  a l., 1 9 9 4 , p 3 8 )  fo r th e  orig inal d ia g ra m  sketched  in th e  le ft  u p p er corner.

F ig u re  2.1 depic ts  a b a llo o n  d ia g ra m  based on  an  i l lu s t ra t io n  o f  th e  d is c ip lin e s

'S o m e tim e s  b a llo o n s  a re  used as V enn  D ia g ra m s  as used in  set th e o ry  to  show  th e  d is c ip l in a ry  

in te rs e c t io n s  a n d  in te rfa c e s .
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re la te d  to  H C I fo u n d  in  (P reece  et a l.. 199-1. p 38). I have reo rg an ized  th e  d isc ip line 's  

a c c o rd in g  to  th e ir  c u r re n t re la t io n  w ith  th e  sciences and  e ng in e e rin g , th e  so c ia l sc i

ences. a n d  th e  a rts  a nd  h u m a n itie s , a d d in g  a second leve l o f  a b s tra c t ion  to  Preece 

et a l . ’s d ia g ra m .*’ E ach  o f  th e  d is c ip lin e s  in c lu d e d  in  F ig u re  2.1 a lso g ro up s  o th e r  d is 

c ip lin e s  and  so ow n . In  th e  sequel. I p resen t som e d ia g ra m s  th a t c h a rt th e  d is c ip lin a ry  

d iv e rs ity  p resen t in  in fo rm a t io n  science (F ig u re  2 .2). c o g n it iv e  science (F ig u re  2 .3). 

and  lan gu ag e  s tu d ie s  (F ig u re  2 .1).

In  C h a p te r  1. I have in c lu d e d  th e  area o f  In fo rm a t io n  Science as a d is c ip lin e  c lose ly 

re la te d  to  In fo rm a tic s . F ig u re  1.6 d e p ic te d  th e  c o n s te lla t io n  o f  in te res ts  o f  d if fe re n t 

em phases in  In fo rm a tic s  in  th e  c o n te x t o f  l ib e ra l a rts  p ro g ra m s  in  c o m p u te r  science 

(G ib b s  and  T u cke r. 1980. p 20 1) ;is a w e ig h te d  foc i, a nd  was o rg an ized  a c c o rd in g  to  a 

te c h n ic a l scale. In  F ig u re  2 .2 . I p resen t a s im ila r  i l lu s t r a t io n  based on a d ia g ra m  and  a 

d e s c r ip tio n  p roposed  by ( In g w e rse n . 1992) and c ite d  in  (Y a k k a r i. 1991. p 11). Ins tead  

o f  a  te c h n ic a l scab'. In fo rm a t io n  Science 's s u b je c t m a tte r  and  th e  re la t io n  betw een 

its  c o m p o n e n ts  o rg a n ize  th is  d ia g ra m  a ro u n d  th e  re la tio n s  be tw een  and  w i th in  users 

(w h o  desire1 and  use in fo rm a tio n )  and  in fo rm a t io n  sys tem s ( in  and th ro u g h  w h ich  

in fo rm a t io n  is processed and  rep re sen te d ). T h e  areas o f in fo m e tr ie s . in fo rm a t io n  

m a n a g e m e n t, in fo rm a t io n  ( re tr ie v a l)  sys tem s, in fo rm a t io n  re tr ie v a l in te ra c t io n , and 

in fo rm a tio n  need and  use s tu d ie s  a rt' d if fe re n tia te d  a cco rd in g  to  th e ir  c o n s te lla t io n s  o f 

in te re s ts .1 As m e n tio n e d  e a r lie r. L ib ra ry  and  In fo rm a t io n  Science had a d is c ip lin a ry  

b ifu rc a t io n  p o in t on  w h ic h  l ib r a r y  s tu d ie s  and  in fo rm a t io n  sys tem s d ive rg e d  fro m  ou t' 

a n o th e r.

T h e  severa l are;us o f  In fo rm a t io n  Science i l lu s t ra te  th e  in t r ic a te  d y n a m ic s  in vo lve d

" T h e  lis t ' o f  b a llo o n s  d ocs  n o t e n a b le  th e  d ire c t  re p re s e n ta t io n  o f  d is c ip l in a ry  t ra n s fo rm a t io n s ,  

a to p ic  o f  in te re s t in  th is  d is s e r ta t io n .  T h e  re g io n s  a n d  th e  in te rfa c e s  d e s c rib e d  b y  th e  b a llo o n s  

a re  c o n t in g e n t on th e  h is to r ic a l p e r io d  in  w h ic h  a d is c ip l in a ry  c h a ra c te r iz a t io n  is m ade . D iffe re n t 

re la t io n s  re q u ire  d if fe re n t d ia g ra m s . T h e  a re a  o f  d e s ig n , fo r  e x a m p le , is o f te n  c h a ra c te r iz e d  as sc ience , 

o fte n  ;ls a r t .  D u r in g  th e  n in e te e n th  c e n tu ry , e n g in e e r in g  was a u se fu l a r t .  A r t i f ic ia l  in te ll ig e n c e  hits 

s tro n g  lin k s  w i th  c o m p u te r  sc ience , p s ych o lo g y , a n d  lin g u is t ic s .  The- d ia g ra m  does n o t show  th e  

re la t io n s h ip ,  fo r  e x a m p le , b e tw e e n  A l  an d  lin g u is t ic s .

■ T h e  d e l im ite d  reg io n s  o f  F ig u re  2 .2  fo llo w s  In g w e rs e n  ( 1992 l's  d e s c r ip t io n  o f  In fo rm a t io n  S cience.
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Concerns of Information Science

I  t
Generators

of text 4  
system setting

User
Use of Information

1 t
Representations --------------► Desire of informatior

t

Information Management

User
<Use of Information

Represehtatjgns Desire of mformatxx

Information Retrieval Interaction

User
Use of Information

Represent Desire of information

Infometrics

enerators
of text 4  

system setting

User
Ise of Information

| Representations Desire of informatior

t
Information (Retrieval) Systems

I f
Generators

of 
syste

CJSer
< ---------------  Use of Information

Represen Desire of informatior

Information Need and Use Studies

i t
Generators

of text 4 
system setting

User
Use of Information

Representatii Desire of itior

F ig u re  2.'2: Information Science’s constellations of interests: Illu s tra tio n  based on 

P a r t t i  V a k k a r i’s d escrip tio n  o f  Ingw ersen 's  illu s tra tio n  o f  In fo rm a tio n  S cience em phases. 

(In g w ers en , 1 9 9 2 ) and (V a k k a r i,  19 94 , p 4 1 )
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in  a "s in g le "  d is c ip lin e . I have in c lu d e d  th e  d ia g ra m  in  F ig u re  2.2 in  th is  thesis in  

o rd e r to  co m p a re  its  s im ila r it ie s  w ith  d ia g ra m s  o f th e  fie ld  o f  In fo rm a tic s , and  HC'I 

itse lf. For exam p le , the  in c lu s io n  o f  th e  user w ith in  th e  poss ib le  c o n s te lla t io n  o f  

in te re s ts  o f  in fo rm a tio n  science goes b e yo n d  the  m ode ls  used to  d escribe  In fo rm a tic s ' 

d is c ip lin a ry  m a tr ix .  In  H C I. besides th e  user and  th e  a r t i fa c t ,  th e  c o n te x t and th e  

d e v e lo p m e n t process is a lso  d e p ic te d , g o in g  beyond  th is  d ia g ra m . '

A m o n g  th e  severa l areas th a t  H C I b o th  encom passes and  depends on . d is c ip lin a ry  

n iches such ;us H um an  F acto rs . H u m a n -C o m p u te r  In te ra c t io n  its e lf. C o m p u te r  Sup

p o rte d  C o o p e ra tiv e  W o rk . C o m p u te r  M e d ia te d  C o m m u n ic a tio n , and  o th e rs  a lready  

m e n tio n e d  are  loose ly lin ke d  w ith  each o th e r. S im ila r ly  to  In fo rm a tic s , w hen  some 

o f  these areas are o fte n  cons ide red  p a r t  o f  H C I. o th e rs  a re  n o t. h a v in g  d is t in c t  d is c i

p lin a ry  id e n t it ie s . I t  is th e ir  re la t io n s h ip s , in c lu d in g  c lose ly  k n it  and  lo o se ly  re la ted  

to p ics , th a t  fo rm s H C Ts d is c ip lin a ry  c u ltu ra l  ecology.

Some to p ic s  and perspec tives  across H C I are re s tr ic te d  to  sp e c ific  d is c ip lin a ry  

n iches, b u t o the rs  depend  on  in te r -d is c ip l in a ry  sca ffo lds . T h e  d iffe rences  and s im 

ila r it ie s  be tw een  th e m , th e  tendenc ies  to  increase o r decrease d is c ip lin a ry  b re a d th  

and  d e p th  v a ry  across h is to ry . I u n d e rs ta n d  th a t a c o n c e p tu a l m ode l o f  d is c ip lin a ry  

c u ltu ra l ecolog ies shou ld  be express ive  enough  to  d e p ic t such fa c to rs .

In T a b le  2.5 I have g ro u p e d  e xam p les  o f  w o rk  th a t  have discussed H C T s  in te rd is 

c ip l in a ry  re la tio n s  w ith  th e  c o g n it iv e  sciences, e n g in e e rin g , c o m p u te r science, in fo r 

m a tio n  sys tem s, design, c o m p u te r  s u p p o r te d  c o o p e ra tiv e  w o rk , c o m p u te r  m ed ia te d  

c o m m u n ic a tio n , and a n th ro p o lo g y  (e th n o g ra p h y ). T h e  fa c t th a t these a u th o rs  have 

c le a r ly  expressed and  id e n t if ie d  d if fe re n t n iches is an in d ic a t io n  o f  th e  a c tu a l d is c i

p lin a ry  s e g m e n ta tio n . Each o f  the  d is c ip lin a ry  b o u n d a rie s  o r  b ridges used by these 

a u th o rs  to  d if fe re n tia te  areas o r  p ropose  new  ones in  p a r t tra ce  th e  a c tu a l d is c ip lin a ry

"'S evera l re fle c t ions can he m a d e  a b o u t h o w  fu r th e r  In fo rm a t ic s  need to  e x te n d  its  scope a nd  its  

fo u n d a t io n s  in  o rd e r  to  be re a lly  h u m a n -c e n te re d , a n d  how  b iased  i t  s t i l l  is in  fa v o r o f  th e  iso la te d  

a r t i fa c ts  it p ro d u c e s , a n d  a g a in s t th e  c o n te x t i t  in te rve n e s . F or e x a m p le , to d a y  w h a t is k n o w n  ;is 

th e o ry  o f  c o m p u t in g  does n o t in c lu d e  th e o re t ic a l re fle c tio n s  a b o u t c o m m u n ic a t io n ,  la n g u a g e  an d  

to o l use', p r iv a c y , an d  o rg a n iz a t io n a l,  s o c ia l, a n d  e th ic a l issues.
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The relation between disciplinary niches across HCI sometimes reinforce, other times blur, 

their frontiers and links. The link between the cognitive sciences and HCI, for example, 

has been discussed in (Reitman Olson and Olson, 1990). John Carrol (1991) organized 

a collection in which several aspects of the relation between Psychology and HCI were 

discussed, including a discussion of the cognitive sciences (diSessa, 1991), and theoretical 

approaches (Barnard, 1991). Lewis discussed different conceptions of cognition (inner and 

outer) and their influence in HCI (Lewis, 1991).

In the academic setting, disciplinary diversity is difficult to foster and sustain. It is difficult, for 

example, to teach psychology to a computer scientist (Green et al., 1996)(Mantei-Tremaine, 

1998), or to show the appropriateness of different approaches and methodologies that address 

different requirements of information systems (Kuutti and Bannon, 1993).

Susan Leigh Star approached Information Systems through Symbolic Interactionism and 

Activity Theory, approaches developed in sociology and psychology, respectively (Star and 

Ruhleder, 1994; Leigh Star, 1995). Raeithel worked on the interface between CSCW and 

ethnography (Raeithel, 1996). See also Bowker et al. (1997) for a collection in which the 

relation among the social sciences, technical systems, and cooperative work are discussed. 

Team work is a key issue for engineering when projects cannot be done individually. Grudin 

(1991b), Grpnbaek et al. (1993), and Poltrock and Grudin (1998) discussed how a bridge 

between Computer Supported Cooperative Work and Engineering can help the development 

of software that supports teamwork. Blumenthal (1995) discussed the relation between 

industrial design and activity theory. See also Raeithel (1992) and Ribeiro dos Santos and 

Merkle (2001) for a link between Activity Theory and Design.

Liam Bannon has studied HCI’s interdisciplinarity deeply, including the drift of certain niches 

across time and space. He discussed different cognitive and social approaches in (Bannon, 

1991) and (Bannon and Shapiro, 1994); disciplinary trajectories in (Bannon, 1990; Ban

non and Schmidt, 1991); and the differences among HCI, CSCW, and Computer Mediated 

Communication (CMC) in (Bannon, 1992b; Bannon and Hughes, 1993; Bannon, 1997).

I understand that a conceptual model of HCI's nature should be able both to indicate these 

differences or tendencies across HCI's disciplinary cultural ecology and graphically depict it.

T ab le  2.5; Links and frontiers  across H C I’ disciplinary niches, examples
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h e te ro g e n e ity  fo u n d  in  H C I. A  cha llenge  I have1 u n d e rta ke n  in  th is  thes is  is to  m ake 

sense o f th e m  w ith  the  a id  o f  a c o n c e p tu a l fra m e w o rk .

C o g n it iv e  Science is a lso he te rogeneous. H e rb e r t S im on described  i t  ; l s  "an  a m a l

gam  o f a r t i f ic ia l in te llig e n ce , c o g n it iv e  psycho logy , and  lin g u is t ic s , w ith  a few o th e r  

tra ce  substances (e.g.. a n th ro p o lo g y , e p is te m o lo g y ) th ro w n  in ." (S im o n . 1905).11 F ra n 

cisco Vare la  in c lu d e d  Neuroscience*. C o g n it iv e  Psychology. A r t i f ic ia l  In te lligence*. L in 

g u is tic s . and  P h ilo so p h y  ; l s  c o n tr ib u to rs  to  the* d is c ip lin a ry  m a tr ix  th a t .s truc tu res  

C ognitive* Science*.

T h e  m a in  schools o f th o u g h t p resen t in  th e  Cognitive* Sciences are C o g n it iv is m  

and  C’n im e c t io n is m .111 C 'o g n it iv is t anel co nn ec t ionist- appre>ache*s o r ig in a te d  in  1950s. 

C o n n e c tio n is m  is o fte n  ch a ra c te r iz e d  ;is e m ergen t (b o tto m  up ) because* its  m ode ls  

u s u a lly  stre’ss processes th a t  ge> fro m  p a r t ic u la r  cttxes te> gene*ral e>ne*s. In  a re*ve*rse 

e lirectie )ii. C ognit.iv i.sm  goes fro m  goals anel re;ise>ning te> p a r t ic u la r  cases. W 'ithe a it 

e*ntering inte> the* d e ra ils , th e  m a in  h yp o th e s is  e>f C o g n it iv is m  st;ite*s th a t the* h u m a n  

m inel can be me>ek*llt*e 1 ;is an a b s tra c t s y m b o lic  cemiput-ing machine*. W h ile  the* l in k  

be tw een  c o m p u te r  science (a r t i f ic ia l  in te lligence*) anel c o g n it iv e  p sycho lo gy  has be*en 

a im p o r ta n t sca ffo ld  feir th e  d e ve lo p m e n t o f  c o g n it iv is t approaches. connect io n is t 

approaches have b i'en  m a in ly  su ppo rtee l by b rid g e s  across neuroscience ;mel c o m p u te r  

science*. W ith  respe*ct- te> th e  c o g n it iv e  science's, o n ly  e o g n it iv is m  has had a m a jo r  

im p a c t e>n H C I.

A  tli ire l schoo l o f  th ea igh t th a t  emergeel in  th e  seventie*s. also has o r ig in s  in  the  

c y b e rn e tic  perspective 's developeel e a r lie r, re m a in e d  a t the  e n its k irts . H u m b e r to  M a t-  

u ra n a  and F ranc isco  V a re la  p roposed  th a t  life , a nd  in  consequene*e e ejgtiitie>n. ceaihl be 

u n d e rs to o d  o n ly  th ro u g h  s e lf-o rg a n iz in g , o r s e lf-p ro d u c in g  m echan ism s. T h e y  charae- 

te'rizeel such sys tem s as a u to p o ie t ic  (M a tu ra n a . 1975: M a tu ra n a  anel V a re la . 1979 ).11

‘See a lso (G a rd n e r .  1985. p (57)

I0 F or an in t r o d u c t io n  to  th e  C o g n it iv e  Sciences see G a re ln e r (F JS o l a nd  A n d lc r  i l i t t f j i .  F o r a 

c o m p re h e n s iv e  sou rce , see W ils o n  a n d  K c i l  ( 19991 F o r exam ple 's  and  a d iscu ss io n  o f  its  ro le  in  H C I. 

see N o rm a n  ( l9 X t i l .  B a n n o n  (1 9 9 0 ). R e it tn a n  O ls o n  a n d  O ls o ti (19901. a n d  d iS cssa (19 9 1 )

“ F o r a recen t a p p ra is a l se*e M in g e rs  I 1990. 199")l. In  H C I. an in f lu e n t ia l  h o o k  in  C S C W  by 

W in o g ra d  a ru l F lo re s  ( 1990) in d ic a te i l  a u to p o ie s is  a n d  h e rm e n e u tics  ;ls p oss ib le  fo u n d a t io n s  fe>r
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F ig u re  2..}: Comparison o f V a re la ’s conceptual charts o f th e  C ognitive Sciences

M o re  rece n tlv . V a re la  ca lled  h is  a pp ro ach  E n a c tiv is m  (See V a re la  et a l.. 1991. p 7).

I have in c lu d e d  th is  b r ie f d iscuss ion  a b o u t th e  c o g n it iv e  sciences in  o rd e r to  in t ro 

duce  a second d ia g ra m  proposed  in  the  lite ra tu re . In  o rd e r to  d ilfe re n tia te  c o g n it iv e  

sciences’ p a ra d ig m s . V are la  e la b o ra te d  a p o la r  d ia g ra m  to  p lo t a u th o rs  in  re la t io n  

to  d iffe re n t d is c ip lin e s  and d if fe re n t p a ra d ig m s  w ith in  th e  c o g n it iv e  sciences. Be

tw een 1 9 8 8  and  1990. V are la  p u b lis h e d  a t least th re e  versions o f  th is  p o la r d ia g ra m .1* 

I sh o u ld  re m a rk  th a t in V a re la 's  o r ig in a l d ia g ra m s , o n ly  d o ts  rep resen t th e  re la t iv e  

"c o o rd in a te s ’’ o f  each a u th o r. T h e  d ia g ra m  on  F ig u re  2.3 d e p ic ts  th e  a p p ro x im a te  re l

• i i i  u n d e rs ta n d in g  o f  c o m p u te rs , c o g n it io n ,  a nd  d es ign . S om e have c h a ra c te r iz e d  th is  a p p ro a c h  as 

s e co n d -o rd e r c y b e rn e tic s  (B r ie r .  1 9 9 5 1

'"S e e  th e  d ia g ra m s  (V a re la . 19SS. p K iS ). (V a re la  e t a l. .  1991. p 7 l a n d  (V a re la . 1990. p 1I9>. 

V a rd a  1ms no t d iscussed  th e  c o o rd in a te s  o f  each a u th o r ,  o r  th e  d iffe re n ce s  across d ia g ra m s .
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a tiv e  v a r ia t io n s  o f  c o o rd in a te s  in  th re e  instances o f  V a re la 's  c o n c e p tu a l p o la r  c h a r ts .1* 

In d e p e n d e n t o f  th e  m o tive s  b e h in d  these v a ria t io n s  d e p ic te d  in  F ig u re  2.0. th e  use 

o f  tra je c to r ie s  to  d esc rib e  these changes (‘ lia b le  th e  g ra p h ic  re p re s e n ta tio n  o f  th e  h is

to r ic a l tra n s fo rm a tio n s  th a t a d is c ip lin e , a to p ic , o r  even a person  have undergone . 

For e xam p le  Neisser m oved fro m  a c o g n it iv is t  to  a em ergen t p a ra d ig m , and J o h n 

son m oved fro m  p h ilo s o p h y  to  l in g u is t ic s . I u n d e rs ta n d  th a t V a re la 's  d ia g ra m s  are 

lim ite d  to  approaches in  th e  c o g n it iv e  sciences th a t an* re s tr ic te d  to  th e  in d iv id u a l 

o rg a n is m . T h is  is u n d e rs ta n d a b le  co n s id e rin g  th e  n iche th a t th e  c o g n it iv e  sciences 

have spec ia lized  in . A s  H o w a rd  G a rd n e r  w ro te :

1985 Howard G ardner

The M in d 's  N e w  Science: A h is tory o f  the cognitive revolution  (G ardner, 1985, p 41)

Though  m ainstream  cognitive scientists do not necessarily bear any an im us against the  

affective realm , against the co n text th a t surrounds any action or th o u g h t, or against his

torical or cu ltural analysis, in practice they a tte m p t to  factor out these elem ents to the  

m axim um  exten t possible. So even do anthropologists when wearing th e ir cognitive science 

hats. These m ay be a question o f practicality: if one were to  take in to  account these 

individualizing and phenom enalistic elem ents, cognitive science m ight becom e impossible.

In an effo rt to  explain everyth ing, one ends up explaining nothing.

As w ith  In fo rm a tic s . I u n d e rs ta n d  th a t t r a d it io n a l c o g n it iv e  sciences have m ade 

key c o n tr ib u t io n s  to  H C I c o n s o lid a tio n . T h a t does n o t m ean th a t  th e  c o g n it iv e  

science (o r  w h a te v e r o th e r  s in g le ) a pp ro ach  is s u ffic ie n t to  s u s ta in  th e  d e ve lo p m e n t 

o f  H C I in  th e  lon g  ru n . R ecent a pp roaches such as D is tr ib u te d  C o g n it io n . S itu a te d  

A c t io n . A c t iv i t y  T h e o ry , and  L a n g u a g e /A c tio n  go beyond  in d iv id u a l c o g n it io n  and  

e x p lo re  e n v iro n m e n ta l, c o m m u n ic a tiv e , d ia lo g ic a l. a n th ro p o lo g ic a l, so c ia l, h is to r ic a l, 

c u ltu ra l,  e th ic a l, p o lit ic a l,  and  a x io lo g ic a l fa c to rs  and  p e rs p e c tiv e s .1 *

1 'F ro m  th e  d ia g ra m s , i t  is im p o s s ib le  to  d e te rm in e  i f  th e  s m a ll d iffe re n ce s  a re  d u e  to  a c tu a l changes 

in  o r ie n ta t io n s  o f  th e  re s p e c tiv e  a u th o rs ,  in  d iffe re n ce s  in  V a re la 's  o p in io n  s a b o u t th e se  a u th o rs , o r  

on  d iffe re n ce s  in tro d u c e d  b y  w h o m  d ra w  th e m .

1'See (H u tc h in s .  19!)"): H u tc h in s  a n d  K la u s e n . 1990) fo r  D is t r ib u te d  C o g n it io n .  S u c h m a n  (1 9 8 7 ): 

C la n e e y  ( 19971 fo r  S itu a te d  A c t io n :  K u u t t i  ( 1 9 9 ( id \a p te l in in  ( 199 (j|. an d  N a rd i I 1 9 9 tia l fo r A c t iv i t y
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T e r ry  W in o g ra d  has been c a ll in g  to r  a renew a l o f H C I s t r a d it io n a l fo u n d a tio n s  

s ince  th e  m id  e igh ties . W in o g ra d  and  F lores d iscussed, fo r e x a m p le , th e  use o f an- 

topo ies is . h e rm e ne u tics , a nd  speech ac ts  to  g ro un d  a deeper u n d e rs ta n d in g  o f c o g n i

t io n  and  design . ;is I fo o tn o te d  e a r lie r  (W in o g ra d  and  F lores. 1990). N ow  I tu rn  to  

a c o n c e p tu a l c h a rt o f  language  s tu d ie s  th a t makes use o f b o th  d e lim ite d  reg ions and 

a rro w s  to  in d ic a te  d is c ip lin a ry  in fluence's.

A  d is c ip lin a ry  d ia g ra m  th a t a c tu a lly  makes use o f so m e th in g  lik e  V a re la 's  p o la r  

c h a r t,  th e  a rrow s I in tro d u c e d  in  it  to  dep ic t re la tio n s , and  d e lim ite d  reg ions w h ich  I 

added  to  Ingw ersen  s d ia g ra m s  o f  in fo rm a t io n  science has heen p ro po sed  by H a llid a y  

(1987) to  describe  th e  fie ld  o f language  s tu d ie s .1’

P e te r Bogh A n d e rse n  has e o n te x tu a liz e d  th e  fie ld  o f C o m p u te r  .Sem iotics in  re la 

t io n  to  H a llid a y \s  d is c ip lin a ry  d ia g ra m  o f l in g u is t ic  s tu d ie s  (A n d e rs e n . 1990. p IS ). 

T h e  d ia g ra m  in  F ig u re  2.1 d e p ic ts  th e  m erg ing  o f  H a llid a y  s a nd  A n de rsen 's  d ia 

g ram s. u’ A nde rsen  i l lu s tra te d  th e  h e ld  o f c o m p u te r se m io tics  w i th in  a reg ion  closer 

to  th e  foc i in  w h ich  language  is c o n s tru e d  as a sys tem . T h is  re g io n  is close to  th e  

reg io n  in  w h ich  language  is c o n s tru e d  as b e h a v io r and  as a r t ifa c ts ,  a nd  it is fa r 

fro m  language  co n s tru e d  as kn ow ledge . A ndersen  lis te d  severa l d is c ip lin e s  re la ted  to  

H C I ;us s u rro u n d in g  language  s tu d ie s . He c le a rly  rem arked  th a t " th e  d is t r ib u t io n  o f 

ce n te r and  p e r ip h e ry  was not to  be ta ke n  ;is an  assessment o f th e ir  im p o rta n c e : i t  

{ i ra s j  s im p ly  a p o r t r a i t  o f  t h r  sp rc i f i c  pi r s p i c t i n  o f  si n uo t i r s .  i i n l i c a t i i n j  i ts p a r t i c u l a r  

s t r m y t h s .  in  ukn< ssi s. a n d  i ts p os s ib i l i t y  s o f  co l labora t ion .  (A n d e rs e n . 1990. p 19). 

A n d e rse n 's  d ia g ra m  also il lu s tra te s  th e  use o f cu rves  to  d e p ic t n iches o f in te re s t o f a 

c e rta in  d is c ip lin e  in  respect to  a  d is c ip lin a ry  space, and  how . a lth o u g h  d e lim ite d , th e  

in c ite  rem a in ed  ope n  to  its  m ilie u .

T h e o ry :  a n d  W in o g ra d  a n d  F lo re s  ( 19901 a n d  D e  M irh e lis  a n d  Gr.usso l 199 11 fo r a L a n g u a g e  A c t io n  

p e rs p e c tiv e  in  H C I. See N a rd i I 199(il>i fo r  a c o m p a r is o n  o f  th e m . In  th e  M I T  K n c y o lo p e d ia  o f  th e  

C o g n it iv e  Sciences p u b lis h e d  in  1999. se ve ra l e n tr ie s  d iscuss  som e o f  these  fa c to rs  a n d  th e  re s p e c tiv e  

a reas (W ils o n  and  K e il.  1 9 9 9 1.

1 ' 'H a l l id a y ‘s a p p ro a c h  to  la n g u a g e  is k n o w n  ;is s y s te m ic  fu n c t io n a l l in g u is t ic s .

1,>In  th a t  w o rk . A n d e rs e n 's  a p p ro a c h  to  la n g u a g e  fo llo w e d  a t r a d i t io n a l  a re a  k n o w n  ;vs G lo s s v tu a tic s  

d e v e lo p e d  b y  L o u is  H je lm s le v  ( 197o).
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T h e  d is c ip lin a ry  d ia g ra m s  I p resen ted  in  th is  s e c tio n  a re  s tru c tu re d  a ro u n d  the  

re la t iv e  p lacem ent o f s u b je c t m a tte rs , o f  spec ific  a u th o rs , and  o f  o r ie n ta t io n s  o r t r a 

je c to r ie s . T h e y  an* exam p les  o f how  to  c h a ra c te r ize  d is c ip lin a ry  n iches and th e ir  

in te re s ts . I re tu rn  now  to  th e  n a tu re  o f  HC’I. and focus on  its  m odels.
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archaeology 
and prehistory

X  history of 
language 

language-1-' 
fa m i^  linguistic 
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Technology assessment
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(psycho-linguistics)

. . - V
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F ig u re  2 .T. Disciplinary conceptual chart of computer semiotics.

(A n d e rs e n , 1 9 9 0 , p 1 8 ) and  on (H a ll id a y , 19 87 , p 1 1 ) .

Based on

De Souza ( 1993) deve loped  an a p p ro a ch  ca lle d  S e m io tic  E n g in e e rin g  in  w h ich  

a r t i fa c ts  are u n d e rs to o d  ;us messages fro m  designers to  users. De Souza (1993) g ra p h 

ic a lly  d e p ic te d  th e  c o n c e p tu a l space o f  S e m io tic  E n g in e e rin g  w ith  th e  a id  o f U m b e rto
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(a) Semiotic Engineering’s Space
based on grammatlcalized
Clarisse S. de Souza 1993 structured
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token-type g , 

ratio ® 
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expression .2  
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F ig u re  2.5: Domain niches and methodologies do not always intersect: (a) Semi

otic Engineering space: based on de Souza (1993) (b) Based on Cockburn (1996)
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E cu 's  a p p ro a ch  to  s e m io tic s  (E cu . 1080). as i l lu s tra te d  in  F ig u re  2 .0 (a ) . ' '

C 'o ekb u rn  (1096 ). fo r  e xa m p le , d iscussed the  in te ra c t io n  o f  soc ia l issues in s o ft

w are  a rc h ite c tu re . He addressed h ow  m e th od o lo g ie s  d if fe r  in  re la t io n  to  d iffe re n t 

s ta ke h o ld e rs . C o c k b u rn  (1996) m ade  use o f th re e  d im e n s io n s  assoc ia ted , as il lu s 

t ra te d  in  F ig u re  2 .5 (b ) . w ith :  (a) p eo p le  ro les, (b ) p ro je c t lifecyc les , a n d  (c) people 's 

a c t iv it ie s : in  o rd e r to  show  th a t d o m a in  niches and  m e th o d o lo g ie s  d o  not a lw ays 

in te rs e c t. C 'o ckbu rn 's  m o d e l also e x e m p lifie s  the  need o f  b ro a d e r pe rspe c tives  in  In 

fo rm a tic s . W h a t is in  th e  fo re g ro u n d  o f  a u se r-in te rfa ce  e x p e rt, fo r e xa m p le , is not 

n ecessarily  th e  sam e o f  w h a t is in  th e  fo re g ro u n d  o f  a  secre ta ry , b u t b o th  can be 

c ru c ia l e lem en ts in  p ro je c t  d e ve lo p m e n t.

2 .5  C o m p u te rs  +  H u m a n s

In  th is  se c tion  I d iscuss th e  n a tu re  o f  HC 'I us ing  as d a ta  th e  expressed op in io ns  

o f le a d in g  researchers in  H C 'I. as w e ll as d ia g ra m s  o f  its  n a tu re  p resen ted  in  th e  

sp e c ia lize d  lite ra tu re .

In  p a r t ic u la r .  I d iscuss a d ia g ra m  in c lu d e d  in  th e  S IG C 'H I C u r r ic u lu m , its  tra n s 

fo rm a tio n s  across d if fe re n t ve rs ions, a n d  its  l im ita t io n s . L a te r. I p ro po se  an ex tens ion  

o f th is  m od e l c o n s id e rin g  a m ore  com p re he ns ive  d e s c r ip t io n  o f HC’I's  n a tu re .

C o m p a re d  w ith  In fo rm a t ic s , fo rm a l e d u c a tio n  in  HC’I has s ta r t l ’d ve ry  recently . 

M o s t research is done  across u n iv e rs ity  d e p a rtm e n ts  due  to  H C T s  in te rd is c ip lin a ry  

p ro file . T h e re  are o n ly  a few  u n d e rg ra d u a te  p ro g ram s  in  HC’I.

T h ro u g h o u t the  process o f  c o n s o lid a tio n  o f  H C 'I. p ro fess iona ls  and  re la te d  associ

a tio n s  have d iscussed how  to  de fin e  i t .  and  how to  s tru c tu re  its  fo rm a l e d u c a tio n .1'" 

O ne  o f  th e  g roups  th a t  has done  a s ig n ific a n t w o rk  in  th is  d ire c t io n  is th e  AC’M  

S pec ia l In te re s t G ro u p  on C o m p u te r  H u m a n  In te ra c t io n .

1 ‘ D e  S o u za 's  research  g ro u p  has use il P e irc e ’s s e m io tic s , in s te a d  o f  E co 's . in  t h e ir  m o re  recen t 

w o rk . See L e ite  I 199S|. P ra te s  I 19981. a n d  P ra te s  e t a l. 1‘JOUO).

' 'S e e  A p p e n d ix  C' fo r  a c h ro n o lo g ic a l l is t  o f  seve ra l p u b lic a t io n s  re la te d  to  e d u c a t io n ,  research, 

a nd  d e v e lo p m e n t in  HC’ I. T h e  lis t  is n o t c o m p le te  a nd  is in te n d e d  o n ly  to  g iv e  th e  re a d e r a  sense o f  

h is to r ic a l c o n t in u ity .

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



www.manaraa.com

A C M  S I G C 'H I  C u r r i c u l a  f o r  H u m a n  C o m p u t e r  I n te ra c t i o n  w ;is p u b lis h e d  in  

T h e  respective  c o m m itte e  addressed  the  d e f in it io n  o f  HC’ I a nd  th e  scope o f  th e  rec

o m m e n d a tio n s  in  th e  fo llo w in g  w ay:

1992 Thom as T .  H e w e tt et al.

A C M  S IG C H I C urricula for H u m a n -C o m p u te r In terac tion  

(H e w e tt et al., 1992, pp 5-7 , em phasis in the original)

T h ere  is no curren tly  agreed d efin ition  o f the range o f  topics which form  th e  area o f hum an- 

com puter in teraction  but [ . . . ]  on b eh a lf o f a characterization  o f the field th e  following work 

definition  was given as a springboard for their task o f establishing a curricula:

H u m a n -c o m p u te r in teraction  is a discipline concerned w ith  the design, eval

uation, an d  im p lem enta tio n  o f  interactive co m p u tin g  systems for hum an use 

an d  w ith  th e  s tudy o f  m a jo r phenom ena surrounding them.

[ . . . ]  B u t it is clear th a t varying w h a t is m eant by in teraction , hum an, and m achine  leads to  

a rich space o f possible topics [ . .  .] In this report, we have adopted, as a A C M  com m ittee, 

an appropriate com puter science p o in t o f view, although we had tried  a t th e  sam e tim e  to  

consider h um an -co m p uter in teraction  broadly enough th a t o ther disciplines could use our 

analysis and sh ift the focus appropriately.

T h e  use o f  th e  te rm  '.su rro u n d in g s " to  de fine  th e  co n te n ts  o f  H C 'I is s im ila r  to  

N ew e ll. P e rlis . a nd  S im on  s c o m p u te r  science d e f in it io n  q u o te d  in  C h a p te r  1. w h ich  

s ta te d  th a t "C o m p u te r  science is th e  s tu d y  o f  th e  p he nom ena  s u rro u n d in g  c o m p u te rs " 

(N e w e ll et a l.. 19G7. p 1373). H ow ever, the re  is an a d d it io n a l h u m a n  e lem en t in  th e  

basic u n ity  o f  a n a ly s is  o f  HC’ I. In  re la t io n  to  G ib b s  a nd  T u c k e r 's  d e f in it io n  fo r lib e ra l 

a r ts  p ro g ram s (G ib b s  and  T u c k e r. 1986). the  above  d e f in it io n  has th e  sam e f le x ib i li ty ,  

e n a b lin g  th e  c h a ra c te r iz a tio n  o f  d if fe re n t n iches.

T h e  A C M  c o m m itte e  in c lu d e d  in  th e  S IG C H I c u r r ic u lu m  a d ia g ra m  d e p ic t in g  the  

n a tu re  o f H C 'I. In s te a d  o f p re s e n tin g  d ire c t ly  th e  m od e l o f  HCT tis p u b lis h e d  in  th e  

1992 re p o r t. I s ta r t  w ith  an e a r lie r  d ia g ra m  p u b lis h e d  in  1991. d e p ic te d  in  F ig u re  2.0. 

In  a series o f in it ia t iv e s  to  s t ru c tu re  e d u c a tio n  in  HC’ I . I!> M a rc h io n in i and  S ib e rt

‘ ‘ ‘ E a r lie r  e x a m p le s  re la te d  to  H C 'I e d u c a t io n  in c lu d e d  V e rp la n k  a n d  K im  ( 19S(j). M a n te i (1089  I.
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(I) the use to which computers are 
put and the context of that use

(li) characteristics 
of the human 

that constrain 
interfaces

i. Use and Context
Social Organization and Work 
Application Areas
Human-Machine Fit and Adaptation

II. Human III. Computer
Human Information Processing Input and Output Devices 
Language, Communication Dialogue Types and Techniques
and Interaction Dialogue Genre
Ergonomics Computer Graphics

Dialogue System Architecture

IV. Development
Design Techniques 
Implementation Techniques 
Evaluation Techniques

(III) the design 
elements 
of the 
system

(IV) the process of design itself

F ig u re  2 .0 : Marchionini and Sibert’s chart of H C I’s nature. (M a rc h io n in i and

S ib e rt, 1 9 9 1 , p 2 0 , re d ra w n )

p u b lis h e d  m i agenda  fo r  HC’I in  th e  S IG C 'H I b u lle t in  in  w h ic h  a ske tch  o f  S IG C 'H I's  

d ia g ra m  was in i t ia l ly  p resen ted . M a rc h io n in i and S ib e r t c h a ra c te r iz e  H C I 's  d o m a in  

as in v o lv in g  a c o m b in a tio n  o f  to p ics  re la te d  to : ( i)  th e  use to  w h ich  c o m p u te rs  are p u t 

and  th e  c o n te x t o f  th a t  use: ( i i )  th e  h u m a n  c h a ra c te r is t ic s  th a t  c o n s tra in  in te rfaces: 

( i i i )  th e  design  e lem en ts  o f  th e  sys tem : and  ( iv )  th e  process o f des ign  its e lf. T h e y  

d e ta ile d  each o f these  fo u r  ite m s  in  severa l s u b -to p ics  a n d  presen ted  th e m  in  a d ia g ra m  

s im ila r  to  th e  in n e r  re c ta n g le  d ep ic te d  in  F ig u re  2.G.

T h e  a c tu a l S IG C H I C u r r ic u la  fo r HC’ I re p o rt was p u b lis h e d  in  1992 (H e w e tt 

et a l.. 1992). W i l l ia m  V e rp la n k  and  S tu a r t  C a rd  deve lo pe d  a g ra p h ic a l re p re s e n ta tio n  

fo r th e  c o rre s p o n d in g  to p ic s  o f th e  n a tu re  o f  H C 'I. V e rp la n k  and  C a rd 's  d ia g ra m  is 

d e p ic te d  in  F ig u re  2 .7 ’s to p  d ia g ra m . I have re d ra w n  it  in  o rd e r to  fac i l i t a te  a p a ra lle l 

w ith  t in 1 o th e r  d ia g ra m s . T h e  assoc ia ted  d e s c r ip tio n  in  q u o te d  in  T a b le  2.(3.

A  th i r d  and a fo u r th  d ia g ra m  were p u b lis h e d  in  re p o r ts  fro m  a w o rk s h o p  d iscuss ing

P e r lm a n  ( 1‘JS‘J l .  S tro n g  ( I 'J S ttl. P e r lm a n  ( I'J 'JO l. a n d  Preeec a n d  K e lle r  ( 15)901. h u t  a re  n o t re s tr ic te d  

to  tlte se  ones.
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Information 
Processing
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Communication 
and Interaction
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02 Implementation 
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, ................   Social Organization and Work
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3.1 Human 
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o v Processing
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5.3 Evaluation 
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5.4 Example Systems and

C Case Studies

5.1 Design G
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/
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F ig u re  2.7: The nature of HCI compared: To p : (H e w e t t  e t al . ,  1992, p 73, re d ra w n )  

B o tto m : (S tro n g  e t  a l., 1994, p 15, re d ra w n )
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19 9 2  H e w e tt e t al.

A C M  S IG C H I C u r r ic u la  fo r  H u m a n -C o m p u te r  In te ra c t io n

(H e w e t t  et a l.. 1 9 9 2 , pp 1 4 -1 7 , re fo rm a tte d , em phasis an d co m m en ts  ad d e d )

( N l ) [ T h e  N a t u r e  o f  H u m a n - C o m p u t e r  In te r a c t io n  includes:]

[ T ] h e  use a n d  s o c ia l c o n te x t  o f  co m p u te rs :

( U l )  C o m p u te r  S ystem s exist w ith in  a larger [cu ltu ra l] s o c ia l,  o rg a n iz a t io n  a n d  w o rk  m ilieu .

( U 2 )  W ith in  th is  c o n te x t th ere  are a p p lic a t io n s  for w h ich  w e wish to  em plo y c o m p u te r  system s.

( U 3 )  B u t th e  process o f p u ttin g  c o m p u te rs  to  w ork m eans th a t th e  h u m a n , tech n ica l, 

and w o rk  a s p e c ts  o f  th e  a p p lic a t io n  s i tu a t io n  m u s t b e  b r o u g h t  in to  f i t  w ith  ea ch  o th e r  

th ro u g h  hu m an  lea rn in g , system  ta ilo ra b iiity , and o th e r strateg ies .

[O n ] th e  h u m a n  [c h a r a c te r is t ic s ]  w e m u st also ta k e  in to  accou nt 

( H I )  hu m an  in fo r m a t io n  p ro c e s s in g , [or co g n itive  and a ffe c tiv e  system ]

(H 2 )c o m m u n ic a t io n  [or m e d ia tin g  a r tifa c ts  such as lan g u ag e  and gesture], and

( H 3 )  th e  p h y s ic a l  [e rg ono m ic  and c o g n itive ] ch aracte ris tics  o f users [people in te ra c tin g  w ith  m ach ines]

O n  th e  c o m p u te r  [s y s te m  a n d  in te r fa c e  a r c h i te c tu r e ] ,  a varie ty  o f  techn o lo g ies  have

been developed fo r su p p o rtin g  in te ra c tio n  w ith  hum ans:

( C l )  In p u t  a n d  o u tp u t  de v ice s  co n n e c tin g  th e  hum an an d  th e  m ach ine [or in te ra c tiv e  devices],

(C 2 )  T h ese  are used in a n u m b er o f  te c h n iq u e s  fo r  o rg a n iz in g  d ia lo g u e  [in c lu d in g  d ialogue in p u ts  and  

o u tp u ts , in te ra c tio n  techniques and o th e r  issues],

(C 3 )  T h ese  te ch n iq u es  are used in tu rn  to  im p le m e n t larger design e lem ents , 

such as th e  m e ta p h o r  o f  th e  in te rfac e  [d ia lo g u e  g e n re ]

(C 4 )  G e ttin g  d e e p e r in to  th e  m ach in e  su b stra ta  s u p p o rtin g  th e  d ia log ue , th e  d ia lo g u e  m ay  

m ake  extensive use o f  c o m p u te r  g ra p h ic s  techn iques, [in c lu d in g  re n d e r in g  an d  re c o g n it io n ],

(C 5 )  C o m p lex  d ia lo g u es  lead in to  co ns idera tions  o f  th e  s y s te m s  a rc h ite c tu re  necessary to  su p p o rt  

such fe a tu res  as in te rc o n n e c ta b le  ap p lic a tio n  program s, w in d o w in g , re a l- tim e  response, n e tw o rk  

co m m u n ic a tio n s , m u lti-u s e r  and c o o p e ra tiv e  in terfaces, an d m u ltita s k in g  o f  d ia lo g u e  ob jects.

F in a lly , th e re  is th e  p ro c e s s  o f  d e v e lo p m e n t  w h ich  incorporates:

( D l )  d e s ig n  for h u m a n -c o m p u te r  d ia log ues  [in te ra c tio n ],

( D 2 )  techn iqu es a n d  to o ls  for [spec ify in g  and] im p le m e n tin g  th e m .

( D 3 )  te c h n iq u e s  fo r  e v a lu a t in g  [and m o n ito rin g ] th e m , and  

( D 4 )  a n u m b er o f  c la s s ic  d e s ig n s  [and case studies] fo r study.

E a c h  o f  th e s e  c o m p o n e n ts  o f  th e  d e v e lo p m e n t  p ro c e s s  is b o u n d  u p  w i t h  th e  o th e r s  in  a 

r e la t io n s h ip  o f  m u t u a l ,  r e c ip ro c a l in f lu e n c e  w h e re b y  c h o ic e s  m a d e  in  o n e  a re a  im p a c t  u p o n  

c h o ic e s  a n d  t h e  o p t io n s  a v a ila b le  in  th e  o th e rs .

T a b le  2 .6 . SIGCHI's description of the contents of HCI ( H e w e t t  e t a l., 1 9 9 2 , pp  

1 4 -1 7 , re fo rm a tte d , bold  a d d ed )
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79

H C T s  new d ircc tic»ns.J" T h e  th ir d  d ia g ra m  litis  s o u k * d illt 'to n c e s  fro m  the  1992 one. 

w h ic h  was in c lu d e d  in  the  S IG C H I C u r r ic u lu m . In  F ig u re  2.7. th e  dashed lines  

in d ic a te  th e  changes betw een th e  1992 and the1 1991 ve rs ions .21

C o n tra s t in g  th e  firs t d ia g ra m  (M a rc h io n in i a n d  S ib e r t)  in  th e  series o f fo u r w ith  

th e  second (S IG C H I C u r r ic u lu m ) , "d e v e lo p m e n t processes" have been co m p le m e n te d  

w ith  "e xam p le  sys tem s and case s tu d ie s " . T h is  change m ay a pp ea r s im p le , b u t it  

is n o t. As th e  c o m m itte e  re m a rke d , choices in  one area have repercuss ions in  th e  

o th e r  ones, and  v ice -ve rsa . I s h o u ld  re m a rk  th a t cause s tu d ie s  and  chussic designs a rt ' 

n o t e x p l ic it ly  recogn ized  in  In fo rm a t ic s  ;us m e th o d o lo g ie s , w ith  th e  e xce p tio n  o f th e  

b ra n c h  o f in fo rm a t io n  system s m a n a g e m e n t.22 2i

T h e  g ra p h ic a l re p re s e n ta tio n  o f  th e  second, th ir d  and  fo u r th  "S IG C H I"  d ia g ra m s  

a dded  th e  p o s s ib il ity  o f  g ro u p in g  th e  to p ics  th ro u g h  re la t iv e  p lacem en t. O n e  o f 

t l i t '  p a r t ic u la r it ie s  o f  th e  g ra p h ic  re p re s e n ta tio n  used in  these d ia g ra m s  is th a t th e  

to p ic s  in v o lv in g  e ith e r  s ing le  in d iv id u a ls  o r s in g le  c o m p u te rs  have been em phas ized  

once th e ir  b o u n d a r ie s  have been d e lim ite d  and  th e ir  g ra p h ic  re p re se n ta tio n  luus been 

added .

2l,See (.S trong  et a l. .  190-1. p  la )  fo r  th e  fa l l  re p o rt a m i (S tro n g . 190a) fo r  a n  a b rid g e d  v e rs io n  

d e s c r ib in g  th e  w o rk s h o p  a c t iv it ie s .

211 s h o u ld  re m a rk  th a t  in  b o th  th e  S IG C H I  C u r r ic u la  (H e w e tt  et a l..  1992) a n d  th e  N ew  F o u n 

d a t io n s  W o rk s h o p  re p o r t  (S tro n g  et a l. .  19911 th e  c o m m itte e s  a n d  th e  p a r t ic ip a n ts  in c lu d e d  a 

c o n c e p tu a l in v e n to ry  o f  H C I and  re m a rk e d  th a t  these d ia g ra m s  w ere a b le  to  d e p ic t o n ly  a subse t o f  

th e  a c tu a l re la t io n s h ip s  a m o n g  th e  lis te d  to p ic s .

“ In fo rm a t ic s ' e v e ry d a y  p ra c tic e , h o w e ve r, m akes e x te n s iv e  use o f  e xa m p le s  a n d  a c tu a l a p p ro a ch e s , 

b o th  in  th e o ry  and  in  p ra c tic e . F o r e x a m p le , a w o rk  th a t  b e cam e  chussic has been  s tru c tu re d  a ro u n d  

chussic a lg o r ith m ic  s o lu t io n s  fo r a w id e  v a r ie ty  o f  p ro b le m s  is D o n a ld  E rv in  K n u th 's  th re e  v o lu m e s  

o f  th e  ‘T h e  a rt o f  c o m p u te r  p ro g ra m m in g " ,  f irs t  p u b lis h e d  in  1968. 19(39. a n d  1973. re s p e c t iv e ly  

( K n u th .  1998). T h e  jo in t  use o f  e x a m p le s  a n d  case s tu d ie s  h is to r ic a lly  c o n te x tu a liz c s  th e  a p p ro 

p r ia te n e s s  o f  a c e r ta in  s o lu t io n  to  a c e r ta in  p ro b le m . Chuse s tu d ie s  a n d  h is to ry  g ive  th e  te c h n o lo g y  

s ta k e h o ld e rs  a s c a ffo ld  fro m  w h ic h  to  s t r u c tu re  th e ir  in te rv e n t io n s .

■'! T h c  co ncep t o f  s o ftw a re  p a tte rn s ,  fo r  e x a m p le , w h e n  u n d e rs to o d  in  th e  fu l l  b re a d th  th a t  i t  d e 

serves. fos te rs  a s y s te m ic  h u m a n -c e n te re d  p e rs p e c tiv e  to  s o ftw a re  des ign  a n d  re-use . I t  is s t r u c tu re d  

a ro u n d  c o n te x t u t iliz e d  a rc h e ty p a l e x a m p le s . See C’o p lic n  ( 1997) fo r a b r ie f  b u t  c r i t ic a l o v e rv ie w  o f  

th e  uses a nd  m isuses o f  s o ftw a re  p a tte rn s .
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so

In th e  th ird  d ia g ra m  o f H C I's  n a tu re  in a series o f  fo ur (S tro n g  e t a l. . 1 9 9 4 . p 15 ). th e  "social and  

o rg a n iza tio n a l w ork" re la ted  to p ics  m oved higher and to  th e  c e n te r In th e  lig h t o f  th e  m e ta p h o r  

th a t says th a t  w h a t is h ig h er is broader (L a k o ff an d  Johnson, 1 9 8 0 ) . th is  re la tive  p lacem en t is in 

accordance  w ith  th e  te x tu a l descrip tion  o f th e  second d iag ram  ( U l ,  w h ich  includes U 2 . w h ich  im plies  

U 3) (H e w e t t  e t a l., 1992 , pp 1 4 -1 7 )

" A p p lic a tio n  areas" m oved closer to  th e  c o m p u te r. T h is  is in consonance w ith  th e  co m m o n  m ean ing  

ascribed to  "a p p lic a tio n "  in In fo rm a tics . T h is  can  be question ed  in th e  lig h t o f u sab ility  studies  

and h u m a n  cen te red  perspectives, in w hich th e  d e v e lo p m e n t o f  a p p lic a tio n s  is co n tin g e n t on hum an  

practices and should be ce n te red  on th em .

“H u m a n -m a c h in e  fit  and a d a p ta tio n "  m oved closer to  th e  h u m a n . T h is  m ay  reinforce th e  tra d it io n a l 

view  th a t  th e  hu m an  is th e  one w h o  needs to  a d a p t , and no t th e  m a c h in e  th a t needs to  be ad ap ted  

by th e  h u m a n . In the m odel I propose la ter, I have  m a in ta in e d  th e  ab o ve  th re e  topics stacked as in 

th e  firs t o rig in a l d ia g ra m .

T h e  m a in  ch an g e  in th e  “h u m a n " top ics is th e  d r if t  o f  E rg o n o m ics  fro m  th e  hu m an  bo un daries  to  th e  

ce n te r o f  th e  d ia g ra m , b e tw ee n  th e  hum an and th e  c o m p u te r. T h is  is in accordance w ith  th e  area  

o f h u m a n  fa c to rs  (o r e rgo no m ics, as know n in E u ro p e ) w h ich  has its  focus on th e  re la tio n  betw een  

h u m ans and m ach ines . In  th e  m o d e l I propose la te r , I add a th ird  region in th e  cen te r w h ere  I grou p  

e le m e n ts  th a t  necessarily depen d  on th e  re la tion  b e tw ee n  h u m a n s  and m e d ia tin g  artifac ts .

A  m in o r ch an g e  th a t m ay  have  deep im p lic a tio n  is an increase in th e  d istan ce betw een "hum an  

in fo rm a tio n  processing" and " lang uage , c o m m u n ic a tio n , and in te ra c tio n "  T h is  split is in accordance  

w ith  th e  te n e ts  o f  tra d itio n a l co g n itiv e  science (c o g n itiv is m ). H ow ever, d ich o to m ies  such as m in d  and  

body, su b je c t and o b jec t, " langue" and "parole" have  been c r itic ize d  by schools th a t do  n o t accept 

th is d iv is io n . I un ders tand  th a t a m odel o f H C I ’s n a tu re  should be less biased and use te rm s th a t  

en able  d e v e lo p m e n ts  in d iffe re n t paradigm s.

O n  th e  c o m p u te r  side, its  reo rg a n iza tio n  reflects th e  m ain  m odels  th a t  describe  th e  tra d itio n a l flow  

o f in fo rm a tio n  w ith in  a c o m p u te r, from  in p u t to  o u tp u t devices. In p u t an d  o u tp u t devices are now  

sep ara ted , and co m p u te r g rap h ics  is subdivided in to  reco g n itio n  and ren d erin g . In tim es o f  u b iq u ito u s  

and m o b ile  c o m p u tin g , in w h ich  th e  division o f  in p u t and o u tp u t devices becom es increasingly b lurred , 

th is ch o ic e  m ay  be no t th e  best o p tio n . D ia lo g u e  genre , d ia lo g u e  tech n iq u es , and d ia lo g u e  system  

a rc h ite c tu re  fo rm  now a h ierarchy th a t  resem bles h igher to  lo w er level issues used to  describe  th e  

te ch n ica l scale discussed earlie r. T h e  1992 p la c e m e n t o f  genre  w as placed un der d ia log ue techn iqu es. 

I w ould  ra th e r  p lace genres a t  th e  cen ter.

T h e  c irc u la r  flo w  o f  in fo rm a tio n  betw een hum an an d m ach in e  has been rein forced  in a fo u rth  d iag ram  

(S tro n g . 1 9 9 5 . p 7 1 ).

T a b le  2 .7 :  Differences between S IG CHl’s and New Direction’s diagrams
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T h e  m a in  d iffe rences be tw een  th e  second a n d  th e  th ird  ve rs ions in c lu d e  a re o rg a 

n iz a t io n  o f  th e  to p ic s  re la ted  to  th e  it.se and  con t t . i t .  a re o rg a n iz a tio n  and re fin e m e n t 

o f  to p ic s  re la te d  to  th e  compute r ,  and  a tra n s fe r  o f  th e  < r t j on om ic  f a c t o r s  to  a p lace  

in  be tw een  th e  h u m a n  and  th e  m a c h in e .-1 I have n o t e x p lo re d  th e  several poss i

b le  m o tive s  a n d  consequences assoc ia ted  w ith  each o f these changes. N everthe less, 

th e  to p ics  assoc ia ted  w ith  th e  c o m p u te r  sys te m  reached a h ig h e r leve l o f d e ta il and  

s tru c tu re  th a n  th e  hum an  side, b u t th e  focus on  in d iv id u a l c o g n it io n  and in d iv id u a l 

c o m p u te r  re m a in e d , re fle c tin g  th e  em phasis  o f  th e  c o m m itte e  on c o m p u te r science. It  

a lso  re flec ts  w h a t was u n d e rs to o d  a t th e  t im e  as c o m p u te r  science and  c o g n it io n , and 

on  w h a t th e  c o m m itte e  agreed were a t H C I ’s ce n te r and p e rip h e ry . 1 have g ro u p e d  

m y  o p in io n s  a b o u t some o f these p lacem en ts  in  T a b le  2.7.

These d ia g ra m s  and th e ir  t ra n s fo rm a tio n s  re flect the  h is to r ic a l d is c ip lin a ry  te n 

dencies as c ry s ta ll iz e d  in  H C I a n d  s u p p o rte d  by t r a d it io n a l v iew s  in  psycho logy  and  

in  c o m p u te r  science. Indeed, th e  re p re s e n ta tio n  m ay have fa c ili ta te d  th e  a d o p tio n  o f 

th e  d ia g ra m  by  those a t th e  ce n te r o f  th e  d is c ip lin e .

T h e  e x p l ic it  in c lu s io n  o f th e  user, as w e ll as o f  c o n te x tu a l and  d e ve lo p m e n ta l 

issues goes b e yo n d  th e  s im ila r  m od e ls  used to  c h a ra c te r iz e  th e  n a tu re  o f In fo rm a tic s , 

w h ic h  have been p ro d u c t cen te red . I u n d e rs ta n d  th a t  th e re  is gap  betw een th is  m ode l 

a nd  th e  c u rre n t to p ics , co n te n ts , a nd  m e th o d o lo g ie s  o f H C I as u n d e rs to o d  b ro a d ly . 

In  th e  nex t se c tio n . I present som e m ode ls  th a t  stress d is t in c t issues across H C I's  

d o m a in  m od e ls  in  o rd e r to  p ropose  an  a lte rn a t iv e  g ra p h ic  re p re se n ta tio n .

I have p re sen te d  th e  tw o  laye red  m od e l d e p ic t in g  P e te r .J. D e n n in g 's  IT  p ro fess ions 

in  C h a p te r  1 in  o rd e r to  o rg an ize  a h u m a n  s ide  o f  in fo rm a tio n  techno logy . In  th is  

se c tion . I fu r th e r  s u b d iv id e  th is  h u m a n  d im e n s io n , a n d  i l lu s t ra te  i t  w ith  a c o n tin u o u s  

scale th a t d e p ic ts , fo r exam p le , fro m  th e  s m a ll b io lo g ic a l m o lecu les  th a t compose' life  

a n d  are b e in g  used in  m o le cu la r and b io c o m p u tin g  to  th e  la rge  g ro u p s  o f people  th a t  

can be* a ffe c ted  by in fo rm a tio n  techno log ies  across so c ie tie s .- '’

- 'C o n s id e r in g  th e  in v e n to r ie s  in c lu d e d  in  these re p o r ts ,  i t  is m y  o p in io n  th a t  th e  th ird  d ia g ra m  is 

th e  one  th a t  re tle e ts  th e  m ost o f  t h e ir  c o n te n ts .

- ' I  e m p h a s iz e  a g a in  th a t  th e  m a p p in g  o f  to p ic s  a n d  re s p e c tiv e  d is c ip lin e s  docs  no t d e m a rc a te  th e ir
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T h e  re sp e c tive  d is c ip lin e s  w ith  <'inph;usizt*<i fo c i and  b o u n d a rie s  across th is  lm - 

i iu in  d im e n s io n  are  those  w ith  s u b je c t m a tte rs  re la te d  to  life  and h u m a n  sciences. 

T h e y  a re  u s u a lly  housed in  th e  fa c u ltie s  o f  science, h e a lth  and  so c ia l sciences. F o r 

e xa m p le . B io lo g y  a n d  P la n t Science's are  u s u a lly  in  th e  sciences, b u t P h ys ica l T h e r 

a py  a n d  M e d ic in e  are  u s u a lly  in  th e  M e d ic a l Sciences. P sycho logy. A n th ro p o lo g y . 

S o c io lo gy . E conom y, and  P o lit ic a l Science are e xam p le s  o f d is c ip lin e s  in  the* S oc ia l 

Sciences. I have n o t e x p lo re d  the  h is to r ic a l and in te lle c tu a l ro o ts  o f  these d isc ip lin e s . 

E x a m p le s  o f  areas th a t  c o n c e p tu a lly  b rid g e  d is c ip lin a ry  b o u n d a rie s  a long  a sing le  d i 

m en s io n  are  s o c ia l-p s y c h o lo g y  ( in d iv id u a l and s o c ie ty ) , n e u ro -p sych o lo g v  ( in d iv id u a l 

a nd  h u m a n  p h y s io lo g y  I. and  b io lo g ic a l a n d  c o g n it iv e  a n th ro p o lo g y . E xam p les  th a t  

fu r th e r  segm ent th e m  are based on d is t in c t io n s  such ;is low  and h ig h -le ve l c o g n it io n , 

o r  m a c ro -so c ia l and  m ic ro -s o c ia l p he no m e na .Jt’ I p roceed  now w ith  a c o rre la tio n  o f  a 

te c h n ic a l and  a h u m a n  d im e n s io n .

F ig u re  2 .8 d e p ic ts  th e  m a in  areas across th e  tie ld  o f H C I u n d e rs to o d  b ro a d ly  

in  re fe rence  to  th e  h u m a n  and th e  te c h n ic a l d im e n s io n , as in tro d u c e d  here. T h e  

e llipses  ske tch  th e  t r a d i t io n a l foc i o f  H u m a n  F acto rs . H u m a n -C o m p u te r  In te ra c t io n . 

C o m p u te r  S u p p o rte d  C o o p e ra tiv e  W o rk , and S o e io te chn ie a l S ys tem s .J' I re m a rk  

th a t F ig u re  2.8 is a  c o n c e p tu a l a b s tra c t io n , the  b o u n d a rie s  are o n ly  i l lu s tra t iv e .

A  c o rre la t io n  b e tw een  th e  n u m b e r o f c o m p u te rs  and  th e  n u m b e r o f  people  is de 

p ic te d  in  F ig u re  2 .‘J. T h e  exam ples show  th e  d if fe re n t fo c i th a t In fo rm a t ic s  has had

" te r r i t o r ie s " .  T h e  c o n tin u o u s  n a tu re  o f  th e  scales p ropo se d  he re  a re  in te n d e d  exac t ly  to  enab le  th e  

re p re s e n ta t io n  o f  d if fe re n t  o p in io n s  a b o u t w h e re  a f ie ld  s ta r ts  a n d  fin ish e s , o r  w h a t i t  em phas izes  o r  

d e -e n ip h a s iz e s . In d e e d , each m a rk ,  re p re s e n tin g  a b o u n d a ry  o r  a bridge*, m a y  d e p ic t a g re e m e n t o r  

d is a g re e m e n t.

* ’' [  w o u ld  d o  n o t in c lu d e  in  these  g ro u p  a reas such  ;is b io - in fo rm a t ic s ,  in d u s t r ia l  p sych o lo g y , so c io - 

te c lu i ic a l s ys te m s , because* th e y  s tress  a te c h n ic a l a n d  a h u m a n  d im e n s io n  s im u lta n e o u s ly . L in g u is t ic  

a n th ro p o lo g y , s o c io - l in g u is t ic  a lso  stress a  c o m m u n ic a t iv e  d im e n s io n .

See S an d e rs  a n d  M c C o rm ic k  11987) fo r  a c la ss ic  b o o k  in  h u m a n  fa c to rs  in  e n g in e e r in g  an d  d e s ig n . 

C a rd  et a l. I 198)1). B a eeke r et a l. ( 19'Ja I. a n d  H e la n d c r  e t a l. I 1997) fo r  H C I.  G re if  ( 1 9 8 8 1 fo r C S C W . 

an<l C oakes  et a l. (20001 fo r  so e io te ch n ie a l sys te m s . For re fe rences  o n  h is to r ic a l t r a n s fo rm a t io n  across 

a n d  a m o n g  these  f ie ld s  see iB a n n o t i.  1990: B a n u o n  an d  B o d k c r .  1991: B a n n o n . 1991. 1992b. 1997). 

a n d  ( G ru d in .  1991b. 199)1. 199 h i. 1998)
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F ig u re  2.8: H C I’s specialization across human and technical strata

across its  h is to r ic a l d e ve lo p m e n t. In  F ig u re  2 .9 (a ) I have d e p ic te d  th e  p ro fess iona l 

re la t io n s  described  by T e ieh roew  a m o n g  p ro g ra m m e rs , sys tem s designers, and in 

fo rm a t io n  a n a ly s ts  (T e ieh ro e w . 1971. p 577) in  th e  c o n te x t o f  in fo rm a t io n  system s 

m an ag em en t e d u c a tio n . W ith  a tw o  d im e n s io n a l re p re s e n ta tio n  it  is possible ' to  de

p ic t w h o  is in te re s te d  in  p a rts  o f th e  c o m p u te r , w ho  is in te re s te d  in  the* p e rfo rm a n ce  

ot th e  w ho le  sys tem , lm t no t in  its  users, o r  w ho  is in te re s te d  in  th e  o rg a n iz a tio n

T o  fu r th e r  i l lu s t ra te  th e  expressiveness o f  th e  d ia g ra m . I have d e p ic te d  on  F ig 

u re  2 .9 (b )  a rc h e ty p a l reg ions o f areas such  as: (a ) b io  a n d  m o le cu la r c o m p u tin g , 

(b )  m a in fra m e s  and  tim e s h a r in g  w ith  one c o m p u te r  a nd  m u lt ip le  users (c) iso la ted  

g ism os a nd  te c h n o lo g ic a l gadgets (d ) th e  iso la te d  p e rso n a l c o m p u te r (P C ) , (e) em 

bedded  devices such as pacem akers th a t  in te ra c t w ith  sp e c ific  o rgans, ( f )  th e  use 

o f  m a n y  c o m p u te rs  b y  one sing le  p e rson , a nd  (g) th e  use o f  m u lt ip le  c o m p u te rs  by 

m a n y  persons s im u lta n e o u s ly . I re m a rk  th a t the  use o f  scales does not im p ly  th a t 

th e  b o u n d a rie s  o f each d is c ip lin e  sh o u ld  necessarily  be o rd e re d  in  th e  sam e w ay ;is

• sT e ie h ro e \v  used b o th  a l in e a r  scale and  a ta b le  to  d e s c rib e  su ch  re la t io n s h ip s . S<v F ig u re  1. l ia ) .
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F ig u re  2.9: Correlating the human and the artificial: people and computers

th e ir  fo c i. Indeed , th e  e a rly  use o f  th e  te rm  c o n s te lla t io n  o f  in te res ts  in  in te n d e d  to  

a v o id  th e  sh a rp  d e l im ita t io n  o f d is c ip lin a ry  n iches. T h e re  is a te n d e n cy  to  p igeonho le  

d is c ip lin a ry  d o m a in s , and  in  fa c t, th is  m ay be re in fo rc e d  b y  represent tit ions th a t do  

n o t a llo w  a c lea r d if fe re n tia t io n  o f th e ir  b re a d th  in  m u lt ip le  d im ens ions.

In de ed , each re p re se n ta tio n  o f  th e  b o u n d a rie s  o f  a d is c ip lin e  is c o n tin g e n t on th e  

t id o p te d  p o in t o f  v ie w . For e xam p le . V a k k a r i (1991) has p o in te d  out th a t l ib ra ry  sc i

ence is in fo rm a t io n  science in  l ib ra r y  s e ttin g s , a nd  co n se q u e n tly  th e  te rm  in fo rm a tio n  

science is enough . T h is  m ay be tru e  in  th e  te c h n ic a l d im e n s io n , b u t th e  fact th a t 

l ib r a r y  science is u s u a lly  assoc ia ted  w ith  a sp ec ific  k in d  o f  o rg a n iz a tio n  also im p lie s  

th a t  i t  has a d if fe re n t em phasis on  th e  hum an  d im e n s io n  w h ich  has been a b s tra c te d  

a w a y  in  th e  te c h n ic a l sys te m ic  p e rsp e c tive .

T h e  p la n a r re p re s e n ta tio n  d e p ic t in g  th e  c o r re la t io n  be tw een  th e  te c h n ic a l and th e  

h u m a n  d im e n s io n s  does not enab le  a d ire c t re p re s e n ta tio n  o f w h a t. how . and  w h y  

p eop le  use te chn o lo gy . H ow ever, p eo p le  use c o m p u te rs  to accompl ish tasks (.John and  

M o r r is .  1993. p  19): In fo rm a t ic s  changes th e  w ay o rg a n iz a tio n s  w or k :  te chno log ies  

b o th  p o llu te  a n d  in flu e n ce  the course  o f  w ars. e tc . G re g o ry  B a teson , fo r exam p le , 

i l lu s tra te d  th e  m u tu a l re la tio n s  a m o n g  p o p u la t io n s , te chn o lo gy , and  h u b ris , and  th e  

side  e ffects o f p o llu t io n ,  w ar. and  fa m in e , th ro u g h  a d ia g ra m  e q u iva le n t to  the  one

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



www.manaraa.com

85

in  F ig u re  2 .10 (a ). A  d ia g ra m  like  th e  ones il lu s tra te d  o n  F ig u re  2.0 w o u ld  e o n fla te  

B a te s o n ’s d ia g ra m  to  a p o in t in  a su rface  (p o p u la t io n  a m i te chn o lo gy ) ;is d e p ic te d  in  

F ig u re  2 .10(h).

(a) Based on 
Bateson 1972 Famine

Population
Pollution

Technology 'Hubris”

War

(b) Technical

pollution
many

some

one

part

population
»

technology

famine Human 
 ►

part one some many

F ig u re  2.10: Cultural relations among population, technology, and hubris, and its

sub-products (pollution, war, and famine) (Bateson, 1972. redrawn)

T h e  m echan ism s b e h in d  the  e s ta b lis h m e n t o f b o u n d a rie s  and foc i across d iffe re n t 

d im e n s io n s  is a to p ic  th a t  goes w ell b eyo nd  th e  scope o f  th is  d is s e rta tio n . In  T a b le  2.8. 

I added  a side co m m en t l is t in g  some l i te ra tu re  in  w h ich  th e  p ro b le m  o f  sc ales, o rders , 

and  h ie ra rch ie s  has been discussed across d iffe re n t d isc ip lin e ’s.

2.6  H um ans +  C om p u ters +  In tera ctio n s

I p roceed  now  w ith  c o n c e p tu a l spaces th a t  m ake use o f  th re e  d im en s ion s , in s te a d  

o f  tw o . Som e o f these spaces are used o n ly  to  c h a rt th e  focus o f some’ approaches. 

O th e rs  are used to  e xp lo re  o r  suggest th e  d yn a m ics  p resent in  th e m , as in  th e  p re v io u s  

exam p les .

T h e  m ode ls  o f  H C I discussed u n t i l  now  emplnusi/.e th e  in d iv id u a l user and  the  

in d iv id u a l c o m p u te r. These are n o t th e  o n ly  d im en s ion s  discussed in  th e  lite ra tu re ,  

a n d  d o  n o t re flec t c u rre n t theories, m ode ls , p ra c tices  fo u n d  in  H C I. In  th e  S IG C H I 

c u r r ic u lu m , in  w h ich  one o f  th e  d ia g ra m s  o f  the  n a tu re  o f  H C I has been d e p ic te d  and 

d e sc rib e d , th e  same c o m m itte e  stressed th a t H C I p ro fess iona ls  sh o u ld  m a s te r the  

te c h n o lo g ic a l aspects o f  c o m p u tin g , th e  c o g n it iv e  and  e rg on om ic  issues assoc ia ted
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I shou ld  em ph as ize  th a t scales used to  c h a rt th e  m u ltip le  facets o f  H C I are  not to p -d o w n  or b o tto m  up  

a u th o r ita t iv e  co n tro l orders. G underson, H o llin g  and L ig h t m en tio n ed  th a t  H e rb e rt A . S im o n  (1 9 7 4 )  

w as one o f  th e  first to  argue fo r th e  a d a p tiv e  s ign ificance o f th e  m an n er in w hich e le m e n ts  o f co m p lex  

system s nest inside one a n o th e r  (G u nd erson  e t a l., 1995 , p 5 1 8 ).

In S im o n 's  ap proach , se m i-au to n o m o u s  s tra ta  em erge  from  th e in te ra c tio n s  (f lo w  o f  resources) am o n g  

a set o f  variab les  closely k n it to g e th er. E ach level in teracts  w ith  o th e r  levels: a h igher and slower 

o n e , and a lower and faster one. T h e  s tra ta  are sem i-au to n o m o u s  because th ey  can ch ang e th e ir  

o rg a n iz a tio n  w ith o u t ch an g in g  th e  w h o le  h ierarchy, as long as th e  in teractio n s  w ith  th e  o th e r levels 

are  m a in ta in e d .

E co lo g is ts  have ap p ro p ria ted  S im o n 's  h iera rc h y  to  describe eco log ica l system s, b u t in th e  long run, 

p e rsp ec tives  assum ing to p -d o w n  co n tro l h ierarch ies have preva iled , losing the a d a p ta b ility  and re

s ilience offered  by th e  in te ra c tio n s  a m o n g  s e m i-au to n o m o u s  s tra ta (G u n d e rs o n  e t a l. ,  1 9 9 5 . p 5 1 8 ).

S a lth e  has done a de ta iled  s tudy  o f h ie ra rc h ica l system s in b io log y w ith  references to  sem io tics  and  

d iss ip a tiv e  s tru ctu res  (S a lth e , 1 9 8 5 ) (S a lth e , 1 9 9 3 ). See A llen  (1 9 9 8 ) ,  Kolasa and W a lth o  (1 9 9 8 ) ,  

an d E m m ech e  e t a l. (1 9 9 3 )  fo r discussions on th e  inappropriateness o f  a s tric t o rd er be tw een  levels 

in eco logy and th eo re tica l biology.

S ee A nd ersen  e t a l. (2 0 0 0 )  for a co llec tion  o f  artic les in several areas discussing th e  re la tio n  betw een  

m ind s, bodies, and m a tte r  as com plex b e h av io r. U pw ard causa tion  im plies th a t  th e  s tudy  o f the  

in te ra c tio n s  am o n g  th e  co m p o n en ts  o f  a system  is enough to  exp la in  th e  system  its e lf D o w n w ard  

c a u sa tio n  im plies th a t  th e  w h o le  influences th e  com p on ents .

I have a preference for a p a rtia l order scale. T h is  position is co n so n an t w ith  Jay L. L e m k e ’s studies  

o f  social o rg a n iza tio n s  (L e m k e , 2 0 0 0 ). I do  n o t address in th is thesis how  discip linary s tra ta  concerns  

H C I d e v e lo p m e n t, fa c ilita tin g  th e  separation  o f  th e  m acro  fro m  th e  m icro , o f  th e  c o m p o n e n t from  

th e  system , and th e  possible ad van tag es  an d  d raw b acks o f  such o rg an iza tio n s . It is n o t on ly  possible  

to  prescind som e aspects in re la tio n  to  o th ers , b u t necessary, d e p e n d in g  on th e  purpose. I understand  

th a t  th e  possib ility  o f  d isc ip linary  focus is c ru c ia l to  d iscip linary conso lida tio n  in c e rta in  phases o f  its 

d e v e lo p m e n t, b u t it  can b eco m e a h indran ce  in o th e r  phases. In C h a p te r  3, I present som e m odels o f  

o rg a n iz a tio n a l ch ang e th a t  address p a rt o f  th is  dynam ics, bu t th e  analysis o f such d yn am ics  in H C I 

d e m a n d s  a level o f  d e ta il th a t  goes beyond th e  scope o f this thesis .

T ab le  2.8: On systems scales, levels, and hierarchies
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w ith  its  users. and th e  soc ia l a nd  o rg a n iz a t io n a l issues associated w ith  th e  sys te m ic  

issues (H e w e tt et a l.. 1992. p 7T).

F o r e xam p le , in  Sears' q u o te  ( in  T a b le  2 .9 ). he lis ts  fo u r d im en s ion s : people, 

c o m p u tin g  system s, in te ra c tio n , a nd  u s a b ility . People and c o m p u te r system s are m a

te r ia l and th e ir  b o u n d a rie s  are esisily recogn ized . B u t b o th  in te ra c tio n  and  u s a b ility  

co u ld  be ch a ra c te rize d  ;is in te ra c tiv e  issues. S im ila r ly . E n g e lb a rt 's  c o n c e p tu a l system  

had  five : hum ans, language , a r t ifa c ts , m e th o d o lo g y , a nd  t ra in in g  ( H - L A .M /T ) .  L a n 

guage. m e th o d o lo g y , and t ra in in g  c o u ld  be a ll assoc ia ted  w ith  in te ra c tiv e  d im ens ions . 

I w i l l  no t a t te m p t to  de fin e  th e  f lu id  n a tu re  o f a c tio n  o r o f processes, b u t I ca lled  

th is  d im e n s io n  " in te ra c t iv e " ,  in  c o n tra d is t in c t io n  to  the  te ch n ica l a nd  t in ' hum an  

d im e n s io n .

S tro n g  et a l. (1991) have been even m ore  c lea r re g a rd in g  w h ich  d im e n s io n s  H C I 

s h o u ld  encom pass, e x p l ic it ly  l is t in g  te ch n ica l, soc ia l, and  e th ic a l issues. A n d re w  

Sears expressed th a t H C I d e fin it io n s  a re  b ro a d e n in g  th e  scope in  w h ich  th e y  stress 

"p e o p le , c o m p u tin g  system s, in te ra c t io n , and u s a b il i ty "  (Sears. 1997. p 7). S im ila r ly  

(de  M ic h e lis  et a l.. 1998. p ( if )  p ro po sed  a co n ce p tu a l space* fo r in fo rm a t io n  system s 

based o ti th re e  b road  areas o f conce rn : a sys te m ic  face t, a g ro u p  co llabo ra tive * facet, 

a nd  a o rg a n iz a tio n a l face t. T ab le  2.9 rep roduces th e  resp ec tive  longe r q uo tes  i>f these 

a u th o rs .

T h e re  are several o th e r  p ro fess iona ls  w ho  have* ch a rac te rize d  in fo rm a tic s  and H C I 

w ith  th e  use o f more* th a n  tw o  d im ensiem s. Som e have done* it  im p lic i t ly .  o the rs  

e x p l ic it ly .  T h e  lis t in  T a b le  2.10 is n o t com prehens ive  b u t i t  re in fo rces  th e  v ie w  th a t 

H C I anel In fo rm a tic s  have m u lt ip le  d im e n s io n s , anel th a t th e y  can be* co m p a red . I t  

a lso  il lu s tra te s  how  se*attereel and  fragm e*nted th e  c u rre n t s itu a t io n  is. M o s t e>f the* 

reference's do  ne>t cross-re fe rence each o th e r.

-■’ I t  is m y  o p in io n  th a t  no s in g le  set o f  three* d im e n s io n s  a nd  assoc ia ted  scales w i l l  e ve r d e sc rib e  

e v e ry  p h e n o m e n a  re la te d  to  HC ’ I a n d  In fo rm a t ic s .  T h e  in t ro d u c t io n  o f  these  th re e  p a r t ic u la r  d i

m e n s io n s  s h o u ld  be  u n d e rs to o d  ;is a p ro je c t io n  o f  m u lt id im e n s io n a l spaces, in v o lv in g  a m u l t ip l ic i t y  

o f  fa c to rs , vo ices, in te re s ts , scales, fo rces a n d  re la te d  issues. In  a fu tu re  w o rk  I w o u ld  lik e  to  e x p lo re  

B a k h t in ’s w o rk  to  g ro u n d  th is  p e rs p e c tiv e .
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1992 H ew ett e t al.

A C M  S IG C H I C u r r ic u la  fo r  H u m a n -C o m p u te r  In te ra c t io n  (H e w e tt  et a l.. 1992, p 7 3 )

Ideally , an H C I sp ecia lis t w ould be eq u a lly  c o m fo rta b le  d e a lin g  w ith  techn olo g ica l issues, th e  needs 

o f in d iv id ua ls  an d th e  concerns o f th e ir  o rg a n iza tio n s  and w o rk  groups. W e  know  o f in d iv id ua l H C I 

p ra c titio n e rs  w h o  have  achieved a s u b s ta n tia l c o m p e te n c e  a lo n g  these lines, bu t th e y  o fte n  express 

d issatis fac tio n  a t  th e ir  ow n lack o f  fu n d a m e n ta l g ro u n d in g  o u ts id e  th e  d iscip line th e y  have studied  

fo rm ally . T h e re fo re , w e reco m m en d ed  th a t an in te rd is c ip lin a ry  H C I cu rricu lum  should d evelo p  a sense 

o f m as te ry  in:

•  th e  te chn o lo g ica l pe rspec tive  o f  c o m p u tin g .

•  th e  ergo no m ics issues a t an in d iv id ua l leve l, fro m  co g n itive  science to  hum an facto rs  cu rricu la .

•  th e  'sys tem ' issues, from  discip lines like  o rg a n iza tio n a l science, in fo rm a tio n  system s, or sociology. 

T h e  m aste ry  is necessary for p o litic a l as w ell as professional issues.''

1994 Strong et al.

N e w  D ire c t io n s  in  H u m a n -C o m p u te r  In te r a c t io n  E d u c a t io n . R esea rch , a n d  P ra c t ic e  

(S tro n g  e t a l., 1 9 9 4 , p 2 7 )

T h e  s tu d y  o f  e th ica l and social issues in c o m p u tin g  is in terd isc ip linary  in n a tu re  E th ic is ts . historians, 

social analys ts, socio logists, a n th ro p o lo g is ts , an d  psychologists have all co n trib u te d  to  research in this  

area. [ . . . ]  O n ly  analysis th a t accou nts  fo r a t least th ree  d im ensions -  techn ica l, social, and e th ica l -  

can represent th e  issues as th ey a ffe c t c o m p u te r  science in prac tice .

1997 Andrew Sears

H C I E d u c a t io n : W h e re  is i t  h e a d e d 7 (S ears . 1 9 9 7 , p 7 )

As H C I co n tin u e s  to  m a tu re  as a d isc ip line , w e m u st c o n tin u e  to  question th e  bo un ds o f th e  field. 

W e  m u st define w h a t is w ith in  th e  rea lm  o f  H C I and w h a t is n o t7'[. . . Each H C I d e fin itio n ] stresses 

peop le , c o m p u tin g  system s, in te ra c tio n , an d  usability . H o w  you in te rp re t these te rm s  d e te rm in es  the  

scope o f th e  d iscip line . W e  w ill see a b ro a d en in g  o f  th e  d e fin itio n  o f h u m a n -c o m p u te r  in te ra c tio n  to  

in c lud e  m ore  flex ib le  in te rp re ta tio n s  o f  th e  te rm s  hu m an and co m p u te r.

1998 de Michelis et al.

/ .  T h re e -F a c e t V ie w  o f  In fo rm a t io n  S y s te m s  (d e  M ic h e lis  e t a l., 1998, p 6 4 )

" D e a lin g  w ith  ch an g e  is on e o f th e  m o st fu n d a m e n ta l challenges fa c in g  IS [In fo rm a tio n  System s] 

professionals today . [. . . ]  T h e  c o m p u tin g  fie ld  has responded to  th e  challenge and th e  need o f  

fle x ib ility  in a n u m b e r o f  w ays. . H o w e v e r, c o n c e p tu a l cohesion [ . . . ]  is still m issing. [. . .] W e  envision  

th a t  ch a n g e -re la te d  issues for IS arise fro m  th re e  areas o f  concern -  sys tem s, g ro u p  c o lla b o ra t io n .  

and o rg a n iz a t io n .

T ab le  2.9: Three facets of HCI: quotes
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H u m a n C o m p u te r In te ra c tio n B ib lio g rap h ic  R e fere n ce

h u m a n co m p u te r task (E ason, 1991 , p 7 2 2 )

p eop le  use co m p uters  to accom plish  tasks (John and M o rris . 1 9 9 3 . p 4 9 )

psychologica l v iew system s view in te ra c tiv e  v ie w (G reen et a l., 1996 , p 9 5 )

p eop le products processes (C o w lin g , 1 9 9 8 )

erg o n o m ic technolog ica l system ic (H e w e tt  e t a l., 19 92 , p 7 3 )

user experience technology m ark e tin g (N o rm a n , 1 9 9 8 )

so ftw a re softw are o rg a n iza tio n a l (B ra a , 1995)

use engineering im p le m e n ta tio n

c u s to m e r prod uct a p p lic a tio n (M o o re . 1991, p 1 0 0 )

how  peop le design im p le m en t and use (M yers  et a l.. 1 9 9 6 )

w h a t 's  desirable? w h a t's  capab le? w h a t's  usable? (C o o p e r, 1 9 99 . p 7 3 )

design engineering business (M o o re . 1991 , p 1 0 0 )

c o n ce p tio n co nstru ctio n co m m u n ic a tio n (B erte lsen . 19 98 . pp  4 8 -4 9 )

p eop le  needs to o l needs skill needs (N u n a m a k e r Jr et a l.. 1982, p 7 8 3 )

in fo rm a tio n  system s organ iza tion s signs &  norm s (S ta m p e r. 1 9 9 6 )

g ro u p  co llab o system o rg a n iza tio n a l (d e  M iche lis  e t a l., 1 9 9 8 , p 6 4 )

ra tio n  facet facet face t

business IT  a rc h ite c tu re service (W illc o ck s  and Sykes. 2 0 0 0 , p 3 5 )

o p p o rtu n ity de livery

user technolog ica l gaps in user (S h n e id erm an , 2 0 0 0 )

d ivers ity varie ty kn ow ledge

cu s to m e r prod uct in fra s tru c tu re (H ag e l III and S in g er. 1 9 9 9 )

re la tionships in novatio n

c u s to m e r su pp ort developers developers G rudin  (1 9 9 1 a )

sy m b o lic in fo rm a tio n a c tiv ity (Leigh  S tar. 1 9 9 5 )

in te ra c tio n is m system s th eo ry

social science techn ica l system s c o o p e ra tiv e  w ork (B o w ker e t a l., 1 9 9 7 )

social system techn ica l system a c tiv ity (H en derso n and E h rlic h . 1998 . p 4 1 )

social system techn ica l system o rg a n iza tio n a l task (E ason. 1991. p 7 2 2 )

social system techn ical system business fu n c tio n (E ason. 1997. p 1 4 7 8 )

science in te rp re ta tio n ch ang e (B ra a . 1995)

h u m a n  values technology design (F rie d m a n . 1 9 9 7 )

1 social technical e th ica l (S tro n g  et a l . . 1 9 9 4 . p 2 7 )

T a b le  2.10: Three facet models across HCI and Informatics: o th e r  references.
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T a b le  2.1U lis ts  <‘a r i l  set o f th re e  issue’s fro m  th e  'n a r ro w e r"  to  tin * "b ro a d e r" . 

g o in g  fro m  "p e o p le  using c o m p u te rs  to  a c c o m p lish  b isks ” to  th e  "so c ia l, te c h n ic a l and  

e th ic a l" .  T h e re fo re , in  a d d it io n  to  th e  th re e  d im en s ion s , scales are a lso  assoc ia ted  

w ith  th e m . Each a u th o r , o f  course, has a c o n s te lla t io n  o f  in te re s ts  th a t  encom pass a 

c e rta in  n iche w ith in  these th re e  d im en s ion s .

As in  C h a p te r  1. the  p ro fess io na l b o u n d a rie s  and  fo c i m ay  vary, in d ic a t in g  d iffe re n t 

pe rspec tives  a nd  em phases. A lth o u g h  severa l o f th e  a u th o rs  lis te d  on  T a b le  2.10 

a u th o rs  c h a ra c te r ize  th e ir  o b je c ts  w ith  th e  a id  o f  th re e  d im en s ion s , so m e tim e s  th e y  

a lso  s h a rp ly  d e l im it  th e  scope o f th e  p he nom ena  assoc ia ted  w ith  each d im e n s io n . A n  

e xa m p le  o f such  d e l im ita t io n  is g iven  b y  a m o d e l p roposed  by Eason, w ho  used th re e  

d im en s ion s  a nd  th ree  levels to  c h a ra c te rize  H C I.

F ig u re  2.11: E a s o n ’ s t h r e e  f a c e t ,  t h r e e  le v e l d ia g r a m s  o f  H C I:  ( a )  T h r e e  levels

o f  analysis fo r H C I reprod u ced  acco rd ing  to  K . D . E ason 's  illu s tra tio n  (E a s o n , 19 91 , p 

7 2 2 ) .  (b )  A s  a d a p te d  by P re e c e  e t  al. (P re e c e  e t  a l., 1 9 9 4 , p 4 4 ) .  I h ave re d raw n  b o th  

d ia g ra m s  in o rd e r to  show d iffe ren ce s  in th e  levels o f  a b s tra c tio n .

Eason g ra p h ic a lly  c h a ra c te r iz e d  e rg o n o m ic  p e rspe c tives  in  H C I as in v o lv in g  people  

d o in g  tasks w ith  th e  a id  o f  c o m p u te rs  w i th in  so c ia l system s d o in g  o rg a n iz a t io n a l tasks  

w i th  th e  a id  o f  te ch n ica l sys tem s. See F ig u re  2 .11 (a ). He o rgan ized  th e  d ia g ra m  in  

th re e  layers. Preece et al. ( 199-1) a d a p te d  E ason 's  m od e l to  ( i)  people  d o in g  i r o r k  w ith  

th e  a id  o f  c o m p u te rs  in  th e  c o n te x t o f ( i i )  so c ia l system s a c h ie v in g  o rg a n iz a tio n a l (joals 

b e in g  s u p p o rte d  b y  te ch n ica l system . See F ig u re  2 .1 1 (h ). B u t th e re  is a d iffe re n ce

(a) Eason 1991
Environment

(b) Preece et al. 1994
Broader Environment

▼ level 3 ▼ Organizational
 - GoalOrganizational level 3

Environment

Social

Technical
System

Task

level 2

* level 2

Immediate
Environment

Technical
level 1 j People —  Technology j System

; Human Computer j level 1
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o f leve l o f a b s tra c t io n  b e tw een  ta s k  a n d  w o rk , and be tw een  task  a n d  goa l. It is 

im p o ss ib le  how ever to  c le a r ly  d e m a rc a te  w hen  one fin ishes  and th e  o th e r  beg ins. 

P ro fess iona l id e n tit ie s  te n d  to  be d ic h o to m iz e d , such as in  d e ve lo p e rs  versus fin a l 

users, researchers versus p ro fess iona ls , in d iv id u a l versus co lle c tiv e . T h e n *  are several 

m ode ls , p ro fess iona l and  o rg a n iz a t io n a l,  th a t have a t te m p t to  b lu r  th is  d ich o to m ie s . 

T h e  n e x t se c tion  e xp lo re  m ode ls  th a t  b re a k  up  w ith  th e  b a rr ie rs  th a t sepa ra te  th e  

id e n t it ie s  and  th e  act iv it ie s  o f  deve lope rs  and  users o f te c h n o lo g y  in  d if fe re n t degrees.

2.6.1 S takeholders’ R elation s across H CI

A n y  p ro fess ion . ;is soon ;us i t  deve lops a p ro fess iona l id e n t ity ,  tends to  su s ta in  and  

p ro te c t its  o rg a n iz a tio n  a g a in s t fo re ig n  e lem en ts . H ow ever, th e re  is a  th in  line  sepa

ra t in g  th e  d e ve lo p m e n t o f  s u s ta in a b il i ty  fro m  the  deve1 ; ‘ o f x e n o p h o b ia . W h ile

the  fo rm e r is open  to  a lte r ity ,  th e  la t te r  is closed to  it .

In  re fe rence to  the  c u ltu r a l  eco logy o f  In fo rm a tic s , o r H C 'I. a c t iv it ie s  o f  design , 

b ro a d ly  conce ived, c u t across severa l d is c ip lin a ry  n iches, in v o lv in g  a m y r ia d  o f  s take 

h o lde rs  anel sp a n n in g  th ro u g h  lon g  h o r iz o n s  o f  tim e . O ne  o f the  d if f ic u lt ie s  o f  a p 

p ro a c h in g  la b o r /p ro fe s s io n a l- re la te d  issues in  H C I is th a t  c u ltu ra l fa c to rs  have been 

t r a d i t io n a l ly  e xc lu de d  fro m  H C T s  c o m m o n ly  recogn ized  set o f  in te re s ts . In  conso

nance. those  in  th e  soc ia l sciences a n d  h u m a n itie s  w ho  have been w o rk in g  w ith  such 

fa c to rs  fo r a long  tim e , and  w ho  co u ld  c o n tr ib u te  w ith  a c r it ic a l p e rs p e c tiv e , an* a lie n  

to  th e  fie ld . A  b road  p e rs p e c tiv e  has been th e  e xce p tio n  in  In fo rm a t ic s 's  e ve ryda y  

life , ra th e r  th a n  the  n o rm .

A  p ro fess ion  co n tin ue s  to  e x is t o n ly  ;is lon g  as its  ro le  in  so c ie ty  co n tin u e s  to  a 

c e rta in  e x te n t to  be b e n e fic ia l to  o th e r  segm en ts  o f  th e  sam e soc ie ty . I f  th e re  are no 

a v a ila b le  resources, fo r w h a te v e r reason, th e  o rg a n iz a tio n  a nd  its  id e n t i t y  vanishes 

o r  changes. A n  in -d e p th  a n a lys is  o f  these  issues invo lves  th e  d y n a m ic s  o f  p a r t ic u la r  

d is c ip lin a ry  a nd  e x tra -d is c ip l in a ry  re la t io n s  w ith in  and  across g ro up s  and  socie ties. 

T h e y  are. indeed , pa rt o f  th e  c u ltu ra l e co log y  o f  H C I. P ro fess iona ls  s h o u ld  be ab le  

to  s tu d v  th e ir  on  c o m m u n itv  w ith  th e  sam e to o ls  th e v  s tu d v  o th e r  c o m m u n it ie s . ,(J

'Sec B im r t l in i  I 1900. 1991 I fa r  a c r i t ic a l  a n a lv s is  o f  th e  s o c ia l re la t io n s  in v o lv e d  in  e v e rv d a v
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T im m  art' m a n y  o rg a n iz a tio n a l a n d  in d iv id u a l s ta keh o ld e rs  in te re s te d  in  H C I as 

a p ro fess iona l a c t iv ity .  G asen a nd  Preece (1995) lis te d  th e  m a in  o rg a n iz a tio n s  th a t 

shape  t he face o f  HC’ I: 'n

1995 Gasen and Preece

What Shapes the Face o f Human-Computer Interaction in Higher Education.

•  University or School

•  D epartm ents

•  Faculty

•  S tudents or Professionals

•  Business &  Industry

•  G overnm ent Agencies, N atio n a l and In ternational O rganizations

•  Professional Bodies

•  Colleagues in the H C I C o m m un ity

T h is  lis t is indeed  open  to  a lie n  o rg a n iz a tio n s  a nd  in d iv id u a ls . C u r io u s ly , th e  so 

(•id led o p e ra to rs , users, o r  peop le  w hose w o rk  is a c tu a lly  s u p p o rte d  o r m e d ia te d  by 

te c h n o lo g y  have n o t been in c lu d e d  in  th e  above l is t .  F a cu lty , s tu d e n ts , and p ro fes

s io n a l can also be users, b u t in  th is  l is t  th e y  a rc seen as p o te n t ia l deve lopers . T h e  

m o tiv e s  fo r th e  o m iss io n  a pp ea r s tra ig h tfo rw a rd , b u t th e y  are co m p le x . Users are  n o t 

sp e c ia lize d , even s lig h t ly , in  H C I a nd  there fore1 i t  te nd s  to  be com m onse iise  th a t th e y  

have  n o th in g  to  c o n tr ib u te  to  its  d e ve lo p m e n t. I t  seems reasonab le  th a t those w ho 

sh ap e  th e  lace o f  a d is c ip lin e  a re  th ose  w ho  w o rk  in  i t .  H ow ever, th is  th en  im p lie s  

b o th  th a t  o th e rs  a re  d o in g  w h a t those  w ho  w o rk  in  te ch n o lo g y  a re  n o t and  th a t those  

fo r  w h o m  th e y  w o rk  have no in flu e n c e  on  th e ir  o rg a n iz a tio n .

T h e  m anag em en t o f  H C T s  h e te ro g e n e ity  does n o t com e w ith o u t  challenges. H C I 

a n d  In fo rm a t ic s  d id  n o t s ta g n a te  d ue  to  some o f th e ir  p re ju d ice s  b e in g  d isse m in a te d

p ra c t ic e s . H is  w o rk  in  a ca d e m ic  s e tt in g s  is p a r t ic u la r ly  in fo rm a t iv e  in  th e  u n d e rs ta n d in g  o f  th e  

p o l i t ic a l  a nd  c u l tu ra l  issues in v o lv e d  across p ro fe ss io n a l a c t iv i t ie s  I B o t ird ie u . I9SS: B o u rd ie u  a n il 

P a sse ro ti. 1!)!)(): B o u rd ie u  a n d  W a c q u a n t. 19921

!1T h e ir  lis t is in te re s t in g  to  th e  a rg u m e n t p rese n te d  in  th is  thes is  because it o ffe rs  a s p e c tru m  o f  

s ta k e h o ld e rs  th a t  s ta r t  a t th e  a ca d e m ic  s e t t in g  a nd  reaches th e  p ro fe s s io n a l m ilie u .
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across th e ir  c o m m u n itie s . D es ign  processes have been c o n t in u a lly  ch a n g in g  s ince  

th e ir  in c e p tio n . S lo w ly  and in c re m e n ta lly , fo re ig n  issues have been in a c tiv e ly  and  

p ro -a c t iv e ly  in c o rp o ra te d  across H C I p ra c tices , o r  d isca rd e d  a n d  avo ided. B u t tIn - 

process has n o t been s m o o th . T h e  c o n v o lu te d  a nd  so m e tim e s  id io s y n c ra t ic  re a lm  o f 

t in -  severa l d is c ip lin a ry  n iches c u ts  th ro u g h  n e tw o rk s  o f  s ta tu s  a n d  pow er, m a k in g  its  

lo n g - te rm  d e v e lo p m e n t a c h a lle n g in g  task .

T h e  h is to r ic a lly  e s tab lish ed  d iv is io n  o f  la b o r  and  [lo w e r has a s tro n g  in flu en ce  

on  p ro fess iona l re la tio n s . T h e  presence- o f  d e a r ly  d e lin e a te d  p ro fess iona l id e n t it ie s  

a nd  roles across soc ie ties  s h o u ld  n o t lie  condem ned  o n ly  because a m y ria d  o f gaps 

a nd  c o n tra d ic t io n s  can be id e n t if ie d  a m o n g  th e m . I stress once aga in , th is  does not 

in v a lid a te  the- a p p ro p ria te n e s s  o f  re s tr ic te d  p ro fess iona l foc i. T o  be a s p e c ia lis t im p lie s  

th e  m a s te ry  o f a c e rta in  p e rsp e c tive . I ts  im p o rta n c e  sh o u ld  n o t be ove rlooked , b u t 

m u s t be u n d e rs to o d  c r it ic a lly .  T h e  a t t i tu d e  o f  th e  sp e c ia lis t m a y  o s c illa te  be tw een  

tw o  ex trem es. A t  one e x tre m e , s p e c ia liz a t io n  becom es in e ffe c tiv e  w hen  p ro fessiona ls, 

em pow ered  by th e  a p p a re n tly  se lf-s u ffic ie n t s ta tu s  o f  th e ir  s p e c ia liz a t io n , g ra n t to  

them se lves th e  r ig h t  to  ru le  o u t e v e ry b o d y  else. I t  a lso  becom es ineffective- at th e  

o th e r  e x tre m e , w hen  p ro fess iona ls  g ra n t to  e v e ry b o d y  else th e  re s p o n s ib il ity  fo r th e ir  

p ra c tices .

H ow ever, p ro fess iona ls  in  b o th  H C I a nd  In fo rm a tic s  have n e ith e r  the  t ra d it io n s , 

n o r th e  fra m e w o rk s  to  re flec t on  th e ir  p ro fess ion  fro m  h is to r ic a lly ,  c u ltu ra lly ,  e th i

c a lly . and p o l i t ic a l ly  b road  p e rspe c tives . N eve rthe less , it  is th e ir  re s p o n s ib ility  to  

in c lu d e  such p eop le  and  such issues in to  th e ir  d a ily  p ra c tice s , th e o rie s , and co n d u c ts . 

U n fo r tu n a te ly , th e  e lit is m  fo u n d  am o ng  p ro fess iona ls  d em ands  tra n s fo rm a tio n s  th a t 

s ta r t  at e ve ryd a y  tasks and  reach  issues o f  id e n t ity  a nd  so c ia l d iv is io n  o f  la b o r. U n 

fo r tu n a te ly . th is  e lit is m , w h ic h  is u n q u e s tio n e d  b y  m os t p ro fess iona ls  in  the  fie ld , is 

c o n tin u o u s ly  re in fo rc e d  w hen  some- p ro fess iona ls  lo o k  d ow n  to  peers in  o th e r  fie lds . 

F or e xam p le , e li t is m  is n u r tu re d  so -ca lled  "h u m a n -ce n te re d " processes c o n tin u e  to  

ascribe- dec is ion  p ow er and o r ig in a l i ty  o n ly  to  des igners, le a v in g  n o th in g  b u t passive 

ro les " to  lo w e r" s ta tu s  "e n d " users.

In  the* fu l l  re p o r t e n t it le d  "N ew  D ire c tio n s  in  H u m a n -C o m p u te r  In te ra c t io n " .
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S tro n g  e t a l. (199-1) c o m m e n te d  on th e  o rd e r in g  in  w h ic h  several H C I ca reer p a th s  

were l is te d .5- T h e  co m m e n t d e a lt w ith  th e  d e lica te  issue o f  e lit is m  p resent am ong  

PIC I p ro fess iona ls . T h e y  lis te d  th e  fo llo w in g  p ro fess iona ls  ran ked  in  th e  fo llo w in g  way:

1994 G ary T .  S trong et al.

.VVi r  D irections in H um an-C om pu ter In te rac t ion  (S trong et a l.. 199-1. p 2 9 1

•  Researchers

•  Researcher p ra c tition e rs

•  Systems and requirem ents analysts

•  Ergonom ists and hum an factors engineers

•  "C onve rts " from  com pute r d isc ip lines

•  "S o ft" profession transfers

•  G raph ica l design professionals

The apprehensive reader may note a ce rta in  e litism  in  the  way th a t these ’HC’ I) ca

reer pa th  descrip tions have been ordered. T h is  w;is de libe ra te . There is a tendency 

for professionals w ith in  each o f the categories to  "look dow n" on professionals whose 

categories fa ll lower in the  lis t. T h is  is obv ious ly  not true' fo r a ll professionals w ith in  

any p a rtic u la r  category. Nonetheless, th is  h ie ra rch ica l o rder is reflected in  m any in s ti

tu tio n a l behaviors, in c lu d ing  h ir in g  practices, salary de te rm ina tions , influence w ith in  

the co rp o ra tio n  (a lthough  not necessarily w ith in  departm en ts ! and the like lihood  o f 

professional society p a rtic ip a tio n . Professional societies tend to  rep lica te  th is  sta tus 

hierarchy in th e ir  selection o f members o f conference com m ittees, and at tim es in  the ir 

selection o f w o rk  for presenta tion.

Indeed , th e  h is to r ic a l in c lu s io n  o r  e x c lu s io n  o f peop le  a cco rd in g  to  w h a t th e y  

do  o r a re  has been d iscussed in  H C I. A  c o m m o n  c a te g o r iz a t io n  used to  d is t in g u is h  

s ta keh o ld e rs  is based on  th e  d iffe re n t ro les a sc rib e d  to  acad em ia  and  in d u s try , betw een 

researchers a nd  p ro fess iona ls , be tw een  th e o ry  and  p ra c tic e . B u t th ro u g h  p e rio d s  o f 

d is c ip lin a ry  re o rg a n iz a tio n  th e  d e m a rc a tio n  o f w h a t is th e o ry  and p rac tice ', w h a t is 

th e  ro le  o f  th e  des igner a nd  th e  user, a nd  w ho  ow ns a c e rta in  rea lm  a nd  w ho  d oe sn 't 

are  u s u a lly  recons idered  a n d  re n e g o tia te d . In  H C I th e  d ic h o to m y  o f  these ca tegories

' “ T h is  c o m m e n t h;is no t been  in c h n le tf  th e  a b r id g e d  ve rs ion  o f  th e  re p o r t IS tro n g .

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



www.manaraa.com

95

has been in c re a s in g ly  b lu rre d  d e s p ite  th e  s tro n g  a c a d e m ic / in d u s tr ia l o rth o d o x y . ;is I 

re p o r t in  th e  fo llo w in g  exam ples.

T h e  c u ltu ra l ro le  o f In fo rm a tic s  was n o t c lea r in  academ ia  d u r in g  th e  m id  tw e n t i

e th  c e n tu ry . T o d a y  some b ranches o f  In fo rm a t ic s  have been s o c ia lly  recogn ized , b u t 

In fo rm a t ic s  s t i l l  floes no t have a c lea r ro le  across soc ie ty . H is to r ic a lly  s itu a t in g  th is  

p o in t .  I s ta r t  w ith  a co m m en t fro m  L ou is  Fein , u tte re d  in  1959. to  re in fo rce  th a t th e  

H C I c o m m u n ity  in h e r ite d  som e re c u rre n t p ro b le m s . B ack in  th e  lif t ie s . L ou is  Fein 

d iscussed th e  ro le  o f th e  u n iv e rs ity  in  co m p u te rs , d a ta  p rocessing, and  re la ted  fie lds. 

C o m m e n tin g  on th e  assoc ia ted  con trove rs ies . Fein  lis te d  fo u r ro les fo r c o m p u te r  sc i

e n tis ts  in  academ ia : (a ) to  t r a in  p ro fess iona l s c ie n tis ts , (b ) to  t r a in  scho lars , (c ) to  

do  e x p lo ra to ry  research, and  (d )  to  deve lop  th e  new  d isc ip lin e s . Fein w ro te :

1959 Louis Fein

The Role o f the University in Computers, Data Processing, and Related Fields 

(F e in , 1959, p 10)

T h e  leg itim ate function o f a university in any society has been subject o f ancient and con

tinu ing  controversy. T h e  controversy has revolved around the questions loosely described  

as tra in ing  vs. education, practical vs. theoretical subject m atter: routine vs. non routine  

activ ities; scholarly vs. professional endeavor; and the various shades o f green between.

In  th e  same year. 1959. C'. P. Snow  w ro te  a b o u t th e  tw o  c u ltu re s  fo u n d  in  

academ ia , in  w h ic h  li te ra ry  in te lle c tu a ls  are a t one po le  and  s c ie n tis ts  are at th e  

o th e r  (S now . 1971. p 15). A  th i r d  o f  a c e n tu ry  a fte r  F e in ’s c o m m e n t. S tu a rt C a rd  

sa id  in  an in te rv ie w  th a t c o m p u te r  science d e p a rtm e n ts  p re fe r h ir in g  c o m p u te r  sc i

e n tis ts  and  p sycho lo gy  d e p a rtm e n ts  p re fe r h ir in g  p sycho lo g is ts  d e sp ite  th e  poss ib le  

c o n tr ib u t io n  o r e ffectiveness o f  som eone w ith  a p u re ly  in te rd is c ip l in a ry  b a ckg ro u n d  

(P itk o w . 199G. p 30). In  1997. A n d re w  Sears, in  a re g u la r  c o lu m n  on  H C I e d u c a tio n  o f 

th e  S IG C H I B u lle t in ,  w ro te  th a t  c o m p u te r  science d e p a rtm e n ts  a re  tie d  to  t r a d i t io n  

w ith o u t  an H C I a d vo ca te  w ith in  its  fa cu lty . See T a b le  2.11 fo r lon ge r quo tes a b o u t 

th e  d if f ic u lt ie s  in te rd is c ip lin a ry  w o rk . T h e y  i l lu s t ra te  the  cha llenges ye t to  be faced
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1 9 5 9  C .  P . S n o w  T h e  T w o  C u ltu re s  a n d  th e  S c ie n t i f ic  R e v o lu t io n  (S n o w , 1971 , p 15 )

L ite ra ry  in te lle c tu a ls  a t one po le  -  a t th e  o th e r  sc ientis ts , and as th e  m o st representa tive , th e  physical 

sc ientis ts . B etw een th e  tw o  a g u lf  o f m u tu a l incom prehens ion  [...]  T h e y  have a curious d is to rted  

im ag e  o f  each o ther. T h e ir  a ttitu d e s  are  so d iffe re n t th a t, even on th e  level o f e m o tio n , th e y  c a n 't 

find m uch co m m o n  grou nd . N o n -sc ien tis ts  te n d  to  th in k  o f scientists as brash and b o as tfu l. ( ...]  O n  

th e  o th e r  h an d , th e  sc ien tis ts  believe th a t  th e  lite ra ry  in te llec tu a ls  are to ta lly  lack in g  in foresight, 

p e cu lia rly  unconcerned w ith  th e ir  broader m en . in a deep sense a n ti-in te lle c tu a l, anxious to  res tric t 

b o th  a r t  and th o u g h t to  th e  ex isten tia l m o m e n t. A n d  so on

1 9 9 6  S t u a r t  C a rd  b e in g  in te r v ie w e d  b y  J a m e s  E . P itk o w  (P itk o w , 1996. p 3 0 )

T h e  E v o lu t io n  o f  th e  S tu d e n t  E x p e r ie n c e : In te r v ie w  w ith  Ja m e s  F o le y  a n d  S tu a r t  C a rd

W h ile  in terd isc ip lin ary  tra in in g  gives a s tu d e n t th e  best sh ot o f  so lving  novel prob lem s, w h ic h  o ften  

consist o f m erg ing  ideas o f  tw o  co nventiona l fie lds, m ost academ ic d e p a rtm e n ts  ta k e  th e  a t t itu d e  for 

h irin g  th a t  you should be go od a t  w h a tev er th e y  are first, then you can do th is H C I s tu ff. So c o m p u te r  

science d e p a rtm e n ts  w a n t to  h ire  people w h o  are  c o m p u te r  sc ientis ts  first and H C I p eop le  second. 

P sych o lo g y  d e p artm en ts  w a n t to  hire p e o p le  w h o  are psychologists first and H C I peop le second. 

Y o u 'v e  g o t to  know th e  secret handshake. So m y  ad vice  for a s tu d e n t a im in g  for an a c ad e m ic  career 

is to  shape his or her ed u ca tio n  to  fit in to  th e  sh ap e  o f  a co n ve n tio n a l d e p a rtm e n t and sp ec ia lize  in 

H C I fro m  th ere , ra th e r th a n  d o in g  a p u re ly  in te rd is c ip lin a ry  p rog ram .

1 9 9 7  A n d r e w  S e a rs  H C I E d u c a t io n : W h e re  i t  is  h e a d e d ?  (Sears, 1 9 9 7 , p 8 )

I f  th e  fa c t th a t  H C I is no t p a rt o f th e  tra d it io n a l de fin itio n  o f  c o m p u te r  science, psychology, or 

w h a te v e r  o th e r  d iscip line th e  d e p a rtm e n t em ph asizes, causes it to  be seen as less rigorous or less 

im p o rta n t, H C I w ill n o t expan d beyond b e in g  an e lective  [. . . ]  If  th e re  isn 't an ad v o c a te  fo r H C I. or 

i f  th e  d e p a rtm e n t is to o  tie d  to  tra d itio n , H C I c a n n o t th riv e  in a s in g le-d iscip line d e p a rtm e n t.

1 9 9 7  G a i l  M c L a u g h lin  H C I E d u c a tio n  a n d  C H I 9 7  (S ears and W illia m s , 1997 , p 9 )

M o s t peop le  d o n 't  have a c lue  o f  w h a t H C I is; p ro je c t leaders see no d iffe ren ce  betw een a designer and  

a de ve lo p e r; th e re  is a p erc ep tio n  th a t ta lk in g  to  th e  end users is a w as te  o f  tim e; th e re  is n 't enough  

t im e  to  do th e  usability  tes tin g ; 'user fr ie n d ly ' m ean s  havin g  a g rap h ic  a rtis t m ake th e  in te rfa c e  p re tty  

a fte r  its  developed; people in th e  co rp o ra te  w o rld  e x p ec t th a t  th ey  th ro w  a bunch o f  peop le to g e th e r  

on a te a m  and w ork e f fe c t iv e ly [ .. . ]  C o rp o ra tio n s  d o n 't  recognize th e  va lu e  o f  th e  kn ow ledge and skills 

o f th e  H C I g rad u a te . U n ivers ities  d o n 't te ach  s tu d e n ts  basic skills necessary to  be e ffe c tiv e  in the  

c o rp o ra te  w orld .

T a b le  2.11: Disciplinary barriers between HCI and Informatics
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w ith in  H C 'l and in fo rm a t ic s .4'4

A  th e o re tic a l sca ffo ld  in te n d e d  to  s u p p o r t design sh ou ld  fo s te r an  open a t t i tu d e  

to w a rd s  th e  s itu a t io n  in  w h ich  th e  p ro fe ss io n a l in te rvenes . D u r in g  H C T s  c o n s o lid a tio n  

years , most, research a nd  d e v e lo p m e n t was c a rr ie d  o u t e ith e r in  iso la ted  academ ic  o r  in  

in d u s t r ia l la b o ra to r ie s . T h is  was in  a cco rdance  w ith  th e  es tab lished  n o n -in te rs e c tin g  

ro les inscribed to  researchers and  to  p ro fess iona ls . Even th e  c o m p u tin g  a r t ifa c t  was 

is o la te d  in  centers o f d a ta  p rocessing.

W h e n  the  eco logy o f  In fo rm a t ic s  c o n s o lid a te d , th e  c o m m u n itie s  s tru c tu re d  a p ro 

cess com posed o f  th e  fo llo w in g  s u b -d iv is io n  o f a c t iv it ie s : ( i)  researchers p rescribed  

s o lu tio n s  (i.e. d es ign ), ( i i )  p ro fess io na ls  im p le m e n te d  th e m  (i.e . d e p lo y ), a m i ( i i i )  

users em p loyed  th em . U n t i l  today, th is  s p e c ia liz a tio n  cha in  has been e ffec tive  ;is long 

as th e  p ro du ced  goods fu l f i l l  th e  e x p e c ta t io n s  and th e  a c tu a l needs o f  the  va riou s  

s ta keh o ld e rs . T h e  bust-paced d e v e lo p m e n t o f In fo rm a tic s  n u r tu re d  th e  m a in ten an ce  

o f th is  lin e a r p ro fess iona l p a tte rn , g iv in g  s ta b i l i t y  to  th is  la b o r d iv is io n  a nd  w o rk  flow . 

T h is  lin e a r  d is t r ib u t io n  o f  w o rk , a n d  its  sch ed u ling  across tim e , fo rm e d  the  sca ffo ld  

th a t  s t i l l  sus ta ins  des ign  ;us a c u ltu ra l process. N o t o n ly  in  H C I and  in fo rm a tic s , b u t 

a lso in  eng in ee rin g  a n d  in  in d u s tr ia l d es ign , th e  a c t iv it y  o f  design is u s u a lly  n a r ro w ly  

conce ived  and p ra c tic e d .

A  re la te d  e xa m p le  is th e  c a te g o r ic a l d e m a rc a tio n  o f th e o ry  and  p ra c tic e , a n d  the  

u n d e r ly in g  a ssu m p tio n  th a t th e  la t te r  fo llow s  th e  fo rm e r .41 Researcher and p ro fes

s io n a l. fo r exam p le , a re  ro les th a t have  been in  consonance w ith  th e  d is t in c t  c u ltu ra l 

ro les e s tab lished  fo r th e  in s t itu t io n s  th e y  u s u a lly  are  p a r t o f. academ y a n d  in d u s try . '4'1

M In  fo rm a t ics b ro a d ly  u n d e rs to o d  spans  ac ro ss  S n o w 's  a ca d e m ic  g u lf  o f  in c o m p re h e n s io n . C o m 

p u te r  sc ience , fo r  e x a m p le , is h e a v ily  s t r u c tu r e d  a ro u n d  p ro g ra m m in g  languages, i n f o r m a t i o n  m a n 

a g e m e n t. a n d  m ore  re c e n tly  c o m m u n ic a t io n  ne tw o rks .  A lth o u g h  it  is s t i l l  a p ro d u c t-c e n te re d  "sci

e n ce " . th e  c o m m u n ity  i t s e lf  is b e c o m in g  in c re a s in g ly  aw a re  th a t  th e  d is c ip lin e  s h o u ld  a lso  be h u m a n ly  

a n d  e th ic a l ly  d r iv e n .

" A  re la te d  e x a m p le  is th e  d e f in i t io n  o f  e n g in e e r in g  as "use fu l a r ts "  o r  '"a p p lie d  sc ie n ce s", fo u n d  

across  th e  n in e te e n th  a n d  th e  tw e n t ie th  c e n tu r ie s .

' 'T h e  te rm s  va ry , ho w e ve r. In  so c io lo g y , fo r e x a m p le , c r it ic is m s  are  fo u n d e d  o n  th e  d ic h o to m y  

fo u n d  b e tw e en  th e o ry  a n d  resea rch . ( B o u rd ie u  a n d  W a e q u a n t. 1992. p .'111, in  w h ic h  th e  la t te r  fo llo w s
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T hese ca tegories  do  n o t com e fro m  ju s t  anyw he re . T h e y  an* in  accordance  w ith  tin* 

w o rk  flo w  d e lim ite d  b y  n e tw o rk s  o f  s p e c ia liz a t io n  e s ta b lish e d  across o u r  socie ties. 

T h a t  does n o t m ean th a t  these n e tw o rk s  are ju s t  o r d e m o c ra tic .

S evera l a u th o rs  have a tte m p te d  to  fo s te r in te r -d is c ip lin a ry  p ra c tices  across and 

beyond  H C 'l. Some have p roposed  re v is io n s  o f  H C Ts roles a nd  th e ir  b o u n d a rie s . A  

fo rm  o f re v is io n  is to  b rid g e  c o n c e p tu a l ca tego ries  th a t t r a d it io n a l ly  t ie s ta ke h o ld e rs  to  

sp ec ific  n iches and to  p a r t ic u la r  fo rm s  o f  o rg a n iz a tio n . A n  in te rp e n e tra t in g  rev is ion  

o f p ro fess iona l ca tego ries  im p lie s  a renew a l o f the  w ho le  p ro fess iona l o rg a n iz a tio n , 

because i t  necessarily  im p a c ts  p ra c tice s  a n d  id e n tit ie s  across the  w ho le  fie ld .

T h e  re s p o n s ib ility  o f  a p ro fess io na l goes w e ll beyond  h is  o r  her sp e c ia lize d  n iche. 

D es ign  in te rv e n tio n s  w ith in  H C 'l and  In fo rm a t ic s  in vo lve  peop le , m ach ines and  th e ir  

jo in t  a c t iv it ie s . H ow ever. ;is I have d iscussed before. In fo rm a t ic s ' c o n s te lla t io n  o f 

in te re s ts  have been in c re ; is in g lv  focused on  p ro d u c t, le a v in g  hum an  and  a c t iv i t y  re

la te d  issues on  th e ir  o u ts k ir ts .  D u r in g  th e  deve1 , *nt o f  HC’ l. w h ich  evo lved  on 

th e  o u ts k ir ts  o f In fo rm a tic s , th e  d is t in c t io n  betw een researcher and p ro fess io na l be

cam e d y s fu n c tio n a l. I t  a lso  becam e e v id e n t th a t H C 'l necessarily  invo lves  f ie ld w o rk , 

co m p ro m ise  am ong  s ta keh o ld e rs , and  re fle c tio n  on the  lo n g  te rm  consequences o f  its  

in te rv e n tio n s .

In  th e  sequel. I p resen t th re e  exam p les  th a t in c re a s in g ly  fo s te r the  in te rd e p e n d e n ce  

o f m u lt ip le  niches across th e  HC’ l fie ld . In  1989. M a r i ly n  M a n te i b ridg e d  th e  ca tegories  

o f th e  reseurcht r  and  th e  p ro fe ss io n a l  b y  so fte n in g  th e ir  s h a rp ly  d e fin e d  roles w ith  

th e  in t ro d u c t io n  o f  tw o  in te rm e d ia ry  ro les: th e  p ro fe ss io n a l ly  o r ien ted  researcher  and  

th e  research o r ien te d  p ro fe s s io n a l  (M a n te i.  1989. p 17).

In te rv e n tio n  on peop le 's  a t t i tu d e s  is n o t in s tan tan e ou s . I t  dem ands n e g o tia t io n  

and f le x ib i l i ty .  In  M a n te i's  d e s c r ip t io n  o f  H C T s  roles d e p ic te d  in  F ig u re  2.12 i t  is

tin * fo rm e r.

" ’S u c h m a n ’s w o rk  o n  h u m a n -m a c h in e  c o m m u n ic a t io n  rep resen ts  a c le a r  c r it ic is m  o f  th e  s e q u e n tia l 

re la t io n  b e tw e en  p la n n in g  a m i a c t io n  iS u c h tn a n . 19S7I. * * *  ( S h o n .  1 9 8 3 )  c r i t i c i z e d  d e s ig n  

c u r r e n t  p r a c t ic e s  a n d  p r o p o s e d  t h e  r e f l e c t i v e  p r a c t i t i o n e r  a s  a  p r o fe s s io n a l  t h a t  r e f le c t s  

in  a c t io n ,  b r e a k in g  t h e  d i c h o t o m y  b e t w e e n  t h e o r y  a n d  p r a c t i c e .
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individual who individual who
Professional

/ *

does not interpret the science 
or adapt new methods and 
theories from science

applies the knowledge 
about science and the 
solution from science

/
Research oriented professional

/

understands the theory and 
methods developed by the 
professionally oriented researcher

applies these methods 
to specific problems

/
Professionally oriented researcher contributes with scientific 

methods and knowledge 
to the field

develops metrics and 
theories and understands 
and defines quality levels

/
/  Researcher 

>
is actively engaged in extending the 
knowledge of the field, publishing 
papers and conducting experiments

works on basic 
theory in the field

F ig u re  2 .1 2 : M antei’s roles between the researcher and the professional. Based  

on (M a n te i ,  1 9 8 9 , p 17 )

poss ib le  to  id e n t ify  th e  flo w  o f  c o m m u n ic a tio n  and  pow er be tw een  academ ia  and  

o th e r  soc ia l segm ents. T h e  t r a d it io n a l flow  th a t re ifies the  u n iv e rs ity  as th e  o r ig in  o f  

know ledge  and  com m erce  a n d  in d u s t ry  ;us the  re c ip ie n ts  o f kn ow led ge  can be e as ily  

recogn ized . Researchers a re  a c t iv e ly  engaged  a n d  work. P ro fess iona ls  do not. i n t e r 

p re t  and  o n ly  app ly  w h a t researchers d o .1. W h e n  M a n te i b lu rre d  th e  e s ta b lish e d  

soc ia l d iv is io n  o f  la b o r by su g g e s tin g  new  in te rm e d ia te  roles, she a lso  m a in ta in e d  th e  

h is to r ic a lly  co n so lid a te d  se q u e n tia l p a tte rn  o f c o m m u n ic a tio n  a nd  pow er c ry s ta liz e d  

across th e  a cad em ic  and in d u s t r ia l c u ltu re s . M a n te i w ro te :

1989 M arilyn  M an te i An H C I C o n tin u in g  Education C urriculum  (M a n te i, 1989, p 4 )

T h e  best and brightest people are not people w orking on product developm ent, but re

searchers. [ . . . ]  A lthough the industrial world will be the eventual recip ient o f the products  

o f the recom m ended curricu lum , th e ir concern is too pragm atic and focused on solving day- 

to -day problems to  give them  th e  skills (o r tim e ) to th in k  about the foundational knowledge 

o f H C I.

! , A  re la te d  e x a m p le  is th e  d is t in c t io n  b e tw e e n  th e  ro le  o f  d e s ig n e r a n d  th e  ro le  o f  th e  use r, 

s e p a ra te d  ;is i f  th e  fo rm e r  w ere th e  so u rce  o f  goods , a n d  th e  la t te r  th e  p tis s iv e  re c ip ie n t.
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In  to d a y 's  c o n te x t. M a n te l's  p o s it io n  m ay  seem o r th o d o x  and  co n se rva tive , h u t 

fra m e d  in  th e  n ine teen  e ig h tie s , a nd  c o n s id e r in g  w h a t she was t r y in g  to  b ridg e , it 

m ay he in te rp re te d  as p ro g ress ive .-*8 T h e  tw o  o th e r  m ode ls  th a t in c re a s in g ly  b le n d  

p ro fess io na l roles are by  S u c lm ia n  a n d  T r ig g , fo r H C I. and  by B ra a . fo r In fo rm a t io n  

S ystem s, w h ich  I address in  th e  sequel.

c? <?
c- d* 

s  «•

PRACTICE

£  §■

\ \ \ \\ *  \ %\  %  ,  15 
\  t v  %> <3-\  * \ %
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/  /  g  &  g  lJs'n9 ,he PersPec,ive °f research,
/  designers gain new insights from

/  /  <5* x? observing current practice so as to respect
f  /  $ ! ^  the present when designing for the future* c? ----------------------------------------

' ■ % % %
\%%*o
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RESEARCH
Using the perspective of design, researchers bring an action- 
oriented involvement to their traditional analytic work practices

DESIGN

F ig u re  2. Id : Suchm an’s disciplinary bridges am ong research, design, and practice

(S u c h m a n  and T rig g , 1 9 9 1 , re d ra w n )

In  1991 S uchm an  a n d  T r ig g  e x p lo re d  th e  advantages o f  team  w o rk  u s in g  v ideo  as a 

m e d iu m  fo r a re fle c tive  p ra c tic e  o f  d es ign . In  th e ir  p a p e r th e y  d iscussed th e  re la tio n s  

am o ng  a c t iv it ie s  o f research, des ign , a nd  p ra c tic e  us ing  a tr ia n g u la r  d ia g ra m  s im ila r  

to  th e  one d e p ic te d  in  F ig u re  2.13. U s in g  th e  sides o f  a tr ia n g le . S u chm a n  and  T r ig g  

d iscussed several pe rspe c tives  in  te c h n o lo g y  d eve lo pm e n t (S uchm an  and  T r ig g . 1991. 

p >>G). S uchm an  a nd  T r ig g  d e lib e ra te ly  a vo ided  th e  te rm s  researchers, designers, 

a nd  p ra c t it io n e rs  in  o rd e r  to  go b e yo n d  th e  e s tab lish ed  "d iv is io n  o f  la b o r  betw een

'■'See a lso  M a n te i-T re m a in e  l i (J9S i fo r  a re c e n t a p p ra is a l o f  h e r ro le  in  a c o m p u te r  sc ience  d e p a r t - 

m cn t as a p s y c h o lo g is t.
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p a rtic ip a n t.s  in  th e  .systems d e v e lo p m e n t p rocess" (S u ch m a n  and T r ig g . 1091. p S5). 

T h is  m ode l indeed  fos te rs  a re v is io n  o f  th e  p ro fess iona l l in k s  in to  a n o il-s e q u e n tia l, 

a m i co nse qu en tly  less h ie ra rc h ic a l, d iv is io n  o f  la b o r.

In  1995 B raa  de fended  a m od e l in  w h ic h  severa l m e th o d o lo g ie s  are p lo t te d  in  accor

dan ce  to  a c t iv it ie s  re la te d  to  in fo rm a t io n  sys tem s design . T h e  m ode l uses a tr ia n g u la r  

space u s u a lly  e m p lo ye d  to  rep resen t p ro p o r t io n s  am ong  th re e  e lem ents . T h e  ve rtices  

o f  a tr ia n g le  co rre sp o n d  to  a b s tra c t p u re  a c t iv it ie s  th a t  e m p lu is i/.e  o n ly  p re d ic t io n  

(sc ience ), o n ly  u n d e rs ta n d in g  (use ), o r  o n ly  change ( in te rv e n t io n ) .  See F ig u re  2.1 1(a). 

D iffe re n t m e th o d o lo g ie s  are p lo t te d  in  accordance  w ith  th e ir  m a in  tendenc ies . F ig 

u re  2.1 1(b) i l lu s tra te s  th e  a p p ro x im a te  d o m a in s  o f  d if fe re n t approaches such ;is fie ld  

e x p e rim e n t, h a rd  c;use. so ft c;ise. a c tio n  research, and  a c tio n  case as d iscussed in  B raa

F ig u re  2 . 1 1: B raa 's  space o f  in form ation  systems (B r a a , 1 9 9 5 , re d ra w n )

T h e  c u ltu ra l eco logy  o f  H C I in vo lve s  m a n y  o th e r p ro fess iona ls  th a n  th e  researcher, 

th e  des igner, th e  p ra c t it io n e r ,  a nd  th e  user. T e ch n o lo g ica l in te rv e n tio n  processes in 

c lu d e  d iffe re n t s ta k e h o ld e rs  a t d iffe re n t m om en ts . These th re e  exam p les a ll i l lu s tra te

( 19 9 5 1.1"

(a) O rg a n is a t io n a l/ \  change
Quality /  \

Intervention change

50 % prediction /  intervention \  q% prediction 
50 % change /  \  50% change
0 % understanding EffectfVeness understanding

action
research

action
"casequasi-field ' 

experiment'
33% + 33% + 3i 

SatisfactionControl
field

experimentreduction interpretation

prediction 
Technical Quality

understanding prediction
Use Quality Science

understanding
Interpretation

’'T o r  a b ro a d  in t r o d u c t io n  to  ease s tu d ie s , see Y in  (199-11. L in n  a n d  C la n c y , fo r  e x a m p le , have 

e x p lo re d  ease s tu d ie s  m e th o d o lo g ie s  in  S o ftw a re  E n g in e e r in g  ( L in n  a n d  C la n c y . 19921.
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p erspe c tives  th a t  c a ll fo r an e n r ic h m e n t o f th e  p ro fess iona l rea lm  t r a d it io n a l ly  m a in 

ta in e d  in  In fo rm a tic s  and  in  H C I. T h e y  il lu s tra te  how  d is t in c t  ca tegories  are bonded , 

e n a b lin g  new fo rm s o f  p ro fess iona l in te ra c t io n , e o m m u n ic a tio n  and  o rg a n iz a t io n  th a n  

th e  tra d it io n a l lin e a r ch a in .

2.6 .2  HCI 3D  C onceptual Framework

U p  to  th is  p o in t. I have described  H C I a nd  In fo rm a t ic s  w ith  th e  a id  o f a te ch n ica l 

a n d  a hum an  d im e n s io n . T h e  ju s t  m e n tio n e d  m ode ls  a nd  references add  a t le ;is t a 

th i r d  d im e n s io n  to  H C I and In fo rm a t ic s .10 T h e  th ir d  c o lu m n  o f T a b le  2.1U labe led  

'in te ra c t io n '' lis ts  e lem en ts  such ms ta sk . use. o rg a n iz a tio n , c o m m u n ic a tio n , sk ills , 

n o rm s , serv ice, a c t iv it ie s , business, des ign , change, and  e th ics .

F ig u re  2.15 d e p ic ts  an e x te n s io n  o f  th e  2 -d im e n s io n a l co nce p tu a l space1 w ith  the  

a id  o f  an " in te ra c tiv e  d im e n s io n " in  a th i r d  d im en s ion . Scales deve loped  in  T h e o ry  o f 

A c t iv i t y  to  describe  m e d ia te d  a c tio n , a nd  deve loped  in  language s tu d ie s  to  describe  

languages are poss ib le  ca nd id a tes  to  e x e m p lify  th e  use o f  a th ird  d im e n s io n  to  ch a r

a c te r iz e  th e  n a tu re  o f  HC’ l . 11 H C I areas te n d  to  focus on  longer a c t iv it ie s  ms th ey  

in c lu d e  m ore  people  a n d  m ore  a r t ifa c ts .

In  C u ltu ra l a nd  H is to r ic a l A c t iv i t y  T h e o r y 1*, a c t iv it ie s  are m e d ia te d  by language* 

o r  b y  to o ls . I have used a scale to  o rg a n ize  th e  c o o rd in a te s  o f F ig u re  2.15 in i t ia l ly  

d e ve lo pe d  in  A c t iv i t y  T h e o ry  by A le kse i N ik o la e v ic h  L e o n t'e v . He ch a ra c te rize d  

a c t iv it ie s  in  genera l ms encom pass ing  th re e  in te rd e p e n d e n t s tra ta  d escrib e d  as oper-

" 'T l ie  use o f  th re e  d im e n s io n s  to  c o r re la te  a n d  v is u a liz e  d a ta  is n o t new  in  re la te d  a reas. In  

c o g n it iv e  science, fo r e x a m p le . P a u l M . C 'h u rc h la n d  has used :5D c o o rd in a te  spaces to  rep resen t 

se n s o ry  d a ta , w h ic h  he c a lle d  in i t ia l ly  a " c o lo r  se n sa tio n  space" ( C’ h u rc h la n d . 1997. I lS - l I I ) I .  and  

m o re  re c e n tly  senso ry  re p re s e n ta tio n  th ro u g h  “ v e c to r  c o il in g "  (C 'h u rc h la n d . 199(i. p ' i l - . 'M l .  H o w e ve r.

I have  n o t seen s im ila r  m o d e ls  e x p lo r in g  d is c ip l in a ry  re la t io n s . l iv e n  i f  th e y  e x is t,  th e  l i te ra tu re  

th a t  has been d isc u s s in g  th e  n a tu re  o f  H C 'l a n d  In fo rm a t ic s  has no t been u s in g  th is  k in d  o f  d ia g ra m  

to  e x p lo re  d is c ip l in a ry  re la t io n s .

" W  h a t is im p o r ta n t  is no t e x a c t ly  w h ic h  d im e n s io n s  are  used to  d e sc rib e  a d is c ip l in a ry  f ie ld , b u t 

th e  aw areness th a t  "a  m o d e l"  is o n ly  a p ro je c t io n  o f  a m u lt id im e n s io n a l d is c ip l in a ry  s y s te m .

'*S ee  A p p e n d ix  D  fo r  re fe rences o f  A c t i v i t y  T h e o ry , in c lu d in g  its  re la tio n s  w i th  H C 'l.
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F ig u re  2.15: Foci of H C I’s main disciplinary niches of specialization

a tio n s . act ions, and  a c t iv it ie s  (L e o n t ’ev. 197S. pp  02-69). O p e ra t io n s  have a sm a lle r 

scope th a n  a c tio n s , w h ich  have a sm a lle r scope th a n  a c tiv it ie s .

In  H C I des ign . R a e ith e l a n d  V e lich ko vsky  (1996) discussed th e  adequacy o f  m e th o d 

o log ies assoc ia ted  w ith  L e o n t’e v ’s "leve ls " o f  a c t iv it ie s  betw een designers and  users in  

re la t io n  to  th e  processes o f  o b s e rv a tio n , e x p e r im e n ta t io n , des ign , a nd  e v a lu a tio n . See 

F ig u re  2.16. T h e  d iffe re n t a pp roaches lis te d  by th e m  co m p le m en t w ell th e  a na lys is  

th a t  I have been d o in g  o f c o rre la t in g  d isc ip lin e s  w ith  su b je c t m a tte rs .

T h e  d ia g ra m  in  F ig u re  2 .15 is express ive  enough  to  represent n a rro w e r and  b ro a d e r 

n iches th a n  th e  ones u s u a lly  assoc ia ted  w ith  H C I. R e p e tit iv e  s tra in  in ju ry , fo r a 

b ro a d e r e xa m p le , goes fro m  th e  s e n s o rim o to r sys tem , c loser to  th e  "o p e ra tio n s " 

s tra ta , to  a p e rs o n ’s w ho le  life , h a v in g  in t r ic a te  o rg a n iz a tio n a l and  p o lit ic a l issues 

associa ted  w ith  th e m . T h e  focus o f such an  e xa m p le  m ay be s m a lle r , b u t th e  b o u n d 

a ries  e n g u lf H C I tra d it io n a l n iches.

N o t e v e ry b o d y  is c o m fo r ta b le  w ith  th re e  d im e n s io n a l spaces p ro je c te d  on  tw o  

d im e n s io n a l su rfaces to  d e p ic t d is c ip lin a ry  re la tio n s . C o n s id e rin g  th e  e ffectiveness o f 

tw o  d im e n s io n a l d ia g ra m s , a nd  on  th e  h is to r ic a l c o n t in u ity  o f  th e  m ode l p resen ted  in
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Raeithel 1996 Examples of adequate methodology for:

Process level Type of development Observation and experiment Design and evaluation

Activity Historical Ethnographic Feld Research Evolutionary

Sociocultural Naturalistic observation Object oriented

Micro social Field experiment Participative

Action Ontogenetic Formative experiment Stage genetical

Deliberate Aims and results assessment Task oriented

Habitual Co-construction of views Metaphors and prototypes

Operation Micro-genetic Joint attention experiment Tool oriented

Self-organizing Video analysis Convivial tools, soft machines

Conditioned Factorial experiment Ergonomic

F ig u re 1 2 .1 0 : Raeithel’s levels of activity as in activity theory (S e e  R aeithe l and  

V elich ko vs ky , 1 9 9 6 , p 2 2 8 , re d ra w n ).

th e  S IG C 'H I c u r r ic u lu m . I sketched an  a lte rn a t iv e  m od e l in  w h ich  som e o f the  issues 

th a t  I have d iscussed u n t i l  now  are  g ra p h ic a lly  rep resen ted . I re m a rk  th a t like  th e  

S IG C 'H I m ode l, its  p la n a r o rg a n iz a tio n  l im its  th e  re p re s e n ta tio n  o f  som e d is c ip lin a ry  

re la t io n s  eas ily  d e p ic te d  in  a 3 D  c h a r t.

F ig u re  2 .17 i l lu s tra te s  a p ic to r ia l m od e l fo r th e  n a tu re  o f H C I co n s id e rin g  tin * 

h u m a n  ( le ft) ,  th e  te c h n ic a l ( r ig h t) ,  and  th e  in te ra c t iv e  (cen te r) d im ens ions . T h e  

scales go from  b o tto m  to  to p . I have m oved ''gen res" and  languages to  the  cen te r 

c o lu m n , and have changed  th e  te rm in o lo g y  and  th e  leve l o f  d e ta il used to  describe  

th e  hum an  c o m p o n e n ts . T h e  th ree  ite m s  w ith in  c o n te x tu a l issues have also been 

cen te re d . To c o m p le m e n t design issues. I have a lso  added  on th e  to p  o f  th e  d ia g ra m  

a process d e n o tin g  p o lic y  m a k in g  processes in  in fo rm a tic s .

2.6 .3  Exam ples: D isciplinary Trajectories across H istory

In  th is  sec tion . I i l lu s tra te  th e  use o f  th e  p roposed  3 D  d ia g ra m  fo r the  n a tu re  o f H C I 

by v is u a liz in g  some h is to r ic a l H C I a nd  In fo rm a tic s  d is c ip lin a ry  tra je c to r ie s  described  

in  t in ' l i te ra tu re . In  T ab le  2.12. I q u o te  some a u th o rs  w ho  c o m m e n te d  on H C Ts 

h is to r ic a l d e ve lo p m e n t.
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Figure 2.17: The nature of Human-Computer Interaction: A 2D Projection of HC I’s 

Conceptual Space. This space can be extended with other information. In Chapter 4, I 

further extend this diagram with process models from software engineering to illustrate 

this capability.
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1984 Allen Newell and Stuart K . Card

T h e  P ro s p e c ts  fo r  P s y c h o lo g ic a l S c ie n c e  in  H u m a n  C o m p u te r  In te ra c t io n  

(N e w e ll and C ard , 1 9 8 5 , p 2 3 5 )

T o  all in ten ts  and purposes, th e n , th e  psychology o f  h u m a n -c o m p u te r  in te ra c tio n  is th e  psychology  

o f in te ra c tio n  w ith  th e  canon ica l in te r fa c e .[. . .] I t  sharply d is tin gu ishes th e  psychology o f h u m a n - 

c o m p u te r  in te ra c tio n  from  genera l h u m a n  factors.

1998 Daniel Boyarski

D e s ig n in g  D e s ig n  E d u c a t io n  (B o y a rs k i, 1998, p 9 )

H u m a n -c e n te re d  A tt itu d e  [. . . ]  takes in to  accou nt th e  hum an facto rs  o f  co g n itio n , b e h av io r, even 

social and c u ltu ra l in fluences. [. . .]

T h is  h u m a n -c e n te re d  approach is u n derg o ing  an ev o lu tio n  from  u ser-cen te red  design (c o n s id e rin g  the  

au d ie n ce ) in th e  80s, to  p a rtic ip a to ry  design (in v o lv in g  th e  au d ien ce ) in th e  90s, to  design partnersh ips  

(in v o lv in g  th e  au d ience  a n d  c lie n t) in th e  firs t d ecad e o f th e  new  ce n tu ry .

1999 Eamonn O ’Neill. Hilary Johnson and Peter Johnson

In te ra c t in g  in  th e  L a rg e : D e v e lo p in g  a  F ra m e w o rk  fo r  In te g ra t in g  M o d e ls  in  H C I  

(O 'N e il l  e t a l.. 1 9 9 9 )

M o d e llin g  in ea rly  H C I co n c e n tra te d  largely  on th e  in d iv id ua l user o f a c o m p u te r  system . H C I has 

expan ded  its  rang e  o f  concerns to  in c lud e th e  social, o rg a n iza tio n a l, an d  e n v iro n m en ta l s e ttin g  o f 

in te ra c tio n  betw een  possibly m ore  th a n  one user and m ore th an  one c o m p u te r . T h e  rang e o f  m odels  

used in H C I has co rresp on d in g ly  increased.

1999 James D . Hollan

E n try  on H u m a n -C o m p u te r  In te ra c t io n  (W ils o n  and K e il. 1 9 9 9 )

O ve ra ll, as G ru d in  (1 9 9 3 )  has p o in te d  o u t. we can v iew  th e  d e v e lo p m e n t o f H C I as a m o v e m e n t from  

early  concerns w ith  low -level c o m p u te r  issues, to  a focus on peop le 's  in d iv id u a l tasks and h o w  b e tte r  

to  su pp ort th e m , to  c u rre n t concerns w ith  su p p o rtin g  co llab o ra tio n  and sharing  o f in fo rm a tio n  w ith in  

o rg an iza tio n s .

1999 Lars Oestreicher

S ix  G o ld en  R u le s  to  S h a ke  th e  S tu d e n t 's  M in d  (O e s tre ic h e r. 1 9 9 9 )

O n e  problem  w ith  H C I is th e  n a rro w  focussing on th e  c o m p u te r, an d  it was also s ta te d  [by th e  

w orkshop p a rtic ip an ts ] th a t th e  H C I needs to  free its e lf o f  th e  burden o f  th e  co m p u te r. T h u s  th ere  

w ill be a tran s fe r from  te a c h in g  H u m a n -C o m p u te r  In te ra c tio n  ( H C I )  to  H u m a n -M a c h in e  In te ra c tio n  

or even in th e  m ost general p e rs p e c tiv e  H u m a n -A rte fa c t In te ra c tio n .

T;ibk* 2.12: H C I’s foci trajectories across history
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In  p a r t ic u la r .  I e x e m p lify  tin * use o f th e  3 D  d ia g ra m  to  i l lu s tra te  th e  h is to r ic a l 

tra je c to r ie s  d e ve lo pe d  by .Jona than  G ru d in  a n d  o th e r  a u th o rs . .Jonathan G ru d in  p u b 

lished  a series o f  a rtic le s  add re ss ing  the  h is to r ic a l d eve lo pm e n t o f C 'SC W . and  o f the  

concep t o f  in te r fa c e  in  d if fe re n t se ttin g s  a nd  c u ltu re s .1* L ia m  B a nn o n 's  p u b lic a tio n s  

also address severa l issues in  H C T s  h is to r ic a l d e ve lo p m e n t, d e s c r ib in g  h is  p ilg r im a g e  

fro m  c o g n it iv e  sciences to  c o o p e ra tiv e  des ign , fro m  h u m a n -la c to rs  to  h u m a n -a c to rs . 

fro m  H C I a nd  C M C  to  C’S C W . and fro m  s to ra ge  to  a c tiv e  re m e m b e rin g  in  o rg a n iza - 

t io n s .11

A s a re fe rence  p o in t I s ta r t  w ith  N ew e ll a nd  C a rd 's  d e l im ita t io n  o f  H C I c a rr ie d  

o u t in  th e  e a r ly  1‘JSOs. N ew e ll and  C a rd  used th e  l im ite d  c o rre la te d  v a r ia b i l it y  across 

in te ra c tiv e  e q u ip m e n t to  p ropose  a ca n o n ica l in te rface , s im p lify in g  th e  ana lys is  o f 

h u m a n -c o m p u te r  in te ra c t io n  w ith  th e  im p o s it io n  o f s im ila r  c o n s tra in ts  on d iffe re n t 

in te rfaces  (N e w e ll and C a rd . l ‘JS5. p 235). For N ew e ll a nd  C a rd  c a p a b ility  o f  in te r 

a c tiv e  e q u ip m e n t increases o ve r th e  years, b u t  s lo w ly  e nough  to  be fa c to re d  o u t in  a 

"h a rd  sc ience" o f  H C I. A c c o rd in g  to  th e m , th is  s h a rp ly  d is t in g u is h e d  H C I fro m  th e  

" im m e n s e ly  m o re  va ria b le  ope n  e n v iro n m e n t " o f  genera l H u m a n  F a c to rs .1’

N ew e ll a n d  C a rd  a c tu a lly  w ro te :

1984 Allen N ew ell and S tu art K . Card

The Prospects fo r Psychological Science in H um an  C om p u ter In te rac tion  

(N ew ell and C ard , 1985, p 23 5 )

T h e  canonical interface^] M o st hum an-com puter interaction takes place by means o f only 

a few devices th a t  are in mass use. T h e  features o f  th e  mem bers o f each device class tend  

to  be sim ilar (e .g . all typ ew rite r term inals tend to have speeds in a sim ilar range). As years 

go by, the n u m b er o f users w ith  various types o f  equ ipm ent slowly changes.

"S e e  G ru d in  ( 1990. 19911). c .a . 199:1. I9 9 1 b .a . 199G. 199S) a n il G r u d in  a n d  Pi i l l  ro c k  l 1995|.

"S e e  B a n ru m  I 1990. 1991. 19921)1. B a n n o n  a n d  S h a p iro  (19911. B a n n o n  a nd  K u u t t i  I 1 9 9 tii. and 

B a n n o n  ( 1997).

1 ’T I l i '  r r la t iv i '  o rd e r  used b y  N e w e ll a n d  C a rd  to  c la s s ify  H C I a n d  h u m a n  fa e to rs  is th e  in ve rse  o f

th e  one  d e p ic te d  in  th e  h u m a n  d im e n s io n  used here . T h is  re in fo rc e s  m y  re m a rk  th a t  such  scales are  

o n ly  c o n c e p tu a l a n d  d o  no t d e m a rc a te  b o u n d a r ie s , b u t  in d ic a te  m a in  tre n d s .
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T h is  lim ited  and correlated variab ility  in equ ipm ent simplifies the analysis o f hum an- 

com puter in te rac tion  by im posing sim ilar constraints on different interfaces. [ . . . ]  To  all 

in tents and purposes, then, th e  psychology o f hum an -co m p uter in teraction  is the psychol

ogy o f in teraction  w ith  the canonical interface. T h is  is a rem arkable situation . It sharply 

distinguishes th e  psychology o f hum an -co m p uter in teraction  from general hum an factors, 

which m ust deal w ith  an im m ensely more variable operatin g  environm ent, and hence has a 

much harder task. T h e  canonical interface is the fea tu re , if any. th a t m ig ht make possible 

a separate discipline o f h um an-com puter interaction.

B y  c o m p a ris o n , w h ile  N ew e ll a n d  C a rd  cons ide red  these changes to  he slow  enough 

to  he fa c to re d  o u t.  th e y  are th e  a c tu a l focus o f  G ru d in 's  ana lys is . G ru d in  described  

th e  h is to ry  o f in te r fa c e  design ;us a c o n tin u o u s  d r i f t  s ta r t in g  a t th e  in n e r w o rk in g s  o f 

h a rd w a re  issues a n d  reach ing  th e  w o rk  s e ttin g . G r u d in ’s d e s c r ip tio n  o f the  focus o f 

in te r fa c e  des ign  is accordance  w ith  th e  tra d it io n a l d e s c r ip tio n  o f  in fo rm a tic s , in  w h ich  

its  m a in  focus has d r i f te d  fro m  n a rro w e r to  b ro a d e r issues. G ru d in  ch a rac te rize ! 1 th is  

t r a je c to r y  in  live  p e rio d s :

1990 Jonathan Grudin

The C o m p u ter Reaches O ut: T he historical con tin u ity  o f  interface design 

(G rudin , 1990. p 2 6 2 )

[1] Initially, the user interface was located a t the hardw are itse lf -  most users were engineers 

working d irectly  w ith  the hardware.

[2] T h e  focus than  moved to the program m ing task -  higher-level program m ing languages 

and progressively freed the user from  the need o f being fam iliar w ith  the hardware.

[3] N ext, w ith  th e  widespread appearance o f in te rac tive  systems and non-program m ing  

"end-users,'’ th e  user interface shifted to  the display and keyboard, w ith  early a ttention  to  

perceptual and m o to r issues.

[4] Recent years have seen increasing research focus on users' “conversational" dialogues 

w ith  systems and applications, involving deep cognitive issues underlying the learning and 

use o f systems: the user interface is extending past th e  eye and fingers, in to  the mind.
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[5] Finally, w ith  the advent o f  "groupw are” and systems to  support organizations, w e are 

beginning to see the focus o f user interface design to  extend out in to  the social and work 

environm ent, reaching even fu rth er from  its origin a t the heart o f the com puter.

In  o th e r  w o rk s  G ru d in  d iscussed C 'S C W 's h is to ry  fro m  1965 to  1985 (G ru d in .  

199 h id ). 1998). In  these papers  G ru d in  p resen ted  th e  scope o f  In fo rm a tic s  th ro u g h  

c o n c e n tr ic  c irc le s  sp a n n in g  th e  in d iv id u a l and th e  o rg a n iz a tio n , pass ing  th ro u g h  th e  

sm a ll g ro u p . A  c lose r look , how ever, shows th a t  th e  years assoc ia ted  w ith  each c irc le  

do  n o t increase lin e a r ly . In  F ig u re  2 .1 8 (h ). I l is t  G ru d in 's  c o lle c te d  in fo rm a tio n . I 

to o k  th e  l ib e r ty  to  a d d  tw o  p e rio d s , one be fore  th e  1960s (1915 ) a n d  one a fte r  the

1990s.

A p p a re n tly , th e  t ra je c to ry  d e sc rib e d  by G ru d in  o f  C S C W ’s h is to ry  fo llow s  the  

sam e expa ns ive  p a tte rn . H ow ever, once th e  tw o  tra je c to r ie s  art* p lo t te d  on th e  th re e  

d im e n s io n a l d ia g ra m , the cu rv e  th a t  C S C W  d ra w s  does n o t g ro w  m o n o to n ic a lly . See 

F ig u re  2 .18 (a ) fo r  th e  foci o f  in te rfa c e  design a c c o rd in g  to  G ru d in .

F ig u re  2 .19  e xe m p lifie s  how  th e  3D  d ia g ra m  in tro d u c e d  e a r lie r  can be used to  

v isu a lize  th e  h is to r ic a l t r a je c to ry  o f  in te rface  des ign  and  o f  C S C W  ;is to ld  by G ru d in  

and  by o th e r  a u th o r s .11’ In  G ru d in 's  o r ig in a l c irc u la r  d ia g ra m , m a in fra m e s , system s, 

and  th e  o rg a n iz a t io n  were th e  fo c i in  1965. T h e  resp ec tive  d is c ip lin a ry  focus was on 

d a ta  p rocess ing , in fo rm a t io n  te chn o lo gy , and th e  m anagem en t o f  in fo rm a t io n  system s. 

In  1975 In fo rm a t ic s  d r if te d  to  m in ic o m p u te rs , w o rk flo w , and sp e c ific  p ro je c ts , w ith  

a respec tive  s h if t  to  so ftw a re  e ng in e e rin g  and  o ffice  a u to m a tio n . L a te r  on. th e  foc i 

s h ru n k  to  th e  in d iv id u a l c o m p u te r  and  p ro d u c t d e ve lo p m e n t, b u t e xpanded  to w a rd s  

H C I and h u m a n  fa c to rs  ;is app roaches. W ith  n e tw o rk s  o f  PC' s, th e  scope increased 

a ga in , and  C S C W  em erged  as a fie ld . C h ro n o lo g ic a lly , th is  goes fro m  the  b ro a d e r 

e n v iro n m e n t o f  th e  o rg a n iz a tio n , passes th ro u g h  th e  lo ca l issues o f th e  in d iv id u a l 

user, and  goes back  to  the  s l ig h t ly  b ro a d e r issues o f  s m a ll g roups . T h is  resembles the  

d is c ip lin a ry  fu n n e ll in g  o f  In fo rm a t ic s  d iscussed in  C h a p te r  1. D u r in g  the  n in e tie s . 

H C I has e xp a n d e d  to w a rd s  u n c h a rte d  and e a r lie r  avo ided  o r p re sc in d ed  rea lm s.

" ’ I t  is in te re s t in ” ; to  see F ig u re  2 .19  i l l  th e  lig h t  o f  F ig u re  2 .9 . in  w h ic h  h u m a n  a n il te c h n ic a l 

t li in e n s io n s  a re  c n r r e la tc i l  in  tw o  p ic tu re s .  I re m a rk  th a t  F ig u re  2 .1 9  o n ly  i l lu s t r a te s  c o n c e p tu a l fo c i.
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(a) interface Design as Principal Users Interface specialist discipline 
1950s Hardware Engineers, programmers Electrical Engineering

1960-1970s Software Programmers Computer Science

1970s-1980s Terminal 'End users' Human factors, cognitive psychology, and graphic design

1980s- Dialogue 'End users' Cognitive psychology and cognitive science (and dramatic arts?)

1990s- Work setting Groups of users Social psychology, anthropology, and organizational studies.

(b )  cSCW's Scope Development Product Example Area/Discipline
194 5 Croup ■Research and 

M ihtar/ labs
C alculating
Machines

M ainframe
Poccts

C.venetics 
a -J s tr  alter,

1965 Organization Internal Systems Mainframe Data Processing 
Management IS. IT

1975 Project Contract and 
Internal

GDSS / 
Workflow

Minicomputers
Networks

Software Engineenng 
Office Automation

1980 Individual Product Applications Personal Computer 
(PC)

Human Factors 
CHI

1985 Small Group Product and 
Telecom.

Computer- 
Mediated Com.

Networked PC's 
Workstations

Computer Supported 
Cooperative Work

1990 Large groups P ' oduct and  
Service

E -se rv ice Networked PC  s . 
m obile devices

in form atics7 
i n

i,u r< ‘ 2 . IS : CSCW and interface design history: ( a )  based on G ru d in  (1 9 9 0 ,  p

(b )  based on G ru d in  (1 9 9 4 a ,  1 9 9 8 )

HCI’s and CSCV\fs History j

Technical

technological
system

information
system

computer
system

software
device

networked PCs 0r&  ';0'k .
.C M C ..C S C W  . ,  setting

computers
Workflow

• 1965 - 
/  mainframes 

Systems 
Organization

PCs, human 
'  factors, HCI 

198Q
terminally--’ - -

actionautomation -  
Operation

operation

cognition behavior culture t f u m a n  

Boyarsky 1998 *”

F ig m v  2.19: Historical trajectories of CSCW and interface design
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I have also d e p ic te d  in  F ig u re  2 .19  th e  t ra je c to r y  described  by .lam es D. H o lla n d  

in  re fe rence to  .Jona than  G ru d in  (1 9 9 3 ) ’s ana lys is  o f  th e  e v o lu t io n  o f  th e  concept o f 

in te rfa c e  and  th e  t ra je c to r y  d e sc rib e d  by O ’ X e ill  et a l. (1999) w h o  m en tion ed  the  

in c re a s in g  range o f  m od e ls  used in  H C I.

2 .7  S u m m ary  and F in a l R em ark s 2

E d u c a to rs  have been d iscuss ing  th e  im p o r ta n c e  o f  c e r ta in  tre n d s  a n d  th e  a p p ro p r i

ateness o f  research d ire c t io n s  s ince  th e  in c e p tio n  o f  in fo rm a tic s . A n y  research, deve l

o p m e n t. o r re fle c tio n  th a t  in te rven es  across th e  fie ld  as a whole*, w ith in  a p a r t ic u la r  

s p e c ia liz a t io n  o r  a rea, o r  even in  a s ing le  in d iv id u a l a t a c e rta in  m o m e n t, is e ith e r 

tra n s fo rm in g  o r s u s ta in in g  h um an  values assoc ia ted  w ith  th em . A cross  in fo rm a tic s  

a n d  H C I. i t  is poss ib le  to  fin d  m a n y  p u b lic a tio n s  add ress ing  d is c ip lin a ry  re la tio n s . 

Severa l o f  these endeavors e xp lo re  sp e c ific  re la t io n s  a m o ng  tw o  o r th re e  d isc ip lin es . 

A  s m a ll n u m b e r o f  p u b lic a tio n s  have addressed des ign  ;is c o m m u n ic a tio n , b r in g in g  to  

in fo rm a tic s  re fle c tio n s  deve loped  in  l in g u is t ic s , h e rm e n e u tics , s e m io tics , c u ltu ra l and 

h is to r ic a l psycho logy , a nd  language  s tu d ie s , a m o n g  o th e rs . A m o n g  th e  m any a va il

ab le  o p tio n s  as fo u n d a tio n s  fo r a c o m m u n ic a tiv e  fa ce t o f  In fo rm a t ic s  and H C I. th is  

thesis proposes th e  re la te d  w o rk  o f  C h a rle s  Sanders P e irce , kn o w n  as th e  fo re ru n n e r 

o f  b o th  S e m io tics  a nd  P ra g m a tis m .

D is c ip lin a ry  b o u n d a r ie s  are necessary fo r  th e  c o n s o lid a tio n  o f  d is c ip lin a ry  n iches, 

w h ich  in c lu d e  th e  s u s ta in a b le  d e ve lo p m e n t o f c o m m u n it ie s , p ra c tice s , theo ries , a t

t itu d e s . id e n tit ie s , p o lic ie s , and  so on. W h a t is a p p ro p r ia te  o r  n o t. on w h a t tene ts  

i t  is cen te red , w here  one d is c ip lin e  ends a nd  a n o th e r  beg ins, w h e th e r  tw o  o r m ore  

d is c ip lin e s  in te rse c t o r  w h e th e r th e re  is a g ap  be tw een , w h a t sh o u ld  be g iven  p r io r i ty  

in  a s u b je c t, and  w he n  sh o u ld  a c e rta in  s u b je c t be  g ive n  p r io r ity ,  to g e th e r o f m any  

o th e r  issues, have been th e  m o t iv a t io n  no t o n ly  o f  a rg u m e n ts  a nd  q u a rre ls  am ong  

d if fe re n t c u rre n ts  o f  th o u g h t and  p ra c tic e , b u t a lso d iscuss ions o f  th e  advantages and 

s tre n g th s  o f  in te rd is c ip l in a ry  endeavors , d e sp ite  th e  assoc ia ted  cha llenges. T h e  d if fe r 

ence's in  pe rspe c tives  o f  w hen* a Held s ta r ts  o r  ends, to w a rd s  o r  fro m  w here  it sh o u ld
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e x p a n d  n r retrac t ,  o r  in  con.sonanee o r c o n tra d ic t io n  w ith  whose in te re s ts  o r  w h a t 

v a ry  co n s id e ra b ly . T hese  l im its  va ry  across people , across schools, across c o u n trie s , 

across h is to ry . The* p ro fess iona l cha llenge  is to  ach ieve  u n ity  am ong  th is  d iv e rs ity .

I re fe r to  th e  d iv e rs ity  o f  em plm ses th a t  s tru c tu re  a c e r ta in  fie ld  its  c o n s te lla t io n  o f 

in te re s ts .

T h is  c h a p te r focuses on d is c ip lin a ry  re la tio n s  a n d  d is c ip lin a ry  d iv e rs ity  across 

tlu * h is to r ic a l d e ve lo p m e n t o f th e  fie ld  o f  H u n ia n -C o m p u te r  In te ra c tio n . T h e  fie ld  o f 

H u m a n -C o n ip u te r  In te ra c t io n  has been ch a ra c te r iz e d  m a n y  tim es as a fie ld  sp a n n in g  

b o u n d a rie s  due to  th e  la rge  n u m b e r o f  d isc ip line 's  th a t  have c o n tr ib u te d  to  it .  T h e  

c o m m u n itie s  in  H C I have s lo w ly  recogn ized  th e  im p o r ta n c e  o f d is c ip lin a ry  d iv e rs ity  

across its  fo u n d a tio n s . In  th is  sense. H C I c o m m u n it ie s  a re  a phase ahead o f  t ra d it io n a l 

fie lds  in  in fo rm a tic s , w h ich  have* o n ly  re c e n tly  faced th e  cha llenge  o f a d iv e rs ity  th a t 

has s ince  been fo rg o tte n .

N everthe less. H C I h;us n o t been im m u n e  to  th e  h is to r ic a l d is c ip lin a ry  forces th a t 

c o n s t itu te  its  d is c ip lin a ry  g rounds , such as th e  c o g n it iv e  a nd  tin* c o m p u te r  sciences. 

T h is  in flu e n ce  is v is ib le  in  the  m a in  m ode ls  th a t  d iscuss H C T s  na tu re1, w ith  a c lea r b i;is  

in  fa vo r ejf d y a d ic  fra m e w o rks  th a t em p lm s ize  the' s in g le  use*r o f  a single* eom pu te 'r. 

U s in g  a d is c ip lin a ry  c h a r t. I p ropose  a c o n c e p tu a l m o d e l o f  H C T s cem stedlation e>f 

in te re s ts  th a t a lso  emplmsize'.s o th e r  te*ndencies prese'nt in  its  c u ltu ra l ecology.

A  th ree  d im ensiem al mode'l is p ro g ress ive ly  b u i l t  w ith  th e  in c lu s io n  o f  a d e litio n a l 

face ts  re s p e c tiv e ly  lin k e d  to  techno logy , pe'opie. anel the 'ir in te-raetions. w h ich  is in  

consonance w ith  P e irce ’s s y s te m a tic  p h ilo so p h y . I have fo u r  m a in  goals w ith  th is  rep 

re s e n ta tio n  o r  m o d e l. F irs t ly .  I w a n t to  co m p a re  d if fe re n t a teas in  a s ing le  d ia g ra m . 

S econd ly , b y  s h o w in g  the1 s im u lta n e o u s  presence o f  m ore  th a n  eme* p e rsp e c tive  on  a 

s in g le  d is c ip lin e . I w ou le l like  to  fa c il i ta te  th e  in te rd is c ip l in a ry  w o rk  am ong  In fo rm a t

ics ’ d isc ip line 's  a nd  w ith  etther d is c ip lin e s . T h ir d ly .  I woulel like1 a m e*thod th a t cemld 

be used w ith  o th e r  o r  m ore  d im e 'iis ions  th a n  th e  ones d iscussed here. A n d  fo u r th ly . I 

in te n d  to  fac ilita te * th e  c h a ra c te r iz a tio n  o f com pute*r se'iniotie s w ith in  In fo rm a tic s , in  

o rd e r  to  d e lim it  the* scope* o f th e  second p a r t o f  th is  thes is .

In  th is  c o n c e p tu a l fram e 'w ork . v isu a lize d  as a m u lt i-d im e n s io n a l d is c ip lin a ry  c h a rt.
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d is t in c t  c o n s te lla t io n s  o f in te re s t ca n  he  co m p a re d  in  re la t io n  to  e s tab lish ed  academ ic  

fie lds . In  th e  c h a r t in g  o f H C I a n d  in fo rm a tic s . I have used th re e  basic d im en s ion s , 

w h ic h  encom pass th e  o rg a n iz a tio n s  o f  ( i)  a r t ifa c ts , ( i i )  hum ans, and ( i i i )  in te ra c tio n s .

I have  chosen these th ree  d im en s ion s  in  acco rdance  w i th  m y o b je c tiv e s  o f  d e s c r ib in g  

th e  c u ltu ra l eco logy  o f H C I. th e  ro le  o f th e  h u m a n it ie s  in  it .  and  in  p a r t ic u la r ,  th e  

ro le  o f  c o m m u n ic a tio n  in close resonance w ith  P e irce ’s w o rk .

These  d im e n s io n s  co rrespond  ro u g h ly  to  th e  fo c i o f  d isc ip lin e s  such ;is ( i)  co m 

p u te r  e n g in e e rin g , co m p u te r science, a n d  in fo rm a tio n  system s in  a l irs t  g ro u p : ( i i )  

p h ys io lo g y , psycho logy , a n th ro p o lo g y , a n d  s o c io lo g y  in  a second g ro u p : a nd  ( i i i )  l in 

g u is t ic s . language  s tud ies , and m e d ia  a n d  c u ltu ra l s tu d ie s  in  a th ir d  g ro u p . A  focus on  

c o m p u te r  a rc h ite c tu re  w ou ld  be n a rro w e r th a n  a focus on  n e t-c e n tr ic  c o m p u tin g , b u t 

a focus on  e n g in e e rin g  te le c o m m u n ic a tio n s , d e sp ite  its  usua l b ro a d e r phys ica l scope, 

w o u ld  be even n a rro w e r because te le c o m m u n ic a tio n s  is o n ly  a p a r t o f  a n e tw o rk .

A  close a n a lys is  o f each o f these d im e n s io n s  o r d is c ip lin e s  shows th a t th e y  a re  

n o t ;us iso la ted  as th e y  firs t seem. For e xa m p le , in  th e  h is to ry  o f  in fo rm a tic s  m a n y  

d is c ip lin a ry  jo in t  w o rks  can be id e n tif ie d , such as. a u to m a tio n  and  c y b e rn e tic s  (co n 

t r o l  sys te m s), eng in ee rin g  and  m a n a g e m e n t (m a n a g e m e n t sys tem s), a u to m a tio n  a nd  

lin g u is t ic s  (a u to m a tic  tra n s la t io n ) , m a th e m a tic s  a n d  lin g u is t ic s  (e ith e r  p ro g ra m m in g  

languages o r th e o ry  o f  c o m p u tin g ) , a r t i f ic ia l  in te llig e n c e  and p sycho lo gy  (c o g n it iv e  

sciences), e tc.

N eve rthe less . I shou ld  re m a rk  th a t  I have l im ite d  th e  scope o f th is  ch a p te r to  th e  

c h a r t in g  o f  d is c ip lin a ry  re la tio n s , e xc lu s ive ly . I d o  n o t d iscuss th e  va lue  o f. th e  m o 

t iv a t io n s  fo r. o r  th e  e ffectiveness o f  such d is c ip lin a ry  re la tio n s . D esp ite  th e ir  im p o r 

ta nce . I have l im ite d  m yse lf to  c h a r t such  b a rr ie rs  a n d  b ridges w ith in  a m u lt ifa c e te d  

m od e l. W i th in  th is  d e lim ita t io n . I have le ft o u t m a n y  im p o r ta n t issues d iscussed in  

th e  l i te ra tu re , such  as the  d if f ic u lt ie s , advan tages, a nd  p o lit ic a l consequences o f  these 

d is c ip lin a ry  re la tio n s .

T h e  c o n c e p tu a l fra m e w o rk  a nd  its  v is u a liz a t io n  a re  enough express ive  to  d e p ic t 

th e  h is to ry  o f  H C I a t a h ig h e r leve l o f  d e ta il th a n  i t  is u su a lly  d esc rib e d , s h o w in g  

th a t  a lth o u g h  i t  co n tin ue s  to  e x p a n d , th e  e xp a n s io n  is no t m o n o to n ic  a nd  p resent
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phases o f  re tra c t io n .

T e ch n o lo g y  has a purpose. T h e re fo re , in  re la t io n  to  P e irce 's  w o rk , in  w h ic h  in 

te ra c tio n s  and re p re se n ta tio n  are im p o r ta n t  facets, te ch n o lo g y  w o u ld  necessarily  l in k  

p he n o m e n a  to  im is .  reach ing  a t le ;is t th e  leve l o f th e  N o rm a tiv e  Sciences. H C I. w ou ld  

go b eyo nd  P e irce 's  p h ilo so p h y  because i t  p resupposes P sycho logy, w h ic h  presupposes 

it .
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Chapter 3 

D esign Processes

. . .  perhaps my first sculpture where the space 

and the form are completely dependent on and inseparable from each other.

I had reached the stage where I wanted my sculpture to be truly three dimensional. 

In my earliest use of holes in sculpture, the holes where features in themselves.

Now the space and the form are so naturally fused that they are one.

H e n ry  M oo re . 11)51 1

Redemoinho: o senhor sabe -  a briga de ventos.

0  quando um esbarra com outro e se enrolam, o doido espetaculo. [...]

0  que pensei: o diabo, na rua, no meio do redemunho ...

.Joao G u im a ra ra o s  Rosa. 195(1 '

‘ H e n ry  M o o re 's  co m m e n t a b o u t  h is  s c u lp tu re  e n t i t le d  l i t  c l in in g  F u j i u r .

[•e s tiv a l. 1951. B ro n z e  ( H ed se co e . 1998. p  1161

"J d a o  G u im a ra ra o s  Rosa. 1956. G n i n i l r  S i  r t i i o :  IV n  iii is . N ova  F m n te ira .  p  213.

In  F n g lis h :

S w irling  eddies - you kn ow , w inds fig h tin g . 

W h e n  o n e  m eets  a n o th e r an d th ey  w h irl to g e th e r , it  is a c razy  sight [...] 

T h e  devil in th e  s tree t, in th e  m id d le  o f  th e  w h irlw in d .

Jd a o  G u m a ra ra e s  R osa. 1963. 

Tht D i n l  to  P hi / in  t in  B n ck ln n d s .

p 265.
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T h e  m a jo r i ty  o f  design  process m od e ls  p rescribe  sequences o f  a c t iv it ie s  in  close 

consonance' w ith  a lre a d y  es tab lish ed  p ro fess io na l s p e c ia liz a t io n  and w o rk  flow . T h is  

is n o t a p ro b le m  p e r se. b u t across p e r io d s  o f p ro fess iona l re o rg a n iz a tio n , as th e  one 

In fo rm a t ic s  is passing  th ro u g h  a t th e  b e g in n in g  o f  th e  m ille n n iu m , is necessary to  

re v ie w  b o th  des ign  processes as we'll as th e  es tab lished  d is c ip lin a ry  o n h 'r  in  o rd e r to  

p repare1 th e  c o n tin u a tio n  and  th e  d e ve lo p m e n t o f In fo rm a t ic s  as a w ho le .

U nco nsc io us ly , h ow ev i'r. design process m odels have been) rea c tive , not p ro -ac tive1. 

T h e re  is a c o n tin u a tio n  o f  th e  tu n n e ll in g  tenelencies o f  th e  past. For (example, a d 

voca tes  o f  user-cen te red  ehesign fa ll e a s ily  in to  h y p o c risy , c a llin g  fo r h u m a n -o r ie n te d  

p e rspe c tives  as lon g  as th e  c o n tro l o f  th e  process re m a in s  in  h is o r he r hands. A n  

e x c e p tio n , am ong  m a n y  a lre a d y  m e n tio n e d , is th e  c o m m u n ity  o f pa rt ic ip u to ry  design 

w h ic h  has been d iscuss ing  th e  fu l l  in c lu s io n  o f s ta ke h o ld e rs  in  design processes since 

th e  1900s (T r ig g  and C le m e n t. 1999).

In fo rm a t ic s  a nd  its  design  processes, w h ile  n a r ro w ly  u n d e rs to o d  a n d  p ra c tic e d , 

is u s u a lly  l im ite d  to  a p ro d u c t-c e n te re d  s h o r t- te rm  p e rspe c tive . 1 have lim ite d  the  

d iscu ss ion  a b o u t des ign  processes in  th is  thesis a t a p o in t m id w a y  be tw een  th e  in d i

v id u a l a n d  th e  soc ia l levels, th e  iso la te d  a r t i fa c t  and  th e  in te rc o n n e c te d  sys tem , th e  

s h o r t- te rm  and th e  lon g  te rm  a c t iv it ie s , fo cus in g  m o s tly  on  fa c to rs  u s u a lly  discussed 

a t th e  o rg a n iz a tio n a l leve l.*

T h e  co n ce p tu a l mode1! o f HC'I in tro d u c e d  in  th e  p re ced ing  c h a p te r is ra theT  s ta tic . 

I t  enab les a c h a ra c te r iz a tio n  o f  th e  d is c ip lin a ry  h e te ro g e n e ity  o f  HC’ I a nd  In fo rm a t

ics ;is m u lt ip le  c o n s te lla tio n s  o f  in te re s t. In  th is  c h a p te r  I add e le m e n ts  associa ted  

w i th  process to  th e  m u lt id im e n s io n a l c o n c e p tu a l m ode l, tu rn in g  i t  in to  a co n ce p tu a l 

process m ode l.

T h e  d e s c r ip tiv e  c h a ra c te r is t ic  o f  des ign  process m ode ls  and m e th o d o lo g ie s  usu-

! I re m a rk  th a t  th is  re s t r ie t i tm  does n o t decrease  th e  im p o r ta n c e  e ith e r  o f  n a rro w e r  o r  b ro a d e r 

fo c i. I d e c id e d  to  leave  th e  eom pred iens ive  e o n s id e ra tio n  o f  th e  s o c ia l, e th ic a l,  a n d  h is to r ic a l issues 

in v o lv e d  in  des ign  to  m y  fu tu re  w o rk . T he re fo re , th e  w o rk  p re se n te d  here is o n ly  as a s ta r t .  ;is a 

ro u g h  s ke tch  o f  m y  fu l l  in te re s ts .
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a lly  p re sc rib e  p ro fess iona l a c tio n , le a v in g  a lm ost no space fo r p ro fess iona l p ro -a c tiv e  

engagem en t. T h e y  a re  m eant to  he in s tru m e n ts  to  sca ffo ld  a c tiv it ie s , n o t to  s tra ig h t-  

ja e k e t s ta keh o ld e rs . I u n d e rs ta n d  th a t  design  process m ode ls  sh ou ld  e nab le  th e  s take 

ho lde rs  them se lves to  dec ide  how  to  p roceed. T h e  process m odel o f  des ign  p roposed 

here does n o t d e te rm in e  th e  fu tu re  o f  H C T s  in te rv e n tio n s . It o n ly  ro u g h ly  de linea tes  

o r  re s tr ic ts  th e ir  poss ib le  tra je c to r ie s  w ith in  a m u ltid im e n s io n a l space. As i t  is d is 

cussed in  th is  thes is , th e  fra m e w o rk  em phasizes th e  d e s c r ip tio n  o f  a design  space, 

fa c i l i ta t in g  th e  v is u a liz a tio n  o f  n a rro w e r and  b ro a d e r design  processes. It  does not 

p re sc rib e  best o r  w o rs t tra je c to r ie s .

T h e  exam p les  in  th e  n e x t s e c tio n  fu r th e r  i l lu s tra te  th e  in te rde pe nd e nce  o f  c u ltu ra l 

n iches p resent in  H C I and  In fo rm a t ic s . ;is a lre a d y  show n  in  the  t wo f irs t chap te rs . 

T h is  is in te n d e d  to  i l lu s t ra te  th e  th es is  w ith  m odels th a t  have a tte m p te d  to  go beyond  

th e  n a rro w  scope o f  p ro d u c t ce n te re d  p e rspectives  a nd  iso la ted  d isc ip lin e s . T o  address 

th e  in te ra c t io n  be tw een  d is c ip lin e s . I p roceed now w ith  one fo rm  o f in te ra c t io n , w h ich  

is c o m m u n ic a tio n .

3.1  M o d els  o f  C om m u n ica tio n

T h e  d eve lo pm e n t o f  m ode ls  o f  c o m m u n ic a tio n , in te ra c t io n , and c o m p u ta t io n  va ry  

across h is to ry . T hese  m ode ls  w en t fro m  the  co m p le x  to  tin * a lm os t lin e a r to p o lo g y  

across th e  e a r ly  n in e te e n th  c e n tu ry , a n d  fro m  the  a lm o s t lin e a r to  th e  c o m p le x  in  its  

la t te r  h a lf. T h e  m ost d iffuse d  m o d e l o f  c o m m u n ic a tio n  is the  d u c t m o d e l, w h ich  is 

l in e a r  and u n id ire c t io n a l.

In fo rm a tic s  a nd  H C I luus a lw a ys  had  a s tro n g  re la t io n s h ip  w ith  l in g u is t ic s  and 

m a th e m a tic s . Indeed , th is  b o n d  has a lw ays been p resen t th ro u g h o u t th e  h is to ry  o f 

In fo rm a tic s . T h e re  is no n o v e lty  in  th e  l in k  per se. T h e  n o ve lty  is in  th e  d e p th  o f 

th e  l in k . I t  is enough  to  ask w h a t w o u ld  be o f the  fie ld  o f In fo rm a tic s  i f  th e re  were 

no  s y n ta x , no g ra m m a r, no c o m p ile rs  and  in te rp re te rs , no w r ite  o r  read in s tru c tio n s , 

no  p ro g ra m m in g  a nd  fo rm a l languages, no tra n s m it te rs  and  rece ivers, no tlu x o g ra m s  

a n d  o th e r  g ra p h ic  fo rm a lism s , no  channe ls , no c o m m u n ic a tio n  n e tw o rk s , no codes.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



www.manaraa.com

130

ao p ro to c o ls , and  so on.

H envew r. th is  l in k  w ith  "o o in n n in ic a t io n s " . ;ts it is. is n o t s u ffic ie n t. I t  is a lso 

necessary th a t  i t  inc ludes  b ro a d e r  w o r ld  v iew s. Peop le  in  In fo rm a tic s  and H C I have 

been ve ry  se le c tive  in  the  choice' o f  s e m io tic  th e o rie s  and m od e ls  th a t th e y  have 

in c o rp o ra te d  and fu r th e r  d e ve lo pe d  across th e ir  practice 's. A t  t l i t '  end  o f C h a p te r  2. 

in  F ig u re  1.1. I i l lu s tra te d  how  n a rro w  the1 fo c i o f  In fo rm a t ic s  have been in  re la t io n  to  

language' scale's a nd  h ie ra rch ies . In  th is  sec tion  I fu r th e r  e la b o ra te  th is  p o in t ,  us ing  

m ode ls  o f c o m m u n ic a tio n  and  in te ra c t io n  ins tea d  o f  u s ing  language' h ie 'rarchies.

A  compre'hensive* a p p ra isa l o f  eunnm m ica tiem  m ode ls  is im p o r ta n t  to  H C I in  th e  

sense th a t  i t  m ay fac ilita te * a b ro a d e r and  m ore  c r it ic a l  u n d e rs ta n d in g  ejf  the* funela- 

m e'nta l concep ts  e»f in fo rm a t io n  anel in te ra c tie m .1 Te> engage in  c o m m u n ic a tio n  im p lie 's  

to  act on  a c o m m o n  endeaveir. be* in  agreem ent e>r e lisagreem ent. in  consemanee* e>r in  

e -o n tra d ic tio n . M oele ls o f ce im m u n ica tive  pmcesses. as anv  o the 'r mealols. are* a b s tra c - 

tiems. As a b s tra c t io n s  th e y  v a ry  in  functiem  esf w h a t th e y  re je c t o r  itic lue le . o f  w ha t 

th e y  meielel e>r neit. W ith  a b rie 'f cem iparison  e>f e liffe ren t m ode ls  I in te n d  to  i l lu s tra te 1 

the* g re a t v a r ia b i l i t y  ac ross m od e ls  w ith  respect to  th e  de'gree in  w h ic h  e*itlie*r co m 

m o n a lity  o r  a lte r i t y  is assum ed o r  so ug h t and how  re la te 'd  m echan ism s are p resen t o r 

absent.

In  F igure 's 3 .1 a n d  3.1 I g ro u p e d  some' i l lu s tra t iv e  m ode ls  e>f c o m m u n ic a tio n  use*d in  

lin g u is tic s , se m io tic s  ’ . c o m m u n ic a tio n s  e ng in ee rin g , as w ell as in  H C I. T h is  c o lle c tio n  

o f d ia g ra m s  is in te n d e d  to  sh ow  how  n a rro w  is the* d e lim ite d  focus o f l in g u is t ic s  

in  re la t io n  to  c o m m u n ic a tiv e  phenom ena . T h e  ju x ta p o s it io n  is in te n d e d  to  stress 

s im ila r it ie s  and  d ifference 's a m o n g  th e  m odels. In  F ig u re  3.1 I g ro u p e d  five  d ia g ra m s . 

T h e  f irs t three* are  fro m  C h a rle s  Sande*rs Peirce. .Jacob von U e x k ii l l .  and  F e rd in a n d  

de Saussure. key founde rs  o f  seunioties and lin g u is t ic s . T h e  fo u r th  one describe's 

c o m m u n ic a tio n  as a d uc t <>r a pipe* whe're* message's lin e a r ly  flo w  fro m  source* to  

e le s tin a tio n . I t  is p ro b a b ly  th e  m ost d ilfuseel one. C’la iie le  E. S h an n on  anel W a rre n

'Se’c A p p c n e lix  E  fo r  reference's th a t  have' dise-usse-d a b o n d  b e tw een  In fo rm a t ic s  a n d  art'eis re la te d  

to  c o m m u n ic a t io n .  in c lu d in g  seun io tics . h i 'r in i ’ ne 'titics . l i te r a r y  c r it ic is m .  p liilo s e jp h y  o f  language ', e tc .

’Sev a lso F ig u re  1.2. in  C hap te-r t. fo r  se-veral nm elcls o f  th e  s ign  dew o loped across seun io tics.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



www.manaraa.com

131

W eaver in tro d u c e d  th e  h is t d ia g ra m  in  c o m m u n ic a tio n s  e ng in e e rin g .

A n a ly s in g  th e m  closely. F ig u re  3 .1 (a ) d e p ic ts  an u n c o m m e n te d  i l lu s t r a t io n  deve l

oped  by C h a rle s  Sanders P e irce  a ro u n d  th e  m id  n in e te e n th  c e n tu ry  ( E sp os ito . 1980. p 

57. re d ra w n ). Pe irce is one o f  th e  founders  o f  S em io tics  a n d  P ra g m a tis m . In  t in 1 next 

ch a p te r. I d iscuss some issues in  P e irce 's  concep ts  o f  th e  s ign . T h e  lack o f  e x p la n a tio n  

in  P e irce ’s no tes o f  th is  d ia g ra m  does not in v a lid a te  the* p o in t  1 am  m a k in g . In  th is  

e a rly  ske tch . Pe irce  d e p ic te d  th e  re la t io n  betw een re a lity  a n d  sensa tion  its a convo

lu te d  a c t iv i t y  in v o lv in g  processes re la te d  w ith  a c tu a lity , re g u la r ity , p a r t ic u la r iz a t io n , 

and  " ro o m " .

I in c lu d e d  th is  p a r t ic u la r  d ia g ra m , because severa l m od e ls  in  H C I p resen t the 

sam e b i-d ire c t io n a l p a tte rn  l in k in g  processes ;ussociated w ith  se nsa tion  a nd  re a lity , 

such its N o rm a n 's  m ode l in  w h ic h  goals a re  lin k e d  w ith  p h y s ic a l sys tem s th ro u g h  gu lfs  

o f  e x e c u tio n  a nd  e v a lu a tio n . P e irce 's  ske tch , how ever, d e p ic ts  severa l poss ib le  loops 

c o u p lin g  p e rc e p tio n  to  re a lity . T h e  key p o in t is th a t th e  d ia g ra m  presents th e  same 

c irc u la r  p a tte rn ,  b u t to  a h ig h e r  degree o f  c o m p le x ity  th a n  o th e r  m odels.

In  th e  d ia g ra m  in  F ig u re  3 .1 (b ) . I d e p ic t Jacob  V on U e x k i i l l 's  fu n c t io n a l cycle. 

U e x k ii l l  w ;is m o d e llin g  the  s e m io t ic  re la t io n  betw een o rg a n ism s  and  th e  e n v iro n m e n t 

in  th e  e a r ly  tw e n tie th  c e n tu ry . U e x k ii l l  a lso  m ode lled  tw o  loops , one in te rn a l to  the  

o rg a n ism , and  one l in k in g  th e  o rg a n ism  w ith  its  e n v iro n m e n t. E ffe c to r  a nd  re ce p to r 

o rgans. ;us w e ll ;us the  in n e r w o r ld  o f an o rg a n ism , c o n tr ib u te  to  the  d y n a m ic s  deve l

oped be tw een  o rg an ism s  and  th e ir  u m w e lt.1’ T he  same can be sa id  a b o u t tin * w o r ld  o f 

a c tio n , and  th e  w o r ld  ;us s e n sa tio n . U e x k ii l l  is a key re fe rence fo r  those w ho  research 

th e  re la t io n  be tw een  life  a nd  c o m m u n ic a tio n .

F e rd in a n d  de Saussttre m o d e lle d  h u m a n  c o m m u n ic a tio n  as a speech c ir c u it  (Saus- 

sure. 1 9 8 3 )'. F ig u re  3 .1 (c ) d e p ic ts  th re e  il lu s tra t io n s  o f S a itssure . to  w h ic h  I g ra p h i

c a lly  rep resen ted  the  d o m a in  o f  lin g u is tic s  as te x tu a lly  d e sc rib e d  by h im . A lth o u g h  

Saussttre e s ta b lish e d  th e  speech c irc u it ,  th e  w ho le  c irc u it  w;us n o t th e  u n ity  o f  ana lys is

' ’See ;ils<> Iv o n  U e x k i i l l .  1957. 195-1. p 10). a n d  Iv o n  U e x k ii l l .  19S2. p 5 2 1. a n d  iN o th .  1995. p 

15S| fo r  o th e r  su b sequen t ve rs io n s  o f  th e  sam e d ia g ra m .

See a lso  | . \ o t h .  1995. p  177. re d ra w n  I. iT h ib a n l t .  1997. p 15-1. re d ra w n  I
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F ig u re  3.1: Models of communication and interaction: (a) (Esposito, 1980, p 57, 

reproduction from MS923,redrawn) (b) Uexkiill functional cycle of sensorimotor interac

tions von Uexkiill (1926) cited in Cariani (2001) (c) Saussure’s speech circuit (Saussure, 

1990, pp 19-20) (e) Duct models with one-shot messages ( f )  Shannon and Weaver's 

communication model (Noth, 1995, p 175, redrawn)
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o f h is G e n e ra l L in g u is t ic s , o r  S em io logy. Saussuro used it to  d e l im it  the  focus and 

th e  b o u n d a rie s  o f  S e m io log y  to  th e  reg ion  d e p ic te d  in  d a rk e r g r e y . '

Saussure d is t in g u is h e d  th e  e x te r io r  fro m  th e  in te r io r  p a rt o f  th e  speech c ir c u it ,  to  

e xc lu de  th e  e x te r io r  one fro m  lin g u is tic s . W i th in  th e  in te r io r  p a r t,  he also le ft o u t 

o f l in g u is tic s  th e  p h y s io lo g ic a l a pp a ra tuse s  assoc ia ted  w ith  a u d it io n  and p h o n a tio n . 

L ikew ise , m os t o f th e  concep ts  on  P e irce 's  a nd  U e x k ii l  d ia g ra m s  are not in c lu d e d  in  

w ha t rem a in e d  in  lin g u is t ic s . L L it i l  th is  p o in t .  Saussure d e lim ite d  a in te r io r  psych ic  

rea lm , d is c a rd in g  th e  re m a in in g  p a rts . I t  is poss ib le  to  say th a t  he fo llow ed  a long  

t ra d it io n  o f s e p a ra tin g  the  m in d  fro m  the  b od y , in  w h ich  existence1 is su bse rv ie n t to  

th o u g h t.

In  a d d it io n , he a lso  d is t in g u is h e d  w h a t is passive fro m  w h a t is e xecu tive . He asso

c ia te d  p ;iss ive  w ith  w h a t is "s o c ia l"  and hom ogeneous, c h a ra c te r iz in g  it as " la n g u e " 

( la ng u ag e ). He d isca rd e d  w h a t is in d iv id u a l and  he te rogeneous as be ing  a c tiv e , c h a r

a c te r iz in g  it  w ith  "p a ro le "  (speech ). H e n ce fo rth , l in g u is t ie 's  re a lm  o f in te re s t. a cco rd 

ing  to  Saussure. is l im ite d  to  w h a t is passive, idea l ( "p s y c h ic " ) ,  a n d  hom ogeneous. In  

a n o th e r d ia g ra m . Saussure rep resen ted  th e  m a p p in g  betw een co nce p ts  (c )a n d  sound- 

im ages ( i) .  T h is  m a p p in g  is on th e  le ft p a r t o f F ig u re  .'3.1(c) l in k in g  tw o  a m o rp h o u s  

regions. In  S aussu re 's  fra m e w o rk , th e re  is no p lace fo r  w h a t is a c tiv e , concre te  ( "p h y s 

io lo g ic a l" ) .  o r  hete rogeneous.

H ow ever, l in g u is t ic  phenom ena  also change ove r tim e , even i f  p ;issive a nd  h o m o 

genet ms. B u t Saussure  also d is t in g u is h e d  th e  re la tio n s  be tw een  th in g s  th a t do  not 

va ry  over t im e  (s y n c h ro n ic )  fro m  those  th a t  v a ry  o ve r t im e  (d ia c h ro n ic ) . H is  in te re s t 

was focused on  those  th in g s  th a t  d o  n o t v a ry  over t im e . T o  w h a t rem a ined , he added  

a n o tio n  o f  s tru c tu re . T h is  was in  accordance  w ith  h is  a pp ro ach , w h ich  assum ed th a t 

th e  p a rts  co u ld  be s tu d ie d  in d e p e n d e n tly  o f  th e  w ho le . T h e  schoo l o f th o u g h t th a t 

fo llow s  h im  becam e kn o w n  as S t ru c tu ra l i s m .

Saussure 's  d is t in c t io n  is o n ly  an  e xam p le  o f  m a n y  s im ila r  d is t in c t io n s  such as 

s ig n if ie d /s ig n ife r .  co n te n t exp ress io n , sense /re fe rence , s u b je c t /o b je c t  and m a n y  o th -

"See l .Saussure'. I'.tttO. p p  l i t  _!.'{) fo r  S aussu re 's  d e s c r ip t io n  o f  th e  p la ce  o f  language  w ith in  l in 

g u is t ic  fa c ts .
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e is  fo un d  in  language  a nd  lo g ic  s tud ies , fro m  A u g u s tin e  (.397) to  .Jakobson ( 19GS).!’ 

W ith  these e p is te m o lo g ica l c u ts  de Saussure le f t o u t o f th e  s tu d y  o f language  a c tu a l 

d ia logues, peop le , d ia le c ts , e ve ryd a y  language , language  use. s lang, p ra c tic e , [low er, 

in te ra c tio n , and a n y th in g  else th a t co u ld  address d iffe re n c e  a nd  h e te ro g en e ity . F rom  

a research p o in t o f  v ie w  th e  d e l im ita t io n  o f  language  as a n  iso la te d  sys te m  has been 

ve ry  w e ll rece ived . I t  w;vs ve ry  e ffec tive , indeed . S t ru c tu ra lis m  tu rn e d  o u t to  be th e  

d o m in a n t p a ra d ig m  in  language  s tud ies . D iffe re nce  is d if f ic u l t  to  g enera lize , i f  not 

im p oss ib le . H ow ever. S aussu re ’s fra m e w o rk  had a p lace to  d isca rd  w h a t was inconve

n ie n t. E v e ry th in g  th a t c o u ld  e v e n tu a lly  b o th e r  th e  g en e ra l s tru c tu re  o f language  was 

sw ept u n d e r th e  "p a ro le "  ru g  in  th e  nam e o f s c ie n tif ic  o b je c t iv i ty .  In  F igu re ' 3 .1 (d ) 

is a d ia g ra m  th a t  m ode ls  c o m m u n ic a tio n  as a  u n id ire c t io n a l channe l l in k in g  source 

and rece ive r. Saussure ’s re s tr ic te d  lin g u is t ic  re a lm , in  w h ic h  sound  is m ap pe d  o n to  

concepts , is in  accordance  w i th  th is  u n id ire c t io n a l m o d e l. I t  is a lso  in  accordance 

w ith  th e  not ion  o f cause-e ffect so c h a ra c te r is t ic  o f W e s te rn  c u ltu re .

I agree' w ith  Rogers. to r w h o m  lin e a r m ode ls  o f c o m m u n ic a tio n  fa c il i ta te  under- 

s tane ling  in  fu n c t io n  o f  th e ir  s im p lic i ty  anel m e c h a n is tic  concep t o f  th e  co m m un iea - 

t io n  ac-t. b u t a lso de>eply e lis to rts  re a lity , n o t sh ow ing  w h a t happens be fo re  o r afte*r 

i t .  Worse’ th a n  th a t ,  " th e y  m a y  im p ly  an  a u to c ra t ic ,  one-sieh 'd  v is io n  o f  hum an  re

la t io n s h ip s ” . one1 in  w h ic h  th e  re'ceive-r ;issum es no active ' role* in  th e  c o m m u n ic a tiv e  

proce'ss. sugges ting  a re 'la tiem  e>f elem iinatiem  o r m a n ip u la t io n  o f th e  source  ove>r the' 

n>ce>iver (Re)ge>rs and A g a rw a la -R o g e rs . 197G. C h a p te r  1). A lth em g h  severa l a lte rn a 

tive's have emerge'el. th e  Carte*sian hegem ony. so w e ll representee 1 b y  L in g u is t ic s  in  

cennm unica tiem  and b y  in fo rm a t io n  p rocess ing  m odels in  In fo rm a tic s , c o n tin u e d  to  

a n n ih ila te  d iffe ren ce . a lte r ity ,  d isa g re em en t. in c e r t itu d e , insteael o f  le a rn in g  fro m  i t . 10

'Sec ( W ith .  l y j a .  p SS.!M  | fo r  e x a m p le s  a n d  a d is c u s s io n  on  d y a d ic  a n d  t r ia d ic  s e m io tic s .

'" A r o u n d  l ! ) l 'J - '2 l .  B a k h t in  11993) s ta r te d  a Io n a  ca re e r in  w h ic h  he d iscussed to p ic s  c o n c e rn in g  

a u tfio rs h i[> . p a r t ic ip a t io n ,  a n d  re s p o n s ib il ity ,  a l l  s u b s u m in g  th e  im p o r ta n c e ' o f  d iffe re n c e  in  h u m a n  

a c t io n . F’e iree  h im s e lf  d id  n o t succeed in  e x p la in in g  h is  b ro a d  c o n c e p t o f  s ign . A s I e x p lo re  in  th e  

n e x t c h a p te r ,  tin *  u n d e rs ta n d in g  o f  P e irce 's  w o rk  is p ro b le m a t ic  u n t i l  now . M a n y  o th e r  a u th o rs  have 

stressed th e  im p o r ta n c e  o f  a c t io n  to  c o m m u n ic a t io n ,  in te ra c t io n ,  a n d  c o g n it io n .  A  s h o rt lis t m ay  

g ive  th e  re a d e r a ro u g h  id e a  o f  th e  d is c ip lin e s  in  w h ic h  these  a u th o rs  have w o rk e d  ;is  w e ll as th e
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In  19 19. C la u d e  E lw o o d  S h an n on  a nd  W a rre n  W eaver w ere in te re s te d  in  th e  o p 

t im iz a t io n  o f e le c tr ic  c o m m u n ic a tio n  channe ls a nd  p roposed a M a th e m a tic a l T h e o ry  

o f  C o m m u n ic a tio n  in  w h ich  a noise was added  to  th e  sys tem , in  a d d it io n  to  an in 

fo rm a tio n  source, a t ra n s m it te r ,  a channe l its e lf ,  and  a rece ive r S hannon  and  W eaver 

(19-19). See F ig u re  d . l ( d )  (S h a n n o n  and  W eaver. 1919).

In  fac t, th e  co rn e rs to ne  o f  S hannon  and  W e a v e r 's  in fo rm a tio n  th e o ry  is t lit*  con 

cept o f noise, ra th e r  th a n  its  l in e a r  s tru c tu re . T h e  a d d it io n  o f  a noise source  and  its  

co nce p tu a l u n d e rs ta n d in g  ms basic to  th e  concep t o f  in fo rm a t ion  enab led  eng ineers to  

a c tu a lly  in c lu d e  noise and  d iffe re n ce  in  the  design  o f c o m m u n ic a tio n  system s. B e fo re  

th a t ,  noise was so m e th in g  d if f ic u l t  to  co n ce p tu a lize  and even cons ide r. In s id e  th e  

b la ck  boxes, how ever, a na lo g  c irc u its  c o n tin u e d  to  be th e  basis fo r th e  p ro je c t o f  

a m p lifie rs  (e.g. used in  rece ivers a nd  tra n s m it te rs )  and tra n s m is s io n  lines (cha nn e ls ). 

Sources o f ene rgy  were ta ke n  fo r g ra n te d . M o reo ve r, th e  area o f  c o n tro l system s, w ith  

its  focus on  th e  d y n a m ic  in te ra c tio n s  betw een e lem ents o f  a system s, c o n tin u e d  to  

d e v e lo p .11

T h e  d if fu s io n  o f  S hannon  a nd  W eaver's  m od e l, how ever, had o p p o s ite  conse

quences in  th e  te ch n o lo g ica l a nd  hum an  sciences. In  e n g in e e rin g  it b ro u g h t to  its  

p ra c tices  th e  fe a s ib il ity  o f m a n a g in g  d iffe rence . S hannon  a nd  W eaver d id  n o t in te n d  

to  m ode l m e a n in g fu l in fo rm a tio n . In  L in g u is tic s  th e  lin e a r s tru c tu re  o f  S h an n on  and  

W eaver's  m o d e l o n ly  re insu red  th e  p reva len t hegem onic v ie w , re in fo rc in g  th e  b ias 

a ga ins t d iffe ren ce  a nd  h e te ro g en e ity . T h e  m od e l th a t was in  fa c t b e in g  su s ta in ed  w;is 

n o t S hannon  a nd  W eaver's  in  its  fu l l  c o m p le x ity , b u t the  a n c ie n t p ip e - lik e  m od e l o f 

c o m m u n ic a tio n .

C o m p u te r  science em erged  a t th e  con fluence  o f L in g u is tic s . M a th e m a tic s , a nd

t im e  in  w h ic h  th e ir  w o rk  becam e  a v a ila b le  in  E n g lis h . I w o u ld  in c lu d e  in  th is  fis t a u th o rs  such  as 

W it tg e n s te in  I 1997). A u s t in  [ 19(>2). B o u rd ie u  (1977. 19901. V y g o ts k y  ( 1 978a .b i Iser I 197*1. .Jauss 

(1 9 8 2 ). de C e r te a u  (1 9 8 1 ). H a b e rm a s  11981). B ru n e r  (19901. and  S tra u s s  i 199:11. T h e  d is c ip lin e s  

in c lu d e  p h ilo s o p h y , soc io lo g y , l i te r a r y  c r i t ic is m ,  a n d  p s y c h o lo g y  a m o n g  o th e rs .

“ O n ly  a t c e r ta in  leve ls  o f  a b s tra c t io n  a n d  fo r  c e r ta in  p u rposes  is i t  in te re s t in g  to  m o d e l e le c tr ic  

c ir c u its  as c h a in s  o f  co n s e c u tiv e  boxes. E ven  w h e n  th a t  h a p pe n s , th e  e n g in e e r is aw a re  th a t  a ll th e  

p a rts  need to  m a tc h  each o th e r .
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E n g in e e rin g . and  it was fu e lle d  by a m y ria d  o f a c t iv it ie s  across fie lds th a t w ere  fea

s ib ly  c o m p u te r iz e d  a nd  a u to m a te d . T h e  a b s tra c t c o m p u tin g  m ach ine  is an in fo r 

m a tio n  p rocess ing  m ode l th a t  d e to rm in is t ic a lly  does one th in g  a t a tim e , is closed 

and iso la te d  fro m  its  e n v iro n m e n t, and  h;is a r ic h  and  decom posab le  s tru c tu re . T h is  

d e lim ite d  re a lm  o f c o m p u tin g  co inc ides n o t o n ly  w ith  th e  L in g u is t ic  rea lm  ch a rte d  

by Saussure. b u t a lso w ith  th e  rea lm  chosen b y  C h o m sky  to  d e l im it  h is in te re s t in  

s y n ta c t ic  s tru c tu re s . T h e  d e l im ita t io n  pe r se is n o t p ro b le m a tic . T h e re  a re  a lso 

n o n d e te rm in is t ic  m ach ines. B u t  i t  becomes a p ro b le m  w hen one believes th a t these 

iso la ted  p a rts  are ab le  to  a c c o u n t fo r every  l in g u is t ic  o r c o m p u ta t io n a l phenom ena . 

T h e n , i t  becom es re d u c t io n is t.

based on Raeithel and Velichkovsky 1996

Subject A
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certain

division 
of labor
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analyst
""IT
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the problem 
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of syntax

professional 
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steers regulates

^  X
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shapes chooses
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of semantics

types of object-systems (counterprocesses) —

situated 
problem field

_ dominance —  
of pragmatics

firstness
secondness

based on Peirce's categories 

  thirdness —►

F ig u re  3.2: R ae ith e l’s m odel o f in teraction  betw een designers and specialists:

based on (see Raeithel and Velichkovsky, 1996, p 228) and Peirce's categories.

A n  il lu s t r a t io n  deve loped  in  (R a e ith e l and V e lich ko vsky . 1996. p 228). and  de

p ic te d  in  F ig u re  3.2. describes th e  d iffe re n t rea lm s o f  s y n ta x , sem an tics , and  p ra g 

m a tics  in  the  c o n te x t o f  in fo rm a t io n  system s. ;is c o rre s p o n d in g  re sp e c tive ly  to  co m 

p u ta t io n a l system s, c u ltu ra l s y m b o lic  system s, a n d  th e  s itu a te d  p ro b le m  fie ld . O th e r
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a u th o rs  organize* these a nd  o th e r  rea lm s d if fe re n tly , such ;us P e irce ’s categories o f 

h rs tness . secondness, a nd  th ird n e s s .1J

In  p ra c tice , how ever, c o m p u te rs  a re  open, in te ra c tiv e , a nd  peop le  hope th a t th e y  

can  m e d ia te  m e a n in g fu l a c t iv it ie s . N o t o n ly  does th e ir  a rc h ite c tu re  have a deep 

in flu e n ce  on th e  a c t iv it ie s  th e y  s u p p o r t,  h u t peop les ' a c t iv it ie s  in flu e n ce  th e ir  deve l

o p m e n t.1'1 Research b o th  in  In fo rm a t ic s  and in  H C I have been add ress ing  d issonance 

a m o n g  th e  th e o re tic a l m ode ls  w h ic h  c o n tin u e  to  m o d e l tin * c o m p u te r  ;is an iso la ted  

m ach in e , and  th e  a c tu a l p ra c tices  w h ic h  s itu a te  c o m p u te rs  as d e e p ly  coup led  to  th e  

e n v iro n m e n t. T h e  m a in  o b je c t iv e  o f  th is  sec tion  was to  b r in g  awareness fo r th e  r ich  

s p e c tru m  o f m od e ls  o f  c o m m u n ic a tio n , and  th e  legacy th a t th e y  rep resen t.

I t  is n o t because a m ode l com es fro m  se m io tic s  th a t  i t  w i l l  b r in g  n ove lty  to  

In fo rm a tic s , and  v ice -ve rsa . In  th e  fo llo w in g  se c tion . I address some m odels proposed 

in  In fo rm a t ic s  th a t  open  th e  c o m p u te r  to  its  e n v iro n m e n t, re tu rn in g  to  th e  rea lm  o f 

H C I la te r  on.

3 .2  In te r a c t iv e  M a c h in e s

In  th is  se c tion . I n a rro w  th e  scope o f  th e  d iscussion  to  th e  re a lm  o f c o m p u te r  science. 

W h ile  in  th e  p re v io u s  sec tion  I have show n how  l in g u is t ic  phenom ena  w;us cu t o ff  

Iro m  th e  w o r ld , now  I show  how  th is  p e rspe c tive  is to o  s im p lis t ic  even to  describe  

c o m p u tin g  m ach ines. In  o rd e r to  do  th a t .  I b r ie f ly  p resen t th e  co nce p t b e h in d  in te ra c 

t iv e  m ach ines (W e g n e r. LOOT) a n d  e v o lu t io n a ry  ro b o t ic  devices (C’a r ia n i.  lO O la .b .c ). 

These  m ode ls  b re a k  w i th  the  is o la t io n  o f th e  a r t i fa c t  and  s t r u c tu ra l ly  coup le  th e m

'■*.\s I d iscuss in  t in *  n e x t c h a p te r , c e r ta in  d e f in it io n s  o f  s y n ta c t ic s , s e m a n tic s , a n d  p ra g m a tic s  

m o d e l th e m  in c lu s iv e ly  (p ra g m a t ic s  c o n ta in s  se m a n tics , t h a t  c o n ta in s  s y n ta c t ic s ) ,  ra th e r  th a n  e x 

c lu s iv e ly  ( as i f  th e y  d i i l  n o t  in te rs e c t I. T h is  d is t in c t io n  does n o t in te r fe re  in  th e  a rg u m e n t I e la b o ra te  

he re  because  in  e ith e r  case, th e  c o m p u te r  re a lm  c o rre s p o n d s  to  th e  re a lm  o f  s y n ta x ,  tin * n a rro w e r  

one.

1 "’ E ve n  p e rfo rm a n c e  m o d e ls  m easure  how  fas t c o m p u te rs  a re  o n  c e r ta in  a c t iv i t ie s  lik e  in te g e r a n d  

f lo a t in g  p o in t  c a lc u la t io n .  I O  speed, g ra p h ic  v is u a liz a t io n ,  e tc . in d ic a t in g  d if fe re n t  c o m p u te rs  fo r  

d if fe re n t  a c t iv it ie s .
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w ith  th e  w o r ld  th e y  are  p a r t o f.

I t  is necessary to  no te  th a t th ro u g h o u t the  d is c ip lin e  o f c o m p u tin g  i t  is beco m in g  

e v id e n t th a t even th e  m ost e s ta b lish e d  canons have th e o re tic a l a n d  p ra c tic a l c o n 

s tra in ts . W’egner c r it ic iz e d  th e  ra t io n a lis t ic  a p p ro a ch  a d o p te d  in  c o m p u te r science, 

m a k in g  a re fe rence to  th e  p a ra d ig m  s h if t  o ccu rre d  in  phys ics  fro m  ra tio n a lis m  to  e m 

p ir ic is m . and  c la im in g  th e  necess ity  o f  a s im ila r  s h if t  in  th e  d is c ip lin e  o f c o m p u tin g  

fro m  a lg o r ith m s  to  in te ra c tio n s  (W ’egner. 1995a). He expressed th is  b e lie f p o in t in g  

to  th e  c o n s tru c t io n  o f an e m p ir ic a l c o m p u te r  science, w h ich  he sa id , w ou ld  be in  

a ccordance  w ith  in te ra c t iv e  c o m p u tin g  11

P e te r W’egner h ;is  e x tended  th e  n o tio n  o f  w h a t is c o m p u ta b le  b y  show ing  th a t 

c o m p u tin g  sys te m s present m ore  c o m p le x  b e h a v io rs  th a n  w ha t T u r in g  m achines can  

rep resen t. T u r in g  m ach ines a re  c losed, n o n - in te ra c t iv e  system s. T u r in g  m ach ines 

are  th e  th e o re tic a l m ode ls  th a t serve to  ana lyze  a lg o r ith m s , c o m p u ta b le  fu n c tio n s , 

a nd  c o m p u ta t io n a l c o m p le x ity . As such. W’eguer show s th a t th e y  are  n o t p o w e rfu l 

e nough  to  c a p tu re  th e  in te ra c tiv e  b e h a v io r o f  o b je c ts , s o ftw a re  system s, and d is 

t r ib u te d  c o m p u te rs  over t im e . A c c o rd in g  to  h im  "T u r in g  m ach ines can  be e x ten de d  

to  be in te ra c t iv e  b y  a d d in g  in p u t  a c tio n s  s u p p o r t in g  e x te rn a l in p u ts  d u r in g  c o m p u ta 

t io n . T h is  s im p le  e x te n s io n  tra n s fo rm s  T u r in g  m ach in e s  fro m  closed to  open system s, 

e x te n d in g  th e ir  expressive1 richness to  th a t  o f o b je c ts ” (W ’egner. 1995b. p 70). See T a 

b le  3.1 fo r m ore  d e ta ils  on th e  in n e r  w o rk in g s  o f  in te ra c t iv e  m ach ines, and  W e g n e r’s 

references to  s y n ta x , sem antics , and p ra g m a tics .

In  th is  sense th e  e x te n s io n  fro m  a lg o r ith m s  to  in te ra c tio n s  b re a k  w ith  accep ted  

m ode ls  and w ith  th e  co n ce p tu a l b o u n d a rie s  th a t  d e lim it  w h a t c o m p u ta tio n s  are. 

F irs t ly ,  it  b reaks w i th  th e  idea th a t  T u r in g  M a ch in e s  are e q u iv a le n t to  c o m p u tin g . 

It does th a t by  s h o w in g  th a t T u r in g  M ach ines  d o  n o t c a p tu re  c e r ta in  c o m p u ta tio n a l 

b e h a v io r  th a t  in te ra c t iv e  m ach ines have. S econd ly , it  b reaks w ith  the  m y th  th a t 

a b s tra c t io n s  are  u n iv e rs a l, because i t  recognizes th a t  in te ra c t iv e  m ach ines are lim ite d . 

W’egner il lu s tra te s  th is  p o in t th ro u g h  layers o f  in c re a s in g ly  re s tr ic t iv e  a b s tra c t io n . 

T h e  T u r in g  m a c h in e  a b s tra c t io n , w h ic h  co rre sp o n d  to  closed a lg o r ith m ic  system s.

" S f t -  W V gner 110‘J 0 ). G o ld in  c t a l. (2 0 0 0 1, a m i G o ld i a n d  K a il (2001)
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P e te r W e g n e r in d ica tes  th e  possib ility  o f  ex ten d in g  closed system s (lo g ic ) th ro u g h  th e  inclusion o f  

p ra g m a tic  co m p o n e n ts  th a t  are ab le  to  m o d ify  th e  w orld (d y n a m ic a lly  ev o lv in g  s tru c tu res ) to  w h ich  

th e y  have access (W e g n e r , 1 9 9 9 ). In te rfac es , w h ich  are th e  b u ild in g  blocks o f  in te ra c tiv e  m ach ines ... 

"express th e  m o d e  o f use or p rag m a tics  o f  an in te ra c tiv e  sys tem , c o m p le m e n tin g  sy n ta x , and sem antics"  

and overcom e " th e  goal o f  expressing sem an tics  by syn tax" by rep lac in g  it “by th e  in te ra c tiv e  goal o f  

expressing sem an tics  by m u ltip le  p ra g m a tic  m odes o f  use" (W e g n e r . 1997, p 8 5 -8 8 ) .

T h e  C ho m sky h iera rch y  harnesses an eq u iva len ce betw een a u to m a ta , w hich are  s ta te  tran s itio n  m e c h a 

nism s th a t  reco gnize  in p u t sequences, and g ram m ars , w h ich  are m ech an ism s o f g e n era tio n  (g ra m m a rs )  

o f strings (sequences o f sy m b ols). W e g n e r refers to  a u to m a ta  and to  g ram m a rs  resp ective ly  as " lis te n 

ing m achines" an d "speaking  m a c h in e s "(W e g n e r, 1 9 95b , p 3 2 1 ) .  It is a h ie ra rch y  because several o f  

these eq u iva len c ies  be tw een  m ach ines and behav ior are a g g re g a te d  w ith in  d is tin c t s tra ta  T h e  b ro ad er  

s tra ta  c o n ta in  th e  re la tio n sh ip  betw een  T u rin g  M ach in es and U n re s tric te d  G ram m ars . In the in te res t o f  

m a th e m a tic a l tra c ta b ility , c o m p u te r  sc ien tis t's  have le ft o u t fro m  th e ir  analysis im p o rta n t c o m p u ta tio n a l  

behaviors (W e g n e r , 1 9 95b , p 7 1 )  th a t  usually  lay beyond th e  b ro ad er s tra ta  o f  th e  C ho m sky h ierarchy. 

T h e  in tu it iv e  n o tio n  th a t  c o m p u ta tio n  corresponds to  w h a t T u rin g  M a ch in es  can co m p u te , know n as 

th e  C h u rc h  thesis, has been accep ted  for fif ty  years. T h is  re s tr ic tio n  holds m ech an ism s (a u to m a ta )  and  

th e ir  b e h av io r (fo rm a l lan gu ages) to g e th e r  w ith in  th e  lim ita tio n s  o f  w h a t can be fo rm alized . W e g n e r  

para lle ls  it to  th e  res tric tio n s  o f firs t o rd er logic in re la tio n  to  second order logic.

C onsequently , his ex ten sion  shows th a t  th e  m odels accep ted  fo r h a lf  a c e n tu ry  for describ ing  c o m p u tin g  

p h en o m en a are n o t po w erfu l enough to  c a p tu re  in te ra c tiv e  b e h a v io r over t im e , to  c a p tu re  w h a t c o m p u 

ta tio n s  rea lly  are. W e g n e r  says th a t  "F ix in g  th e  m ode lled  w o rld  an d  expressing th e  p rag m atics  in te rm s  

o f th e  m o d e lled  w o rld  reduces in te ra c tiv e  m odels to  n o n in te ra c tiv e  closed system s and corresp on d in g ly  

reduces em p irica l to  ra tio n a lis t m ode ls ."  A s in o th e r  areas, such as linguistics an d an throp o lo gy , th is  

kind  o f  res tr ic tio n  was m ore in th e  in te res t o f  th e  c o m p u te r  sc ien tis t, th e  a n th ro p o lo g is t, th e  lin g u is t, 

th a n  in th e  in te re s t o f  In fo rm a tics , c u ltu re , and c o m m u n ic a tio n .

T h e  m a th e m a tic a l restric tion s m e n tio n e d  ab ove refer to  th e  fa c t th a t  In te ra c tiv e  M ach in es have no  

sound an d c o m p le te  firs t-o rd e r logic descrip tion s. T h e y  c a n  b e  specified o n ly  th ro u g h  second-order  

logic w ith  no a d e q u a te  p ro o f th eo ry  or com pleteness p ro p erties . In te ra c tiv e  m ach in es  w rap  around  

T u rin g  M a c h in e s  an d c learly  a d m it th e ir  incom pleteness, and co n se q u en tly  th e ir  res tric tio n s  as un iversal 

m odels . In th is  sense, in te ra c tiv e  m ach ines  are richer, b u t  th ey  also ha ve  th e ir  costs in te rm s  o f  

m a th e m a tic a l rigor. T h e y  are on ly  ab le  to  express "th e  p a r t ia l behav ior o f  a subset o f  th e  set o f  all 

possible in te ra c tio n s ."  (W e g n e r . 1 9 9 5 b , p 4 6 ) . " T h e  co rrectness o f  in te ra c tiv e  m odels  is no t m ere ly  

d iffic u lt b u t im p o ss ib le ."

T a b le  3 .1: Wegner’s interactive machines

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



www.manaraa.com

1 10

lu is  a s tro n g e r re s tr ic t io n  th a n  in te ra c t iv e  m ach ine  a b s tra c tio n s , w h ic h  co rresp on d  to  

ope n  in te ra c t iv e  sys tem s. H ow ever, none  o f th e m , n o t even in te ra c t iv e  m ach ines, is 

ca p a b le  o f  c a p tu r in g  th e  b e h a v io r o f  a c tu a l d ig ita l co m p u te rs : th e y  are not u n iv e rs a l 

(W e g n e r. 1095b. p  71).

W e g ne r's  w o rk  p a r t ia l ly  b reaks th e  t ra d it io n a l b o u n d a ry  be tw een  th e o ry  and  p ra c - 

tic e  so o fte n  fo u n d  in  th e  d is c ip lin e  o f  c o m p u tin g , I t  is also in  accordance  w ith  W eg- 

n e r's  be lie fs  on  th e  need to  overcom e p h ilo s o p h ic a l ra tio n a lis m  w ith  p h ilo s o p h ic a l 

e m p ir ic is m  in  o rd e r  to  g ro u n d  an E m p ir ic a l C o m p u te r  Science, as lnus happened  in  

phys ics , fo r e x a m p le . In  o rd e r to  s u b s ta n t ia te  how  c o m p u tin g  p henom ena  encom pass 

m o re  th a n  n o n - in te ra c t iv e  a lg o r ith m s , he c o m p a re d  severa l to p ic s  in  th e  d is c ip lin e  

o f  c o m p u tin g  across h is  w r it in g s  in  o rd e r  to  il lu s tra te ' how  th e ir  b e h a v io r is r ic h e r 

th a n  w h a t can be g rasped  by t r a d it io n a l c o m p u tin g  m odels. It is in te re 's ting  to  see 

t r a d i t io n a l m o d e ls  o f  c o m p u tin g  in  re la t io n  to  S aussure 's  e p is te m o lo g ie a l cu ts  d is 

cussed e a r lie r. C o m p u te r  sc ie n tis ts  n o t o n ly  e m b ra ce  th e  d e lim ite d  scope, b u t m ake  

it u n ive rsa l, ta k in g  th e  p a rt fo r  the' whede.

T o  coneluele' th is  se 'd io n . I p resent senne m ode ls  eleveletped by C 'a ria n i ( 1991a.b.e) 

o f  ro b o tic  dewice's in  w h ich  cemcepts o f  syn ts ix . se m a n tics . anel p ra g m a tic s  are- use'd 

as a sca ffo ld  te> cem ipare d iffe re n t m oelels e)f c o m p u tin g  and  ro b o t ic  m achine's. Sen* 

F igu re '

C’a r ia n i ( 1 99 la.b.e  ) p roposed  m a ch in e  a rch ite 'c tu re s  in  w h ich  the' hardw are1 and  

the1 so ftw a re  are' c o n tin g e n t on  s y n ta c t ic ,  se m a n tic , anel p ra g m a tic  fac to rs . C’a r ia n i 

pre)viele*s a fra m e w o rk  in  w h ich  d if fe re n t m ach in e  a rch itec tu re 's  can  be ewaluate'el in  

fu nc tie m  te> the* de’gree anel th e  m ode  th e y  are o pe ne d  to  the' envirem m e'n t. C a r ia n i's  

e v o lu t io n a ry  elevice'S c o m p le m e n t W e g n e r‘s in te ra c t iv e  m ach ines b y  m a k in g  e w p lic it 

th e  in te rco n n e c te d n e ss  o f s y n ta c tic s . sem an tics . anel p ra g m a tic s  in  c o m p u tin g  m ode ls .

In  th is  anel in  tlie* prieer se 'ction I adelre'sse'd how  b o th  m achine's and  hum ans have 

be'e'ii ou t o ff fro m  th e  w o r ld  in  w h ic h  th e y  e'xist a n d  in te ra c t .1’ In  the' nex t sectiem

1 1 Ih e ' in fo rm a t io n  p ro c e s s in g  inode 'l is a p e rs p e c tiv e  in  the* c o g n it iv e  sc iences th a t  uses th e  is o la te d  

c o m p u t in g  m a c h in e  to  m o d e l c o g n it io n .  In fo rm a t io n  p ro c e s s in g  m oelels have  a lso  lie-en c r it ic iz e d  as 

toe> re d u c t io n is t .  See A p p e n d ix  D  fu r  a lte rn a t iv e  appm aethes.
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Figure 3 :3: Cariani’s robotic devices based on Cariani (1991a,b.e)
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I address m ode ls  o f  in te ra c t io n  be tw een  hum ans  a n d  m ach ines. as deve loped in  th e  

H C I l i te ra tu re . Som e o f these m od e ls  freed peop le  and  m ach ines fro m  th e ir  is o la tio n . 

H ow ever, th e y  a lso rem a in ed  som ehow  lim ite d  a n d  iso la te d  fro m  th e ir  co n te x t.

3.3  In tera ctio n  M o d els  in  H C I

T h e  te n d e n cy  fo r  In fo rm a t ic s  and  H C I to  s tra t ify ,  w h ic h  is d iscussed in  C h a p te rs  1 

a n d  2 a nd  w h ic h  g ives s u p p o r t to  th e  concep t o f c u ltu ra l n iche, is a lso  id e n tif ia b le  in  

th e  d is c ip lin e s  o f  th e  a rts  a nd  h u m a n itie s  th a t have language  as th e ir  m a in  s u b je c t 

m a t te r . " ' In  language  s tu d ie s  e m p ln is is  on  s tru c tu re  ra th e r  th a n  use1, cu -deve loped 

a nd  i t  is one o f th e  s u p p o rts  fo r th e  d if fe re n t ia t io n  betw een lin g u is t ic s  and l i te ra ry  

c r it ic is m , fo r e xam p le .

As I d iscussed in  C h a p te r  1. In fo rm a tic s  has d eve lo pe d  a s im ila r  k in d  o f h ie ra rc h i

ca l c u ltu ra l o rg a n iz a tio n  in  w h ich  s t r u c t u n  h;is been g ive n  p repo nd e ra nce  over usi \  

O ne  o f th e  a rg u m e n ts  fo r th e  in t ro d u c t io n  o f c o m p u te r  language's som etim es were 

b.ised on th e  t'iis iness o f  p ro g ra m m in g , due to  p ro g ra m m in g  language  s s im ila r it ie s  

w ith  n a tu ra l languages. H ow ever th e  m a in  c o n s tra in ts  th a t have p reva iled  in  th e  

design  o f such p ro g ra m m in g  language's have been th e  ones associateel w ith  s y n ta x , in  

o p p o s it io n  to  se m a n tics  and p ra g m a tic  c o n s tra in ts . T h is  d ic h o to m y  between s tru c 

tu re ' and  use- re c u rs iv e ly  o rgan izes p ro fess io na l p ra c tice ’s e n a c tin g  s im ila r  d is tin c tie m s  

Ix 'tw e ’en h a rd w a re  anel so ftw a re . se iftw are  a nd  a p p lic a tio n s , anel a p p lic a tio n s  anel use. 

Indeed , m ost in fo rm a t io n  te c h n o lo g y  co n tin ue s  to  s u p p o r t t l ie  e xc lu s io n  eif h u m a n  

issues fro m  its  fo u n d a tio n s .

H is to r ic a l e lis c ip lin a ry  e leve lopm ent is n o t a lw a ys  co n tin u o u s . as I have* ele'picteel 

e 'xp la ined  in  th e  p re v io u s  c h a p te r. I t  is d is c re te ly  in c re m e n ta l.1'

fo r  e x a m p le . Eagle-tetn itO S .'ti feir a h is to r ic a l c r i t ic a l  ;issessme'iit o f  the' eie've'lopme'iit e>f 

lite ’ r a ry  stue lies.

' 'S t r u c t u r e  a tu l use' are- * lire-et ly  re la te d  te> Saeesseirc's d is t in c t io n  o f  teiriyue anel p n m  b . 

l> Se'e’ C h ris te 't is e 'li's  cemeept o f  1 >re'ak-t h re iu g ll te 'c lltlo Iog ie 'S  i l l  tile ' fe illem ing  se'ctiem. He' a n a ly s is  

lie >\v elive’rg i t ig  p rae tiee 's  in  pn>e it le t ele'vcleipnieint are' u s u a lly  eivi'rloe ike'el b y  in a in s tre ’am  te-iu le-tnrie's. 

T lie 'r i ' are' s i 'w r a l  e 'x a m p li’s e>f e liv i 'rg it ig  prae tiee 's  th a t  have' ovcrg reav ii in a in s tre 'a m  ones, tu rn in g
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Across th e  t r a d it io n a l ra tio n a le  w ith in  w h ic h  In fo rm a tic s  is g ro u n d e d . H C I w o u ld  

he  lo ca te d  a t th e  b o tto m  and a t th e  end o f th e  p ro fess iona l h ie ra rc h y  and p ro d u c tio n  

c h a in . T h e  focus o f in fo rm a tic s  is s t i l l  on s tru c tu re ,  ra th e r  th a n  use. F rom  a s h o r t

te rm  p ro d u c t-c e n te re d  w o rld  v ie w , a p leasant a nd  a t t ra c t iv e  a p p e a l is u s u a lly  a la te r  

a d d it io n  to  th e  a lre a d y  conce ived  and  deve loped  p ro d u c t.

T ru ly . H C I is an exam p le  o f  a d iv e rg in g  fo rce  in  In fo rm a t ic s  in  w hat conce rns 

h u m a n -m a c h in e  c o m m u n ic a tio n  and  in te ra c t io n , q u e s tio n in g  p r io r it ie s  and ho rizo n s .

I c h a ra c te r iz e  H C I as d iv e rg in g , in s te a d  o f as re v o lu tio n a ry , because a c r it ic a l a n a lys is  

o f  i ts  m a in  th e o re tic a l fra m e w o rks  is in  deep agreem ent w ith  th e  above* t r a d it io n a l 

ra t io n a le  th a t  h in d e rs  its  d e ve lo p m e n t. T h e  s t i l l  s m a ll d if fe re n t ia l fac to rs  th a t c h a r

a c te r iz e  its  d ive rg e nce  are  assoc ia ted  w ith  h u m a n  s tru c tu re s  and  h um an  agency. T h e  

focus  is th e  a c t iv i t y  th a t a a r t i fa c t  su p p o rts , n o t ju s t  th e  a r t i fa c t .  These fa c to rs  are 

p a r t  o f th e  fo u n d a tio n s  on w h ic h  th e  in vo lve d  c o m m u n itie s  are  c o n s o lid a tin g  H C T s  

id e n t it ie s , such as hum an  fa c to rs . H C I n a r ro w ly  u n d e rs to o d , a nd  C SC 'W . as w e ll ;is 

on  th e  m ode ls  a d o p te d  by the  c o m m u n ity .

I t  is in  th is  l ig h t th a t I co m p a re  some m od e ls  o f in te ra c t io n  p roposed in  H C I. 

I g ro u p e d  fo u r  d ia g ra m s  in  F ig u re  3.-1. T h e  f ir s t  one is fro m  D ough is  E n g e lb a rt 's  

p ro je c t o f  a u g m e n tin g  th e  h u m a n  in te lle c t. T h e  second and  th ird  ones are fro m  D o n 

a ld  N o rm a n 's  c o g n it iv e  e n g in e e rin g , in  w h ich  one was used to  c o n te x tu a liz e  th e  ro le  

o f  tin * des igner in  techn o lo gy  p ro d u c tio n  and th e  o th e r to  d e lim it  th e  m a in  h u m a n  

a c t io n  w hen  s u p p o rte d  by  co m p u te rs . T he  h is t d ia g ra m  g ro u p  il lu s t ra t ions d eve l

o p e d  in  S e m io tic  E n g in ee rin g  b y  C 'larisse S ieken ious  de Souza a n d  . la ir  C a v a lc a n ti 

L e ite . T h is  last il lu s tra te s  a re fin e m e n t o f one o f  N o rm a n 's  m ode ls , and  i t  e xe m p lifie s  

c o n ve rg in g  tendenc ies  in  c o m m u n ic a tio n  and  d iv e rg in g  forces y e t to  be in c lu d e d  in  

th e  u n d e rs ta n d in g  o f  in te ra c tio n . These fo u r d ia g ra m s  in  F ig u re  3.-1 are in te n d e d  to  

s u p p o r t th e  a rg u m e n t th a t it  has been ve ry  d if f ic u l t  fo r  H C I peop le  to  b re ak  w ith  

In fo rm a t ic s ' p ro d u c t-c e n te re d  le g a cy .11’ In  th e  fo llo w in g  p a ra g ra p h s  I e x p la in  each o f

m a in s tre a m  th e m se lve s  .

1 1 ['he  h is to r ic a l le g a cy  o f  L in g u is t ic s  o n  th e  d e v e lo p m e n t o f  In fo rm a t ic s  is a n  in te re s t in g  to p ic .  ;is 

I have  a lre a d y  s tressed . I t  is an  o p e n  q u e s tio n  fo r in i '  h o w  m uch  th e  a d o p t io n  o f  m od e ls  d e v e lo p e d
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these d ia g ra m s .

A n  e a rly  e xa m p le  o f  a th e o re tic a l fra m e w o rk  based on  a b i-d ire c t io n a l re la t io n  

be tw een  h u m a n  and m ach ine  processes w;is p roposed  by D oug las  C . E n g e lb a rt in  

h is  p ro je c t o f  a u g m e n tin g  th e  h u m a n  in te lle c t (E n g e lb a r t. 1962. 1986). E n g e lb a rt 

p roposed  i t  d u r in g  a p e rio d  in  w h ich  c yb e rn e tics  was a t its  apex. E n g e lb a rt 's  m od e l, 

re p ro d u ce d  in  F ig u re  .'1.1(a). rem a in e d  on th e  o u ts k ir ts  o f  th e  d is c ip lin e , as d id  b is 

m a in  th e o re tic a l fram e w o rk .

C y b e rn e tic s  s tud ies  c o m m u n ic a tio n  and a u to m a tic  c o n tro l in  a r t i f ic ia l and  l iv in g  

th in g s . T h e  in te re s tin g  aspect o f E n g e lb a rt 's  d ia g ra m , is th a t  i t  m od e ls  b o th  h u m a n  

a nd  m ach ine  processes as open  system s th a t are co up le d  w ith  th e  w o rld . Besides 

th e  h is to r ic a l re levancy. 1 have in c lu d e d  E n g e lb a rt 's  m o d e l here in  o rd e r to  enab le  a 

c o m p a riso n  w it  h N o rm a n 's  g u lfs  d e p ic te d  in  F ig u re  .'1.1(b). C o n s id e rin g  the  sam e leve l 

o f  a b s tra c t io n . E n g e lb a rt m o d e lle d  h u m a n -m a ch in e  processes ;is open  and c irc u la r  

system s. N o rm a n  m ode lled  th em  as closed.

In  th e  p e r io d  betw een E n g e lb a rt 's  and N o rm a n 's  w o rk , th e  c o m m u n itie s  in  In fo r 

m a tic s  have co n so lid a te d  th e  p ro d u c t-c e n te re d  pe rspe c tive . A t  th e  same tim e  th a t 

th e  d em and  fo r  a u to m a tio n  increased the re  was no favo rab le  space fo r in te ra c t io n  

in  theo ries , p ra c tice s , a tt itu d e s , a n d  e v e ry th in g  else th a t  s tru c tu re d  th e  d is c ip lin e . 

H ow ever, no t e v e ry b o d y  rem a in ed  c o m fo rta b le  w ith  th is  c o n tra d ic to ry  course o f de

ve lo p m e n t. T h e  h is to r ic a l d is c ip lin a ry  tra n s fo rm a tio n s  discussed in  th e  in t ro d u c to ry  

ch a p te rs  i l lu s tra te  th is  p o in t.

D on a ld  A . N o rm a n , w o rk in g  ;is a c o g n it iv e  s c ie n tis t, p roposed  a th e o re tic a l fra m e 

w o rk  w h ich  he lab e lled  C o g n it iv e  E n g in e e rin g  (N o rm a n . 1986). A t  th is  p o in t . H C I 

had  a cqu ire d  m o m e n tu m  and  a lre a d y  had its  o w n  conferences a nd  p u b lic a tio n s . T h is  

does n o t m ean th a t H C I had a tta in e d  space a nd  re c o g n itio n  w ith in  In fo rm a tic s . I t  

rem a in ed  on  th e  o u ts k ir ts  o f  In fo rm a tic s . H C I fo u n d  a m ore  fa vo ra b le  e n v iro n m e n t 

w ith  c o g n it iv e  psycho log is ts , m ost w o rk in g  in  c o g n it iv e  sciences, a nd  s u p p o r t in g  th e  

in fo rm a tio n  p rocess ing  p a ra d ig m  o f  c o g n it io n  b u t w ho  were n o t m em bers o f  th e  In 

in  la n g u a g e  s tu d ie s  has been c o n t r ib u t in g  to  In fo rm a t ic s  to  e n la rg e  o r to  n a rro w  its  re a lm , a n d  v ice  

versa.
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F ig u re  3 .1: Models of communication and interaction: (a )  E n g e lb a rt (1 9 6 2 , 1 9 8 6 )  

(b )  N o rm a n ’s N o rm a n  (1 9 8 6 )  (c )  based on de S o u z a ’s m o d e l in S e m io tic  E n g in eerin g  (d e  

S o u za , 1 9 9 3 )  and  (L e ite , 19 9 8 , p 1 3 - 7 0 )
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fo rm a t irs  c o m m u n ity . I t  is no t by chance th a t in  th e  ra n k  lis te d  in  th e  in i t ia l  c h a p te r, 

c o m p u te r  s c ie n tis ts  are* lab e lled  "c o n v e rts ".

The mind

E x e c u tio n
Goals E va lu a tio n

i sC  in

Forming 
the intention

What we 
want to 
happen

Evaluation of the 
interpretations^ 
with what we 
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meaning of 
J  output 
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= 3O tfj 
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action sequence!
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[Interpretation] 
of the perception.

according to 
our expectations t
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input - J -  

expression

form of 
▼ output 
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we wanted 

The actual to happen 
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we plan to do
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Interpreting 
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a  s
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The state 
of the world ' 
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form of 
input T 

expression

Executing \
the action : Th6p̂ s'cal_____________ ! execution

of the action 
  sequence

j Perceiving the | 
The actual 1 system state j 

state of 
the world

h  Inter-Referential l/Oi-

The world
The Computer System

F ig u r e  "1.5: Norman’s interactive cycle of execution and evaluation: based on  

H u tc h in s  e t  a l. (1 9 8 6 ,  p 9 6 , l l l )  an d  N o rm a n  (1 9 9 0 ,  p 4 7 ) .

A s I sa id . H C I d eve lo pm e n t has been in c re m e n ta l. C om pa red  to  the  un ive rsa l b u t 

iso la te d  co nce p t o f  c o m p u tin g  p ro d u c t.  N o rm a n 's  g u lfs , d e p ic te d  in  F ig u re  '.i. 1 (b ). 

opened  th e  a r t i fa c t  to  the  w o r ld  and  rescued th e  c irc u la r  natu re ' o f  in te ra c tio n . N o r

m a n ’s m od e l re m a in e d  focused on  a s ing le  in d iv id u a l,  a single' c o m p u te r, and  a lin e a r, 

se q u e n tia l c irc u la r  s tru c tu re  o f  a c tio n . N o rm a n  o n ly  p a r t ia l ly  rescued the' c irc u la r  na-
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H ire  o f  h u m a n  a c tio n . N o rm a n  s u b d iv id e d  users's a c tio n  o n  a g u lf  o f e xe cu tio n  and a 

g u lf  o f  e v a lu a tio n , b o th  b r id g in g  th e  p h y s ic a l sys tem  a nd  th e  user. I sa id  " p a r t ia lly  

rescued" because a c loser lo o k  a t h is p roposed  fra m e w o rk  shows a b le nd  o f c irc u la r  

a nd  lin e a r m od e ls . In  F ig u re  3.5. I rep resen t th e  m a in  e le m e n ts  o f N o rm a n 's  gu lfs  o f 

e x e c u tio n  a nd  e v a lu a tio n .

Each user t; is k  cyc le  is s u b d iv id e d  in to  severa l a c t iv it ie s  o r phases. N o rm a n  

ca lls  th e m  stages. T h e  p r im a ry  phase is tin * e s ta b lish m e n t o f goals. O nce a goal is 

e s ta b lish e d , th re e  plnuses are necessary to  c a rry  out an a c tio n : fo rm in g  an in te n tio n  

in  a cco rdance  w ith  th e  e s ta b lish e d  goa l, s p e c ify in g  th e  sequence o f a c tio n s  th a t w ill  

p e rfo rm  such an  in te n tio n , a n d  e xe cu tin g  these a c tions .

T h e  assessm ent o f th e  a c tio n  e ffects u p o n  th e  w o r ld  o r c o m p u te r sys tem  also 

d em ands  th re e  phases, w h ic h  are som ehow  c o m p le m e n ta ry  to  the  o th e r  ones: p e r

c e iv in g  th e  w o r ld  s ta te  (w h ic h  is c o m p le m e n ta ry  to  a c t in g  on  i t ) ,  in te rp re t in g  th e  

s ta te  (w h ic h  is c o m p le m e n ta ry  to  s p e c ify in g  th e  a c tio n ), and  e v a lu a tin g  tin * in te r 

p re te d  s ta te  (w h ic h  is c o m p le m e n ta ry  to  fo rm in g  the  in te n t io n ) .

N o rm a n 's  t; is k  cyc le  a nd  th e  associa ted  g u lfs  are g ro u n d e d  on a concep t o f in 

te ra c tio n  th a t  s u b d iv id e s  eve ry  "express ion  in  th e  interface* language" in to  "m e a n in g  

a nd  fo rm " . S im ila r  to  do Saussure 's  m od e l in  w h ich  th e  ro le  o f  language* w;is re la ted  

to  th e  l in k  be tw een  concep ts  a nd  so un tl- im ag es . N o rm a n  s m ode l b ridg e s  the  co g n i

t iv e  rea lm  w ith  the  w o rld  rea lm . H ow ever. N o rm a n 's  g u lfs  include* b o th  a c t iv it ie s  

assoc ia ted  w ith  e v a lu a tio n  ( lik e  Saussure) and  a c t iv it ie s  associate'el w ith  e xe cu tio n  

(d isca rd e d  b y  Saussure). T h is  rescues th e  in d iv id u a l c o g n it iv e  processes and places 

th e m  in  th e  re a lm  o f HC’I. beyo nd  th e  re a lm  o f In fo rm a tic s .

B e h in d  N o rm a n 's  s u b d iv is io n  o f  the  user t; is k  cyc le  a re  th e  n o tio n s  o f sem an tic  

a nd  a r t ic u la to r y  d is tances. In  se m io tics  a nd  language  s tu d ie s , in c lu d in g  lin g u is tic s , 

th e  co m m o n  use o f th e  te rm  sem antics  re fe rs to  the  re la t io n s h ip  be tw een  tin * fo rm  

o f  an  e xp re ss io n  the  o b je c t i t  s tands  fo r. In  N o rm a n ’s fra m e w o rk , se m a n tic  d is tan ce  

re flec ts  th e  re la t io n s h ip  be tw een  user in te n tio n s  a nd  the  m e a n in g  o f express ions in  th e  

in p u t and  o u tp u t  in te rfa ce  languages. M e a n in g  and  fo rm  are assum ed in d ep en d en t 

and  e s ta b lis h e d  b y  co n v e n tio n . A r t ic u la to ry  d is ta n ce  re fle c ts  th e  re la t io n s h ip  betw een

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



www.manaraa.com

118

th e  p h ys ica l fo rm  o f  the  exp ress ion  in  th e  in te ra c t io n  language  and  its  m ea n in g .

In  re la t io n  to  Saussure 's speech c ir c u it ,  th e  a r t ic u la to ry  a nd  the  se m a n tic  d is 

tances co u ld  be sa id  co rre s p o n d e n t to  th e  p h ys ic  and  the* p sych ic  in te r io r  p a rts  o f 

th e  speech c ir c u it ,  re sp e c tive ly . C om pa re  F ig u re s  .'3.1(c) a n d  .'3.5. Indeed . H u tc h in s  

et a l. assoc ia te  se m a n tic  d is ta n c e  w ith  th e  phases in  w h ich  a  in te n t io n  is s tru c tu re d  

o r a sys te m  s ta te  is e va lu a te d  a nd  a r t ic u la to ry  d is ta n c e  w i th  th e  ph i uses in  w h ich  a 

sequence o f a c tio n s  is spec ified  o r  a sys tem  s ta te  is pe rce ived  ( H u tc h in s  et ah. 1 p 

100.111). T h is  im p lie s  th a t m e a n in g  and  th e  o b je c ts  fo r w h ic h  th e  in p u t and  o u tp u t 

in te ra c t io n  languages s ta n d  a re  s t i l l  in s ide  p eo p le 's  m inds .

H ow ever. N o rm a n  in c lu d e d  d iffe re n t m od e ls  fo r  th e  d es ign e r, th e  user, and  the  

sys tem  u n d e r des ign  o r use. ;ts d e p ic te d  in  F ig u re  .'3.1(c). T h is  im p lie s  th a t hi* w;is 

open  to  a b ro a d e r c o n te x t b u t chose to  s tress c e rta in  e le m e n ts  in  h is core  m ode l. 

F or e xam p le , in  w h a t concerns design  processes, th e  ro le  o f  th e  user co n tin u e s  to  be 

p ;iss ive  c o m p a re d  to  th e  ro le  o f  th e  des igner.

A  s e m io tie  a p p ro a ch  to  des ign  in  In fo rm a t ic s  c a n n o t be re s tr ic te d  to  th e  re a lm  o f 

th<* m in d . H u tc h in s  ( 1995). w h o  co -a u th o re d  one o f th e  a r t ic le s  w ith  N o rm a n , la te r  

s tu d ie d  th e  ro ll* o f  o b je c ts  o u ts id e  th e  m e n ta l re a lm  in  c o g n it iv e  s itu a te d  a c tiv it ie s . 

N o rm a n  is e m p lo ye d  G ib so n  ( 1979)'s co n ce p t o f a ffo rd an ce . w h ich  d ire c t ly  re la tes 

people  to  th e ir  e n v iro n m e n ts .3 ’

In  som e i l lu s tra t io n s  o f  th e  g u lfs , b u t n o t in  a ll o f  th e m . N o rm a n  a lso inc lu de s  a 

l in k  be tw een  th e  tw o  g u lfs  assoc ia ted  w ith  “ e x p e c ta t io n  a c t iv it ie s "  (H u tc h in s  et ah. 

1986. p 96 ). a n d  in te r - re fe re n tia l I / O  (H u tc h in s  e t ah. 1986. p 111). As de fin ed , the  

concep ts  o f s e m a n tic  and  a r t ic u la to ry  d is ta n c e  have no e x p la n a to ry  pow er to  sca ffo ld  

th e  ro les o f  e x p e c ta t io n s , in te r - re fe re n t ia l I / O .  as w e ll as th e  c o m p le m e n ta r ity  o f  

phases across th e  e x e c u tio n  a n d  th e  e v a lu a tio n  g u lfs . In  th is  sense. N o rm a n 's  m ode l

• " T in *  co n ce p t o f  a tfo rd a n c e  was d e v e lo p e d  b y  J a n ie s  .1. G ib s o n  I 107!)). in  e n v iro n m e n ta l p s y c h o l

ogy. a nd  i t  add resses th e  re la t io n  b e tw e e n  o rg a n is m s  a n d  e n v iro n m e n ts  ( w o r ld s  a nd  a c to rs ) .  N o rm a n  

h im s e lf  has in t ro d u c e d  a tfo rd a n c e s  in  H C I I N o rm a n . 1090) b u t  th e  c o n c e p t has been  m o s t ly  m is 

u n d e rs to o d  b y  th e  c o m m u n ity  as a p ro d u c t a t t r ib u te ,  and  no t as a re la t io n  b e tw een  p e o p le  and 

a r t i fa c ts  (N o rm a n . 1!)!)!)].
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is to o  l im ite d  fo r  th e  idea o f p la n n in g  ahead, le a v in g  no space fo r  a c t iv it ie s  re la ted  

to  le a rn in g  b y  e xpe rience . I t  a lso  gives no h in ts  a b o u t th e  o r ig in s  o f  goals.

syntactics
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E:03 CO ■
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the intention
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F ig u re  3.6: An additional gulf of expectation

In  F ig u re  3 .6 I propose  ;i re o rg a n iz a tio n  o f N o rm a n 's  gu lfs  co n s id e rin g : (a l C 'a ri- 

a n i's  fra m e w o rk :J1 (b )  in  v u n d e rs ta n d in g  o f th e  in te r re la t io n s h ip  o f  s y n ta c tic s , sem an

tics . and  p ra g m a tic s : (c l th e  need to  open th e  cyc le  to  the  e n v iro n m e n t: (d ) a c tio n  

u n d e rs to o d  ;is re fle c tiv e  p ra c tic e  (Shorn 1983): a nd  (e) the  p o s s ib il i ty  o f c o n ce iv in g

‘ ‘ T h e  m od e ls  o f  e v o lu t io n a ry  d e v ic e s  deve lo pe d  b y  C’a r ia n i a n d  o n ly  b r ie f ly  c o m m e n te d  on in  th e  

la s t s e c tio n  m a y  b r in g  lig h t to  th e  r o l l1 o f  s y n ta c t ic s , s e m a n tic s , a n d  p ra g m a tic s  to  m od e l c o m p u te r  

m e d ia te d  use rs 's  a c t io n s . See F ig u re  3 .3  and  C’a r ia n i I 1 9 9 la . b . c ).
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a c tio n  ;us h a v in g  d if fe re n t levels ;us in  A c t iv i t y  T h e o ry . I have m a in ta in e d  th e  m a in  

cy c le  as a sca ffo ld , h u t I sh ou ld  re m a rk  th a t  th e  a d d it io n  o f a p ra g m a tic  d im e n s io n , 

a n d  an e x te n s io n  o f  th e  se m a n tic  d is ta n c e  to w a rd  th e  o u ts id e  w o r ld , enables o th e r  

cyc les o f  in te ra c t io n  w ith in  and  b eyo nd  th is  one.

I dec ided  to  add  th is  i l lu s tra t io n  in  fa vo r o f  those  w ho  use N o rm a n ’s gu lfs  s im u lta 

n eo us ly  w ith  a s e m io t ic  fra m e w o rk . T h e  fra m e w o rk , how ever, c o n tin u e s  to  be l im ite d  

to  th e  in te ra c t io n  o f  a s ing le  in d iv id u a l in te ra c t in g  w ith  a sys te m , a lth o u g h  it  opens 

an  in te r fa c e  th ro u g h  a th ird  p ra g m a tic  d im e n s io n . In  a subsequent sec tion . I e x te n d  

th e  HC’ I 3 D  c o n c e p tu a l m ode l p roposed  in  th e  p re ce d in g  c h a p te r w ith  th e  in c lu s io n  

o f  n o n -d e te rm in is t ic  e lem ents. I c lose th is  s e c tio n  w ith  a c o m p a ra t iv e  ana lys is  o f th e  

p re v io u s ly  d iscussed m ode ls  o f c o m m u n ic a tio n  a n d  in te ra c tio n .

C o n tin u in g  w ith  a co m p a rison  o f  th e  m ode ls  in c lu d e d  in  F ig u re  3.1. de Souza 

fu r th e r  deve loped  N o rm a n 's  c o n c e p tu a l m ode l o f  design . In  Figure* 3 .1 (c ) I g ro u p e d  

m od e ls  fo un d  in  (de Souza. 1993) a n d  in  (L e ite . 199S. p 13 70) deve loped  fo r S e m io tic  

E n g in e e rin g .

De Souza ca lle d  her app roach  S e m io tic  E n g in e e rin g  (de Souza. 1992. 1993). T h e  

m a in  ra tio n a le  em braced  in  S e m io tic  E n g in e e rin g  fram es des ign  as u n id ire c t io n a l m es

sages sent fro m  designers to  users. A lth o u g h  th e  m a in  m od e l o f S e m io tic  E n g in e e rin g  

is s t i l l  lin e a r, i t  te nd s  to  a b ro a d e r focus th a n  N o rm a n 's  o r ig in a l m ode l. F irs t ly ,  

th e  focus is s h if te d  to  a b roade r scope e m b ra c in g  th e  des igner and  user. S econd ly , 

i t  e x p l ic i t ly  s itu a te s  th e  "m essage'' w ith in  th e  b ro a d e r o rg a n iz a tio n a l c o n te x t. A n d  

th ir d ly ,  in  som e ve rs ions  i t  inc lu de s  a feedback lo o p  th a t goes fro m  the  "u se r’’ to  

th e  des igner. H ow ever, th e  processes assoc ia ted  w ith  th is  feedback are s t i l l  in  th e  

d e s ig n e r's  re a lm  o f  com petence.

T h e  m ode ls  ju s t  described  o f N o rm a n  and  o f  de Souza i l lu s tra te  th e  in c re m e n ta l 

a n d  s tepw ise  n a tu re  o f  d is c ip lin a ry  d e v e lo p m e n t. S om etim es, a sm a ll s h ift o f  focus, 

o r  change  o f scope, is enough to  n u r tu re  a d if fe re n t lin e  o f  research. For e xa m p le . 

N o rm a n  added  a h u m a n  e lem ent to  th e  iso la te d  c o m p u te r, b u t rem a ined  l im ite d  

to  th e  in d iv id u a l m in d . Indeed, th e  se m a n tics  o f  N o rm a n  s m od e l is s itu a te d  in  

a m e n ta l rea lm  in  accordance  w ith  th e  in fo rm a tio n  p rocess ing  p a ra d ig m . T h is  is
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acce p ta b le  in  th e  d o se d  rea lm  o f  th e  c o m p u tin g  m a ch in e . H ow ever, th e  sem antics  

o f  in te ra c tiv e  m ach ines sh ou ld  go beyond  th a t l im i t .  Indeed . N o rm a n 's  use o f th e  

co n ce p t o f a lfo rd a n c e  concerns th e  re la t io n  betw een o rg a n ism s  and th e ir  e n v iro n m e n t 

N o rm a n  (1999 ). S im ila r ly ,  th e  ra t io n a le  b e h in d  H u tc h in s ' 1995 d is t r ib u te d  c o g n it io n  

b reaks  th e  is o la tio n  o f  th o u g h t ;us so m e th in g  l im ite d  to  the  in d iv id u a l,  d is t r ib u t in g  it  

across th e  o b je c ts  th a t  m e d ia te  h u m a n  a c t iv ity .

A n de rsen 's  C o m p u te r  S em io tics . ;is i l lu s tra te d  in  F ig u re  2.1 in  th e  p re v io u s  *ha[>- 

te r. e x p l ic it ly  e m braced  s tru c tu ra lis m , w ith o u t d is c a rd in g  o th e r  p e rspe c tives . It  com 

p le m e n te d  th e  fra m e w o rk  w ith  th e  s e m io tic  re la t io n  be tw een  s u b je c t a nd  o b je c t, but- 

re m a in e d  l im ite d  to  an u n d e rs ta n d in g  o f  language  ;us a sys tem , lea v ing  fa r fro m  its  

em phases in d iv id u a l a nd  soc ia l fa c to rs . In  th is  sense th e  use o f s e m io t ic  s t ru c tu ra l

is ts ' p a ra d ig m s  in  In fo rm a t ic s  a nd  HC’I resell*' p a r t  o f  the* h e ritag e  th a t  t r a d it io n a l 

In fo rm a tic s  neg lec ted  in  its  recent p ;is t. S im ila r ly . D e Souza cons ide red  th e  des igner 

a nd  th e  message as th e  focus o f her s tu d y , e x te n d in g  even fu r th e r  th e  scope to  be* 

co ns ide red  in  H C I. b u t  remain<*d l im ite d  to  one -sho t messages.

In  th e  case o f  H C I a n d  c o m m u n ic a tio n , the* c u ltu re  center**d em the* a r t i fa c t  con

s t itu te s  he'avy balhust th a t  a lth o u g h  g iv in g  s ta b i l i t y  to  In fo rm a t ic s  a lso hinde*rs its  

jo in t  d e ve lo p m e n t w ith  oth**r d is c ip lin e s . C o n tr ib u t io n s  fro m  C o g n it iv e  E ng in**e ring  

(N o rm a n ) . C o m p u te r  S e m io tics  (A n d e rs e n ), and  S **m io tic  E n g in e e rin g  (de Souza) 

illu s tra te * the* s low  en larg**m ent o f  H C T s  rea lm . These’ c o n tr ib u t io n s  a lso  illus tra te * 

how  d if f ic u l t  is to  overcom e tw is t in g  d is c ip lin a ry  o r th o d o x y  pre*s**nt in  H C I a nd  In fo r 

m a tic s ' c u ltu ra l ecedogy. T h e  m ode ls  above, how ever, are s t i l l  l im ite d  in  scope w ith  

respect to  c u ltu ra l,  so c ia l, h is to r ic a l a n d  facto rs .

In  p ra c tice , how ever, th e  few  researchers I m e n tio n e d  a ll we*nt beyvond th e ir  *'in- 

brace'd the>or*-tical fra m e w o rk , e n r ic h in g  th**ir w o rk  w ith  fo re ig n  **lem**nts such ;is 

*> nv ironm enta l. o rg a n iza tie m a l and  c o n te x tu a l issue's. De*spit*> the* vict*>ries. th**re are 

la rge  chasm s a m o n g  H C I th t'o r ie s  a n d  practice's in  w h a t concerns th e  re la t io n s h ip  

be tw een  m e a n in g fu l des ign , h um an  agency, and c o m m u n ic a tio n . F ro m  one  siele H C I 

a n d  In fo rm a t ic s  peop le  a re  o n ly  b e g in n in g  to  e xp lo re  th e  h e ld  o f c o m m u n ic a t io n  and 

sem i*)tics  in  th e ir  d is c ip lin a ry  re'ahn. F ro m  th e  o th e r  s ide  m o s t o f th e  m od**ls in  sem i
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o tic s  have n o t boon sys te m a tize d  enough  to  g ive  a so lid  base fo r  e x p e r im e n ta t io n  a nd  

re fle c tio n .

In  th e  n e x t tw o  sec tions  I s h if t  th e  focus o f d iscussion  to  an even b ro a d e r scope, 

th e  o rg a n iz a tio n a l level. I present th e  a rea  o f te chn o lo gy  d if fu s io n  ;is c o m m u n ic a tio n  

processes to g e th e r w ith  severa l a t te m p ts  to  c a p tu re  th e  d yn a m ics  o f such processes 

in  m u lt id im e n s io n a l o rg a n iz a tio n a l m ode ls .

3 .4  D iffusion  as C u ltu ra l T ransform ation

T h e  p ra c tic e s  present in  a c o m m u n ity  a re  dee p ly  g ro un de d  in  th e  m as te red , shared  

a nd  d is t r ib u te d  c u ltu re  a m o n g  its  m em bers . T h e  d iffu s io n  o f new and  th e  a b a n d o n 

m en t o f  o ld  p ractices, b e lie fs , a nd  a r t ifa c ts  across soc ie ties  and o rg a n iz a tio n s  is a 

to p ic  s tu d ie d  and o fte n  lab e lled  as d if fu s io n  research. P ro fess iona l in te rv e n tio n s  are 

a lw a ys  a b lend  of" m o d if ic a t io n  and  p ers is tence , o f d eve lo pm e n t and m a in te n a n c e , o f 

o r th o d o x  a nd  h e te ro d ox  forces (B o u rd ie u  a nd  W a cq u a n t. 1992). o r o f c e n tr ip e ta l and  

c e n tr ifu g a l tendenc ies .( B a k h t in . 19S1. p p  2 7 2 -3 ).JJ

D iffu s io n  research a lso  deals w ith  th e  re la t io n  be tw een  people  a n d  te ch n o lo g y , 

b u t w ith in  a b roade r a nd  sh a llow e r c o n te x t th a n  H C I. In  reference to  th e  n a tu re  o f 

H C I. d if fu s io n  research is co n ce n tra te d  a t tilt*  o rg a n iz a tio n a l and th e  so c ia l levels. 

For e xa m p le , d iffu s io n  research h;us a b ro a d e r scope th a n  u s a b ility  a nd  in te ra c t io n  

s tu d ie s  because it is m ore  open  to  encom pass th e  m o tive s  b e h in d  the  accep tance  o r th e  

re je c t io n  o f  chang ing  ve c to rs  across e s ta b lish e d  p rac tices  s im u lta n e o u s ly . T h e re fo re , 

d if fu s io n  research m ay be in te re s tin g  to  H C I because i t  m a y  represent a poss ib le  fram e  

o f  re fe rence  fro m  w h ich  in te ra c t io n  des ign  and  u s a b ility  e v a lu a tio n  can be u n d e rs to o d  

a nd  c o n te x tu a liz e d . U s a b ili ty  p resupposes use. b u t the  cases in  w h ich  th e re  is no u s t . 

because d iffu s io n  d id  n o t happen  o r because it was re jec ted , are d if f ic u lt  to  addresses

" I n  m y  o p in io n ,  to  ta lk  a b o u t  change  a n il re v o lu t io n  w ith o u t  ta lk in g  a b o u t m a in te n a n c e  a tn l 

c o n s e rv a t io n  is p ro p a g a n d a . I t  is lik e  c o o rd in a te  sys te m s  w ith o u t  references. I t  is v e ry  e ffe c tiv e  

h o w e v e r, because th e  s o c ia l a n d  c u ltu ra l s t ru c tu re s  th a t  a re  indeed  m a in ta in e d  b y  th e  h is t c h a n g in g  

m a te r ia l p rocess a re  no t even q u e s tio n e d , d e s p ite  th e ir  ;isso c ia te d  c u ltu ra l a nd  e n v iro n m e n ta l losses.
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in  t r ; i< l i t i t i i i i i l  fra m e w o rks  t h a t g re w  o u t o f p ro d u c t-c e n te re d  approac hes.

A c c o rd in g  to  E v e re tt M . R ogers. th e  saint* a u th o r  w h o  I m e n tio n e d  above c r i t i 

c iz in g  lin e a r m ode ls  o f  c o m m u n ic a tio n , th e  d if fu s io n  o r th e  lack  o f  d if fu s io n  o ccu rs  

th ro u g h  c o m m u n ic a tiv e  processes am o ng  th e  m em bers  o f  a so c ia l sys tem . "D iffu s io n  

is a k in d  o f  s o c ia l change, de fin ed  as th e  process b y  w h ic h  a lte ra t io n  occurs in  th e  

s tru c tu re  a nd  fu n c t io n  o f a soc ia l sys tem . W hen new  ideas are in ve n te d , d iffused , a nd  

a d o p te d  o r re je c te d , lead ing  to  c e r ta in  consequences, so c ia l change o ccu rs ." (R ogers. 

1996). R ogers u n d e rs ta n d s  c o m m u n ic a tio n  "ms re c ip ro c a l and  tra n s a c t io n a l, n o t a 

u n id ire c t io n a l flo w . as m ost o v e rs im p lif ie d  m ode ls  o f  h u m a n  c o m m u n ic a tio n  seem to  

im p ly " (R o g e rs  and  A g a rw a la -R o g e rs . 1970. C h a p te r  1).

Severa l fa c to rs  c o n tr ib u te  to  tin * degree in  w h ic h  n o v e lty  is fu l ly  in c o rp o ra te d  

w ith in  o r  c o m p le te ly  re jec ted  fro m  a c u ltu re  in  t ra n s fo rm a t io n , in c lu d in g  its  so c ia l 

s tru c tu re , its  no rm s and  s u s ta in e d  p rac tices , its  cohes ive  ness, its  awareness fo r de

fic ienc ies. a nd  its  assoc ia ted  r is k . In  R ogers ' th e o re tic a l fra m e w o rk . as i l lu s tra te d  

in  F ig u re  3 .7 (a )  th e  e lem ents  o f d if fu s io n  processes an*: a) so c ia l sys tem s in  w h ic h  

b ) an in n o v a tio n  is in tro d u c e d  a nd  c o m m u n ic a te d  e) across its  m em bers  d ) over t im e . 

T hese fa c to rs  depend  on c o m m u n ic a tiv e , so c ia l, e co n o m ic  and  h is to r ic a l c h a ra c te r

is tics . and  v a ry  across in d iv id u a l m em bers a nd  g ro up s . Rogers co n ce p tu a lize d  five  

m a in  phases to  s tru c tu re  th e  d iffu s io n -d e c is io n  process: ( i)  know ledge , ( i i )  persuas ion , 

( i i i )  dec is ion , ( iv )  im p le m e n ta tio n , (v )  c o n firm a tio n .

In  F ig u re  3 .7 (a ) these phases co rre sp o n d  re s p e c tiv e ly  to : ( i)  aw areness o f fo re ig n  

p ra c tice s  o r  a r t i fa c ts ,  ( i i )  n e g o tia tio n  th ro u g h  w h ic h  a dec is ion  is g ro u n d e d  o r  in 

fo rm e d . ( i i i )  th e  dec is ion  its e lf ,  ( iv )  t r ia l  o r  d e p lo y m e n t o f  th e  fo re ig n  p ra c tice  w ith in  

th e  e s tab lish ed  c u ltu re , a nd  (v )  th e  c u ltu ra l in c o rp o ra t io n  o f  th e  p ra c tic e  o r a r t i fa c t .  

T hese phases a re  u s u a lly  te m p o ra lly  o rd e red , b u t e xce p tio n s  m ay o ccu r, such as w he n  

a dec is ion  to  a d o p t comes be fo re  n e g o tia tio n . F o r e xa m p le , th e  C E O  o f an o rg a n i

z a tio n  decides to  use e -m a il as th e  m a in  fo rm  o f  c o m m u n ic a tio n  in s te a d  o f m em os. 

D iffe re n t p eop le  across th e  o rg a n iz a t io n  m ay  have c o n tra d ic to ry  p e rspe c tives  a b o u t 

its  a d o p tio n .

T h e  s -cu rve  in  F ig u re  3 .7 (b ) is a w e ll kn o w n  d ia g ra m  in  d if fu s io n  research. T h e  s-
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cu rve  p lo ts  th e  percen t o f  in d iv id u a ls  w ho a d o p t a p ra c tice  o r  a r t i fa c t  ;is a fu n c t io n  o f 

t im e . In i t ia l ly ,  o n ly  a s m a ll n u m b e r o f  in d iv id u a ls  in c o rp o ra te  th e  in n o v a tio n  d u r in g  

a c e rta in  p e r io d  (e.g. weeks, decades): these a re  la b e lle d  in n o v a to rs .

(a) Rogers 1995 
Diffusion Afforded characteristics of the innovation

1. Relative advantage 4. Inability
2. Compatibility 5. Observability
3. Complexity 6. Re-invention

Characteristics of the decision making unit:
1. Socioeconomic characteristics
2. Personality variables
3. Communication behavior

Prior Conditions:
1. Established practices
2. Recognized deficiencies
3. Attitude toward change
4. Norms of the social system

/
K

Rejection

Adoption

Awareness Negotiation Decision

communication processes

(b) S-Curve of Technology Adoption

5 0 %

0 %

Continued
Rejection

Discontinuance

Later Adoption

Continued
Adoption

Sustainment

Cumulative % of customers 16% Laggards
l-— ’- ' 34% Late majority

— • " - ' 3 4 %  E^rly majority
2.5% Innovators 13 5 % Early adopters j Time

F ig u re  3 .7: Rogers’ m odel o f technology diffusion and the  s-curve (a) Diffusion 

as communication and cultural transformation, based on Rogers (1996) (b) s-curve of 

Technology Adoption

A f te r  th is  in i t ia l  p e r io d , th e  cu rve  beg ins to  c lim b , as m ore  in d iv id u a ls  a do p t the  

n o v e lty  in  each p e rio d . A t  som e p o in t the  n u m b e r o f new a do p te rs  s ta r ts  to  decrease, 

a nd  th e  c u rv e  s ta r ts  to  le v e l-o lf. e v e n tu a lly  re a ch in g  an a s y m p to te , w h ic h  in d ica te s  

th e  end o f  th e  d iffu s io n  process. T h e  change ceases to  be a n o v e lty  fo r  th e  m a jo r i ty  o f 

th e  peop le . Rogers has c lass ifie d  g ro up s  o f  in d iv id u a ls  as in n o v a to rs , e a r ly  ado p te rs , 

e a r ly  m a jo r i ty ,  la te  m a jo r ity , a n d  laggards.

T h e  s -cu rve  is p ro d u c t-c e n te re d , ha rness ing  peop les ' in d iv id u a ls  d iffe rences and
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b e h a v io rs  o n ly  by th e  t im e  o f a d o p tio n  o f  a c e rta in  " in n o v a t io n " ,  it  is th e  d iifu s io n  

o f  th e  p ro d u c t i ts e lf  th a t  is m easured , and  n o t th e  know ledge  a b o u t i t .  In  th is  

sense, a lth o u g h  i t  describes  th e  d iifu s io n . i t  does no t e x p la in  th e  m o tive s  b e h in d  its  

accep tance  o r re je c tio n . I sh o u ld  re m a rk  th a t th e  s -cu rve  is o n ly  one am ong  m an y  

m echan ism s th a t R ogers used to  s tu d y  d if fu s io n . A c c o rd in g  to  h im . th e  ra tio n a le  

b e h in d  the  a d o p tio n  and  th e  ra te  o f  a d o p tio n  is co n tin g e n t on (a ) th e  perce ived  

re la t ive  m ln i n t u y t  o f  a in n o v a tio n  in  c o m p a ris o n  to  th e  one it is to  supercede, (b ) th e  

pe rce ive d  c o m p a t ib i l i t y  w ith  th e  e x is t in g  p ra c tices , past experiences, and  dem anded  

re q u ire m e n ts , (c) its  pe rce ived  comp lex i ty ,  o r  th e  im p lie d  c o m p le x ity  associa ted  w ith  

its  le a rn in g  and  d e p lo y m e n t, (d ) th e  ;issoe ia ted  t n u b i l i t y ,  th a t is " th e  degree o f w h ich  

i t  can  he e x p e rim e n te d  w ith  on  a l im ite d  b as is ", and  (e) the  a ffo rd e d  obsi rvnb ih ty .  

o r  how  v is ib le  its  re su lts  art* to  o th e rs  w ho  have n o t a d o p te d  it .

A cross m ode ls  o f  o rg a n iz a tio n s  th e re  are severa l fram e w o rks  th a t m ode l facets 

o th e r  th a n  th e  p ro d u c t one. R ece n tly , d if fu s io n  research becom e p o p u la r  am ong  

te c h n o lo g is ts  due to  th e  la rge  n u m b e r o f  unsuccessfu l endeavors fo u n d  am ong  "h ig h -  

te c h " com pan ies. In  H C I. D o n a ld  A . N o rm a n  (1998) makes re fe rence to  d if fu s io n  

research  in  o rd e r to  a na lyze  w h y  p ro d u c ts  fa il. N o rm a n  discussed th e  w o rk  o f  tw o  

a u th o rs : (a ) G e o ffre y  A . M o o re  (M o o re . 1991. 1995). w ho  e xp lo re d  how  to  m a rk e t 

a n d  se ll te ch n o lo g y  goods to  m a in s tre a m  cu s tom ers  J-i. and  (b ) C la y to n  C h ris te n se n  

C h ris te n se n  (1997a). w ho  exp lo re s  how  large  com pan ies  fa il e x a c t ly  because th e y  

d is re g a rd  d e v ia n t p ractice 's  and  p ro d u c ts  b y  a p p a re n tly  d o in g  e v e ry th in g  " r ig h t " .

M o o re , fo r e xa m p le , used R og e r's  ca tegories  o f  te ch n o lo g y  a d o p te rs  to  p ropose  

h ow  te> m a rk e t and  se ll h ig h -te c h  p ro d u c ts . M o o re  m o d if ie d  a sm a ll p a r t o f  R ogers ’s 

fra m e w o rk  in  ore ler to  e x p lo re  a p e r io d  across th e  life  span  o f a p ro d u c t he ca lled  " th e  

ch a s m ". M o o re 's  o b je c t iv e  re s ta te d  to  H C I and  In fo rm a tic s  th e  c ru c ia l im p o rta n ce ' 

o f  w h a t lies beyond  th e ir  t r a d it io n a l d is c ip lin a ry  n iches. M oo re  a n d  C h ris te n se n 's  

w o rks  are co m p le m e n ta ry .

M o o re 's  w o rk  is focused on  th e  in n e r  d e ta ils  o f  th e  d iffu s io n  process. T a k in g  

R ogers ' a d o p te r ca teg o ries  ;us a s ta r t in g  p o in t ,  b u t u s in g  a B e ll shaped  curve' (see*

- ! 8c'c a lso D o n n in g  ( I DUS. 20011 fo r  a  d is c u s s io n  o f  M o o re 's  ch .ts tn  in  In fo rm a t ic s .
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niche-based 
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End o fiife
leaders are supplanted by 
new paradigms/techriology

Innovators,
technology
enthusiasts
2.5%

Early
adopters,,
visionaries
13.5%

% of individuals in 
a social system to 
adopt an innovation

Innovators,

2.5%

Early adopters, 

13.5%

Early majority 

34%

Late majority 

34%

Laggards,

16%

Moore 1991,1995

Early
majority
pragmatists
34%

Late
majority
conservatives
34%

Laggards.

skeptics
16%

Time

characteristics

Are venturesome and eager to try new ideas
Have more years of formal education
Have higher social status
Have substantial financial resources
Are able to cope with high degree of uncertainty
Have contacts outside peer group
May or may not be respected by peers

Are respected by peers 
Are more integrated part of the local system 
Are opinion leaders - potential adopters look 

to them for advice and information 
Are change agents
Play role models for other members of social system

Deliberate before adopting new idea
Adopt new ideas just before the average member of a system
Interact frequently with peers
Rarely hold positions of opinion leadership
Provide interconnectedness in the system's interpersonal networks

Approach innovations with caution and skepticism
Adopt new ideas just after the member of a system
Adoption may be due to economic necessity or peer pressure
Are unwilling to risk scarce resources
Uncertainty about innovation must be removed before adoption

Hold on to traditional values
Offer resistance to innovations
Are the last to adopt an innovation
Are nearly isolated in the social networks of local system
Are suspicious of innovations and agents of change

F ig u re  3 .8 : Moore’s technology adoption lifecycle: characterizing the chasm

B ased on  M o o re  (1 9 9 1 , 1 9 9 5 )
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F ig u re  3 .8 ). M o o re  e xp lo re s  ;i p e r io d  o f  s ta g n a tio n  be tw een  th e  e a r ly  a d o p te rs  and 

the  e a r ly  m a jo r ity ,  w h ic h  he c a lls  "the- c h iis m ". and  a p e r io d  o f  h ig h  ra te  o f  a d o p tio n , 

w h ich  he ca lls  " th e  to r n a d o " . - 1

The* a ttra c tiv e n e s s  o f  M o o re 's  m ode l is i ts  em phasis on  th e  m a in s tre a m  m a rke t, 

because i t  opens th e  closed p ro fess iona l p e rsp e c tive  to  e le m e n ts  u s u a lly  fo u n d  o u ts id e  

the1 p ro fess io na l's  rea lm . M o o re  c la im s  th a t h ig h -te c h n o lo g y  com pan ies  have been 

w ro n g ly  fo cus in g  on the1 e a r ly  m a rk e t, m o s tly  com posed o f  th e ir  o w n  peers, and  not 

011 th e  m a in s tre a m  m a rk e t, w here  th e  m a jo r i ty  o f poss ib le  a d o p te rs  are. A lth o u g h  

M o o re  recogn ized  the  va lue  o f  the  ve ry  la te  m a rk e t ( la g g a rd s ), c a ll in g  th e m  skep tics , 

he e m p h a tic a lly  d isca rd e d  th e m , because1 th e y  are n o t consum ers . A c c o rd in g  to  h im . 

th e y  b lo c k  purchase1 a nd  sh o u ld  be1 n e u tra liz e d . See F ig u re  3.8 fo r a d e s c r ip t io n  o f 

the  m a in  a d o p te r 's  c h a ra c te r is t ic s  as deve loped  by Rogers a n d  a d a p te d  by M oore1 in 

h is a pp roach .

R ogers 's  app ro ach  to  in n o v a tio n  d iifu s io n  as c o m m u n ic a tio n  cons ide red  c u ltu ra l 

fa c to rs  ;is key to  its  processes. I u n d e rs ta n d  th a t the  s lice  th a t has been used by 

M oo re , is to o  reduced a n d  p ro d u c t o rie n te d  to  fos te r h u m a n  d r iv e n  design. H is  s h o r t

te rm  o n ly  fo r -p ro f it  s tra te g y  dehum an izes te ch n o lo g y  des ign , in s te a d  o f  h u m a n iz in g  it. 

T h e  l im ita t io n  o f  M o o re 's  chasm  to m e s to  lig h t once h is m o d e l is used ;is a fra m e w o rk  

fo r re fle c tio n  on issues assoc ia ted  w ith  th e  d ig ita l d iv id e . W ith in  his pe rspe c tive , 

laggards a re  m a rg in a liz e d  a nd  th e  exc luded  w i l l  rem a in  e x c lu d e d , because th e y  a n 1 

n o t even w o r th y  o f c o n s id e ra tio n .

M o o re 's  w o rk  is focused on  a s ing le  d if fu s io n  process. In  c o n tra s t. C h ris te n se n  

(1997a) com pares  m u lt ip le  d if fu s io n  processes. C h ris ten se n  d eve lo pe d  an a lte rn a t iv e  

and b ro a d e r s tu d y  o f d if fu s io n . C h ris ten se n  gives severa l e xa m p le s  o f  o rg a n iz a tio n s  

th a t d id  e v e ry th in g  r ig h t ,  e v e ry th in g  in  consonance w ith  th e  te n e ts  o f te ch n o lo g ica l 

" in n o v a t io n " ,  e v e ry th in g  in  accordance  to  th e ir  m a in s tre a m  m a rk e t, b u t s t i l l  went

- 'M o o r e ’s la b e ls : la )  C h u xm .  th e  p e r io d  in  w h ic h  e a r ly -m a rk e t in te re s t  w anes | b l  B a w l i n g  A l ley .  

th e  n ich e -b a se d  a d o p tio n  in  a d v a n c e  o f  g e n e ra l m a rk e tp la c e , (e) T o rn a d o ,  th e  p e r io d  o f  t iu ts s -m a rk o t 

a d o p tio n . I < 11 M a m  St n e t .  th e  a f te r -m a rk e t d e v e lo p m e n t, a m i (e l E n d  o f  L i f t ,  th e  p e r io d  in  w h ic h  

leaders are  s u p p la n te d  by  new  p a ra d ig m s /te c h n o lo g y .
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b a n k ru p t. U s in g  in fo rm a tio n  fro m  th e  d eve lo pm e n t o f th e  r ig id  d is k -d r iv e  in d u s try . 

C h ris ten se n  i l lu s tra te d  how p ro d u c ts  in c o rp o ra t in g  d iffe re n t te c h n o lo g ic a l s o lu tio n s , 

som e tim es  w ith  in i t ia l  low er p e rfo rm a n ce , have o u tg ro w n  e s ta b lish e d  ones in  th e  

lo n g  ru n . For th a t .  C h ris ten se n  d if fe re n tia te s  te ch n o lo g y  d e v e lo p m e n t as e ith e r  in 

c re m e n ta l o r b re a k - th ro u g h  (o r  d is ru p t iv e ) .  C h ris te n se n 's  w o rk  is c o m p le m e n ta ry  to  

M o o re 's  because he p rov ides  a fra m e w o rk  to  com part* th e  d iifu s io n  o f  m u lt ip le  s im ila r  

b u t c o m p e tin g  in n o va tio n s . C o m p a re d  to  C h ris ten se n , w ha t M o o re  stresses ;ts b e in g  

th e  rem edy fo r  h ig h -te c h  in d u s tr ie s  is w ha t leads th e m  to  fa ilu re .

(c) based on Christensen 1997

Afforded
performance

fSance

Time

F ig u re  3 .9 : Convergent and Divergent Diffusion curves: based on C h ris tensen  

(1 9 9 7 b )

F ig u re  3.9 i l lu s tra te s  th e  p o in ts  o f  d ive rgence  a nd  convergence o f  te c h n o lo g y  d e ve l

o p m e n t in  reference to  C h ris te n se n  ( 1007b)'s w o rk .-’ ’ M o re  rece n tly . C h ris te n se n  Inis 

re lab e lle d  in c re m e n ta l and b re a k - th ro u g h  as s u s ta in in g  and d is ru p t iv e , re s p e c tiv e ly  

(C h ris te n se n . 2000). I w ou ld  ra th e r  ca ll them  co nve rg en t o r d iv e rg e n t.

C h ris te n se n  c r it ic iz e d  m ost app roaches fo r fo s te r in g  a s ing le  p e rsp e c tive  g ro u n d e d  

on  in c re m e n ta l conve rgen t d e ve lo p m e n ta l pa ths , in  d is re g a rd  o f  d iv e rg e n t a lte rn a tiv e s . 

M o s t success fu lly  m anaged co m p an ies  do  in c re m e n ta l (su s ta in a b le  a nd  co nve rg en t) 

d e ve lo p m e n t. H ow ever, th e y  feel c o m p le te ly  u n p re p a re d  to  face th e  cha llenge  and  

th e  m enace o f  b re a k - th ro u g h  d e ve lo p m e n t (d is ru p t iv e  o r  d iv e rg e n t) . O n e -tra c k  in 

c re m e n ta l d e ve lo p m e n t s tifle s  o rg a n iz a tio n s .

'• ’ Set* (N o rm a n . 199$. c h a p te r  11) fo r  e xa m p le s .
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Tht> m enace o f d iv e rg in g  p ra c tice s  is u s u a lly  d is rega rded  b y  la rge  e s tab lish ed  

com pan ies  because (a ) th ey  u s u a lly  d e liv e r o u tco m e s w ith  low er in i t ia l  p e rfo rm an ce , 

a nd  (b ) th e y  a re  a p p a re n tly  cen te red  on a d if fe re n t a p p lic a tio n . T h is  disguise's th e  

fu tu re  c o m p e tit iv e  advantage* o f  d iv e rg in g  tenelencie'S. In  othe*r we>rels. a lte rn a t iv e  

p a th s  u s u a lly  lo o k  less p ro m is in g  elite to  the* low er p e rfo rm a n ce  erf th e ir  in i t ia l  p ro d u c ts  

anel serlutions. anel because th e y  u s u a lly  aelelress d iffe re n t user ne't'ds in  eem ju n c titm  

w ith  elilfe 're'iit te c h n o lo g ic a l s o lu tio n s . B u t in  th e  lo n g  te>rm. the>y e v e n tu a lly  overptuss 

co m p e 'ting  e*stablishe*el anel a p p a re n tly  h e a lth y  techno log ies . T h is  o n ly  stresse\s th a t 

the* o n ly - fo r -p ro f i t  sherrt-te 'rm  m a rk e t-o r ie n te d  p e rspe c tive  is in  c o n tra d ic t io n  w ith  the* 

le rng -te rm  elevelerpm ent o f its  s u s ta in a b ility .  For e xam p le , b o th  th e  persona l c o m p u te r  

anel g ra p h ic  in terface 's , we're* in i t ia l ly  cons ide red  terys by la rge  e*stal)lishe*el com pan ies .

In  F ig u re  T  10(a) I cxterie l M o o re 's  moeh'I w ith  th e  in c lu s io n  o f  tw o  c o m p e tin g  

cu rves. 1 shuttle I re m a rk , as Christe>nsen has. th a t  i t  is n o t easy to  co m p a re  the* 

p e rfo rm a n c e  o f  twer te ch n o lo g ica l p ro d u e ts  ernce th e y  are  tie d  to  eliffe're'ut a p p lic a 

t io n s  (C h ris te n s e n . 1997b. p 15). I deve loped  F ig u re  d. 10(a) anel ( b |  assum ing  th a t 

twe> cemse'cutive' eliffusiem  processes are associa ted  w ith  s im ila r  s o lu tio n s  th a t e nab le  

a c o m p a ris o n .2(1 I elepicteel in  F ig u re  d. 10(b) th e  p e rfo rm a n ce  e>f twe> te'chnerlergie's 

ele*ve*Ierpe*e 1 fo r  twer e rve rlapp ing  a c tiv itie 'S . la b e lle d  A  and B .27 28

N o rm a n 's  s-shaped  curve* elect's n o t d e p ic t th e  pere'ent e>f a d o p te rs  bu t the' p e r fo r-  

tuauce' o f a c e r ta in  te ch n o lo g ica l s o lu t io n  as a fu n c t io n  o f t im e . In  N o rm a n  s d ia g ra m  

o f  th e  s-shapeei p e rfo rm a n ce  eve)lutie)ii. he has aeleleel an acceptance thre'sholel. c le a r ly

“ ' ’The ' curve's a re  c o n c e p tu a l a n il th e re  a re  ;issocia te<l m e th o d o lo g ic a l p ro b le m s  th a t  go w e ll h e v o n d  

th e  scope o f  th is  th e s is  (e.g . O n e  c u rv e  w o u ld  p ro b a b ly  in te r fe re  in  the' o th e r .  I. M o s t d if fu s io n  

research  m easure's th e  a d o p t io n  o f  a un ie iue  p ro d u c t (R o g e rs  a nd  A g a rw a la -R o g e rs . 19761. T in -  

e -om parison  o f  tw o  p ro d u c ts  s u p p o r t in g  s im ila r  a c t iv it ie s ,  b u t  n o t ec |iia l. d i'tn a n d s  in fo rm a t io n  on  

h o w  th e  proelue't is be-ing tise il. a n d  n o t o n ly  i f  i t  has o r  n o t been aelopte'd.

- 'T h e  s-shape* fo llo w s  C h r is te n s i’n 's  i l lu s t r a t io n  (C h r is te n s i'n .  1997b. p 15. f ig u re  2 .6 1 . a n d  N o r 

m a n 's  e x te n s io n  o f  C h ris te u ise n 's  w o rk  (N o rm a n . 199S. p .15).

-" In d e 'c d . the' s -s h a p i' curve* use-d in  in n o v a tio n  e litfu s io n  shou le l span  across th e  I'ntirc' perioe i o f  th e  

b e 'll curve*. N o r tt ia it  elite's n o t e x p la in  w h y  lie' s h o rtt'tie e i the ' c u rv e , e x c lu d in g  th e  v e ry  late* a d o p te rs  

(o r  la g g a rd s , s k e p tic s , h n ld ite s )  as M oore* s tig g e s ti’i l .
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d e m a rc a tin g  a leve l o f p e rfo rm a n c e  re q u ire d  b y  users. T h is  im p lie s  th a t th e re  is a 

p o in t o f t r a n s it io n  a fte r  w h ic h  a c e rta in  te c h n o lo g y  satisfies basic needs. T h e  p e rio d  

be fo re  th a t is assoc ia ted  w ith  th e  e a r ly  a d o p te rs . In  th is  in i t ia l  p e r io d , th e  a r t i 

fa c t d o m in a te s  use. T h e  p e r io d  beyond  th e  tra n s it io n  p o in t is assoc ia ted  w ith  tin * 

la te  a do p te rs , a nd  a c e rta in  te c h n o lo g ic a l s o lu t io n  is e ith e r "g o o d  e n o u g h ' o r  is " to o  

g o o d " . F rom  th is  p o in t on . th e  a r t i fa c t  is less in tru s iv e , and  th e  a c t iv i t y  d o m in a te s  

th e  in te ra c tio n , lea v ing  a m e d ia to ry  fu n c t io n  fo r th e  a r t ifa c t.

T h e  use o f  a s ing le  th re s h o ld  h;us its  d ra w b a cks . F irs t ly , i t  s trea m s th e  a d o p te r 

ca tegories in  o n ly  tw o  g ro u p s , e a r ly  a nd  la te  a do p te rs . T h is  d is to r ts  th e  c o n tin u 

ous n a tu re  o f th e  d if fu s io n  process in to  a d isc re te  one. Secondly, it f i lte rs  o u t 11011- 

adop te rs . re ify in g  th e  b ias a g a in s t those w ho  have not a do p te d  it .  w ho  have re jec ted  

i t .  o r  w ho  have a d o p te d  a n d  re jec ted  i t .  fo r w h a te v e r reason.

In  F ig u re  3. 10(b) 1 have e x te n d e d  N o rm a n 's  th re sh o ld  to  an in te rv a l th re s h o ld . 

B enea th  and  b e y o n d  th e  e x te n d e d  th re s h o ld  p o in t ,  the re  is 110 d if fu s io n  process. For 

e xam p le , th e  d if fu s io n  process m ay  e xc lu de  segm ents o f th e  p o p u la t io n  th a t have 

o th e r p r io r it ie s  th a t  do n o t a llo w  th e m  to  r is k  th e  a d o p tio n  o f  such a s o lu tio n . T h is  

g ro u p  inc ludes  b o th  the  p o p u la t io n  w ho  c a n n o t a ffo rd  its  a d o p tio n , and those  fo r 

w h o m  it  is n o t c u ltu ra l ly  in te re s t in g  to  a d o p t i t .

In  F igu re s  3 .9 and  3 .1 0 (b ). I have chosen tw o  p a r t ic u la r  th re s h o ld s  to  i l lu s tra te  

how  a te chn o lo gy . B . w h ich  has a m in im u m  th re s h o ld  lower th a n  th e  m in im u m  th re s h 

o ld  o f an e s ta b lish e d  te chn o lo gy . A . m ay e v e n tu a lly  supercede it .  A lth o u g h  d e p ic te d  

as a c o n s ta n t, th e  low er a n d  th e  h ig h e r th re sh o ld s  m ay va ry  across people  and  tim e . 

I f  th e  low er th re s h o ld  is to o  h ig h  fo r a c e rta in  in d iv id u a l,  th e  e ffo rt to  in c o rp o ra te  

it m ay be to o  d e m a n d in g  a nd  to o  r is k y  to  be a tte m p te d . I f  th e  h ig h e r th re s h o ld  is 

to o  h ig h , th e  te ch n o lo g y  m a y  n o t be a p p ro p r ia te  to  a c e rta in  a c t iv it y  a t a c e rta in  

tim e . I t  m ay be in  th e  fu tu re , how ever, b u t th a t is the  c o n u n d ru m . T h e  d ile m m a  

o f th e  te ch n o lo g is ts  is g ro u n d e d  on c o n tra d ic to ry  co nve rg ing  and  d iv e rg in g  fo rces.“ J 

A lth o u g h  110 process m od e l w i l l  g ive  th e  s o lu t io n , i t  m ay fa c ili ta te  h is  o r  her dec is ion

" ’ T h e  co n c e p t o f  '/.one  o f  p ro x im a l d e v e lo p m e n t”  m ap s  e a s ily  o n to  th e  in te rv a l th re s h o ld  a n d  is 

in  consonance  w ith  t in ’ c u ltu ra l,  h is to r ic a l,  a n d  e c o lo g ic a l a p p ro a ch  a d o p te d  h e ro  1 Z ie h e n ko . ID 'J tii.
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o il w h a t to  do. I have  added th is  d iscuss ion  on te ch n o lo g y  d if fu s io n  to  i l lu s tra te  

th e  im p o rta n c e  o f d iv e rs ity  even in  ve ry  bus iness-o rien ted  research. T h is  is n o t th e  

focus o f th is  thes is , b u t  a design  process m ode l sh o u ld  he com prehensive ' enough  to  

encom pass d if fe re n t s t ra ta  o f th e  in te ra c tio n s  be tw een  people  a nd  techno logy , in c lu d 

in g  o rg a n iz a tio n a l a n d  soc ia l d im e n s io n s . Some o f  th e  consequence's o f  te ch n o lo g ica l 

d e ve lo p m e n t are its  im p lic a t io n s  a nd  consequences fo r th e  venues i t  in te rvenes.

A /B
overlap

chasm A chasm B

Relative % of 
stakeholders

A Adopters

Technology B
Technology A

Time« »
A early market

♦
A mainstream market

(b)t
Afforded
performance

Interaction A

B early market B mainstream market

A and B thresholds are not 
sufficient to be sustained

Interaction B

A prevails
B prevails

B has a higher 
threshold than A, 
but is more difficult 
to be adopted

A and B 
compete A and B thresholds are 

too high to be developed

(_► Technology A becomes (_^ Technology B becomes ■' jjme
appropriate for activity A’ appropriate for activity B'

F ig u re  3.10: Two technology diffusion curves

Som e rem arks  o f  th e  p re ced ing  sections in c lu d e  p ro b le m s  assoc ia ted  w ith  the  

e lit is m  fo u n d  a m o ng  HC’ f p ro fess iona ls , th e  poss ib le  m a n ip u la t io n  o f  users by des ign 

ers. a n d  m ode l in  w h ic h  ve ry  la te  a d o p te rs  a re  n o t w o r th y  o f c o n s id e ra tio n .

M y  o b je c t iv e  is to  i l lu s t ra te  h ow  m odels o f  c o m m u n ic a tio n  can  c o n tr ib u te  to  a 

b e tte r  u n d e rs ta n d in g  o f  design  processes in  accordance  w ith  h u m a n  and  c u ltu ra l p e r

sp ectives . I a lso p ro po se  in  th e  n e x t sections a a b s tra c t io n  o f  s p ira l like  m ode ls  o f  

s o ftw a re  design processes w h ich  uses th e  Lo renz  a t t r a c to r  as a p a tte rn  to  v is u a lize
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th<* re cu rre n t p a tte rn s  c o m m o n ly  fo un d  in  such  design processes. T h e n . I exem 

p l i fy  how t r a d it io n a l process m o d e ls  such ;is th e  w a te r fa ll m od e l, the  s p ira l m ode l, 

a n d  p ro to ty p in g  encom pass o n ly  sm a ll p a rts  o f  b ro a d e r des ign  processes, te n d in g  

to  s tra ig h tja c k e t peop les ' a c t iv it ie s  w ith in  th e ir  s p e c ia liz a t io n  a nd  es tab lish ed  soc ia l 

ne tw o rks .

3.5  M o d els  o f  O rg a n iza tio n a l P ro c e sse s

D esign  process m od e ls  u s u a lly  p re sc rib e  a set o f  a c t iv it ie s  to  be fo llow ed , secpien- 

t ia l ly  o r c o n c u rre n tly  In  g en e ra l, des ign  processes have ;ls th e ir  o u tco m e  m a te r ia l 

d e live rab les  o r  p ro d u c ts . S om e have te nd ed  to w a rd  p rocess-cen te red  p e rspe c tives  

by  address ing  d if fe re n t des ign  a c t iv it ie s  b u t are  s t i l l  s tru c tu re d  a ro u n d  a p ro d u c t-  

cen te red  p o in t o f  v ie w . I t  is e n o u g h  to  ask w h a t is the  o u tc o m e  o f  a process m od e l, 

a m a te r ia l p ro d u c t o r  a lea rned  p ra c tice .

T h e  o b je c t iv e  o f  th is  s e c tio n  is to  p resen t some o rg a n iz a tio n a l m odels th a t in 

c lu d e  o th e r d im e n s io n s  in  th e ir  s tru c tu re . I now  proceed w ith  th e  p re s e n ta tio n  o f 

severa l o rg a n iz a tio n a l a pp roaches th a t  have addressed process w ith  the  a id  o f d im e n 

s ions o th e r th a n  p ro d u c t-c e n te re d  ones. Besides p ro d u c t, som e o f these app roaches 

c o rre la te  p ro d u c t d e ve lo p m e n t w ith  e con om ica l and  c o g n it iv e  issues, d if fe re n t ia t in g  

fo r  exam p le : new  fro m  o ld  m a rk e ts , ta c it  f ro m  e x p lic it  know led ge , s u b je c t iv e  from  

o b je c t iv e  p ra c tice s , and c o o p e ra t iv e  fro m  u n c o o p e ra tiv e  b e h a v io r.

E xam ples  in c lu d e  d if fe re n t s tra te g ie s  fo r  d iv e rs if ic a t io n  (A n s o ff. 1957): d ilfe re n t 

so c io log ica l p a ra d ig m s  in  o rg a n iz a t io n a l a n a lys is  (B u rre l a nd  M o rg a n . 1979): d if fe re n t 

c o n flic t in g  m ode ls  (T h o m a s . 1976) c ite d  in  M o rg a n  (1986 ): d if fe re n t le a rn in g  s ty les 

(K o lb .  1985): d is c o n t in u it ie s  in  p ro d u c t life cyc le s  (M o o re . 1991. 1995. 1996): d y n a m 

ics o f in n o v a tio n  th ro u g h  kn o w le d g e  m an ag em en t (N o n a ka  a nd  T a ke u ch i. 1995. 1997): 

id e n t if ic a t io n  o f  soc ia l p a ra d ig m s  in  in fo rm a t io n  system s d e ve lo p m e n t ( H irs c h h e im  

a nd  K le in . 1989): use o f  c r i t ic a l  soc ia l th e o ry  in  in fo rm a t io n  sys tem  cycles (X g - 

w envam a. 1991): m u lt ip le  p a ra d ig m s  in  H u m a n -C o m p u te r  In te ra c t io n  (K a m m e rs - 

gaa rd . 1988): resource  m a n a g e m e n t cycles (H u llin g .  1993): c o n flic t  o f  in te re s ts  in
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s o ftw a re  sys tem  a n a lys is  (B o e h m  and  P o r t. 1999): soe ia l issues in  s o ftw a re  a rc h ite c 

tu re  (C o c k b u rn . 1996): so c ia l le a rn in g  cycles in  an  in fo rm a tio n  space (B o is o t. 1998) 

a n t i th e ir  a p p lic a t io n  in  d is a s te r m an ag em en t (S m ith  a n d  D o w e ll. 1999); idea l space 

fo r  s e m io tic  e n g in e e rin g  (de Souza. 1993): and  a s e m io t ic  space to  e xp lo re  c o g n it iv e  

d y n a m ic s  in  o rg a n iz a tio n s  (v a n  H eusden  and  .Jorna. 2001). I have  chosen these' p a r 

t ic u la r  m odels ; l s  e xam p le s  fo r tw o  reasons. F irs t ly ,  th e y  p o in t o u t the* m om en t o r 

p e r io d  across the1 w h o le  l i fe t im e  o f an in s t itu t io n  (o r  p o lic y )  a t o r  th ro u g h  w h ich  i t  is 

c le a r fo r its  s ta k e h o ld e rs  th a t th e  a c tu a l fo rm  o f  o rg a n iz a tio n  is no longe r a p p ro p r i

a te  to  th e  e x te n t th a t  i t  needs s t r u c tu ra l tra n s fo rm a t io n s . S econd ly , th e y  have been 

used to  u n d e rs ta n d  th e  d y n a m ic  changes in  in s t itu t io n s ,  he th e y  g o v e rn m e n ta l (p o l

ic y  m a k in g ) o r  c o m m e rc ia l (o rg a n iz a t io n  m a n a g e m e n t), [ f  des ign  is to  he* u n d e rs to o d  

w i th in  b ro a d e r c o n te x ts  and  lo n g e r lifespans, these m ode ls  a re  im p o r ta n t exam ples.

Severa l o f  these  m ode ls  encom pass concep ts  th a t  had  been s tu d ie d  in  c o m m u n i

c a tio n s  and s e m io t ic  s tu d ie s . T h e  c o m m u n ic a tio n  m od e l d eve loped  by Saussure in  

1915 is th e  fo u n d a t io n  o f  a lon g  lis t  o f  s t r u c tu ra l is t  theo ries  in  l in g u is t ic s  and  a n th ro 

p o lo g y  (Saussure . 1983). It has th e  b id ire c t io n a l d y a d  s ig n if ie r  a n d  s ig n ifie d  (o fte n  

read as o b je c t a n d  s u b je c t)  as its  keystone, b u t  i t  a lso  d isca rds  w h a t is s u b je c tiv e  

a n d  in d iv id u a l,  a m i w ha t is n o t consensua l o r  d if fe re n t.

S evera l o f  these  m ode ls  d ic h o to m iz e  re la tio n s : be tw een  s u b je c ts  and  o b je c ts , be

tw een  d if fe re n t leve ls  o f a b s tra c t io n , betw een  th e  in d iv id u a l and  th e  g ro u p , betw een 

th e  new  and  th e  o ld . betw een  th e  ta c it  and  th e  e x p l ic it ,  be tw een  th e  co o p e ra tiv e  and  

th e  u n c o o p e ra tiv e .

These  m od e ls  so m e tim e s  d ra w  on  o rg a n iz a tio n a l, so c ia l, c o g n it iv e , c o m m u n ic a tiv e , 

and  s e m io tic  th e o rie s , so m e tim e s  na ive ly , a t o th e r  tim e s  e x p la n a to r ily ,  and  a t s t i l l  

o th e rs  e x p lic it ly .  T h e  a tte m p t to  in c lu d e  b o th  s u b je c t iv e  and  o b je c tiv e 1 issues across 

process m ode ls  recogn izes th a t th e re  are s u b je c t iv e  e lem ents.

Frege's u n id ire c t io n a l d ya d  com posed  o fs rn .s e  a n d  r r f t n n r r .  w id e ly  used in  log ic , 

is a n o th e r e x a m p le  o f a co nce p t th a t  d em arca tes  a n d  d if fe re n tia te s  w h a t is language  

fro m  w ha t is rea l. T h e n 1 is uo sense w ith o u t  re fe rence.

T h e  exam ple 's th a t  fo llo w  i l lu s t r a te  severa l a t te m p ts  to  m ake  use o f d ich o to m ie s
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a n d  d ya d s  to  s tru c tu re  s o lu tio n s  th a t  go beyond  th e  iso la te d  p ro d u c t,  m a rk e t, in 

d iv id u a l.  in te rfa c e  s ty lo , e tc . I t  is poss ib le  to  say th a t  these exam p les  go beyond  

e s ta b lish e d  b o u n d a rie s , b u t n o t e no ug h  to  be in  consonance  w ith  a Pe ireean fram e 

w o rk . T h is  b rin g s  to  th e  fo re  th e  d if fe re n t w ays o f s t r u c tu r in g  s ign  re la tio n s . In  th e  

n e x t c h a p te r  I e x p lo re  th e  s tru c tu re  o f  P e irce 's  t r ia d ic  a n d  decad ic  s ign  re la tio n s .

A cross  In fo rm a t ic s , awareness fo r  sub jective* issues is an  advancem en t b u t i t  is 

a lso  a cha llenge . It. is an  adva nce m e n t because i t  shows th a t  In fo rm a tic s  as a whole* 

is m a tu r in g  as a disc ipline*. I t  is a challem ge because spe*e ia lis ts  in  te ch n o lo g y  de>- 

ve*1 "  cu t have* be*en m o s tly  u naw are  o f  th eo rie s  anel inodcds o f c o m m u n ic a tio n  th a t 

e*ncompass m ea n in g  a n d  in te rp re ta t io n . A lth e m g h  it  is poss ib le  to  fin d  exam p les o f  

v is io n a ry  w o rk  th a t tlie*ore*tica lly  relate*d these issues th rem ghou t the* de*ve*lopme*nt o f  

In fo rm a t ic s , o n ly  re*ee*ntlv has i t  s ta r te d  to  a cq u ire  a s ig n if ic a n t s ta tu s .

The* ne*xt Lwe) e*xample*s are in  H C I a nd  i l lu s t ra te  th e  in c lu s io n  o f  d y a d ic  sem iiotie  

fram e*works in  H C I. Kam m e*rsgaard  (1988) used th e  d is t in c t io n  be*twee*u e*xprc*ssion 

a m i contem t to  d iffe *re n tia te  type's o f  in te *rac tion . anel H u tc h in s  e*t a l. ( 1980) used the  

d is t in c t io n  be*twe*e*n ce)nve*rsation a n d  w o r ld  to  d iffe ren tia te * type's o f  inte*rface.

As illustrate*e l in  F igure* 8 .1 1 (a ). K a m m e rs g a a rd  (1988 ) v isua lize 'd  fo u r diffe*re*nt 

perspe*e-tive*s as source's o f  de'.sign in  H u m a n -C o m p u te r  In te ra c t io n . T h e  chussificatiem  

sche*me* he* propose'd e *x p lic it ly  eliffe*rentiate*s an e*xpression le*ve*l and a conte*nts leve*l. 

T o  organize* the* c o lu m n s  lie  em ploye 'd a h u m a n  d im e n s io n  th a t d istingu ishe*s the* in d i

v id u a l fro m  th e  co llective*. W ith  th is  s tru c tu re  K a m m e rs g a a rd  (1988) characte rizee l 

fo u r  m a jo r  perspective 's  in  H C I: a te>ol perspe*ctive. a sys tem s pe*rspe*ctive*. a m ed ia  

p e rsp e c tive , a nd  a dialogue* p a r tn e r  p e rsp e c tive . F rom  th e  pe*rspe*ctive> o f  c o m m u n ic a 

t io n  a n d  se m io tics . K a m m e rs g a a rd  m ake  use o f  a s t r u c tu ra l is t  co n c e p tu a l d is t in c t io n  

be*tween sub je 'c t and  obje*ct. b u t goes beyond  it  w ith  th e  in tro e lu c tio n  o f  the  hum an  

d im e n s io n  th a t <liffe*re*ntiate\s the* in d iv id u a l fro m  th e  collective*.

The* se*eonel e*xample* is illu s tra te *d  in  F ig u re  .'3.11(b). I t  is re*stricte*el to  an e*ven 

n a rro w e r scope. In  o n le r  to  d iffe re a itia te  dire*et m a n ip u la t io n  in terface 's . H u tc h in s  et 

al. o rgan ize 'd  the  line's o f  the* c la s s if ic a tio n  ta b le  a c c o rd in g  to  users' m odes o f  engage*- 

me*nt w ith  in terface 's, w h ic h  coulel be as a co n ve rsa tio n s  o r  as m ode ls  o f  th e  weirlel
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(a) Space of Human-Computer Interaction individual Use context collective

expression level j Dialogue partner perspective Systems perspective
Source of 
design principle

contents level Tool perspective Media perspective

(b) Space of Interfaces

interface as conversation 

Engagement

interface as model world

Articulatory + semantic distances from user goals 
-  ( a r g e -------------------------------  small----------

Low level language

Low level world

High level language 

Direct manipulation

(c) Categories of Interfaces

conversation

low Directness high

Engagement

manipulation

virtual partner
Indirect conversation Direct conversation

Mixed mode

Indirect manipulation Direct manipulation
virtual world

(d) Information Systems subjectivism 
Supporting person A Emancipator

Social relativism

order
Traditional system ‘jes>qn

Functionalism

NeoHumanism

-► conflict

Radical structuralism
System expert |  "wamor o f progress'

objectivism____________________

(e) Critical Social Theory

Reflection ^

'V  *  
Experience Decision

Action

theoretical
cntique of the foundations 
of information systems i

Reflective v 
W

Decisionistic
criteria, pnnciples. and guidelines for 
dealing with specific class of problems

practical

action onented worti which intervenes 
into information systems to improve it

— Experiential

-*■ ^  Interventionist
participant work to collect data for 
building theory and practice

F ig u re  '5.11: Perspectives in H C I and In form ation  Systems (a) HCI sources of design 

principles (Kammersgaard, 1988, p 344) (b) Space of Interfaces (Hutchins et al.. 1986, 

p 117) (c) Interface Categories (Frohlich, 1997, page 483) (d) Sociological paradigms 

in Information Systems Traditions (Hirschheim and Klein, 1989); based on Burrel and 

Morgan (1979), (e) use of Critical Social Theory in Information Systems (Ngwenyama, 

1991, p 273)
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(H u tc h in s  et a l.. 1986. p 117). T h e  .second wav o f  c la s s ify in g  in te rfaces  w ;is re*late*d 

to  how  fa r th e  in te rface s  were fro m  th e  users ’ goa ls, w h ic h  is re la te d  to  se m a n tic  and  

a r t ic u la to ry  d is tan ces  as u n d e rs to o d  b y  th e  a u th o rs . F ro h lic h  (1997) fu r th e r  re lin e d  

H u tc h in s ' m od e l tu rn in g  it  co n tin u o u s , as d e p ic te d  in  F ig u re  6 .11 (c).

A t  th e  o rg a n iz a tio n a l level I s ta r t  w i th  A n s o ff 's  m a tr ix  proposed in  1957 d e p ic te d  

in  F ig u re  5 .1 2 (a ). w h ic h  c le a rly  e x te n d s  th e  o rg a n iz a tio n a l c o n ce p tu a l space w ith  a 

m a rk e t-c e n te re d  pe rspe c tive . T h e  d e ve lo p m e n t o f  new  p ro d u c ts  m ay dem an d  d if fe r 

e n t s tra te g ie s  d e p e n d in g  on th e  e x is ten ce  o r absence o f a m a rke t. A n s o if co rreh rted  

new  a nd  e x is t in g  p ro d u c ts  w ith  new  a nd  e x is t in g  m a rke ts . He d e rive d  fo u r  d if fe r 

e n t s tra teg ie s  (A n s o ff. 1957). in c lu d in g  s tra te g ie s  fo r  p rodu c t  devt lopmt  nt. fo r  marke t  

deve lopment,  fo r m a rk e t  penet ra t ion ,  a n d  fo r d ivers i f i ca t ion .

T h e  tw o  d im e n s io n s  can be a b s tra c t ly  associa ted  w ith  segm ents o f  th e  hum an  

a n d  th e  te c h n o lo g ic a l d im ens ions  used in  th e  H C I co n ce p tu a l m ode l. For exam p le . 

M o o re ’s (1991: 1995: 1996) chasm  w o u ld  be s itu a te d  across tw o  o f A n s o ff s tra teg ie s , 

th a t  is. new p ro d u c ts  in i t ia l ly  deve loped  fo r  e a r ly  m a rk e ts  becom e e x is t in g  p ro d u c ts  

in  m a in s tre a m  m a rk e ts . T h e  h u m a n  a n d  th e  te c h n o lo g ic a l cou ld  a lso be ;issociate*d 

w ith  th e  sub jective* a nd  the  o b je c t iv e  e lem en ts , p resen t in  some o f these exam ple 's, is 

a lso  in  some1 conce p ts  o f the* s ign , w h ic h  is a key u n it  in  some schools o f  se m io tics .

Burred a nd  M o rg a n  (1979) id e n tif ie 'd  fo u r  d if fe re n t so c io log ica l p a ra d ig m s  use>d in  

o rg a n iz a tio n a l a na lys is : fu n c t io n a lis m , ra d ic a l h u m a n is m , ra d ic a l s t ru c tu ra lis m , and  

in te rp re t iv is m . w ith  the  a id  o f  a g r id  s im ila r  to  th e  one de*picte*d in  Figure* 5.12(1)1. 

B u rre l and  M o rg a n  s tru c tu re d  th e ir  a n a ly s is  th ro u g h  th e  c o rre la tio n  o f  w h a t is sut>- 

je -c tive  o r  o b je c t iv e  ( in  one d im e n s io n ) w i th  w h a t has consensus o r  c o n flic t ( in  a n o th e r 

d im e n s io n ).

In  Burred a n d  M o rg a n ’s m o d e l, s u b je c t iv i ty  is fo u n d  in  those s itu a t io n s  in  w h ic h  

knowledge* is u n d e rs to o d  as soc ia l p ra c tic e . O b je c t iv i t y  is found  w hen knowledge* 

is unde*rstood as independe*nt fro m  h u m a n  a c tio n  a nd  pe*ree*ption. C onsensus te*nds 

to w a rd  sociole>gy o f  re g u la tio n . C o n f l ic t  tends tenvard soc io logy  o f  ra d ic a l change*. 

T h e  a u th o rs  idem tifiee l m ost o rg a n iz a tio n a l a na lys is  as fu n c tie n ia lis t. in  the* sense th a t 

th e y  fos te r a p e rsp e c tive  e>f o rg a n iz a tio n s  as o b je c t iv e  and  consensual. F u n c tio n a lis t
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(a) S tra teg ies  fo r d ivers ification  new products

new markets D ivers ifica tion

existing products 

M arket d e ve lo p m en t

existing markets P ro d u ct develo pm en t M arket penetra tion

(b) S oc io log ica l parad igm s in 
o rg an iza tio n a l analys is

subjectivity 
knowledge as 
social practice

objectivity 
knowledge as independent from 

human action and perception

consensus 
sociology of regulation

In terpretiv ism

Fu nction alism

conflict
-►  sociology of radical change

Radical hu m anism

R adical s tru ctu ra lism

(c) C o n flic t hand ling  m odels Attem pt to satisfy others’ concerns
3.isedcn cooperative uncooperative
Thomas 1977 cited m Morgan 1986

A ttem pt to 
satisfy one’s 
own concerns

unassertive

assertive

A cco m o d a tin g
giving away
submission and compliance

C o llab o ra tin g
find win-wm situations 
search for integrative solutions

C om prom isin g
negotiation 
acceptable solutions

A vo id in g
put problems on hold 
appeal to buraucracy

C om peting
wtn-lose situations 
forcing submission

(d) Learn in g  S tyle  Inventory
based on Oonnkt Kolb 1985

AE
active experimentation

RO
reflective observer

AC abstract 
conceptualization

C o n verg er
A C *r, A ssim ila tor

C E  concrete 
experience

*  AE
A cco m o d ato r

CE’ F

^ D iverger
RO

(f) D isco n tin u ity  and life-cycle
based on Moore 1995 high

Parad igm  Clash

lo w

A
Prototypes Initial market

Science E nthusiasts V isionaries Chasm

\ .......
End
of Life-r

■i ; ---------J rH
C onservatives

i
Pragm atists

c
Bowling

Main Street Tornado
Alley 

-----------------►
low A pp lica tion  R evo lution  high

F ig u re  .'3.12: Roles in organizations I (a) Strategies for diversification (Ansoff, 1957) 

(b) Sociology in Organizational analysis (Burrel and Morgan, 1979) (c) Conflict handling 

models; based on Thomas (1976, p 900) cited in Morgan (1986, p 192) (d) Learning styles 

inventory; based on Kolb (1985) (e) Technology adoption lifecycle; based on (Moore, 

1995, 1996, p 152)
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approaches d is c a rd  e v e ry th in g  th a t is s u b je c t iv e  o r  c o n flic tu a l.

P ro d u c t d e ve lo p m e n t and fu n c t io n a lis m , b o th  a t the  low er le ft co rne rs  o f th e  tw o  

d ia g ra m s  in  F ig u re  8.12. have been th e  lea d in g  e m p ha s is  o f In fo rm a tic s . U s ing  B u rre l 

a nd  M o rg a n 's  (1 9 7 9 )'s  fra m e w o rk . H irse h h e im  a nd  K le in  (1989) c lass ified  tra d it io n a l 

sys te m  des ign  w ith in  an o rd e red , o b je c t ive fu n c t io n a lis t  p a ra d ig m . See F ig u re  8 .11(d) 

fo r  an  i l lu s t r a t io n .  T h is  o n ly  i l lu s tra te s  w h a t 1 have a lre a d y  discussed in  th e  p reced ing  

c h a p te r  a b o u t th e  focus on th e  l im ita t io n s  o f  th e  p ro d u c t-c e n te re d  design processes 

t r a d i t io n a l ly  su s ta in e d  by th e  In fo rm a t ic s  c o m m u n ity . In  p ro d u c t-c e n te re d  w o r ld  

v iew s , a lte r i t y  a n d  h e te ro g e n e ity  is n o t even acknow ledged  o r recogn ized . T h e re  are  

o n ly  p ro d u c ts , b u t no m arke ts , no c o n flic ts , no p eop le , no abuses, no h e a lth  p ro b le m s, 

a nd  no d iv id e s . These* issues are* b e n e a th  c o n s id e ra tio n , ra re ly  cons ide red , and o fte n  

a vo ide d . T h e re  art* co u n te r-e xa m p le s , o f  course.

A  second a u th o r  w ho  e s tab lish ed  a c ro s s -d is c ip lin a ry  l in k  betw een in fo rm a tio n  

sys tem s a nd  so c io lo g y  is N gw enyam a  (1991). N gw enyam a  chussified c r it ic a l soc ia l 

th e o ry  w ith in  th e  H irsehhe im  and K le in  (19S9)'s  n e o -h u m a n is t p a ra d ig m  and  B u rre l 

a nd  M o rg a n 's  (1979) ra d ic a l h u m a n is m . I t  stresses c o n flic t and  s u b je c t iv is m , a n ti 

fo s te rs  an e m a n c ip a to ry  p a r t ic ip a t iv e  endeavor. F ig u re  8 .11(e) i l lu s tra te s  th e  l in k  

be tw een  th e o ry  a nd  p ra c tice  across processes o f  re fle c tio n , dec is ion , in te rv e n tio n , a nd  

e x p e r im e n t, e s ta b lis h in g  a c irc u la r  d yn a m ics .

F or m ost m anagers. ;is B oehm  (2000) d esc rib e d , p ro je c t te rm in a t io n  equals fa i l

u re. It is ta b o o . Indeed, m ost a c t iv it ie s  c a rr ie d  on  in  so ftw a re  e n g in ee rin g , such ;is 

te s tin g  a cco rd in g  to  req u irem en ts , a nd  in  H C I. such  as u s a b ility , co u ld  be chussified 

as p ro d u c t-o r ie n te d  and  fu n c t io n a l. T h e re  is p e rfo rm a n ce , b u t no re fle c tio n  on  th e ir  

im p lic a t io n s  and  consequences.50 I t  is n o t u s u a lly  ques tioned  th a t th e re  is a set o f 

s ta ke h o ld e rs  fo r  w h o m  th e  re q u ire m e n ts  a nd  th e  te s tin g  are im p o r ta n t and  th e re  

a re  users w ho  m a y  no t f in d  a p ro d u c t usable. L o o k in g  fro m  th is  d iffe re n t perspec

t iv e . S o ftw a re  E n g in e e rin g  and  H C I are  m o s tly  in  accordance w ith  th e  d is c ip lin a ry  

scope t r a d i t io n a l ly  m a in ta in e d  in  In fo rm a t ic s . T h e y  are. how ever, a t the  d is c ip lin a ry  

b o u n d a rie s  o f  In fo rm a tic s , p o in t in g  to  u n e xp lo re d  reg ions.

!l,S e r S h u n  ( l'.)S:5) a w l S h u ll a n il B e n n e tt  ( I9 9 t i |  fu r a il u m le rs ta m li i iR  u f  th e  re d u c tiv e  p ra c t it io n e r .
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T h is  leads u.s to  F ig u re  .'{.12(c). h i m a n a g e m e n t. lo r  e xa m p le , b e h a v io r is an 

im p o r ta n t  fa c to r  to  cons ide r. T h e  assignm ent, o f  tasks  o r p o s itio n s  to  peop le  is no t 

done  b lin d , a nd  some fra m e w o rks  have been d eve lo pe d  to  fa c il i ta te  th e  h a n d lin g  o f  

c o n flic ts  o r  fa ilu re s .

T h o m a s  (1976 ) (c ite d  in  M o rg a n . 1986. p 192) p roposed  a c o n c e p tu a l space s tru c 

tu re d  on how  people  hand le  th e ir  ow n  concerns in  re la t io n  to  how  th e y  hand le  o th e rs ' 

concerns. P eop le  can be assertive  o r  una sse rtive  in  h a n d lin g  th e ir  concerns, a nd  coop 

e ra tiv e  o r u n c o o p e ra tiv e  in  h a n d lin g  o th e r 's  conce rns. Ins tead  o f p igeonho le  c o n flic t 

h a n d lin g  m ode ls . T h o m a s  p roposed  a c o n tin u o u s  space to  s itu a te  a c e rta in  a pp ro ach , 

p lo t t in g  on  a  su rface  c o lla b o ra t io n , avo idance , c o m p e tit io n , a c c o m m o d a tio n , a nd  

co m p ro m ise  (T h o m a s . 1976. p 9 0 0 ) .u

Competitive-positioning 
COmpaSS Moore 1991

o°

jpfi Conservatives

Revenues and profits 
Strategic partners 
Top-tier customers 
Full product line 
Business press coverage
Financial analyst endorsements

generalists

t .  ,
developing 

mainstream  
market

supporters

chasm

early
market
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market lime

Benchmarks 
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Design wins 
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Visionary endorsements%
cy Visionaries

developing 
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I
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Architecture
Schematics
Demonstrations
Trials
Technology press coverage

skeptics

Guru endorsements

Enthusiasts

F ig u re  3.13: Moore’s Competitive Compass: B ased on (M o o re , 1991, pp 141, 163)

A t the  in d iv id u a l level. D o n a ld  K o lb  (1985) p ro po sed  a c la s s ific a tio n  fo r le a rn in g  

s ty les , w h ich  is d e p ic te d  in  F ig u re  .'{.12(d). K o lb 's  m o d e l d if fe re n tia te s  a c tive  e xp e r

im e n ta t io n  fro m  reflective ' o b s e rv a tio n  and  a b s tra c t c o n c e p tu a liz a tio n  from  co nc re te

WI a rra n g e d  F ig u re  .'{.12(e) in  th e  sam e  o r ie n ta t io n  as F ig u re  ;{ .1 2 ll> i. s w a p p in g  consensus w ith  

c o o p e ra t io n  a n d  c o n llic t  w ith  u n c o o p e ra t iv e . T h e  p a ra lle l does n o t im p ly  th a t  p e o p le  in  In fo rm a t ic s  

te n d  to  he c o o p e ra t iv e  a n d  a sse rtive . The answ er is p a r t ic u la r  to  each s itu a t io n  a n d  de p en d s  b o th  

on  w h o  is a d d re s s in g  a c o n f lic t ,  a nd  w ith  w h o m . I t  is c o n t in g e n t on b o th  in d iv id u a l a nd  c o lle c t iv e  

issues.
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e xpe rie nce . A c c o rd in g  to  K o lb 's  in v e n to ry  o f s ty le s , peop le  can be d ive rgers , assim - 

i la to rs . conve rgers , o r  a cco m o d a to rs . T lu *  concep t o f  s ty le  is n o t in ten de d  to  s tre a m  

a pe rson  to  a s ing le  b eh av io r, b u t ra th e r  to  fo s te r th e  d eve lo pm e n t o f  o th e r s ty les  

to  co m p le m e n t th e  ones a lre a d y  deve lo pe d . K o lb  describes a process b e h in d  such 

le a rn in g  s ty le s , w h ic h  invo lves severa l pluuses: ( i)  co ncre te  e xpe rie nce  is fo llo w ed  by 

( i i )  re lle c tiv e  o b s e rv a tio n , w h ich  is fo llo w e d  b y  ( i i i )  a b s tra c t c o n c e p tu a liz a tio n , w h ich  

is fo llo w ed  by ( iv )  a c tiv e  e x p e r im e n ta t io n . T h is  e xe m p lifie s  th e  concept o f process 

w i th in  a c o n c e p tu a l space. T h e  process is v isu a lize d  ;is a sequence o f ac tions  across 

th e  c o n c e p tu a l space th ro u g h  th e  use o f  an o r ie n te d  line , su gg es tin g  a t ra je c to ry .  

M o s t o f  th e  fo llo w in g  exam p les use th e  sam e g ra p h ic  resource.

M o o re  (1991) p roposed  tw o  s tra te g ie s  to  cross th e  ch;usm and used such a resource  

to  v is u a liz e  th e m . F igu res  3 .12(d) a n d  3.13 are  based on  M o o re  (1991) and M o o re  

(1 9 9 5 ). re sp e c tive ly , b u t I have re d ra w n  th e m  to  fa c il i ta te  th e  co m p a rison . In  th e  

f ir s t  one*, w h ic h  M o o re  ca lled  th e  "c o m p e t it iv e  p o s it io n in g  com pass." lie  c o rre la te d  

the* ro les o f peop le  w h o  are u s u a lly  in  th e  d e v e lo p m e n t phase o f a p ro d u c t (e ith e r  

g e n e ra lis ts  o r  s p e c ia lis ts ), w ith  the* ro le  o f  those  w ho  are  a t the  d e p lo y m e n t use phase 

(e ith e r  s u p p o r te rs  o r  ske p tics ). See F ig u re  3.13. T h e  process s ta r ts  w ith  e n th us ia s ts , 

a n d  i t  is s e q u e n tia lly  fo llow ed  b y  v is io n a rie s , p ra g m a tis ts , and  conse rva tives . T h e  

c ross ing  o f th e  chasm  im p lie s  an  o rg a n iz a t io n a l s h if t  fro m  a p ro d u c t-o r ie n te d  to  a 

m a rk e t-o r ie n te d  deve ' ‘ (M o o re . 1991. p 112).

In  a second d ia g ra m , d e p ic te d  a t F ig u re  3 .1 2 (d ) . M o o re  c o rre la te d  a h igh  o r  low  

p a ra d ig m  c lash  w ith  a h igh  a nd  lo w  a p p lic a t io n  re v o lu tio n . T h e  s im ila r i ty  w ith  

A n s o ff 's  g r id  is c lea r. T h e  d iffe re n ce  is th a t  M o o re  suggested th a t  th e  process s h o u ld  

fo llo w  a sp ec ific  l in e a r  o rd e r, a n d  he e x p l ic i t ly  d re w  a b a rr ie r  across the  e n tlm sh is t ic 

in c e p t io n  o f  a p ro d u c t and its  co n se rva tive  end o f  life . I re ite ra te  th a t M o o re 's  

o b je c t iv e s  wen* to  m a rke t and  se ll p ro d u c ts  to  m a in s tre a m  cus tom ers . A  q u e s tio n  

th a t  he d id  not a nsw er is fo r how  lo n g . F rom  th a t p o in t on. he gave no g ra p h ic  h in ts  

o f  w h a t can h ap pe n  to  a te chn o lo gy , excep t s h o w in g  th a t th e re  is a w a ll b lo c k in g  

fu r th e r  d e ve lo p m e n t.

In  tin * n a rro w  t im e  fram e  th a t  M o o re  is add re ss ing , it  d o e s n 't m a tte r  fo r  how
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lo n g . ;is lon g  ;is i t  soils. M oon* d id  n o t in c lu d o  " lf ig g a rd s " in  his com pass. H ow ever. 

M o o re  recogn ized  th a t " la g g a rd s " c o u ld  teach  "h ig h -te c h "  m a rk e tin g  w h a t th e y  w e n 1 

d o in g  w ro n g , b u t he w ;is n o t ab le  to  in c lu d e  th e ir  ro le  in  h is  m o d e l. iJ

Dynamics of innovation
N o n a k a  a nd  T a k e u c h i 1995

tacit knowledge
(subjective: theory, 

mind, there and then)

from

explicit knowledge 
(Objective: practice, 
body, here and now)

tacit knowledge
to

explicit knowledge

sharing knowledge 

Sym path ized know ledge 

Socialization

Internalization
O perations knowledge

building an archetype 
cross leveling knowledge \ justifying concepts

creating concepts

Conceptual knowledge 

Externalization

Combination
System ic knowledge

Ontological dimension
inter-organization - -  

organization
middl e-up-down 

m anagement group

individual

Internalization -

Socialization -

Externalization 

.  Com bination

tacit Epistemological dimension explicit

F ig u r e  3.L  1: Nonaka and Takeuchi’s knowledge creation spiral: Based on (N o n a k a  

a n d  T a k e u c h i, 1 9 9 5 , pp 8 0 ,8 2 )

1 s h if t  now  to  an exam p le  in  an  area  la b e lle d  know ledge  m an ag em en t. In  d i 

a g ram s s im ila r  to  the  ones in  F ig u re  3.11 N o n a ka  and  T a ke u ch i ( l ' J O a )  p roposed  

th a t th e  d y n a m ic s  o f in n o v a tio n  fo llo w s  a h e lic o id a l p a tte rn  com posed  o f re c u rre n t 

cyc les o f  s o c ia liz a tio n , e x te rn a liz a t io n . c o m b in a tio n , and  im p le m e n ta tio n . N on aka  

a n d  T a ke u ch i c o rre la te d  th e  ta c it  a n d  e x p lic it  e p is te m o lo g ic a l d im e n s io n , d ra w in g  on  

M ic h a e l P o la n y i s d is t in c t io n  in  w h ic h  a scale o f  th e  in te r-o rg a n iz a t io n a l, o rg a n iz a 

t io n a l.  co llec tive ', and  in d iv id u a l o rgan izes  th e  o n to lo g ic a l d im e n s io n . In  th e ir  m o d e l, 

w h ic h  w;\s devc ! ; 1 in  th e  c o n te x t o f  Japanese o rg a n iz a tio n a l c u ltu re s , kn ow led ge

*■ T h is  te lls  ; i lo t m u re  a b o u t M o o re 's  p e rs p e c tiv e  th a n  a b o u t th e  m o d e l its e lf .  I r e tu rn  to  a 

s im ila r  p o in t d is c u s s in g  a m o d e l in t ro d u c e d  b y  H o ll in s  in  n a tu ra l resource  m a n a g e m e n t, in  w h ic h  

th e  ro le  o f  th o s e  w h o  res is t th e  im p le m e n ta t io n  o f  a p o lic y  a re  c o n s id e re d  e s se n tia l to  its  lo n g - te rm  

s u s ta in m e n t .
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d if fu s io n  processes s ta r t  a t m id d le  m an ag em en t a nd  d iffuse  up and  d o w n  th e  c o m p a n y  

m an ag em en t h ie ra rchy . *'1

In  th e  above exam p les  T h o m a s  d if fe re n tia te d  th e  u m isse rtive  fro m  th e  assertive . 

K o lb  d if fe re n tia te d  th e  a b s tra c t fro m  th e  concre te , and  M oo re  d if fe re n tia te d  th e  gen

e ra lis t (c o m p a n v -m a rk e t)  fro m  th e  s p e c ia lis t (p ro d u c t- te c h n o lo g y ). S im ila r ly . X o na ka  

a nd  T a ke u ch i (1995) e xp lo re d  th e  d y n a m ic s  o f  in n o v a tio n  betw een th e  ta c it  and  e x

p l ic i t .  W h ile  th e  w o rk  deve loped  b y  AnsofT ( 1957). B a rre l and M o rg a n  (1979), and  

T h o m a s  ( I97 (j) le ft open  th e  poss ib le  c o m b in a tio n  o f  d iffe re n t iispe c ts  o r  d im en s ion s  

o f  o rg a n iz a tio n s  and people , th e  w o rk  deve loped  b y  K o lb  (1985). M o o re  (1991. 1995.

199(5). and  X o n a ka  and  T ake uch i ( 1995. 1997) d e lin e a te d  process sequences to  g u id e  

a c tio n .

In  th is  sense. M o o re 's  process m o d e l is lin e a r a nd  is lim ite d  to  a s h o r t p e r io d  o f  a 

u n iq u e  d if fu s io n  process. F rom  one lin e a r  cyc le  to  a n o th e r, the re  is an in s u rm o u n ta b le  

b lo c k . M o o re ’s w o rk  is focused on  th e  d if f ic u lt ie s  o f  o ve rcom ing  d iffe rences, like  th e  

chasm , in  o rd e r to  se ll m ore  p ro d u c ts  to  m ore  peop le . K o lb  ( 1985)'s m o d e l p rescribes 

a c irc u la r  p a tte rn  fo r  process, w h ic h  sh o u ld  be addressed in  fu ll to  be b a lanced , 

d e s p ite  in d iv id u a l s tre n g th s  and weaknesses. X o n a ka  and T a ke u ch i (1995. 1997) 

add  an o n to lo g ic a l (h u m a n ) d im e n s io n  to  th e  c irc u la r  d iffu s io n  process, m a k in g  i t  

h e lic o id a l. b u t th e ir  m ode l rem a in s  l im ite d  to  th e  o rg a n iz a tio n a l s e tt in g , ig n o r in g  th e  

m a rk e t.

M a x  H. B o iso t (1995. 1998) p ro p o se d  a m o d e l fo r le a rn in g  in  o rg a n iz a tio n s  in  

w h ic h  soc ia l le a rn in g  cycles flow  th ro u g h  a th ree  d im e n s io n a l space la b e lle d  in fo rm a tio n -  

spacc. B o iso t c o n s tru c te d  h is m o d e l based on th e  a ssu m p tio n  th a t d a ta  is d iffe re n t 

fro n t in fo rm a tio n , w h ic h  is d if fe re n t fro m  know ledge . D a ta  is s im p ly  a "d is c e rn ib le  

d iffe re n ce  betw een a lte rn a t iv e  s ta te s  o f  a s y s te m ". In fo rm a t io n  is d a ta  th a t " m o d ifie s  

th e  e x p e c ta tio n s  o r th e  c o n d it io n a l read iness o f  th e  obse rve r." K n o w le d g e  is " th e  set 

o f  e x p e c ta tio n s  th a t an obse rve r h o ld s  w ith  respect to  an e ve n t." B o iso t associates

u .See l E u g o s tro m . 109‘J l i .  p J 7 (J l  fo r c o m m e n ta r ie s  a nd  c r it ic is m s . E n g c s tro m  a rg u e d  th a t X o n a k a  

a n d  T a k e u c h i d id  n o t e x p la in  th e  leap  f r o m  th e  s p ira l to  th e  c o n c e p tu a l space a n d  d o w n p la y e d  th e  

ro le  o f  s m a ll te a m s in  Japanese  c o m p a n ie s .
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(a ) d a ta  w ith  even ts  in  th e  w o r ld , (b )  in fo rm a t io n  w ith  w hat is a b s tra c te d  fro m  d a ta  

b y  an  agen t th ro u g h  p e rc e p tu a l a nd  c o n c e p tu a l f i l te rs , and (<•) kn ow ledge  w ith  w h a t 

is w i th in  the  agen t (B o is o t. 1908. p 19-29). B o is o t (1995. 1998) d if fe re n tia te d  th e  

c o d if ie d  fro m  th e  u n c o d ifie d , as i l lu s t ra te d  in  F ig u re  3.15.

B o is o t o n ly  s itu a te s  d iffu s io n  once  d a ta  has been co d ified  in  an a b s tra c t fo rm . 

A lth o u g h  d e p ic te d  ;is a spec ia l d im e n s io n , d if fu s io n  ends up  b e in g  re s tr ic te d  to  a 

s in g le  p a r t o f  th e  so c ia l le a rn in g  cyc le  i l lu s tra te d  in  F ig u re  3 .15 (a ). w h ich  is com posed  

o f: ( i)  sca nn in g , in  w h ic h  th re a ts  a nd  o p p o r tu n it ie s  a re  id e n tif ie d  am ong  fu zzy  d a ta : 

( i i )  p ro b e h n -s o lv in g . in  w h ich  s tru c tu re  is g iven  to  th e  id e n tif ie d  fuzzy  d a ta  th ro u g h  

a p rocess o f  c o d if ic a t io n : ( i i i )  a b s tra c t io n , in  w h ic h  th e  e a rlie r deve loped  s tru c tu re  is 

g en e ra lized  to  a w id e r  range o f  s itu a t io n s : ( iv )  d if fu s io n  its e lf, in  w h ich  th e  c re a te d  

in s ig h ts  are shared  w i th  th e  ta rg e t p o p u la t io n : (v )  a b s o rp tio n : in  w h ich  th e  c o d ifie d  

in s ig h ts  are  a b so rb e d  by the  ta rg e t p o p u la t io n : a n d  (v i)  im p a c t in g , in  w h ic h  th e  

a b s tra c t kn ow led ge  is f in a lly  e m bedded  in  c o n c re te  p rac tices  (B o is o t. 1998. p 59- 

9 1 ). B o is o t's  le a rn in g  cu rve  flow s in  o rd e re d , co m p le x , and c h a o tic  reg ions o f his 

in fo rm a t io n  space.

B o is o t's  m od e l is an im p ro v e m e n t b u t  it  a pp lie s  a lin e a r and passive p e rs p e c tiv e  on 

h u m a n  le a rn in g . T h e n * is m in o r  space fo r  c o n c re te  h u m a n -a c tio n . T h is  p o s it io n  is in 

consonance  w ith  B o is o t's  w o rld  v ie w  in  w h ich  th e  p h ys ica l (source  o f  la b o u r p o w e r) is 

in  o p p o s it io n  to  th e  a b s tra c t (sou rce  o f  kn o w le d g e ). Indeed he d if fe re n tia te d  h u n te r-  

g a th e r  soc ie ties , fo rm  a g r ic u ltu ra l soc ie ties , fro m  in d u s tr ia l soc ie ties  based on  the  

in c re a s in g  a m o u n t o f  d a ta  th e y  have, a n d  on th e  m o re  e ffic ien t sys tem s these soc ie ties  

have deve loped . B o is o t's  In fo rm a tio n -s p a c e  is an  im p o r ta n t a t te m p t to  e s ta b lis h  a 

fra m e w o rk  fo r u n d e rs ta n d in g  le a rn in g  in  o rg a n iz a tio n s . H ow ever, h is d is re g a rd  o f 

th e  spec ia lized  l i te ra tu re  a b o u t le a rn in g , know led ge , and c o m m u n ic a tio n , led h im  to  

re - in v e n t the  w hee l w ith  respect to  o rg a n iz a tio n s  as c u ltu ra l endeavors .'11

" A l t h o u g h  B o is o t m akes  re fe rence  to  a w id e  set o f  re fe rences, he d e lib e ra te ly  does n o t m ake  

re fe re n ce  to  th e  l i t e r a tu r e  in  th e  h u m a n  sc iences in  w h ic h  th e  concept o f  in fo rm a t io n  and  k n o w le d g e  

has been w id e ly  d iscu sse d . U n fo r tu n a te ly ,  he ends u p  p ro p o s in g  co n ce p ts  th a t  have a lre a d y  been 

d iscu sse d  in  p h ilo s o p h y , psych o lo gy , s e m io t ic s , e tc . F o r e x a m p le , th e  c o n c e p ts  o f  d a ta , in fo rm a t io n ,  

a n d  kn o w le d g e  he p ro p o s e d  (B o is o t.  1998. p p  19-20 ) can  be  seen as a p a r t ic u la r  etise o f  P e irce 's
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(a) Social Learning Cycle 
in the Information Space
based on Boisot 1995,1998
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F ig u r e  5 .1 5 : Boisot’s information space: ( a )  S o c ia l lea rn in g  cu rve  based on  B o is o t 

( 1 9 9 8 )  (b )  based o n  (v a n  H eusden  an d  Jo rn a , 2 0 0 1 )
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For B o iso t. a co m p a n y  o r o rg a n iz a tio n  m ay  d eve lo p  d if fe re n t so c ia l le a rn in g  cycles 

th ro u g h  w h ich  a focus on the  in te rn a l and  n o n -d iffu s e d  cycle* can he fo llow ed  b y  a 

e x te rn a l and  a b s tra c t cyc le  ;is i l lu s tra te d  in  th e  low e r r ig h t co rn e r o f F ig u re  3 .15 (a ). 

A n  exam p le  in  In fo rm a t io n  system s is based o n  th e  w o rk  o f  van H eusden and .Jorna 

(2001 ) w ho  e x p l ic it ly  discuss a n d  c r it ic iz e  B o is o t fo r  m isu s ing  s e m io tic  concep ts . 

T h e  a u th o rs , w ho  partic ipa te* in  a p ro je c t on  O rg a n iz a t io n a l S e m io tics . su b s titiite *d  

th e  d if fu s io n  d im e n s io n  w ith  one* assoc ia ted  w ith  th e  degree o f se*nsory de*tail and  

p roposed  a more* co m p le x  set o f  re la t io n s h ip s  a m o ng  th e  cognitive* and  o rg a n iz a tio n a l 

proc(*sse*.s. T h e y  dc*scribt*el tw o  type's o f se*nsory o r  ta c it  know ledge . fo u r type's o f 

coded  knenvle*elge*. and  e'ight type's o f the*oretica l k n o w le d g e ." ’

A lth o u g h  B o iso t d id  n o t m e n tio n  the* fie*ld o f  se m io tics , tw o  o f  the* th ree  d im e n - 

s ions he* used are* eas ily  matche*el w ith  Ee-e>'s fram ew e)rk  use*el by de* Semza te> i l lu s tra te  

the* ce)nce*i)tual space* o f Se*mie)t.ic Engine*e*ring. Se*e Figure* 2.5 The* m a th e m a tic a l eiis- 

t in c t io n  betw een typ es  anel tokens is useel b y  Eco ;is the* e*xtre*mes e>f a scale assoc ia ted  

w ith  ele*gre*e*s o f c o d if ic a t io n  ( r a t io - fa c il l is / r a t io -d i f f ic i l is ) .  T h e  ele*gre*e* in  w h ich  a  code 

is g ra m m a tie a liz e d  can be saiel paraded to  th e  ele*gre*e* a ce>ele* is s tru c tu re d .

T in * th re e  e iim ens iona l me)dels deve loped  b y  ele Souza (1993 ). C o c k b u rn  (199G). 

Be»ise>t (1998 ). a nd  van Heuselen and  .Jorna (2 0 U I). de*scribe*ei e*arlie*r. i l lu s tra te  the* 

m u lt i-e lim e n s io n a lity  e)f o rg a n iz a tio n a l space*s. T h e  process me)elels use*el to  de*scribe* 

a c t iv it ie s  in  the*se* spaces. anel in  e*arlie*r tw o -d im e n s io n a l e*xample*s. te*ne 1 to  be* line*ar. 

e*ve*n w hen  elepicte*d ;ts c irc u la r . I proce*cel now  w ith  a m od e l th a t suggests a r ic h e r 

e lynam ics  deve loped  in  resource m an ag em en t.

H e)lling  elrew on  a d a p tiv e  d y n a m ic  cycles d eve lo pe d  in  the  e*e)nte*xt e)f c o m p le x  

sys te m s and  e xp lo re d  th em  to  eliscttss in s t itu t io n a l cyc le 's ."1 T h e  flenv o f even ts  in

c o n c e p t o f  lirs tn c s s . secondncss. and  th ird n e s s . d iscussed  in  th e  ne*xt c l ia p tc r .  In  t l i is  sense* B o is o t 's 

a p p ro a c h  is in te re s t in g .  lent it e-onlel have  he'cn e*nriclu*d i f  lie* h a d  nett e x p l ic i t ly  d o w n p la y e d  the* role* 

etf t in *  Im m u n it ie s . Se*<* van  He*nselen atie l Je trua  (20 0 1 ) fetr e -r itic ism s.

’ ’ A lth o u g h  van  He-uselcn anel J o rn a  (20U 1) elet nett m a k e  e x te n s iv e  use etf P e irce 's  s e m io tic s . th e  

tneielel th e y  deve lopee l lia ve  ; i close resem blance* w ith  th e  lo g ic  lie-hitlel Pe*irce*'s ca te g o rie s  etf s ig n s  as 

f eliscttss in  th e  n e x t c h a p te r .

■"’ M iehe 'l Se-rre’s w rote* e x te n s iv e ly  a b o u t the* re la t io n  b e tw e e n  c e im rn u n ic a tio n  an*l ce im p lex  sys-
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;m  ecosystem  can be described  th ro u g h  lo u r  flow  o f even ts  cycles ms d e p ic te d  in  

F ig u re  3.10. T in 1 d is tan ce  betw een th e  a rro w s  in te n d  to  g ive  an idea o f th e  pace a t 

w h ic h  tra n s fo rm a tio n s  o ccu r. T h e  c loser th e  a rrow s , th e  fas te r th e  tra n s fo rm a tio n  is. 

;is in  th e  release and re o rg a n iz a tio n  phases. T h e  fu r th e r  th e  a rrow s, are th e  s low er 

th e  tra n s fo rm a t io n  is. as in  th e  e x p lo ita t io n  a nd  co n se rva tio n  pluuses.17

5) Resources

Mitch 4) Reorganization Alternatives 2) Conservation implementation

|  a  ^ ---------- -
Stored a  /  Cl,max Consolidation T K
Capital t --------------------------------- 'IK .   f

r  \  Pioneer Opportunist Fire Storm Pest /  £"2
I V  >▼ m  -

Little 1) Exploitation Policy 3) Release Crisis

Holling 19 95  Weak ■*---------------------------- Connectedness  ► Strong

F ig u re  3.10: Holling’s four phase cycle (H o llin g . 1995, p 22, re d ra w n )

R o llin g 's  fo u r  pluuse cyc le  re flec ts  th e  tra n s fo rm a tio n s  o f  tw o  a ttr ib u te s  o f  a d y 

n a m ic  sys tem s: (a) a m o u n t o f a c c u m u la te d  c a p ita l (n u tr ie n ts , ca rb o n ) s to re d  in  

d o m in a n t va riab les  at th e  m o m e n t (v e r t ic a l d im e n s io n ) a nd  ( b ) the  connectedness 

a m o ng  th e  va riab les  (h o r iz o n ta l d im e n s io n ). T h e  e n tra n c e /e x it  fro m  th e  cyc le  de

p ic te d  a t th e  to [) - le ft co rn e r suggests th e  tra n s fo rm a t io n s  th a t  lead to  the  em ergence 

and senescence o f a p ro d u c tiv e  and o rg a n ize d  sys tem  w ith  an  es tab lished  d y n a m ic s  

(H o llin g . 1993. 1995).

te rns . See S erres a n d  L a to u r  (11)1)5) a nd  Serres ( ‘2001).

’ P a u l K le e  used a s im ila r  d ia g ra m  in  h is  in t r o d u c to r y  a r t  cou rse  at th e  B au h a u s . K le e  d is t in 

g u ish e d  th re e  ty p e s  o f lines : a c t iv e , m e d ia l, a n d  pass ive . A n  a c t iv e  lin e  fre e ly  m oves, h a v in g  a 

d e s t in a t io n  o r  n o t .  A c t iv e  lin e s  becam e m e d ia l once  th e y  have desc r ib e d  coheren t fo rm s . In  e;ise 

th o se  fo rm s  w h e re  co lo re d , th e  lines  becom e  p ass ive , because c o lo r  se rved  ;es th e  a c t iv e  e le m e n t 

iW h i t f o r d .  I9S-1. p 1 l-I t. A n  a r t i fa c t  c o u ld  be u n d e rs to o d  fre e ly , m e d ia l, and  passive  in  re la t io n  

to  th e  a c t iv i t y  i t  s u p p o r ts . I a d d e d  th is  n o te  to  s tress  tin *  m e ta p h o r ic  n a tu re  o f  these processes. I 

re p e a t, p rocess m o d e ls  s h o u ld  n o t s t if le  p ro fe s s io n a l p ra c tic e s , b u t fo s te r  a re fle c tiv e  c r i t ic a l  a t t i t u d e  

to w a rd  th e ir  a p p ro p r ia te n e s s  to  d if fe re n t s itu a t io n s .
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5) R e s q u r c e s ^ z c f '
    __

4) Alternatives !) Deployment

^  lit

Expectation

a  K.

ID

-• n
Undeniable inadequacy 

1) Development of IT Implementation 3) Crisis

r
_  1) DeveloDm

Weak Connectedness Strong

Attributes o f G roup D om inan t a t D ifferent Phases o f Adaptive, Four Phase Cycle
Phase of adaptative cycle 5-4-5 (from resources to new alternatives)
Group Type Evolutionary / Visionary
Activity focus Deep cooperative transformation
Strategy "Do as never before’
Response to changes Invention
Time honzon Distant future (multiple discontinuous time scales)
Space honzon Envisioning new bounds
Nature of truth and reality Creating new myths

Phase of adaptative cycle 4-1 (from alternatives to development) 2-3 (from deployment to cnsis)

Group Type Decision Makers / Strategist / Designer Activists, Skeptics
Activity focus New cooperative learning Insurgence
Strategy ’ Invention tomorrow’ ‘Weathering the storm"
Response to changes Reframing strategies Conflict
Time honzon Near future (multiple time scales) Present (discontinuous time scale)
Space honzon Creating new bounds Destruction of old bounds
Nature of truth and reality Reconfiguring myths Competing explanations

Phase of adaptative cycle 1-2 (from development to deployment) 3-4 (from cnsis to alternatives)

Group Type Bureaucracy / Sales Catalysts / Brokers
Activity focus Self-serving Unlearning
Strategy •Do as before, but more" ‘Unlearning yesterday’

Response to changes No change Shedding old behaviors
Time honzon Time of office (linear time scale) Time out (multiple time scales)
Space honzon Building and holding bounds Suspension of bounds
Nature of truth and reality Constructed Discovenng what works

F ig u r e  3 .1 7 : Holling’s key roles in institutional adaptive cycles (G u n d ers o n  e t a l., 

1 9 9 5 b , p 5 2 0 -1 , re d ra w n )
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T I k * im p lic a t io n s  o f H o llin g  (1998 . 1995)'s m od e l to  n a tu ra l resource  m anagem en t 

s u p p o r te d  G u n d e rso n  e t a l. (199.r)b ) in  th e  id e n t if ic a t io n  o f  five  m a in  phases w ith in  

in s t itu t io n a l cyc les. F irs t o f  a ll.  ( i)  resources m u s t he available* to  s ta r t  the* process. 

O nce  i t  emerges. ( i i )  a lte rn a tiv e s  a re  searched, ( i i i )  elevele)pme*nt is m ade , ( iv )  d e p lo y - 

m e n t takes place*, (v )  and  a c r is is  is reacheel. T h e  e ither m e n tio n e d  c irc u la r  m ode ls  

ele) nut adelre*ss pe*riexls e)f c ris is .

Five* m a in  role*s w ith in  the* e s ta b lis h e d  d y n a m ic s  l in k  these* lo u r  ph;ise*s. (a) The* 

re>le* o l v is io n a rie s  is key. because the*y e*stablish th e  cyc le . T h is  can be* ;uss<>e iate*< 1 w ith  

C h ris te n s e n  ( 1997a) e lis ru p tiv e  techno log ies . (b ) Once* the* d y n a m ic s  are* e*stablishecl. 

<lecisiem-make*rs. ele*picteil in  F ig u re  3 .17  as ele*signers. b ro a d ly  u nd e rs to e id . filte*r th e  

alte*rnative*s in  o rd e r  to  s ta r t  (c ) th e  d e ve lo p m e n t phase. The* phases assoc ia ted  w ith  

a lte rn a tiv e 's  anel ele*ve*le)pment have a w eak connecte*dne*ss in  th e  se*nse th a t th e y  a re  

ne»t y e t c ry s ta lliz e d  in  the* seicial s tru c tu re 's  across w h ich  th e  te ch n o lo g y . e>r p o lic y , 

w o u ld  be* d ilfusee l. (el) B u re a u c ra c y  p la ys  a key rede in  ta k in g  w h a t In is be*e*n elevel- 

ope'el to  d e p lo y  i t .  T h e re  is a gap . howeve*r. be tw een  w h a t is eleple>ye*d and pe*e»{>le*'s 

e x p e c ta tio n s . C o n s e iiu e n tly  th e re  is a p o in t a t w h ich  i t  is u n d e n ia b le  th a t an im - 

p le m e n ta tie m  is in a d e q u a te , a nd  (e) a c r is is  is reached. A c t iv is ts  p la y  a key role* in  

th is  phase, in  w h ic h  sys tem  b reaks  d o w n . ( f )  I f  c a ta ly s ts  are ab le  to  reo rg an ize  th e  

available* re‘.sources a nd  a new  cyc le  s ta r ts , o th e rw is e  th e  e lynam ics van ish .

Fore’st m anagem en t is a c o m m o n  exam p le . N a tu ra l fo rests u s u a lly  have* n a tu ra l 

fires . These* sm a ll fires c lean  u p  th e  fo res t, b re a k in g  dow n  th e  steered ene rgy  in to  

v a lu a b le  n u tr ie n ts , w h ic h  feed back  to  th e  fo rest. La rge  trees a re  u s u a lly  met a ffe c ted  

b y  s m a ll fire*s. H ow ever. i f  each fire  is im m e d ia te ly  e x tin g u is h e d , th e  c o lle c te d  a m o u n t 

o f  s to re d  m a te r ia l p u ts  a t r is k  th e  w h o le  fo rest. F rances W est ley  has re la te d  H o l l in g s  

fo u r  phase a d a p ta t io n  cyc le  w i th  c y c lic  p a tte rn s  o f o rg a n iz a tio n a l change  as deve loped  

by  H e n ry  M in z b e rg . See (W e s tle v . 1990. p 122). (M in tz b e rg . 1990). a nd  M in tz h e rg  

and  W a te rs  (1985 ). O rg a n iz a tio n s  need renew al. In  o th e r w o rds , g ro w th  w ith o u t 

renew a l m ay im p ly  u n re co ve ra b le  b reakdow ns .

D a v id  K . H u rs t (1995) a lso  a d a p te d  H o llin g  (1993. 1995) s m o d e l to  p ropose  

th a t  c o n tro lle d  crises sh ou ld  be fo s te re d  across an  o rg a n iz a tio n  in  o rd e r  to  p ro m o te
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p e r io d ic  renew al. Hi.s m o d e l has a seven p lntse cyc le  th a t  traverse's o n ly  th re e  types 

o f  a c tio n  (em erge n t, ra t io n a l,  and c o n s tra in e d . '''

T h e  c a ta ly s ts  c o u ld  be th e  ones resp on s ib le  fo r c lim b in g  M o o re 's  in s u rm o u n ta b le  

w a ll. T h e ir  ro le  is im p o r ta n t  because' i t  n o t o n ly  tra c k s  th e  p m d u e t d o w n  to  the' 

re q u ire m e n ts  o f  th e  a p p lic a t io n  d o m a in , b u t it  a lso c o n s tra in s  the' tra n s fo rm a t io n  

pre>cess by a necessary ine lns io n  o f  s ta ke 'ho kh 'rs  th ro u g h  n e g o tia tio n . I t  deunanrls the1 

receignitiem  th a t the' a c t iv i t y  th a t tc 'c lm o lo g y  is intende'el te) s u p p o r t In is a lw a ys  been 

th e re . For some' pe'ople*. th is  a p p a re n tly  ta rn ishe 's the' a r t i fa c t 's  anel th e  eleveleipe'r's 

s ta tu s .

A s it  w i l l  be elise usse-el la te r. me)st meidels eif elesign in  In fo rm a t ic s . be* th e y  in  

C o m p u tin g  Science. H C I. o r  S o ftw are ' Engine'e 'ring. have eeenste'llatie>n e>f in te res ts  

th a t  eh) ne>t inc lude ' a focus on m a in ten an ce 1, b reake low ns. elispe>s;il. c o n tra e lic t io n  and 

e ithe r relateel issues. Rathe*r. the’se* tuode'ls fe)cus on ele 'velopuie'ut. T h is  is a serious 

p it fa l l .  In fo rm a t io n  te chn o lo gy . intenele'ei te) be nse'd. o fte 'n  fa ils  anel w ith o u t  ejue*stiem 

ge'ts o u td a te d  eptite* q u ic k ly . F u rth e rm o re ', so c ie ty  ele)e>s ne)t kne)W w h a t to  ele> w ith  it 

w he n  it is d isca rded .

Exceptie>n.s e'.xist. anel pre)cess m od e ls  have be'en s lo w ly  c o n s id e rin g  lo n g e r life*- 

spans across the 'ir conce rns . H ow ever, thew are ne)t m a in s tre a m . Fe>r evxample B a rry  

B o eh m , whet prope)s**el the* s p ira l se iftw are  lifecycle*. lu is  stre'sse'd th e  inipe)rtane-e eif 

the* h u m a n  issue's, in c lu d in g  risk , in  seiftware* proce'ss fra m e w o rk s  (B oe 'h tn  anel Ross. 

19S9). R ecently . Boe*hm anel P o rt (1999 ) e xp lo re d  th e  c o llis io n  o f in te 'rests  across 

seiftware* system s d e v e lo p m e n t. B o e h m  and  P o rt (1999) fa c ilita te e l th e  unders tane l- 

in g  o f  M B A S E  ( M oelel-baseel S ys tem  A rc h ite c t in g  anel Seiftware* Engine*ering) w ith  a 

fra m e w o rk  in v o lv in g  th re e  m a in  p r in c ip le s : (a ) th e  v is u a liz a t io n  o f the* re la tiem sh ips 

a m o n g  th e  fo u r m a in  m od e ls  in c o rp o ra te d  in to  p ro je c ts . each eme fo cus in g  on  spec ific

’ ' 'H u r s t 's  m oelel is m o re  c o n s e rv a tiv e  th a n  H o ll in s 's  a nd  c o n c e p tu a lly  1 >i;Ls*'i 1 in  fa v o r  o f  d e ve lo pe rs  

w h o  are* c re a tiv e  a n d  have' e-heiice I e m e rg e n t a c t io n  I. U sers ;ire  e 'onserva tive ’ anel can  c re a te  c o n fu s io n  

w h e n  a c r is is  happe 'ns ic o n s tra in e e l a c t io n ) .  H u rs t a lso  tra n s la te s  the- role's o f  h u re a u c ra e y  and 

c a ta ly s ts  as. re.'spectivedy. s tra te g ic  m a n a g e m e n t anel c h a r is m a t ic  lc a th 'rs h ip . c la ss ify in g , b o th  as 

r a t io n a l fo rm s  o f  a c t io n . T h is  is in  c o n tra d ic t  io n  to  H o l l in g s  m o d e l.  in  w h ic h  c a ta ly s ts  a re  a b le  to  

g a th e r  resources. b u t  n o t ne 'cessarily  r a t io n a lly .
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(Boehm and Port, 1999, p 53)
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a ttr ib u te s : (b ) a v is u a liz a t io n  o f how  th is  m od e l in te ra c ts  and th e  assoc ia ted  in te rd e 

pendencies: a nd  (e) a s p ira l lik e  process ancho red  on  m anagem en t m iles tones  bascsl 

on  B oehm  a nd  Ross (1989) a nd  B o e ln n  et a l. (1 9 9 8 ). w h ich  is an e x te n s io n  o f th e  

s p ira l m od e l o f  so ftw a re  d e v e lo p m e n t. T h e  fo u r  m od e ls  in c lu d e  prnct ss and  produc t  

m odels, a nd  s u m  ss and  p ro p e r ty  m ode is .'w

In  F ig u re  8 .18 I e s ta b lish e d  a p a ra lle l o f  th e  2 D  HC’ I co n ce p tu a l m od e l in tro d u c e d  

in  C h a p te r  2 w ith  B o eh m  a nd  P o r t ( 1999) s v is u a liz a t io n  o f M B A S E  co m p on en ts  and 

re la tio n s . I p laced  th e  re la t io n s  be tw een  th e  m ode ls  a t the* leve l o f  th e  o rg a n iz a tio n  

in  o rd e r to  s tress th e  m a n a g e ria l d im e n s io n s  o f  S o ftw a re  E n g in e e rin g . I p laced each 

m o d e l in  th e  reg io n  I fo u n d  m o s t a p p ro p r ia te  a c c o rd in g  to  w h a t had been d iscussed 

e a rlie r. T in *  m a in  o b je c t iv e  o f  th is  d ia g ra m  is to  i l lu s t ra te  th e  c o m p le m e n ta ry  n a tu re  

o f fra m e w o rks  deve loped  in  In fo rm a t ic s , in  re la t io n  to  HC'I a nd  software* e*ngine*e*ring.

AQUIRES
sc Political correctness 
sc Government and compliance 
sc Mission cost I effectiveness 
pc Development visibility I control 
pc Rigorous contract 
pd  Limited development budget

DEVELOPERS
pc Flexible contract 
pc Freedom of choice: process 
pc Freedom of choice: team 
pd Freedom of choice: COTS/reuse 
pd Stable requirements 
PP Ease of meeting budget/schedule

sc Success pp Property pc Process pd Product

MAINTAINERS
pc Voice in acquisition 
pc Ease of transition 
pd Ease of maintenance 
pd Applications compatibility\
USERS
pc Flexible contract 
pc Voice in acquisition 
pp High levels of service 
pp Applications compatibility J 
pp Changeable requirement^/ 
pp Early availability 
pc Many features ---------

Figure* 8 .19: Untangling Boehm’s Software Model-Clash Spiderweb See (Boehm 

et al., 2000, p 121) and Boehm and Port (1999)

U sing  M B A S E  as a s ta r t in g  p o in t to  a na lyze  th e  c o n tra d ic t ions am o ng  p ro p e rty , 

p ro d u c t, process, a n d  success m ode ls . B oehm  e t a l. (2000) i l lu s tra te d  a la rge  set o f 

con t ra d ic t io n s  fo u n d  in  th e  a n a ly s is  o f  a c o m m e rc ia l sys tem . T h e y  d esc rib e d  in t r ic a te  

re la tio n s  as a m o d e l-c la sh  s p id e r-w e b  (B o eh m  e t a l.. 2000. p 121). F ig u re  8 .19 shows

’ 'See a lso  B o e h m  i I O S S )  an d  B o e h m  a n d  H ansen (2(1001.
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;in  u n ta n g le d  ve rs ion  o f  th e ir  i l lu s t r a t io n .  T h e  G o rd ia n -k n o t o f th e  m od e l-c la sh  was 

u n tie d  w ith  th e  a id  o f  a scalTold dewideipeel by H o llin g  (1993) in  resource  m anagem ent 

a nd  d e p ic te d  in  F ig u re s  3. Hi and  3 .17.

In  re la t io n  to  th e  o th e r  process m od e ls  p resen ted  above. H o llin g  (1993. 1995) s 

m o d e l is one o f th e  m ost co m p re he ns ive . H ow ever, connectedness a nd  s to re d  c a p ita l 

is n o t c le a r ly  re la te d  to  th e  te c h n o lo g ic a l, h um an , a nd  in te ra c tiv e  d im e n s io n s  used to  

m od e l In fo rm a tic s  a n d  H C 'l. L a te r  on . I [im pose  to  s u b d iv id e  connectedness in to  the  

h um an  and  th e  te c h n o lo g ic a l d im e n s io n s , e x te n d in g  th e  2 D  m ode l in to  a 3D  one. In 

th e  next sec tion  I p resen t some s im ila r  m ode ls  used in  In fo rm a t ic s  as fram e w o rks  to  

d if fe re n tia te  design  processes and  in te ra c t iv e  a r t ifa c ts .

3 .6  T ow ards a M o d el for D es ig n  P ro c esse s

T h e  fa c t th a t H C I a n d  In fo rm a t ic s ’ s u b je c t m a tte r  g rew  beyond  w h a t is m anageable  

in  la b o ra to ry  c o n d it io n s  o r  s m a ll p ro je c ts  b ro u g h t to  design a c t iv it ie s  a m y ria d  o f 

o th e r  fa c to rs  th a t h ad  re s tr ic te d  in f lu e n c e  before'. I in c lu d e  am o ng  th e m , issues re

la te d  to  te s tin g , m a n a g e m e n t, s ta k e h o ld e rs ' in te re s ts , and  f ie ld w o rk . These issue's, 

anel o th e r  s im ila r  one's, som e o f  w h ic j i  have* bee>n adelre'sse'd in  the- exam ple 's in  the  

p re ce d in g  se'ction. a re  d ee p ly  e n tw in e d  across th e  so c ia l, h is to r ic a l,  a nd  e'thic-al d i

m ensions o f any  p ro fess ion .

In  th e  firs t tw o  c h a p te rs  o f th is  the'sis I in tro d u ce c l m u lt id im e n s io n a l co n ce p tu a l 

m od e l o f In fe irm a tic s . In it ia l ly .  I discusse*el e lis c ip lin a ry  bemnelaries o f In fo rm a tie s  

in  e irder to  e -om plem ent its  o rg a n iz a t io n  w ith  a hum an-e-entere 'fl one1, anel in  w h a t 

fe>llowed. calleel fo r the' need tei co n s id e r people 's  ae -tiv itie s . in c lu d in g  c o m m u n ic a tiv e  

ones, as nt'ce'ssary to  e n la rg e  a nd  ele'epem the* u n d e rs ta n d in g  o f In fo rm a tie s . In  th is  

e-hapter. I have a lr i 'a c ly  diseusst'el a set o f  mexleds. m o s tly  c la s s ifie a to ry . i l l  w h ich  

s e w ra l d in n 'iis io n s  a re  use'd to  e lescribe o rg a n iz a tio n s , and  its  pren.-essi's. Som e o f 

these1 conee'ptua l spae-es are  s tru e tu re d  a lo ng  fram e 'w orks  th a t have' a g rea t ele'al in  

e 'onunon w ith  fram e 'w orks  w ie le ly  usee I in  l in g u is t ic , eom m u n ie a tie m . a nd  s e m io tic  

st tielie'S.
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T lu * c o n ce p tu a l m od e l o f  HC’ I in tro d u c e d  in  C h a p te r  2 fu z z ily  d e lim its  a d iv is io n  o f 

la b o r  in  w h ich  in te rs e c tin g  d is c ip lin a ry  c o n s te lla tio n s  c h a ra c te r iz e  p ro fess iona l c o m 

petenc ies and  id e n tit ie s . In fo rm a t ic s  a n d  H C I d is c ip lin a ry  tra je c to r ie s  e x e m p lify  the  

f lu id i t y  o f  such c o n s te lla tio n s  across h is to ry . W ith  th e  a id  o f m od e ls  o f d if fu s io n , 

c o m m u n ic a tio n , a nd  in te ra c t io n . I fu r th e r  e x e m p lif ie d  th e  co n ce p t o f  c u ltu ra l n iche  

and  th e  te nd en cy  o f  d is c ip lin a ry  is o la tio n  o f som e fie lds . T h is  h o m o g e n iz in g  te nd en cy  

s tifle s  o rg a n iz a tio n s  a nd  d is c ip lin e s , w h ich  end up  fo s te rin g  o n ly  co n ve rg in g  p rac tices , 

and  d isco u ra g in g  d iv e rg in g  ones.

W h e n  I was w o rk in g  on  th e  p re ce d in g  se c tion . I re fle c ted  u p o n  th e  poss ib le  ag

g re g a tio n  on a s ing le  m o d e l o f des ign  processes o f b o th  th e  c o n c e p tu a l m ode l o f H C I 

in tro d u c e d  in  C h a p te r  2 and  th e  d y n a m ic  p a tte rn s  o f  o rg a n iz a t io n a l processes. I 

u n d e rs to o d  th a t th e  m a in  d if f ic u lty  was to  m a in ta in  th e  c o n v o lu te d  n a tu re  o f  o rg a 

n iz a tio n a l processes w h ile  e n a b lin g  b o th  convergent and  d ive rg e n t tra je c to r ie s . P ro 

cess m ode ls  are m o s tly  p re s c r ip tiv e , in  the  sense th a t th e y  suggest fu tu re  a c tion s . 

M y  in te re s t, how ever, was to  d eve lo p  th e  fo u n d a tio n s  o f a process m o d e l capab le  o f 

d e s c r ib in g  how  p re sc rib e d  s o lu tio n s  can d r i f t  aw ay fro m  th e ir  o r ig in a l p lan . P re s c rip 

tio n s  are c o n tin g e n t on  th e ir  h is to r ic a l s itu a t io n . F or e xa m p le , th e  "p re s c r ip t io n "  o f 

a n t ib io t ic s  fo r in fe c tio n s  o n ly  w o rk  u p  to  a c e rta in  p o in t ,  because th e  b a c te r ia  m ay 

change. S im ila r ly , th e  p re s c r ip t io n  o f  a c e rta in  te ch n o lo g y  o n ly  w o rks  u n t i l  a c e rta in  

m o m e n t, because peop le  also m ay  change. A  process m ode l th a t is ab le  to  describe  

these fac to rs  is m ore  expressive  th a n  one th a t is n o t ab le  to  c a p tu re  th e m .

A s I a lre a d y  sa id , som e o f so ftw a re  process m od e ls  p re sc rib e  lin e a r , c irc u la r ,  s p ira l, 

a nd  h e lic o id a l re c u rre n t p a tte rn s  o f  a c t iv it ie s . B u t th e  c irc u la r , w hen  represen ted  

g ra p h ic a lly , re tu rn s  to  th e  same p lace, and  co n se q u e n tly  does n o t show  w ha t has 

changed  in  an ite ra t io n , o r  cycle. T h e  s p ira l a n d  h e lic o id a l process m od e ls  d ive rg e , b u t 

m o n o to n ie a lly . h a v in g  a pa t te rn  th a t is ;is rest r ic t iv e  ;is th e  lin e r  one. F or e xam p le , t he 

leap  fro m  a dD  space to  a lin e a r lo o p  o r  a h e lix  tu rn s  w h a t is p lu ra l a n d  he te rogeneous 

in to  w h a t is s in g u la r  a nd  hom ogenous. T h e  e ncroa chm en t o f  one  o f  d e te rm in is t ic  

p re s c r ip tio n s  in to  a process m od e l enac ts  fu tu re  a c tio n  to  a degree th a t I was not

" 'T h a t  w as a t th e  bas is  o f  fcu ig cs tro m 's  c r i t ic is m  to  X o n a k a  a m i T a k e iu h i 's  m o d e l.
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w ill in g  to  a ccep t. H ow ever, th e  .so lu tion  I was lo o k in g  fo r had a t le ;is t to  in c lu d e  

s im ila r  p a tte rn s  in  o rd e r to  he h is to r ic a lly  so un d , b u t i t  a lso needed to  go b eyo nd  

th e m .

I found  a c o m p ro m ise  in  a c u rv e  deve loped  b y  E d w a rd  N . Lo ren /. ( l!J(j.'{). an M IT  

m e te o ro lo g is t, c o m m o n ly  k n o w n  as th e  L o re n / a t t r a c to r  a nd  d e p ic te d  in  F ig u re  .'3.2(1. 

T h e  use o f th e  L o ren z  a t t r a c to r  is a m e ta p h o ric  resource  s im ila r  to  th e  use o f c irc u m 

ference to  d e lin e a te  any c irc u la r  process. I t  enables th e  i l lu s t r a t io n  o f tw o  's p ira ls '' 

w ith in  one in  a c o n tin u o u s  process o f change. I have been a lw ays  susp ic ious  o f  q u ic k  

references to  c o m p le x  system s to  p re scrib e  h u m a n  b e h a v io r. I p re fe r  to  u n d e rs ta n d  

th is  a p p lic a t io n  o f  t lit*  Lo renz  c u rv e  ms a sca ffo ld  to  in fo rm  p ro fess io na l a c tio n , not 

as it in d iv id u a l d e v e lo p m e n ta l p a th .

F ig u re  3.20: Lorenz attractor

F igu re  .'3.20 fo u r p ro je c tio n s  o f  a Lo renz  a t t ra c to r .  L o ren z  d e r iv e  the  e q u a tio n s  

th a t describe  th is  a t t r a c to r  w h e n  he was m o d e llin g  th e  b e h a v io r  o f  ro ta t in g  c y lin d r ic a l 

ro lls  o f  heat c o n d u c tin g  v iscous flu id s . T h e  t ra je c to ry  is s t i l l  d e te rm in is t ic ,  b u t it is 

n o n -p e r io d ic a l. T h e  r .  //. a nd  c co o rd in a te s  d e p ic te d  in  F ig u re  .'3.20 are a fu n c t io n
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o f a va ria b le  /.  th a t rep resents th e  s im u la t io n  t im e . x ( t )  revo lves a ro u n d  a p o in t a 

n u m b e r o f  tim e s , e s ta b lis h in g  a d isc  p a tte rn , and th e n  flip s  to  revo lve  a ro u n d  a n o th e r 

p o in t ,  fo rm in g  a second d isc. A f te r  a few loops re v o lv in g  a ro u n d  th is  second p o in t, 

i t  f lip s  back to  a t ra je c to ry  th a t revo lves a ro u n d  th e  in i t ia l  p o in t .  T h is  co n tin ue s  

in d e f in ite ly  (F a lcon e r. 1990. p 18G-7).

I p ropose a design  process m o d e l w ith  th e  a id  o f  th is  cu rve , a d a p te d  to  l i t  to  a 

c e rta in  e x te n t th e  H C I and o rg a n iz a tio n a l processes. T h e  process m o d e l i l lu s tra te d  

w ith  th e  Lo renz  a t t r a c to r  does n o t p resc ribe  w here  to  go. b u t it describes  w here  it 

is possible1 to  go. T in *  Lo renz  a t t r a c to r  exem p lifie s  a nd  e ffe c tiv e ly  d e p ic ts  the  e ffect 

th a t  sm a ll and  in f in ite s im a lly  d if fe re n t in i t ia l  c o n d it io n s  can have in  th e  fu tu re .

In  e x p la n a tio n s  o f t r a d it io n a l des ign  processes i t  is no t u n co m m o n  to  line 1 side 

c o m m en ts  re m a rk in g  th a t  such sub-processes can be s h o r tc u t o r can  evo lve  s im u lta 

neously. T h e  use o f th e  L o ren z  a t t r a c to r  c e r ta in ly  b ring s  c o n te x tu a l s e n s it iv ity  to  

design  process m ode ls , w h ich  g e n e ra lly  tend  to  suppress d ive rg e n t tra je c to r ie s . T h e  

use o f a Lo ren z  a t t r a c to r  is a t t r a c t iv e  because i t  i l lu s tra te s  th a t a s m a ll d iffe rence  

in  o p in io n  o r a c tio n  m ay have* a s ig n if ic a n t im p a c t in  the  lo n g - te rm  process. Indeed, 

c o n s id e rin g  th a t each s ta k e h o ld e r is d if fe re n t, th e  t ra je c to ry  o f  a te ch n o lo g y  is fa r 

m ore  co m p le x  th a n  th e  a na lo gy  o f  th e  Lo renz a t t r a c to r  can c a p tu re . In  th is  a p p ro 

p r ia t io n  th e  tw o  d isks  w ou ld  co rre sp o n d  to  niches u s u a lly  assoc ia ted  w ith  t ra d it io n a l 

design  and t r a d it io n a l use. I now  proceed w ith  th e  c o n s tru c t io n  o f  th e  m ode l its e lf  

in  re la t io n  to  som e m ode ls  d iscussed e a rlie r.

H o llin g 's  n u x le i had  tw o  d im e n s io n s , one assoc ia ted  w ith  a c c u m u la te d  c a p ita l and  

a second one w ith  connectedness. In  o rd e r to  c o n s tru c t a .‘3D des ign  process m ode l 

I supposed th a t m ach ines and  p eop le  are co nn ec te d  in  d is t in c t w a y s .11 I to o k  th e  

second d im e n s io n  (connectedness) a nd  separa ted  i t  in to  tw o: one re la te d  to  the  h um an  

and  th e  o th e r  re la te d  to  techno logy . I then  jissoc ia ted  c a p ita l w ith  th e  in te ra c tiv e  

d im e n s io n .

I p laced H o llin g 's  m ode l in  th e  .'3D space. In  F ig u re  13.21 I d e p ic te d  th e  p a r t ic u 

la r  p ro je c tio n  I have chosen to  rep resen t th e  L o ren z  a t t ra c to r  in  re la t io n  to  t In ' .'3D

"S e e  F ig u re s  2 .17  a n d  2.9  in  C h a p te r  2 fu r  an e x p la n a t io n .
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c o n c e p tii. i l fra m e w o rk . I p lo tte d  H o ll in g ’s fo u r phase m o d e l p roposed  in  th e  scope 

o f n a tu ra l resource* m anagem en t. T h e  th re e  p ro je c tio n s  a re  a lso rep resen ted  in  F ig 

u re  .3.21.
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F ig u re  3.21: Extension of Holling’s model in three dimensions

D u r in g  th e  d e ve lo p m e n t phase, fo r  e xam p le , th e  n u m b e r o f  peop le  does n o t va ry  

m uch, b u t th e  te ch n o lo g y  increases. D u r in g  th e  phase assoc ia ted  w ith  th e  b u re a u 

cracy. it is th e  n u m b e r o f  peop le  t h a t increases, b u t the  te c h n o lo g y  rem a ins  re la t iv e ly  

c o n s ta n t.I re m a rk  th a t H o llin g 's  1!)'J3 fo u r  pluuse m ode l is a lo ca l p a tte rn  used to  de

sc ribe  p a r t ic u la r  eco log ica l d y n a m ic s . Spaces d e s c rib in g  b ro a d e r life-scales a nd  longe r
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lifespans are  u s u a lly  described  w ith  th e  a id  o f  severa l o f these* p a tte rn s  (G u n d e rs o n  

e t a l.. 1905b. p 520-1 . re d ra w n ). ;us p re v io u s ly  d e p ic te d  in  F ig u re  5.10.

In  a poss ib le  scenario , m a n a g e m e n t m ay  dec ide  th a t  e ith e r  th e  m a rk e t o r  th e  

p ro d u c t is n o t rea dy  fo r release, and the  cyc le  m ay  be* sh o rten e d  to  a sm a lle r cyc le , 

re m a in in g  in  one d isc  o f  the  a t t r a c to r .  In  a n o th e r scenario , a fte r  d e ve lo p m e n t ( f irs t 

d isc ) i t  is poss ib le  to  do  a p ilo t  s tu d y  w ith  a c tu a l cus tom ers , o r  to  a c tu a lly  rele.ise 

a p ro d u c t fo r d e p lo y m e n t, m ig ra t in g  to  th e  second d isc. O nce  in  d ep lo ym e n t b o th  

people  and  te ch n o lo g y  increase (second d isc ). A t  least th a t is th e  hope o f those  w ho  

deve loped  it .

O nce im p le m e n te d , and in  use. a c ris is  m ay be reached. D u r in g  a c ris is , b o th  

h u m a n  a nd  te ch n o lo g ic a l resources m ay d ro p . Users, and  o th e r  s ta ke h o ld e rs  m ay be 

ab le  to  s to p  th e  b re akd ow n  process, b u t th e  h u m a n  resources m a y  co n tin u e  to  d ro p . 

A t  th is  p o in t ,  peop le  are e ith e r  a b le  to  cope w ith  th e  d if f ic u lt ie s  ( re m a in in g  in  th e  

second d is c ), o r  d if fe re n t ly  sp e c ia lize d  people  re -eva lua te  (s w a p p in g  back to  th e  f irs t 

d isc ) and  so m e tim e s  re b u ild  th e  p ro d u c t, d e liv e r in g  newer ve rs ion  o f it  ( re tu rn in g  to  

th e  second d isc ).

I f  th e  in a d e q u a cy  o f  the  p ro d u c t is u n d en ia b le , new a lte rn a tiv e s  need to  be ra ised , 

a nd  fewer and  few er d e c is io n -m a ke rs  end up  d e c id in g  w h ich  o p tio n s  sh ou ld  be deve l

oped  (at th e  f irs t d isc ). O nce  deve loped , h um an  and  te ch n ica l resources are  a t the  

m in im u m . T h e  future* is u n c e rta in , because th e  chosen changes m ay  be not enough  

m a in ta in  th e  process in d e f in ite ly .

T h e  cho ice  o f  th e  tw o  o th e r  p ro je c tio n s  o f th e  Lorenz c u rv e , w h ich  correlate* 

te ch n o lo g y  versus resource’s, a n d  peop le  versus resources. we*re* a rb it  ra ry , anel I e x p la in  

w hy. I assumeel th a t v a r ia t io n s  in  peop le 's  connectedness are u s u a lly  in  advance  o f  

v a r ia tio n s  on  technedogy's connecteelne’ss. T h is  is n o t a lw ays th e  c tis e .1-

I shoitle l re m a rk . henvever. th a t th is  is s t i l l  a mealed and th e  m a in  ra tiem a le  is to  

s tress e x a c tly  eve ry  s ta k e h o ld e rs ' r ig h t e>f p a r t ic ip a t io n , freedemt o f  e-hoice. anel e th ic a l 

re s p o n s ib ility . T h e  m od e l s h o u ld  be taken  ;us a re fle c tiv e  se;afFe>ld th ro u g h  w h ic h  th e

'"The* m o d e l is in  a cco rd a n ce  w i t h  t  lit* pace* o f  th<* m a te r ia l v a r ia t io n  d e p ic te d  in  H o ll in s 's  m o d e l 

th ro u g h  sots.
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l im ita t io n s  o f  tw is t in g  m od e ls  can be ana lyze d . N eve rthe less. its it is it con tinues  to  

be m o s tly  a d e s c r ip t iv e  m od e l.

B u t.  e ve ryd a y  a c t iv it ie s  a re  d e e p ly  e n tw in e d  in  th e  p ro fess iona l id e n t it ie s  o f those 

w h o  p e rfo rm  i t .  across th e ir  c o n s te lla t io n s  o f in te re s t. I t  w o u ld  be ra th e r  s u rp r is in g  

i f  th a t  were d if fe re n t. As is a lre a d y  h a p p e n in g , th e  d is c ip lin e s  o f  In fo rm a tic s , and  

th e ir  m em bers, are  b e co m in g  in c re a s in g ly  aware o f  th e ir  c u ltu ra l ro les in  so c ie ty  and  

across d iffe re n t soc ie ties .

In  In fo rm a t ic s  a nd  H C I th e re  a re  a lso a m y ria d  o f so ftw a re  process m odels, m an y  

m o re  th a n  i t  is p oss ib le  to  i l lu s t r a te  in  a few exam p les . T h e y  va ry  in  th e ir  em phasis 

o n  p ro d u c t,  process, o r  h u m a n  issues: on how th e y  fo s te r a p e rsp e c tive  cente red  on 

des igners  o r users: a nd  on w h ic h  phases o f  a p ro d u c t o r  te ch n o lo g y  life t im e  th e y  an* 

l im ite d  to. In  th e  re m a in d e r o f th is  c h a p te r. I a n a lyze  s ix  process m ode ls  w ith  th e  

a id  o f th e  p roposed  fra m e w o rk .

3.6 .1  Som e A rchetypal Exam ples

M y  o b je c t iv e  w ith  th e  e xam p le s  in  th is  sec tion  is to  i l lu s tra te  th e  process m od e l 

ju s t  in tro d u c e d . I in i t ia l ly  address th e  fo llo w in g  s o ftw a re  ’• life cyc le s ": (a ) w a te r fa ll,  

(b )  s p ira l, (c ) w in -w in .  (d )  p ro to ty p in g . T h e  a n a lys is  is in te n d e d  to  i l lu s tra te  th e  

co rrespondence  be tw een  th e  c o m p u te r  science c u ltu ra l n iche  and its  des ign  p rac tices . 

T h e  fo u r  resp ec tive  n iches o f  these “ life cyc le s" encom pass d iffe re n t reg ions o f th e  

c o n c e p tu a l space, a n d  te n d  to  enact d is t in c t  m odes o f  s ta k e h o ld e r p a r t ic ip a t io n , w h ich  

a re  re la ted  to  th e  e s ta b lish e d  d iv is io n  o f la b o r. I co nc lud e  th e  se c tio n  w ith  m ode ls  

th a t  e x p l ic it ly  show  th e  re c u rre n t n a tu re  o f  such processes: (e) th e  S E I-C 'M U  ID E A L  

m o d e l deve loped  fo r  s o ftw a re  e n g in e e rin g  processes, and ( f )  E n g e s trd m  (l'J9 ()a ) 's  

expansive* le a rn in g  cyc le , d eve lo p e d  in  c u ltu ra l a nd  h is to r ic a l a c t iv i t y  theo ry .

I s tru c tu re d  each process m o d e l a ro u n d  a c t iv it ie s  focused on peop le , te chno logy, 

a n d  in te ra c tio n s . Severa l o f  these  m od e ls  do no t encom pass a ll o f  these d im ens ions. 

F or exam p le , an a c t iv i t y  such  its s o ftw a re  te s tin g  u s u a lly  does no t in c lu d e  a c t iv it ie s  

e ith e r  re la ted  to  h a rd w a re  a rc h ite c tu re  o r  re la te d  to  th e  e v a lu a tio n  o f  its  u s a h ilitv .
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S o ftw a re  te s tin g  luus been a m o s t ly  p ro d u c t-c e n te re d  in d iv id u a l a c t iv i t y .1' U s a b ility  

e v a lu a tio n  inc lu de s  m ore  peop le , h a v in g  a d is t in c t  c u ltu ra l n iche , b u t it luus been 

m ore  l im ite d  to  la b o ra to ry  te s t in g  w hen  co m p a red  to  held  s tu d ie s , fo r exam p le .

I s ta r t  w ith  th e  w a te r fa ll m o d e l because i t  is w id e ly  d iffuse d  in  in fo rm a tic s . T h e  

w a te r fa ll m ode l is c o m m o n ly  d e p ic te d  as a series o f  boxes as in  F ig u re  3.22. In  

F ig u re  3.22 I d e p ic t th e  w a te r fa ll m o d e l in  a n a rro w  a nd  a b road  ve rs ion . T h e  n a rro w  

ve rs ion  es tab lishes  th e  m a in  s teps to  p ro du ce  debugged  code in  response to  a set 

o f  s p e c ific a tio n s  p re p a re d  b y  som eone else. I t  encom passes tw o  levels o f design: an 

a rc h ite c tu ra l a nd  a d e ta ile d  one. O nce a d e ta ile d  des ign  has been deve loped , th is  

is passed to  a p ro g ra m m e r w h o  codes and  debugs th e  co rre s p o n d in g  so ftw a re . T h e  

w a te r fa ll m od e l in  i ts  n a rro w  ve rs io n  m atches a d iv is io n  o f la b o r  in  w h ich  th e  o n ly  

ro le  ascribe d  to  som e p ro fess iona ls  in  in fo rm a tic s  is to  a c r it ic a lly  p ro du ce  so ftw a re . I t  

is u n id ire c t io n a l a n d  i t  em phasizes a s h o rt p e r io d  o f  th e  w ho le  process o f te ch n o lo g y  

deve lopm ent..

A n  assessment o f  th e  c o n tr ib u t io n  o f the' w a te r fa ll m ode l depends on  its  h is to r ic a l 

ro le . W hen in te ra c t io n  w ith  c o m p u te rs  d id  n o t a llo w  a b la ck -b o xe d  engagem ent w ith  

th e m , people  p la n n e d  in  advance  w h a t th e y  e xp e c te d  th e  m ach in e  w o u ld  be d o in g . 

"P ro -g ra m m in g " . o r  advanced  d e s c r ip tio n , was n o t a s tru c tu re d  a c t iv ity ,  it was a 

la b o r io u s  one. so m e tim e s  in v o lv in g  b o th  h a rd e r a nd  s o fte r p a r ts  o f  th e  a r t ifa c t in  

d e v e lo p m e n t.

A lre a d y  in  th e  1960s severa l p ro g ra m m in g  languages s ta rte d  to  in c o rp o ra te  m ech

an ism s th a t re fle c te d  conce rns  a b o u t th e  s tru c tu re  a n d  th e  c o n te x t o f  its  deve lopers . 

T h e  p ra c tic e  o f  p ro g ra m m in g  led to  a s t r u c tu r in g  o f  its  a c t iv it ie s .  P ro g ra m m in g  

m e th o d o lo g ie s  (a n d  “ life cyc le s " ) a ppea red  ms p a tte rn s  o f a c t iv it ie s  to  be fo llo w ed  a nd  

en fo rce d  in  o rd e r to  be successfu l in  p ro d u c t d e liv e ry .

W h e n  In fo rm a t ic s  ach ieved  a leve l o f d e v e lo p m e n t in  w h ich  peop le  co u ld  describe  

th e  b e h a v io r  o f  c o m p u te rs  o n - th e - f ly .  a b s tra c t in g  th e  h a rd w a re  u n d e rn e a th , th e  p ro 

fess iona l a t t i tu d e  changed . W h a t used to  be p ro -a c tiv e  p la n n in g  in v o lv in g  h a rdw a re .

1 ■’ K x tre n ie  p ro g ra m m in g  ( X P i  e x te n d e d  s o ftw a re  p ro g ra m m in g  to  c o lle c t iv e  endea vo rs  (B e c k . 

I!)!JS |. h u t  t in 1 c o m m u n ity  has Been v e ry  re lu c ta n t in  e x p lo r in g  it .
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s o ftw a re . and th e  a p p lic a t io n  d o m a in  tu rn e d  in to  a re -a c tiv e  ta.sk o f  c o d in g  and de

b u g g in g  so ftw are . T l i is  w ;is in  a cco rda nce  w ith  In fo rm a t ic s ' b ro a d e r d iv is io n  o f  la b o r 

w h ich  was s e q u e n tia lly  se pa ra te d  phases fo r th e  sp e c ia lize d  w o rk  o f  eng inee rs, scien

t is ts . te ch n o lo g is ts , a nd  end-users.

T h e  w a te r fa ll m o d e l, w ith  its  s im p le , lin e a r, u n id ire c t io n a l,  cascade* s tru c tu re  

cam e as a response to  excessive ly s h o r t- te rm  d eve lo pm e n t p ra c tices . H is to r ic a lly ,  the  

w a te r fa ll m ode l rep resen ts  an  adva nce m e n t to w a rd  th e  n o n -s tn u  t t ire d  e s tab lished  

p ra c tic e . D u r in g  th is  p e r io d , in fo rm a t ic s ’ p ro d u c tio n  lin e  becam e v e ry  e ffe c tive , and 

th e  in te rde pe nd e nc ies  o f h a rd w a re , so ftw a re , a p p lic a t io n  d o m a in , a n d  peop le  were 

n o t p u t in to  q u e s tio n . Indeed , p ro fess iona ls  to o k  fo r  g ra n te d  th e ir  independence , 

o th e rw is e  th e y  w o u ld  have q u e s tio n e d  th e ir  p ro fe ss io n a l id e n tity . T h is  a u to n o m y , 

how ever is o n ly  a p p a re n t. C o n c o m ita n t w ith  th e  in c re a s in g  s e p a ra tio n  o f e d u ca tio n  

a n d  w o rk in g  c o n d it io n s  fro m  each o th e r, p ro fess iona ls  in  d if fe re n t b u t t r a d it io n a l d is 

c ip lin e s  were and  c o n tin u e  to  be t ig h t ly  coup led  b y  an  in v is ib le  and  s ta b le  p ro d u c tio n  

c h a in  (soc ioeconom ic  o rd e r). In  acco rdance , p ro g ra m m in g  p ra c tice s  c o n s o lid a te d  as 

a n o n -re fle c tiv e  a c t iv i t y  s tre a m lin e d  to  th e  p ro d u c tio n  o f  code and  not to  th e  a p p ro 

p ria ten ess  o f  its  assoc ia ted  dem an ds  a nd  consequences.

For exam p le , th e  d is t in c t io n  be tw een  so ftw a re  d e v e lo p m e n t and  s o ftw a re  d e p lo y 

m en t is c ru c ia l be tw een  p ro fess iona ls  in  c o m p u te r science and in  in fo rm a t io n  sys

tem s. For e xam p le , severa l process m odels in  c o m p u te r  science d o  n o t in c lu d e  a 

p ln ise  re la ted  to  s o ftw a re  o p e ra t io n  and  m a in te n a n ce . These m od e ls  enact pro fes

s io n a l b ou nd a ries  re ify in g  th e  id e n t it ie s  and p ra c tic e s  o f th e  in v o lv e d  c o m m u n itie s . 

T h e  s tru c tu re  has its  d ra w b a cks , how ever. In  th is  o rg a n iz a tio n  once  a p ro d u c t is 

d e live re d  it  leaves th e  enacted  p ro fess io na l re s p o n s ib il ity  o f d eve lo pe rs  a nd  enters 

th e  enacted  p ro fess io na l re s p o n s ib il ity  re a lm  o f  d ep lo ye rs . In  th is  fra m e w o rk  once a 

p ro d u c t is accep ted  o r  d e live re d  i t  a lso leaves th e  re a lm  o f  p ro fess io na l p ra c tic e . T h e  

ch a in  is e ffe c tive  ;is lo n g  ;is th e re  is a s ta b le  d em an d , w h ic h  happens o n ly  as long as 

it  co n tin u e s  to  be adva n ta g eo us  fo r  s ta keh o ld e rs  to  g ra n t resources to  th a t p a r t ic u la r  

te ch n o lo g y  o r p ro d u c t.

T h e  rea lm  o f  th e ir  p ro fess io na l re s p o n s ib ility  u s u a lly  goes o n ly  as fa r ;is the  de
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s ignors  a nd  d e p lo ye rs ' w o r ld  v iew s p e rm it .  In  p ro d u c t cen te red  m e th o d o lo g ie s , it 

th e re fo re  exc ludes th e  user's  rea lm . B u t even i f  th is  process m od e l were fu r th e r  ex

te nd ed  to  he a prp .scrip t.ive  m od e l, i t  w o u ld  n o t fre t' those  w ho  e v e n tu a lly  subscribe  

to  i t  f ro m  th e  re s p o n s ib il ity  fo r th e ir  a c tion s . Indeed, i t  w o u ld  m ade  th e m  m ore  clear.

T h e  p ro fess iona l o rd e r  is s ta b le  o n ly  as long  as th e re  are  resources to  su s ta in  it .  

T h is  is n o t a c h a ra c te r is t ic  fo un d  o n ly  in  th e  W a te r fa ll m od e l, as I d iscuss in  the  

sequence. T h e  h ig h  pace and  fast f lu x  d eve lo pm e n t o f  te c h n o lo g y  depends on  very 

s ta b le  fo rm s o f p ro fess io na l o rg a n iz a tio n . S im u lta n e o u s ly , i t  o n ly  s u p p o r ts  th is  f lu x  

a nd  pace because i t  has been s tru c tu re d  in  such a way. B o th  a h ig h  pace and a h igh  

f lu x  are s tro n g ly  p riz e d  in  in fo rm a tic s , whose p ro fess iona l id e n tit ie s  have th e  a u ra  o f 

be ing  a t th e  same t im e  in n o v a tiv e  and  s ta b le  career p a th s , at least u n t i l  recen tly .

T h is  co u ld  be effective* fo r a w h ile , b u t n o t fo rever. T h e  same o rg a n iz a tio n  and 

w o rk  f lu x  th a t s u s ta in e d  th e  c o n s o lid a tio n  o f In fo rm a t ic s  is now  h in d e r in g  its  deve l

o p m e n t and  renew a l. A s  In fo rm a t ic s ' c u ltu ra l fo o tp r in t  e n la rg ed , its  consequences 

and  re s p o n s ib ility  a lso  e n la rg ed , d e m a n d in g  tra n s fo rm a tio n s  in  its  p ro fess iona l o rga

n iz a t io n . T h e  res is tance  to  new  p ro fess iona l a c t iv it ie s  d iscussed in  th e  f irs t ch a p te r 

is o n ly  one s y m p to m  o f  such a process.

E v id en ce  o f  th is  process o f  renew a l can be fo u n d  in  fie lds  such as Soft w a n 1 E n 

g in e e rin g . w h ich  stressed w h a t cou ld  com e im m e d ia te ly  be fo re  ( re q u ire m e n ts  I and 

a fte r  c o d in g  ( te s t in g ) ,  o r  EIC'I (w o rk  a n a lys is  and  u s a b il i ty  te s tin g ). H ow ever, a fte r 

th i r t y  years. S o ftw a re  E ng inee rs  s t i l l  s tru g g le  to  d iffuse  processes re la te d  to  so ftw a re  

re q u ire m e n ts  a nd  so ftw a re  te s tin g . H C I is in  th e  same s itu a t io n . B o th  re m a in  on 

th e  o u ts k ir ts  o f  th e  core  com petenc ies  n u r tu re d  b y  th e  p ro fess io na l c o m m u n ity . O n ly  

s lo w ly , p a in s ta k in g ly , a n d  re lu c ta n tly , t r a d it io n a l c o m m u n itie s  have s h if te d  th e ir  fo

cus to  a cco m m o d a te  th e  dem anded  changes.

T h e  w a te r fa ll m o d e l was h e te ro d o x  in  p ro p o s in g  a lo n g e r life -sp a n  fo r so ftw are  

d e ve lo p m e n t processes th a n  th e  e a rlie r e s tab lished  m o d e l w h ich  d id  no t ex is t as a 

e x p lic it  process. I t  was o r th o d o x , how ever, in  s t r ic t ly  sch e d u lin g  its  p ro d u c tio n  flow. 

T h e  rise  o f  so ftw a re  e n g in e e rin g , fo r  e xam p le , d em an de d  a b ro a d e r v ie w  o f design 

processes. Process m ode ls  deve loped  a cco rd in g ly . F or e xa m p le , th e  w a te r fa ll m ode l
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has bean c o m p le m e n te d  once th e  p ro d u c tio n  o f  so ftw a re  in a tu re ( l and  the  size o f th e  

p ro je c ts  g re w . T h e  in c lu s io n  o f  process phases d e n o tin g  a c t iv it ie s  re la te d  to  sys tem s 

a nd  s o ftw a re  re q u ire m e n ts  f il le d  th e  need o f k n o w in g , and a lso  c o n s tra in in g , w h a t 

s h o u ld  and  w h a t co u ld  h i1 deve loped . The* w a te r fa ll m ode l was a lso appended  w ith  

a plnuse o f te s tin g . In  te rm s  o f  In fo rm a t ic s ’ c u ltu ra l ecology, so ftw a re  e ng in ee rin g  

areas such as re q u ire m e n ts  e n g in ee rin g , so ftw a re  re q u ire m e n ts , a nd  so ftw a re  te s tin g  

<<>-developed a c co rd in g ly , m a in ta in in g  th e  e s ta b lish e d  d is c ip lin a ry  and p ro fess iona l 

o rd e r, b u t c ~ 1 m ie n tin g  i t  w ith  d iffe re n t p e rspec tives .

In  c o n tra s t to  re q u ire m e n ts  a nd  te s tin g , o p e ra tio n s  and m a in te n a n ce  fa ll o u ts id e  

th e  usua l e s ta b lish e d  d is c ip lin a ry  n iche o f s o ftw a re  d e v e lo p m e n t.1'1 In  consonance 

w ith  th is , th e  in c lu s io n  o f a p lu ise  d ed ica te d  to  th e  o p e ra tio n  and  th e  m a in te n a n ce  

o f  th e  d eve lo pe d  system s has n o t be t'ti as d is s e m in a te d  as re q u ire m e n ts  and te s tin g . 

M a in te n a n c e  a n d  use are co ns ide red  lo w -s ta tu s  a c t iv it ie s , and  th e y  a re  most ly  a vo ided  

by p ro fess iona ls .

T h e  flo w  o f  d e live ra b le s  a nd  o f  pow er c o n tin u e s  to  be m a in ly  d o w n s tre a m . E a r ly  

d ec is ions c a n n o t be co n te s te d , even i f  th e y  im p ly  h ig h  costs  la te r . A  m ode l th a t 

m a in ta in s  th e  d o w n s tre a m  flo w  o f process d e v e lo p m e n t, b u t in c lu d e s  an e a r lie r  co n 

s id e ra tio n  o f  p o s te r io r  consequences o f  c u rre n t a c tio n s  is th e  v -m o d e l d e p ic te d  in  

F ig u re  .‘3.22.

T h e  v -m o d e l il lu s tra te d  a t th e  b o tto m  o f  F ig u re  :3.22 has an e x p lic it  co n n e c tio n  

be tw een  in i t ia l  phases a nd  la te r  ones, l in k in g  re q u ire m e n ts  w ith  acceptance, a nd  

design  w i th  tes t and  in te g ra t io n . B u t th e  v -m o d e l u s u a lly  ends a b ru p t ly  once a 

p ro d u c t is a ccep ted . T h e re fo re , th e  im p o rta n c e  o f  lo o k in g  ahead  is em phasized , so 

lon g  as i t  does n o t b reak  th e  l im its  o f th e  e s ta b lish e d  p ro fess io na l o rd e r.

U p s tre a m  coun te r-p rocesses im p ly  th a t  ro les a nd  a c t iv it ie s  th a t are u s u a lly  ;isso-

1'A l th o u g h  it has been p ro p o s e d  th a t  processes in  s o ftw a re  e n g in e e r in g  s h o u ld  in c lu d e  a c t iv i t ie s  

a sso c ia ted  w i t h  in s ta l la t io n ,  a cce p ta n ce  s u p p o r t ,  s y s te m  o p e ra t io n ,  a n d  use r s u p p o r t ,  a m o n g  o th e rs , 

th e y  a re  no t even  presen t in  m o s t te x tb o o k s . Set-, fo r  e x a m p le . B o u rq u e  e t a l. (1 ‘J 'JS i. w h o  based 

th e ir  c o m p a r is o n  o n  th e  n u m b e r  o f  te x tb o o k s  a n d  o n  th e  n u m b e r o f  p ro g ra m s  w ith  re q u ire d  a n d  

o p t io n a l cou rses  in  these  areas.
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c ia te d  w ith  th e  la te r  phases o f  the  w a te r fa ll m od e l m ay  in flu e n ce  e a r lie r  ones. Some 

d ia g ra m s  in c lu d e  h i-d ire c t io n a l processes, p ro v id in g  a s tru c tu re  fo r  feedback and  feed

fo rw a rd . B o th  th e  w a te r fa ll and  th e  v -m o d e l. in  th e ir  u n id ire c t io n a l ve rs ions , do  not 

c o n te m p la te  th e  p o s s ib il i ty  o f re a c tio n , te rm in a t io n , o r  re je c tio n .

people

use ana maintenence
devj

delivery'

pment
(/>

(/>

design usepeople

F ig u re  3.23: Waterfall and v-model within HCI conceptual space

I F ig u re  3.23 I d e p ic t th e  above lin e a r  m ode ls  w ith  th e  a id  o f the  c o n c e p tu a l m odel 

in tro d u c e d  in  F ig u re  3.20. th e  Lo renz a t t r a c to r .  B o th  th e  v -m o d e l and  th e  w a te r fa ll 

m od e l a re  u s u a lly  l im ite d  to  a c t iv it ie s  o f  d e v e lo p m e n t, u n d e rs to o d  n a rro w ly , w h ich  

are m o s tly  s itu a te d  a t th e  low er, r ig h t o c ta n t o f  th e  e n ve lo p in g  p a ra lle le p ip e d , the  

rea lm  o f deve lope rs  b u t n o t o f  users. I have in c lu d e d  a s p ira l in  F ig u re  3.23. T h is  

s p ira l is o u ts id e  th e  re a lm  u s u a lly  encom passed b y  th e  w a te r fa ll and  th e  v -m o d e l. It 

suggests th a t once a p ro d u c t is accep ted , it  is b e lieved  to  a cq u ire  a life  o f  its  own. 

and  o th e r  peop le  w i l l  be respons ib le  fo r i t .  be th e y  " lo w -s ta tu s "  pe rsonne l, o r  eas ily  

b la m e d  users. I t  is not by chance th a t p ro fess iona ls  c h a ra c te r iz e  users as in co m p e te n t 

in  w h a t th e y  do. even th o u g h  i t  is th e ir  area  o f e xp e rtise .
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B u t m od e ls  are  s im p lif ic a t io n s , and  a c tu a l d eve lopm en t u s u a lly  encom passes m ore 

th a n  w h a t is u s u a lly  fos te red  in  e s tab lish ed  academ ic  and  in d u s t r ia l se ttin g s . A c tu a l 

w o rk  m ay be spec ia lized , b u t s p e c ia liz a tio n  is e ffe c tive  o n ly  i f  i t  is co m p le m e n ta ry  

and  is s u p p o r te d  by an  u n d e r ly in g  s tru c tu re . Som e u n iv e rs it ie s  and  in d u s tr ie s  are 

s ta r t in g  to  d eve lo p  m echan ism s to  fos te r in te rd is c ip l in a ry  a c t iv it ie s . M ost th e o re tic a l 

m odels, how ever, do n o t even describe  a c t iv it ie s  o u ts id e  th e ir  p ro fess iona l rea lm , 

e x a c tly  because th e y  an* in  th e  d o m a in  o f  o th e rs .

H ow ever, th e  d o m in a n t p ro fess iona l w o rk flo w  e s tab lish ed  in  In fo rm a tic s  does not 

s u p p o rt even a lrea d y  e s ta b lish e d  p rac tices  o f  so ftw a re  p ro d u c tio n . For exam p le . 

J o n a th a n  G ru d in  id e n tif ie d  th re e  m a in  s ch e d u lin g  genres ;isso c ia te d  w ith  th e  a c t iv it ie s  

o f deve lo pe rs  a nd  users (G ru d in .  1998. p  5 ). A c c o rd in g  to  G ru d in , deve lope rs  are 

id e n tif ie d  be fo re  users in  p ro d u c t  t l r r c lo p m t  n t :  users are  id e n t if ie d  before  deve lopers  

in  con trac t  dt■rcloptnt r i t :  a nd  b o th  users a nd  deve lope rs  are id e n tif ie d  s im u lta n e o u s ly  

in  in-housr. a n d  cus tom  deve lopm ent.

contract development product development in-house and custom development
users Identified users Identified. users identified

1--------------------- ►  _ • ------- ► ,  / ; • ------- r s — n ----------M
; v

\ y  11 r

developers identified developers identified developers identified

F ig u re  .3.2 1: Grudin’s identification of users and developers: based on Grudin (1998)

In  F ig u re  3.2 1 I i l lu s tra te  G ru d in 's  re la tio n s  betw een users a nd  deve lopers w ith  the  

a id  o f tw o  va ria b le s  o f a L o ren z  a t t r a c to r  p lo t te d  as fu n c t io n  o f  th e  s im u la t io n  tim e . 

1 have chosen th is  p a r t ic u la r  segm ent because i t  encom passes subsequent- phases th a t 

m a tch  th e  th re e  p a tte rn s  described  by G ru d in ,  a lre a d y  m e n tio n e d  above. T h e  tw o  

curves rep resen t th e  n u m b e r o f  peop le  and w h a t In is c ry s ta lliz e d  in  b o th  th e ir  p ra c tices  

and  a r t ifa c ts  ( te c h n o lo g y ). I have jissum ed th a t  th e  n u m b e r o f  s ta keh o ld e rs  w ho  are
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iLssociiited w ith  d e ve lo p m e n t is u s u a lly  s m a lle r  th a n  th e  n u m b e r o f those  w ho  are 

jussociated w ith  ac t iv i t ie s  o f  use. T h e  sam e can  be sa id  a b o u t tlu* te chn o lo gy . U s ing  

G ru d in 's  i l lu s t ra t io n s  rep resen ted  as b la c k  a rrow s, the  th re e  types o f d eve lo pm e n t 

are d e p ic te d  se q u e n tia lly , fro m  le ft to  r ig h t.  I address th e  sm a ll o s c illa t io n s  in  th e  

sequence.

B a r ry  B o eh m  deve loped  an a lte rn a t iv e  fa m ily  o f process m odels ch a ra c te rize d  

by c y c lic  ite ra t io n  and the* a c tiv e  m anagem en t o f r is k  was proposed d u r in g  th e  la te  

e ig h t ie s .11 B o eh m  ( le v e l■ 1 tw o  fra m e w o rks  fo r  s p ira l d e ve lo p m e n t, one th a t stressed

its  s im ila r it ie s  w ith  th e  t r a d it io n a l lin e a r  processes (B o e lu n . 1988). and  a second one 

in  w h ic h  th e  ro le  o f m u ltip le * s ta keh o ld e rs  have been em phas ized . 1 d e p ic t m y vers ions 

o f  b o th  in  Figure* 3 .2 5 ." ’ T h e  fo rm e r one* is th e  m ost d iffu s e d  across th e  p ro fess iona l 

c o m m u n ity .

B o eh m  e x ten de d  th e  o r ig in a l s p ira l to  overcom e its  lack  o f  g u ida nce  in  d e te rm in in g  

o b je c tiv e s , c-onstra in ts . anel a lte rn a tiv e s . T h e  d ia g ra m s  in  F ig u re  3.25 e x p l ic i t ly  show 

these* de fic ienc ies . The* d a rk e r  g ray  reg ion  on  b o th  d ia g ra m s  o f  F ig u re  3.25 c le a r ly  

show  the* absence o f  de-ta il o f  such a regiem. The* ident i f ic a t io n  o f s y s te m ’s stakeholde>rs 

and  th e ir  w in n in g  c o n d it io n s  p o in ts  to  n e g o tia tio n  proe*esses to  determ ine* m u tu a lly  

sat is fact m y  se*t o f o b je c tiv e s . c o n s tra in ts , anel a lte rn a tiv e s .

Figure* 3 .26  illt is tra te 's  B o e h m ’s s p ira ls  in  the* g ra p h ic a l e-eme-eptual fram e-w ork in 

tro d u c e d  e 'arlie-r.1, B o eh m  has re c e n tly  aeldre*sse*d the* nature* o f s p ira l de*velopme*nt 

th ro u g h  a series o f s ix  in v a r ia n t characteristie*s across the  cvcles. w h ich  include*: ( i)  th e

" ’See B o e lt tn  ( ItJSS) a m i B o e h m  anel Ross I lOSOl. F or a c u r re n t  a p p ra is a l o f  s p ira l d e v e lo p m e n t 

set* B o e h m  et a l. ( l ' J D S ) .  B o e h m  a n d  H ansen (2 0 0 0 ), a n d  H ansen e t a l. (20001

" 'T h e  d ia g ra m  a t th e  b o t to m  o f  Figure* .2.2”) re s u lte d  fro m  a m e rg in g  o f  B o e h m  ( lO S S i's  o r ig in a l 

s p ira l m ot le i w i th  B o e h m  e t a l. ( l (.)0S )’.s i l lu s t r a t io n  o f  h is  W in - W in  m o d e l.  I s h o u ld  re m a rk  th a t  th e  

d ia g ra m s  in  F ig u re  2.25 d o  n o t d o  c o m p le te  ju s t ic e  to  th e  reee'iit d e v e lo p m e n ts  in  s p ira l d e v e lo p m e n t. 

They a re  in te n d e d  o n ly  to  d e p ic t th e  d itFeren t em phases  o f  th e  tw o  o r ig in a l s p ira l d ia g ra m s . ;is 

suggested  b y  th e  a u th o rs  th e m s e lv e s  (B o e h m  a m i H ansen . 2000. p  2 2 l.  a n d  d o  n o t m a tc h  p e rfe c tly .

*' 1 s t r o n g ly  re c o m m e n d  th e  re a d e r to  v ie w  one  o f  th e  m a n y  s im u la t io n s  o r  a n im a t io n  o f  th e  L o re n z  

a t t ra c to r s  a v a ila b le  on  th e  W W W .  T h e  p o in t  in  w h ic h  th e  t r a je c to r y  m oves fro m  one  d is k  to  th e  

o th e r  is p a r t ic u la r ly  i l lu s t r a t iv e  in  s h o w in g  h o w  c o n tin g e n t u p o n  th e  c irc u m s ta n c e s  is th e  a c tu a l 

d e v e lo p m e n t o f  a p ro d u c t.
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Spiral
A. Determine objectives, 
alternatives, constraints.

Elaborate process objectives, 
constraints, and alternatives.

cumulative 
cost

Elaborate the system  
or subsystem's ,  
product.

commitment
partition

review
Secure the 
management’s 
commitment to 
proceed as 
planned.

B. Evaluate alternatives! 
Identify resolve risks 

Evaluate the alternatives with respect 
to the objectives and constraints.

Identify and resolve 
-- major sources of 

■ product and 
. . . .  process 

v ;   ' nsk.
prototype

3 operational

\

life cycle 
■ y plan /require- 
/  ' -ments plan

models

This can include''-'
a plan to terminate 
the project if it is too 
risky or unfeasible.
Plan the next cycle, and update 
life-cyde plan, including partition 

into subsystems to be addressed 
D. Plan next phases 

based on Boehm 1988

development
plan

"  - - '2 .  
integration 3>

.and test plan

the
of the system 
in parallel cycles.

design validation 
and verification..

des,9j>' 
x .  code

 ..emulations
concept of * .............. I " . " 16"  benchmarks

’^ ' ’■dsvel0^ i ..............
— ment s,  soflware , detailed 

requirements V  product / . .d e s ig n  
validation ...

,  unit test 
integra--...

\  accept--, tion and >- 
implemeni.ance tesK tes t,.-' 
tation

C. Develop and verify 
next level product

Elaborate 
the definition 

of the product 
and process.

Win-Win 3b. Establish next 
level objectives

Negotiate win-win reconciliations 
of stakeholders' win conditions 

3a. Reconcile 
win conditions.

Identify the 
stake
holder's win 
conditions 
for the 
system or 
subsystem

2. Identify 
Stakeholders' 
win conditions

Identify the system 
or subsystem's key 
stakeholders.

1. Identify next 7. Review,
level stakeholders commitment

based on Boehm 1988 and Boehm and Hansen 2000

cumulative cost

progress thr° ugh sten.

4. Evaluate product 
and process 
alternatives. 

Resolve 
risks

2, w i n  conditions

5.
Define 

next level 
of product 

and process, 
including 
partitions

6. Validate product an 
process definitions

F ig u r e  1 .2 r): B oehm ’s spiral design process models: based on B o e h m  (1 9 8 8 )  (B o e h m  

and  H an sen , 2 0 0 0 , p 2 3 )
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consumption

demand

(/>

(/)

design people use

F ig u re  3 .2b: Spiral development within HCI conceptual space

c o n c u rre n t ra th e r  th a n  th e  s e q u e n tia l d e v e lo p m e n t o f  a r t i fa c ts ,  ( i i l  the  n e g o tia tio n  

o f  s ta k e h o ld e rs ' re la te d  issues (w h ic h  in c lu d e  c r i t ic a l  o b je c tiv e s  and  c o n s tra in ts , a l

te rn a tiv e s . r is k  id e n t if ic a t io n  and  re s o lu tio n , s ta k e h o ld e r rev iew , and  c o m m itm e n t to  

p roceed) ( i i i )  th e  use o f r is k  c o n s id e ra tio n s  to  d e te rm in e  th e  e tn p lu is is  o f each cyc le , 

( iv l  th e  use o f  r is k  co n s id e ra tio n s  to  d e te rm in e  a p p ro p r ia te  leve l o f  d e ta il, (v )  th e  

p ro -a c tiv e  m a n a g e m e n t o f  c o m m itm e n ts  th ro u g h  d if fe re n t life -cye le  m iles tones, and 

( v i)  a c o rre s p o n d in g  em phasis  on  b ro a d e r a c t iv it ie s ,  in c lu d in g  sy s te m ic  and te m p o ra l 

c o n s id e ra tio n s  across a r t ifa c t  life -s p a n  (B o e h m  a n d  H ansen. 2000. p r>).

These in v a r ia n ts  indeed c o m p le m e n t th e  c o n te n ts  o f  th e  s p ira l,  g u id in g  a b ro a d e r 

v ie w  o f te c h n o lo g y  d e ve lo p m e n t. In  m y  u n d e rs ta n d in g . B o e h m ’s s p ira l w ou ld  be best 

d esc rib e d  by t lit*  d o u b le  s p ira l p a t te rn  o f  th e  L o re n z  cu rve . T h is  leads us to  processes 

o f  p ro to ty p in g  in  w h ic h  a c tu a l user p a r t ic ip a t io n  in fluences  a p ro je c t 's  fu tu re .

In  F ig u re  3 .27  I d e p ic t a p e r io d  o f  th e  L o ren z  a t t r a c to r  in  w h ic h  th e  sw itch  be tw een  

d iscs is e a s ily  recogn ized . T h e  tw o  d iscs c o rre s p o n d  to  a c t iv it ie s  th a t  revo lve  m a in ly  

a ro u n d  des ign  a n d  use. re sp e c tive ly . T h e  process m a y  s w itc h  back and  fo r th  be tw een
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alternatives

development

study

</)
O

( /)

design people use

F ig u re  3.27: Prototyping within HCI conceptual space

people and technology

... win-win spiral 
outside / •

use & service prototyping

inside
spiral development .'waterfall v-mo“det

turnover

Fillin ' 3.28: Genres of development processes: several models in one
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cycles, b u t it also m ay  s ta y  in  th e  u s e r’s rea lm  fo r a w h ile .

In  th e  e a r lie r  c h a p te r  I used tra je c to r ie s  to  describe  H C I ’s and  In fo rm a t ic s ' h is to r 

ica l d e ve lo p m e n t. M y  m a in  p u rp o se  w ith  these exam ple 's is to  m ake  it c lea r th a t th e  

n o tio n s  o f d is c ip lin a ry  tra je c to r ie s  a n d  design processes have* a close* connec t io n  w ith  

e ve ryd a y  p ro fess io na l p ra c tices . I co n c lu d e d  these* fo u r e*xamples w ith  anothe*r pre>- 

je c t io n  o f the* Loremz cu rve  in  w h ic h  the* conse*cutive* s w itc h  be*twee*n d iscs il lu s tra te s  

th e ir  ennphasis on eI(*ve*lo|)ers o r  em use*rs. ;ts show n  in  Figure* 2.28.

In  tw o  fin a l e xam p le s  I analyze* mode*ls th a t encom passed r ic h e r c o n c e p tu a l s tru c -  

tu re s . b u t th ; i t  luive* be*en g ra p h ic a lly  re'pre*se*nte*d ; l s  open  circle's. I cheese one e xa m p le  

in  s o ftw a re  e ng in ee rin g  and  one in  th e  c o g n it iv e  sciences.

The* ID E A L  m oelel. d e p ic te d  in  Figure* 2 .29 (a ) and  deve loped  a t the* Software* 

Engine*ering In s t i tu te  a t C a rne g ie  M e llo n  U n iv e rs ity , is an a p p ro a ch  to  th e  software* 

process im p ro ve m e n t cycle* C M U -S E I (1995. p 81 83).

ID E A L  is an a c ro n y m  w h ich  re fe rs  to  five* m a in  phase's: in i t ia t in g ,  d ia g n o s in g , 

e v a lu a tin g , a c tin g , a n d  le a rn in g  ( fo rm e r ly  le ve ra g in g ). T h e  em p ha s is  o f  the  ID E A L  

m o d e l, w l i i ' i i  m ap pe d  as a c o n s te lla t io n  o f in te re s ts  o n to  the  L o re n z  eairve. is one* o f 

t r a d it io n a l design. A lth e m g h  i i r t i n g  inc lu de s  b o th  e leve'lopm cnt a m i use'. eve*n ; it  a 

line*r h 'v i 'l  o f d e ta il,  c o n tro l re m a in s  in  the* d es igners ’ hands, le a v in g  a passive* role* fo r 

t he user, st udie*d in  a p ilo t te*st. A t  a fine*r level o f  d e ta il,  t he* c o n s te lla t io n  o f act iv it  ie*s 

is a lso  co n ce n tra te d  at th e  deve lope rs  siele. w ith  the* exce*ption o f  sub-processes re 'la ted 

to  s e tt in g  c o n te x t and  p ilo t  te s tin g . The* d ia g ra m  show s, how ever, th a t th e  proce*ss 

is opened  to  th e  I 'n v iro n m e n t because i t  has phases o f d ia g n o s in g  a n d  o f  le a rn in g .

I close w ith  an  e xam p le  I to o k  fro m  c u ltu ra l a nd  h is to r ic a l psycho logy . C u l

tu ra l H is to r ic a l A c t iv i t y  T h e o ry  u n d e rs ta n d s  c o g n it io n  anel b e h a v io r  as s itu a te d  a m i 

d e e p ly  ro o te d  in  collee*tive*ly a r t ifa c t-m e d ia te d  a c t iv it y  system s ( E n g e s tro m . 1987). 

E nge 's trdm  (1999b) stuelieel recurre*nt p a tte rn s  o f know ledge  cre*ation in  in n o v a tiv e  

le a rn in g  in  w o rk  tra m s . E n g e s trb m  describe's th e  expans ive  le a rn in g  cycles in  th e  

fo llo w in g  w a y :1"

' “ S i'e  a lso  ( E ia w s t ro i i i .  111991). p liS .t l.
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Based on the original diagrams 

(a) IDEAL / SEI-CMU 2000 „ <$.
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F ig u re  3.29: C ontrast betw een constellations o f in terests(a) IDEAL model, adapted 

from CMU-SEI (1995, p 81-83, redrawn) (b) Expansive learning cycle, based on En- 

gestrom (1999a, p 33) (c) based on Engestrom (1999b, p 384) (right) 3D model
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1998 Yrjo Engestrom

A c tiv ity  Theory an d  ind ividual an d  social transform ation  (E ngestrom , 1999a, p 33)

[The] expansive cycle o f an a c tiv ity  system begins w ith  an alm ost exclusive emphasis on 

in ternalization , [(a )] on socializing and tra in ing novices to  become co m p eten t mem bers o f  

an activ ity  as it is routinely carried o u t. [(b )] Creative ex terna lization  occurs first in the form  

o f discrete individual innovations, [(c )] As the disruptions and contrad ictions o f the activ ity  

become more dem anding, [(d )] in te rn a liza tio n  increasingly takes the form  o f critical-reflection  

-  and externa lization , [(e )] a search for solutions increases, [ ( f ) ]  E xtern a liza tion  reaches its 

peak when a new m odel for the a c tiv ity  is designed and [(g )] im p lem ented , [(h )] As the  

new model stabilizes itself, in te rn a liza tio n  o f its inherent ways and m eans again becomes the  

dom inant form o f learning and developm ent.

E n ge s trbm  (19 99 b ) c r it ic iz e d  X o n a k a  and T a k c u c h i's  (19 !)”)) leap fro m  a m a tr ix  

to  a cycle* as b e in g  to o  re s tr ic t iv e  co n s id e rin g  th a t i t  p rescribes  th a t  the* process s ta r t  

w ith  s o c ia liz a tio n , b u t it leaves no  space* fo r deba te  o r  n eg o tia t ion . O nce  his c r it  ic ism s 

were p laced. E n g e s tro m  (19991)) p roposed  A c t iv i t y  T h e o ry  a nd  E xp an s ive  L e a rn in g  

;is a lte rn a tiv e  fra m e w o rks  o f  e x p la n a t io n .

See the  d ia g ra m s  in  F ig u re  .'3.29(b) and (c ). T h e y  dep ic t e p is te m ic  sequences o f 

a c tio n s  in  e xp a n s ive  le a rn in g  cyc les, as p roposed  by E n g e s tro m . and  th e  respec tive  

d ia g ra m s  u s ing  th e  L o re rn z  a t t r a c to r .  T h e  in te rp la y  betw een a c t iv it ie s  o f in te rn a l

iz a t io n  and e x te rn a liz a t io n  eorres, \s to  the  s w itc h  back a nd  fo r th  betw een w h a t 

is in te rn a l to  th e  in d iv id u a l and  w h a t is accessible  to  th e  c o m m u n ity .

T h e  left d ia g ra m  in  F ig u re  .'3.29(b) v isua lizes  th e  p ro p o r t io n  o f  e x te rn a liz a t io n  

and  in te rn a liz a t io n  w ith in  th e  e xp a n s ive  cycle. In  th e  r ig h t d ia g ra m . I v isu a lize d  

E n g e s trb m ’s g en e ra l d e s c r ip tio n  o f  such a cyc le . In  i t .  i t  is poss ib le  to  see th a t his 

a p p ro a ch  encom passes th e  w ho le  co n c e p tu a l space, h a v in g  a b ro a d e r and  m ore  t ig h t ly  

in te rw o ve n  c o n s te lla t io n  o f in te re s ts  th a n  th e  ID E A L  m od e l one described  above. O n  

th e  r ig h t o f F ig u re  .'3.29(c). I dep ict, its  respective  t r a j e c t o r y . T h e  b o tto m  one shows 

m ore  c le a r ly  th a t " th e  expans ive  cyc le beg ins w ith  in d iv id u a l s u b je c ts  q u e s tio n in g  th e

' ' ‘T h e  d iffe re n ce s  b e tw e en  E n g c s trb m 's  i l lu s t r a t io n s  a re  d u e  to  th e  fa c t th a t  w hen  in  th e  I h i 

p ic tu re s  1 to o k  th e  in fo rm a t io n  fro m  [ in v e s t r e n ts  te x t ,  in  (e l I have used h is  o w n  i l lu s t r a t io n .
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accep ted  p ra c tic e  ” , w h ic h  co rresp on ds  to  th e  th in n e r  a rro w  (1) at t lie  le ft low er co rn e r 

o f  th e  p ic tu re , "a n d  i t  g ra d u a lly  expands  in to  a c o lle c tiv e  m ovem ent o r  in s t i t u t io n ” , 

w h ic h  co rresp on ds  to  th e  th ic k e r  a rro w  (7) cross ing  th e  w ho le  p ic tu re .

In  a b ro a d  p e rs p e c tiv e , eng inee rs ' users can  he c o m p u te r  s c ie n tis ts , whoso users 

can  he in fo rm a tio n  te c h n o lo g is ts , whose users can he in fo rm a tio n  s c ie n tis ts , whose 

users can  he f in a l users, whose users can he th e  peop le  w ho  d em an d  th e ir  services, 

and  so on. As d iscussed in  C h a p te r  2. p ro fess iona ls  resp on s ib le  fo r  th e  e a r ly  stages o f 

H C I d e ve lo p m e n t lo o k  d o w n  on those  w ho  com e a fte r  th e m . In  t h is  m ode  o f th in k in g , 

d ec is ion s  are neve r q u e s tio n e d , and  i f  th e  s o lu tio n s  d o n 't  w o rk  users are  o fte n  b la m e d .

T h e  co n c e p tu a l fra m e w o rk  in tro d u c e d  in  C h a p te rs  1 a n d  2 is in te n d e d  to  m ap d is 

c ip l in a ry  lin k s  a nd  d is c ip lin a ry  n iches across In fo rm a t ic s . H C I. a nd  b eyo nd . Severa l 

3 D  fo u r  phase cycles c o u ld  be m ap pe d  o n to  it .  d e s c r ib in g  d iffe re n t d is c ip lin a ry  n iches 

in  a 3 D  ve rs ion  o f  F ig u re  2 .9 .>l) T h e  m od e l v isu a lize d  w ith  th e  Lo renz  a t t r a c to r  m aps 

th e  a c t iv i t y  be tw een  tw o  o f  those  p ro fess iona ls . Even  i f  u n d e rs to o d  as a cha in , th e  

flo w  o f  a c t iv it ie s  is b id ire c t io n a l.

B id ire c t io n a l d is c ip lin a ry  flo w  can have im p o r ta n t consequences fo r  p ro fess iona l 

p ra c tice s . I hope th a t w ith in  such a p e rspe c tive , th e  p ro fess io na l w o u ld  becom e less 

p ro n e  to  d ow n  p la y  th e  a p p lie d , th e  a lien , th e  c u s to m e r. T h is  can be e x e m p lif ie d  

w ith  th e  ro le  o f  s o ftw a re  in  e n g in ee rin g . A t a c e r ta in  p o in t in  th e  d eve lo pm e n t o f  

C o m p u te r  (E le c tro n ic )  E n g in e e rin g  th e  focus w ;is h a rd w a re , not so ftw a re . S o ftw a re  

w ;is a m ere  a p p lic a t io n  o f  co m p u te rs , w h ich  were th e  “ h a rd  s tu f f " .  C o m p u tin g  Science 

d iv e rg e d  fro m  E n g in e e rin g  and deve loped  its  o w n  d is c ip lin e , d e ve lo p in g  d e p th  in  th e  

s o ftw a re  s u b je c t, b u t n o t in  o th e r  su b je c ts . T o d a y  th e  im p o r ta n c e  o f  so ftw a re  is 

n o t d o w n p la ye d  any m o re  by eng ineers, to  th e  p o in t  th a t  th e y  have becom e q u ite  

in te re s te d  in  i t .  In  c o n tro l system s th is  is kn o w n  as feedback.

F or m ore  th a n  a decade  now . th e re  hits been renew ed in te re s t in  S e m io tic s  across 

in fo rm a tic s , a s u b je c t s c a n tly  e xp lo re d  ;is a m o t iv a t io n  d u r in g  th e  in t ro d u c t io n  o f

■'’ T h is  is in  a g re m o n t w i t h  H o llin g 's  m o d e l. E x a m p le s  in  n a tu ra l resou rce  m a n a g e m e n t can  he 

fo u n d  in  G u n d e rs o n  et a l. I l!) t)5 a ).
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h ig h  leve l p ro g ra m m in g  lan gu ag e s .11 T h is  c h a p te r  close p a r t I. Pe ircean S e m io tic s  

Inis been th e  se a lfo ld  I have  used to  s t ru c tu re  these th re e  in i t ia l  ch ap te rs , b u t I have 

n o t e x p lo re d  in . A  to p ic  in  P e ircean  S e m io tic s  is indeed  th e  su b je c t o f  th e  n e x t 

c h a p te r, in  P a r t I I .

3 .7  S u m m a ry  an d  F in a l R em ark s 3

T h ro u g h o u t th is  and  th e  e a r lie r  ch ap te rs . I have stressed th e  im p o rta n c e  o f  concep ts  

re la te d  to  agency, c o m m u n ic a tio n , a nd  in te ra c t io n  to  processes o f design in  H C I and  

In fo rm a t ic s . T h is  c h a p te r  is in te n d e d  to  rescue and fu r th e r  deve lop  som e o f th e  

richness fo u n d  in  des ign  processes, w h ic h  a re  n o n -lin e a r, p a ra lle l, a nd  heterogeneous. 

F rom  a P e irc e a n -in  fo rm e d  p e rspe c tive , des ign  processes w o u ld  be necessarily  b o u n d  

w ith  h a b it ,  b u t s im u lta n e o u s ly  w o u ld  n o t be d e te rm in is t ic  (E v o lu t io n a ry  C o s m o lo g y ). 

H ow ever, m o s t process m o d e ls  in  In fo rm a tic s , in c lu d in g  th e  ones in  H C I and  S o ftw a re  

E n g in e e rin g , te n d  to  be m o s tly  d e te rm in is t ic  in  th e ir  p re s c r ip tio n s , and  are re s tr ic te d  

to  th e  re a lm  o f  deve lope rs  in  c o n tra p o s it io n  to  th e  re a lm  o f  users.

In  th is  c h a p te r  I gave  severa l exam p les  o f  process m ode ls  th a t  use concep ts  s im ila r  

to  t lit*  ones deve loped  in  se m io tic s  a nd  c o m m u n ic a tio n  s tu d ie s . D ic h o to m ie s  such  ;is 

s u b je c t a n d  o b je c t , th e  new  a nd  th e  o ld . in te rn a liz a t io n  and  e x te rn a liz a t io n . th e  

g lo b a l a nd  th e  d e ta ile d  are  exam ples.

W h e n  seen fro m  th e  lens o f  des ign  as c o m m u n ic a tio n , des ign  lifecyc les  show  c le a r ly  

w ho  in te ra c ts  w ith  w h o m  across o rg a n iz a tio n a l processes. In  th e  h is to ry  o f  in fo rm a tic s  

m ode ls  o f  des ign  processes have been s lo w ly  in c lu d in g  a c t iv it ie s  and  s ta keh o ld e rs  th a t  

have been p re v io u s ly  a b s tra c te d  aw ay o r  s im p ly  ign o re d . N eve rthe less, th e  s y s te m a tic  

e xc lu s io n  o f  som e s ta ke h o ld e rs  o r  a c t iv it ie s  is dee p ly  e n tren ch ed  in  th e  e s ta b lish e d  

c u ltu ra l eco logy. I d iscuss how  processes o f  des ign  and  d e p lo y m e n t are dee p ly  re la te d  

to  th e  e s ta b lis h e d  c u ltu ra l eco logy o f in fo rm a tic s . For e xa m p le , those  w ho  com e h ist 

in  th e  u sua l sequence o f  te c h n o lo g y  p ro d u c t io n  are u s u a lly  ran ked  low er in  te rm s  o f 

s ta tu s . Based on severa l m ode ls  o f o rg a n iz a t io n a l processes I fu r th e r  co m p le m e n t th e

’ 'S ee  Z c 'in a n c k  I ILMitil fu r  a il e a r ly  e x a m p le .
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H C I c o n c e p tu a l m o d e l w ith  th e  n o tio n  o f p rocess. W i th  these l im ita t io n s  in  m in d , a 

process m o d e l is p roposed  and  d iscussed w ith  th e  a id  o f  th e  L o ren z  a ttra c to r .  I s h o u ld  

re m a rk  th a t  th is  process m od e l is n o t a m e ta -m o d e l. H ow ever, i t  is expressive  eno ug h  

to  encom pass som e e x is t in g  m ode ls , th e re b y  fa c i l i ta t in g  a g ra p h ic  co m p a riso n  be tw een  

th e ir  scope. I d iscuss severa l process m odels in  s o ftw a re  e ng in e e rin g  to  i l lu s tra te  its  

expressiveness.

Researchers in  s o ftw a re  e n g in e e rin g , u s a b il i ty  s tu d ie s , h u m a n -ce n te re d  des ign , s i t 

ua ted  and  m e d ia te d  u n d e rs ta n d in g  o f  te c h n o lo g y  and  c o g n it io n , a m ong  o th e rs , have 

recogn ized  th e  l im ita t io n s  o f  fo rm a l approaches in  te chn o lo gy  des ign  and (‘v a lu a t io n  

and  have a tte m p te d  to  go b eyond  th e m  w ith  d if fe re n t a lte rn a tiv e s .

Severa l o f  th e  o rg a n iz a tio n a l and  process m od e ls  p resen ted  indeed m ake  re fe r

ence to  co n ce p ts  w id e ly  s tu d ie d  in  sem io tics . H ow ever, ve ry  few  a u th o rs  acknow ledge  

th a t these co nce p ts  have been s tu d ie d  e lsew here. T h e ir  a tte m p ts  a re  ev idence  o f  th e  

need to  d o s t ' th e  crevasse be tw een  th e  sciences a n d  th e  h u m a n itie s , betw een p ro fes 

s ion a l a c t iv it ie s  re la te d  to  in fo rm a t io n  and  c o m p u ta t io n , and  be tw een  sch o la rsh ip  in  

c o m m u n ic a tio n  and  th e  p ra c tic e  o f  design.

W ith  th is  c h a p te r  I close th e  d iscuss ion  a b o u t th e  c u ltu ra l e co logy  o f In fo rm a t ic s  

a nd  H C I. T h is  has o n ly  been a s ta r t ,  how ever, in  w h ic h  I p roposed  a rou gh  m o d e l o f  

th e  d is c ip lin a ry  re la tio n s  and  th e  assoc ia ted  d y n a m ic s  present across these fie lds . A t 

severa l p o in ts  across these three' in i t ia l  ch a p te rs  I have p o in te d  to  the  scant recog

n it io n  th a t  c o m m u n ic a tio n , b ro a d ly  u n d e rs to o d , has rece ived b o th  in  H C I a n d  in  

In fo rm a tic s .

M ic h e l Serres (1980 ) uses th e  m e ta p h o r o f  th e  N o rth w e s t P;issage to  d esc rib e  

th e  dange rs  o f  th e  ever c h a n g in g  p a th  th a t  l in k s  science w ith  l i te ra tu re . I c lose 

these th re e  in i t ia l  ch a p te rs  in  th e  hope th a t  th e  o ve rv ie w  o f th e  c u ltu ra l eco logy  o f  

In fo rm a tic s  gave th e  reader a fe e lin g  fo r its  h e te ro g e n e ity  and fo r  th e  cha llenge  th a t 

its  d e ve lo p m e n t w i l l  be.

In  th e  n e x t c h a p te r I e x p lo re  a t in y  s tre tc h  o f  th is  in t r ic a te  passage. I e x p lo re  

th e  s tru c tu re  o f  th e  s ign , as p roposed  by P e irce , in  w ha t conce rns  t l i t '  p a r t ia l o rd e r 

o f  its  e le m e n ts . I d o  th a t w ith  th e  a id  o f  s tru c tu re s  deve loped  in  th e  rea lm  o f  th e
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c o m p u tin g  .sciences, m o s tly  in  th e  fie ld  o f  d a ta  s tru c tu re s . T h e  concep t o f  th e  s ign  

re la t io n  is th e  u n ity  o f  a na lys is  o f  S e m io tics . For e xam p le , s y n ta c tic s , se m a n tics , 

a nd  p ra g m a tic s  have th e ir  o r ig in  in  th e  o rg a n iz a t io n  o f  such a re la tio n , h u t assum e 

a d if fe re n t o rg a n iz a tio n . T h e  same can be sa id  a b o u t d a ta  s truc tu re 's , w h ic h  are 

fu n d a m e n ta l s tru c tu re s  in  In fo rm a tic s . T h e  w o rk  re p o rte d  in  C h a p te r 1 is ck iss ified  

n e ith e r  «us c o m p u te r  science n o r as se m io tic s  as th e y  a re  recogn ized  to d a y , b u t ;is 

b o th .

B ib lio g ra p h y

H. I. A n s o lf .  S tra te g ie s  fo r d iv e rs if ic a t io n .  I f n r r i i n l  I j i t s im s s  l i t  n e w .  .'to! 1: 1 l.'i 12 I. S e p te m - 

!>er/()<  to l> o r l i t "

J o h n  L a n g s h a w  A u s t in ,  H o w  to  m ake th ings  w ith  words.  C la re n d o n  P ress. O x fo rd .  19(i2.

M ik h a i l  M ik h a i lo v ic h  B a k h t in .  T h r  D ia lo g ic  I m a g in a t io n .  I 'n iv e r s i t y  e>f T exa s  Press. 19S1. T rans

la te d  b y  C a ry l E m e rso n  and  M ic h a e l H o h ju is t.

M ik h a i l  M ik h a i lo v ic  h B a k h t in .  T ow a rd  a P h i lo s o p h g  o f  th t  A r t .  I 'n iv e r s i t y  o f  Texas Press. A u s t in .  

PJ9.T

K e n t B e ck . E x tre m e  p ro g ra m m in g : A  h u m a n is t ic  d is c ip lin e ' o f  so ftw a re 1 d e v e lo p m i'n t . In  E g id io  

A s te 's ia n o . e 'd ito r . F u n d a m e n ta l  A pp roaches  to  S o f tw a re  F n g in e e n n g .  page's 1 (>. B e r lin .  CJe'rmunv. 

P J 'J S .

B e irry  B o e h m . A s p ira l m o d e l o f  so ftw a re  e leve le ipm etit a n d  e n h a n c e m e n t. C o m p i i t t r .  pages t i l  72. 

M a y  I OSS.

B a r ry  B o e h m . P ro je c t  te rm in a t io n  do se n ’ t ec|tia l p ro je c t  f ii i lu re '. C o m p u te r .  :17(7 |:91 !l( i. S e -p tem b i'r 

2000.

B a r ry  B o e h m . A lt 'x a n d e r  Egye'd. Ju lie ' K w a n . D a n  P o r t .  A r c h ita  S h a h , a m i R ay M ae lachy. C s in g  

the1 w in  w in  s p ira l m o d e l: A  ceise s tu d y . I E E E  C o m p u te r .  .! 1 ( 7 1:.1.1 11. J u ly  199S.

B e irry  B o e h m  a m i W il f r e d  .1. H ansen . S p ira l e lt 'v e lo p m c n t: E.xpe'rie 'itce. p r in c ip le ’s, emd re’ fin e 'ine n ts . 

T e c h n ic a l Re-peert C M C  S E I-2 0 0 0 -S R -0 0 S . C’eirm'gie- M e 'llo n  - S o ftw a re ’ E n g in e e rin g  In s t itu te '.  J u ly  

2000 .

B a r ry  B o e h m  eim l D a n  P o r t.  W he 'ti m od e ls  co llie le : Le'ssons freem softweire ' sys tem s ane ilys is . I T  

P r o f i  s s io n a l .  I l l  l: I!) ad. Jemueiry Fe'brueiry 1!)!)0.

B a r ry  B o e 'h m . Dem P o r t,  a n d  M o h a m m e d  A1 Seiid. A v o id in g  th e  seiftweire’ meielel-e'leish sp ide rw e 'b .

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



www.manaraa.com

207

I E E E  C o m p u t e r .  11 |:120  122. N o v e m b e r 2000.

B a r ry  B o e h m  a m i R. Ross. T h e o ry  \V  s o ftw a re  p ro je e t  m an a g e m e n t: P r in e ip le s  a m i e xa m p le s .

I E E E  T ra n s a c t io n s  on S o f tw a re  E tu jm t  e r ing .  1 5 (7 ):9 0 2  910 . . In ly  1989.

M a x  H . B o is o l.  I n f o r m a t io n  S p a n :  .1 F ra m e w o rk  f o r  L e a rn in g  in  O r g a n iz a t io n * .  I n s t i t u t i o n s  a n i l  

C u l t  a n .  R o u tle d g e . N ew  Y o rk .  199a.

M a x  H . B o is o t.  h 'n o w h d g t  A ss t  ts : S e c u r in g  C o m p e t i t i v e  A d van tage  in  t in  I n f o r m a t i o n  E co n o m y .  

O x fo rd  U n iv e r is ty  Press. 1998.

P ie rre  B o u rd ie u . O a th iu  o f  a T in  o n /  o f  P rac t ice .  C a m b r id g e  I 'n iv e rs ity  P ress. 1977.

P ie rre  B o u rd ie n .  The Log ic  o f  P rac t ice .  S ta n fo rd  U n iv e rs ity  Press. S ta n fo rd . C a lifo rn ia .  1990.

P ie rre  B o u rd ie u  a n d  Loi'c ,J. D . W a e q u a n t. A n  I n n t a t i o n  to  R e j l t s n i  Soc io logy.  The I 'n iv e r s i t y  o f  

C h ic a g o  P ress . C h ic a g o . U S A . 1992.

P ie rre  B o u r< |tie . R o h e r D u p iu s . A la in  A h ra n .  Jam es W . M o o n * , l.e o rn a rd  T r ip p .  K a re n  S hyne . B ry a n  

P u li ' ; .  M a re e la  M a y a , a m i G u y  T re m b la y . G u ide1 to  th e  S o ftw a re  E n g in e e rin g  b o d y  o f  k n o w le d g e : 

A  s tra w  m a n  ve rs io n . T e e h n ic a l re p o r t .  T h e  iE E E  C o m p u te r  S o c ie ty . M o n tre a l.  Q uebee . C a n a d a . 

S e p te m b e r 1998.

.Jerom e B ru n e r ,  . l r / s  o f  M e a n in g .  H a rv a rd  U n iv e rs ity  P ress. C a m b r id g e . M a ssa ch u se tts . 1990.

G . B u r re l a n d  G . M o rg a n . S oc io lo g ica l  P a ra d ig m s  a n d  O r g a n iz a t io n a l  A n a lg s is .  H e iu o m a u n . L o u d o n .

1979.

P e te r C’a r ia n i.  A d a p t iv i t v  an d  em ergence  in  o rg a n is m s  a n d  devices. W o r ld  E u t i i n s .  .12: 111 1 .’12. 

1991a.

P e te r C a r ia n i.  E m e rg e n ce  an d  a r t i l ie ia l  life . In  C .G . L a n g to n . C . T a y lo r .  .I D . F a rm e r, a m i S. R ;is - 

m ussen. e d ito rs .  A r t i f i c i a l  L i fe  I I  . S E I  S tud ies  in  the Sen net s o f  C o m p le n t y .  v o lu m e  X . pages 

77o 797. A d d is o n -W e s le y . 1991b.

P e te r C a r ia n i.  S om e e p is te m o lo g ic a l im p lic a t io n s  o f  d e v ice s  w h ic h  c o n s tru c t th e ir  o w n  sensors an d  

e tfe c to rs . In  F ra n c isco  F . V a re la  a n d  P. B o u rg in e . e d ito rs .  P ro n  t i l ings  o f  t in  F i r s t  Eu ropean  

W o rk s h o p  on  A r t i f i c i a l  L i fe ,  pages 18-1 -193. C a m b r id g e . M A .  U S A . 1991c.

P e te r C a r ia n i.  C gherrn  t i c  sys tems a n d  the s e m io t ic s  o f  t r a n s la t io n .  A th a n o r .  S e m in t ic a . F ilo s o lia . 

A r te .  L i te ra tu r e  X I .  2. 200. M e lte m i.  R om e. 2001.

C la y to n  M . C h r is te n s e n . The I n n o v a t o r ’s D i l e m m a :  W h e n  S e w  Technologies Cause O r t  at F i n n s  to  

End. H a rv a rd  B us iness  S ch o o l. PJ97a.

C la y to n  M . C h r is te n s e n . O  D i l t i n a  da I n o r a r a n :  Q u a n d o  S o r o s  T enm logu is  L i cam E m p n  sas ao  

Fracasso. M a k ro n  B o o ks . Sao P a u lo . B ra z il.  19971).

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



www.manaraa.com

208

C la y to n  M . C h r is te n s o n . W i l l  d is ru p t iv o  in n o v a tio n s  c u re  h e a lth  care? I l a r r a r d  B a s i in  .ss l i t  eo ic. 

7 8 |5 ) :1 0 2  112 .201)0 .

C a rn e g ie  M e llo n  I 'n iv e r s i t y  S o ftw a re  E n g in e e r in g  In s t i t u te  C M U -S E I.  T h r  C a p a h i l i ty  M a t u r i t y  

M o d r l :  ( , ' u i d r l i n r s  f o r  l i n p r o r i n y  t h r  S o f tw a r r  P ro r rs s .  A d d is o n  W esley. 11)95.

A l i s ta i r  C o c k b u rn .  The in te ra c t io n  o f  so c ia l issues a n d  s o ftw a re  a rc h ite c tu re ,  C o t n in u n in i t i o n s  o f  

t h r  A C M .  :{«.)( 10): 10 11). O c to b e r  199(1.

M ic h e l i le  C e r te a u . f  in  P r a r t i n  o f  F.rt r y d a y  L i f t . I 'n iv e r s i t y  o f  C a lifo rn ia  Press. IK S  I.

C la r is s e  S ie cke n iu s  de  S ouza. A  s e m io tie  a p p ro a c h  to  user in te rfa c e  des ign . T ec h n ic a l R e p o rt R e p o rt 

N o . C S L I-K 2 - I f i t i .  P C D -t i.  C S L I - C e n te r  fo r  th e  S tu d y  o f  Lan gu a g e  a n d  In fo rm a t io n .  1992.

C la r is s e  S ie cke n iu s  d e  Sou/.a. T h e  s e m io t ie  e n g in e e r in g  o f  user in te rfa c e  languages, I n t r m a t i n n n l  

J o u r n a l  o f  M a i i - M a r h i n r  S tu i l i r s .  ;19:75.’1 772. 1992.

P e te r  D e n n in g . C o m p u t in g  th e  p ro fe ss io n : A n  in v i ta t io n  fo r  c o m p u te r  s c ie n t is ts  to  cross th e  c lu is m . 

E d u r o in  l i t r i i i r .  2 2 (t i) :2 ( i 20. 5(j 59. N o v e m b e r /D e c e m b e r  199S.

P e te r .1. D e n n in g . C ro s s in g  th e  cha sm . C o in m u n i ra t io r i . s  o f  tin: A C M .  I -1 (-1): 21 25. A p r i l  2001.

I e r r y  E a g le to n . L i t r r u r y  T h ro ry :  . I n  I n t ro d u c t io n .  L’ n iv e rs ity  o f  M in e s s o ta  Press. M in n e a p o lis .

M N . E S A . IKS2.

D o u g la s  C . E n g e lb a r t .  A u g m e n t in g  h u m a n  in te l le c t :  A  c o n c e p tu a l fra m e w o rk . S u m m a ry

R e p o rt C o n tra c t  A E  IK(ti2.S 1-1021. S ta n fo rd  R esea rch  In s t i tu te ,  h t tp : / /w w w .h is te e h . r w th -  

a a c h e n .d e /w w w /q u e l lc n /e n g e lb a r t /  a h it i2 in d e x .h tm l.  O c to b e r  19(12.

D o u g la s  C . E n g e lb a r t .  W o rk s ta t io n  h is to ry  a nd  th e  a u g m e n te d  k n o w le d g e  w o rk s h o p . In  P r o n  t dnn /s  

o f  t in  A C M  C o n  f t  n  m i  on t h r  l l i s t o n / o f  P r r s o n a l  W o rk s ta t io n s ,  pages 72 S2. P a lo  A l to .  C A .  

J a n u a ry  K -10 1980. ht t p : , . w w w .b o o ts t ra p .o rg , a u g m e n t-101921 .h tm .

Y r jb  E n g e s tro m . I . r n n n n i j  B y  E T j ia n d in y :  A n  A r t i r i t y - T h r o r r t i r n l  A p p r n a r h  to  D r r r l o p r r n t  r i ta l  

R r s r a n h .  O r ie n ta - K o n s u lt i t  O y . H e ls in k i.  1987.

Y r jb  E n g e s tro m . A r t m t y  T h r o r y  a n d  I n d i r n l i t a l  a n d  S o c ia l  T ra n s fo rm a t io n ,  c h a p te r  1. pages 19 28. 

In  . E n g e s tro m  e t a l. ( 19991. 1999a.

Y r jb  E n g e s tro m . I n n o r a t i r r  l . t a r m n y  in  U ’orA: I 'm in s :  A n a ly s in y  C y r l r s  o f  K n o i r l r d y i  ( ' n a t i o n  in  

I ’r n r t i r r .  c h a p te r  22. pages 277 101. In  . E n g e s tro m  et a l. ( 1999). 1999b.

Y r jo  E n g e s tro m . R e ijo  M ie t t in e n .  a n d  R a ija -L e o n a  P u t ia k a k i.  e d ito rs . P r rs p t  r t i n  s on  A r t i n t y  

T h io r y .  C a m b r id g e  I 'n iv e r s i t y  Press. 1999.

J o se p h  L . E s p o s ito . E r o lu t i o n a r y  M i t a p h y s i r s :  Tht D r v t  l o p m r n t  o f  P r i m  's T h r o r y  o f  C a h y o n t  s. 

O h io  L’ n iv e rs ity  P ress. A th e n s . O h io . 1980.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

http://www.histeeh.rwth-
http://www.bootstrap.org


www.manaraa.com

209

K e n n e th  F a lc o n e r, /• 'metal ( o n m e t r y :  M a th t  m a t ic a l  F o u n d a t io n *  a n d  A p p l i c a t io n * .  J o h n  W il le y  C  

Sons. 1990.

D a v id  M . F ro h lic l i .  D ire c t  m a n ip u la t io n  a n d  o th e r  lessons. In  H e la n d c r  e t a l. I l ! ) ! ) 7 ) .  c h a p te r  21. 

pages -ISS.

Ja m e s  Je ro m e  G ib s o n . The eco log ica l app roach  to  r  is u n i  perct p t io n .  H o u g h to n  M if f l in .  D a lla s . 1!)7!).

D in a  C lo ld i a nd  D a v id  K e il.  In te ra c t io n ,  e v o lu t io n ,  a n d  in te llig e n c e . In  I ' ro c t  t thugs o f  t in  J i l t ) I  

C ong rt  ss on E r o lu t  lo i ia r t /  C o m p u ta t io n  ( ' F C j t l t l I . pages SO.j M  l.  K o re a . M a v  2001.

D in a  G o ld in .  S co tt. S m o lka . a n d  P e te r W egne r. T u r in g  m ach ines , t r a n s it io n  sys tem s, a n d  in te ra c t io n .  

T ech n ica l r e p o r t .  S lh  I n t ' l  W o rk s h o p  o n  E xp re ss ive n ess  in  C o n c u rre n c y . A a r lb o rg .  D e n m a rk . 

A u g u s t 2001. D e p a rtm e n t o f  C S . U n iv e rs ity  o f  M a ssa ch u se tts . B o s to n . O c to b e r  2000. U M B  CS 

T echn ic ,a l R e p o r t  00-7.

J o n a th a n  G r u d in .  C S C W  a n d  G ro u p w tir i ':  'T h e ir  h is to ry  a nd  t r a je c to r y .  In  Y tt tu k a  M a ts u s h ita ,  

e d ito r .  D e s ig n in g  ( 'o n in iu n ie n t io n  a m i  C o l la b o ra t io n  S u p p o r t  System s,  c h iip te r  I .  pages 1 la . 

G o rd o n  a n d  B re a ch  S c ience  P u n b lis h e rs . 199S.

L a n ce  H . G u n d e rs o n . C. S. H u ll in g ,  and  S te p h e n  S. L ig h t,  e d ito rs . B a r r i e r s  t in d  B r id g e s  to t in  

Rent w i l l  o f  Ecosys tem s a n d  I n s t i t u t i o n s .  C o lu m b ia  I 'n iv e r s i t y  P ress. N ew  Y o rk . N Y .  U S A . 1995a.

L a n ce  H . G u n d e rs o n . C . S. H u ll in g ,  a nd  S te p h e n  S. L ig h t .  B u r n e r s  B ro k e n  a n d  B n  dtp s B u i l t :  .1 

S yn thes is ,  c h a p te r  12. pages 1S‘J 5.T2. In  . G u n d e rs o n  e t a l. ( 1995a). 1995b.

J u rg e n  H a b e rm a s . Tin Thening o f  C o m m u n n n t i r t  A c t i o n :  Reason a n d  t in  R a t io n a l i z a t io n  o f  Socie ty .  

v o lu m e  I. B e acon  Press. 1 OS-1.

W . .1. H a n se n . J . T . F o re m a n . D . J . C’a rn e v . F . C . F o rre s te r. C . P. G ra e tt in g e r .  W . C . P e te r

son. a n d  P. R . P lace. S p ira l d e v e lo p m e n t - b u i ld in g  th e  c u ltu re :  A  re p o r t on th e  C S E -S K I 

w o rk s h o p . T e c h n ic a l R e p o rt C M U /S F I-2 0 0 0 -S R -0 0 ( i.  C a rn e g ie  M e llo n  - S o ftw a re  E n g in e e r in g  

In s t i tu te .  P it ts b u r g h .  P A . J u ly  2000.

J o h n  H edgecoe. .1 M o n u m e n ta l  \ i s io n :  The S c u lp tu re  o f  H e n ry  M oo re .  K e y  P o r te r  B o o ks . T o ro n to . 

O n ta r io .  C a n a d a . 1 DOS.

M . H e la n d c r. T .  K . L a n d a u e r. a n d  P. P ra b h u . e d ito rs .  H andbook  o f  H u m a n - C o in p n t t  r  In te ra c t io n .  

E ls e v ie r  S c ience  B .C .. 1997.

R u d y  H irs c h h e im  a nd  H e in z  K . K le in .  F o u r p a ra d ig m s  o f  in fo rm a t io n  sys te m s  d e v e lo p m e n t. C<nn- 

m u n c a t io n s  o f  the A C M .  .T2( 10): 1 199 1 2 I(j. 19S9.

C . S. H u llin g .  In v e s t in g  in  resea rch  fo r  s u s ta in a b il i ty .  F co lo g ica l  A p p l ic a t io n s .  5 :552 1995.

C . S. H u llin g .  W h a t  b a rr ie rs . ’ W h a t b ridg e s?  In  G u n d e rs o n  e t a l. ( 1995a). c h a p te r  1. pages J  .11.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



www.manaraa.com

210

D a v id  H u rs t,  C r is is  C  Rt new a l:  M u t i n g  t in  C h a l le u g t  o f  O r g a n iz a t io n a l  ( ' h a n g t . H a rv a rd  B us iness 

S ch o o l Press. 199').

E d w in  H u tc h in s . C o g n i t io n  in  the W ild .  M I T  Press. 199a.

FCdwin [.. H u tc h in s . .Janies D . H o lla n . a n d  D o n a ld  A . N o rm a n . D ire c t m a n ip u la t io n  in te rfa ce s . In  

N o rm a n  a nd  D ra p e r ,  e d ito rs . I 's i  r  C e n h r t d  S ys tem  D es ign .  pages 87 121. L a w re n ce  E a r lb a u m  

a nd  A sso c ia te s . H ills d a le . N .I. 19S(i.

\ \  o lfg a n g  Ise r. I h t  A r t  o f  Rt a d m g :  .1 I 'h t  o r y  o f  At  s th t  t i c  R e s p o n s t . T h e  J o h n  H o p k in g s  L’ n iv e rs itv  

Press. B a lt im o re .  1978.

H ;m s R o b e rt .lauss. T ow ard  nn A e s t ln  t ie  o f  Rt cep tm n .  L’ n iv e rs i ty  o f  M in n e s o ta  Press. 1982.

■John K a m m e rs g a a rd . F o u r d iffe re n t p e rs p e c tiv e s  o n  h u m a n -c o m p u tc r  in te ra c t io n ,  I n t e r n a t i o n a l  

. lo i t r t u i l  o f  M n n - M a r h i n r  Studies.  2X:.'M.'t .102. 19X8.

D o n a ld  K o lb , { . e a rn in g  S ty le  In v e n to r y .  M e B e r  an d  C o iu p iit iy .  M A .  1985.

• la ir  C a v a lc a n ti L e itc .  M o d i  los t E o rm a l is m o s  [ in rn  u F.nyt n h a n a  St n i io t ie n  dt I n t i  i f  a n  s tit I ' s u a n o .  

P h D  the s is . P o n t if tc ia  L 'n iv c rs id a d e  C a td lic a  do  R io  de  J a n e iro . D e p a r ta m e n to  de In fo rm a t ie a .  

O c to b e r  7 1998.

H ih v a rd  N. L o re n z . D e te rm in is t ic  n o n p e r io d ic  How. J o u r n a l  o f  t in  A t in o s p h t  n e  Sen net s. 20:1.'50 11. 

190.1.

H e n ry  M in tz b e rg .  S tra te g y  fo rm a t io n :  S ch o o ls  o f  th o u g h t .  In  Ja m e s  W . F re d r ic k s o n , e d ito r .  Per-  

s p tc t i re s  on  S t ra te g ic  M a n  age nu  nt.  c h a p te r  5. pages 105 2115. H a rp i ’ r B u s in e ss . L’ S A . 1990.

H e n ry  M in tz b e rg  a tn l Jam es A . W a te rs . O f  s tra te g ic s , d e lib e ra te  a n d  e m e rg e n t. S t n i / i y i r  M a n a g t -  

nii  n t  J o u r i i u l .  0 :2 5 7  272. 198a.

C le o lfre v  A . M o o re . C ro s s in g  t in  C h a s m :  M a r k t t m y  a n d  St l l i n g  Ih y h - te e h  f ’m d u e ts  to M n m s t r i  am  

C u s to m e rs .  H a rp e r  B us iness. N ew  Y o rk . N Y .  1991.

C le o lfre v  A . M o o re . In s id e  the T ornado.  H a rp i ’ r  C o llin s , new  y o rk  e d it io n .  1995.

C leolfrev A. M oore . Dentro do Furarao: Estrategias de Marketing para Em pnsas  de Ponta. F titttra . 

1990.

G a re th  M o rg a n . Im ages  o f  O rg a n iz a t io n .  S A G E  P u b lic a t io n s .  N e w b u ry  P a rk . C a lifo rn ia .  C S A .

1980.

O jc la n k i K . N g w e n y a tn a . T h e  c r i t ic a l s o c ia l th e o ry  a p p ro a c h  to  in fo rm a t io n  sys tem s: P ro b le m s  

a n d  ch a lle n g es . In  H a n s -E r ik  N isscn . H e in z  K . K le in ,  a n d  R u d y  H irs c h h e im . ed ite .rs . I n f o r m a 

t io n  S y s t im s  Rt sea rch :  C o n te m p o r a r y  A pp roaches  C  E m e rg e n t  T ra d i t io n s .  Proei t d ings o f  the 

I E I P  T C  U 'C i 8 .2 8  W o rk in g  C on fe re n ce  on the I n f o r m a t i o n  S y s t im s  Rt search  . I n n a  o f  the '.Ill's

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



www.manaraa.com

211

( 'hallt a g e s .  P tn tp ho ns .  and Alternative Approaeht s. pages 207 2M). ( ’< >| ><-i 11 i. i !z;< ‘i i . D e n m a rk . 

D e c e m b e r 1!)!)1. 11'I P. N o r th  H o lla n d .

1. N o n a k a  a n d  H . T a k e u c h i. I 'h t  K n o w le d g e  C n n t t r n j  ( ’t im p a n i / :  H o i r  J a p a iu  st C o m p n n n s  c r ta t i  

the D g n u m ie s  n f  I n n o v a t io n .  O x fo rd  I ’ n iv e rs ity  P ress. 1995.

I k t l j i r o  N o n a k a  a n d  H iro ta k a  T a k e u e h i. ('n<u;d<> t in  C o n h t  em i t  n to  nu E m p r t s a :  C o m o  as E n ip r ts a s  

Jap tm esus  ( i t  r a m  a D in d r m r n  tin In o ia t /d o .  E d ito r a  C a m p u s . R io  de J a n e iro . B ra s il,  ( i t l i  e d it io n .  

1997.

D o n a ld  A . N o rm a n . C o g n it iv e  e n g in e e r in g . In  N o rm a n  a nd  D ra p e r , e d ito rs . l A t r  (  '» n/ t  m l  Si/.-tr in 

Des ign .  pages . { 1 (i.j. L a w re n e e  E ra lb a u m  a m i A sso c ia te s . H ills d a le . N .I. I ' J M i .

D o n a ld  A . N o rm a n . The Des ign  o f  E r t r g d a i /  T hu tt js .  C u r re n c y  D o u b le d a y . N ew  Y o rk . N Y . I S A . 

1990.

D o n a ld  A . N o rm a n . The In v is ib le  C o r n p u t t r .  T h e  M I T  P ress. C a m b r id g e . M A . C S A . 199N.

D o n a ld  A . N o rm a n . A ffo rd a n e e . c o n v e n tio n s , a m i d e s ig n . I n t t  r t iehnns .  O idpJ.s |:{, M a y  1999.

W in f r ie d  N d th .  H a ndbook  o f  S t m io t i c s .  A d v a n c e s  in  S e m io tic s . In d ia n a  I ’ n iv e rs itv  P ress. B lo o m 

in g to n  a n d  In d ia n a p o lis .  1995.

A rn e  R a e ith c l a m i B o r is  M . Y e lic h k o v s k y . J o in t  a t te n t io n  a n d  c o -c o n s tru c tio n  o f  tasks : N e w  w avs to  

fo s te r u s e r-d e s ig n e r c o lla b o ra t io n . In  B o n n ie  N a rd i .  e d ito r .  C o n t t r t  a n d  ( 'o n s r t o u s n t  ss: A e t i n t i j  

T h e o n j  a n i l  H u m a n - C o m p u t t  r  I n te rn e t  ion .  c h a p te r  9. pages 199 T i l .  M IT  P ress. C a m b r id g e . 

M A .  C S A . 1990.

E v e re tt  M . R o ge rs . D i f f u s io n  o f  [ n n o r n t t o n s .  S im o n  a n d  S ch u s te r T ra d e . N ew  Y o rk , fo u r th  e d it io n .  

1990.

K v e re tt  M . R oge rs  and  R e kh a  A g a rw a la -R o g c rs . C o in in u n i r a t i o n  in  O rg a n iz a t io n s .  T h e  Free Press. 

1970.

F e rd in a n d  d e  S auss ttre . C ourse  in  G e n e ra l  L in g u is t i c s .  D u c k w o r th .  19SJ.

F e rd in a n d  d e  S aussu re . C u rs o  tie L in g i i i s t ie a  G r r a l .  E d ito ra  C’u l t r i x .  Sao P a u lo . B ra z i l .  199(1.

M ic h e l S e rres. H t r m i s  C; l.t Passage da S o r d - O u t  st. E d it io n s  M in u i t  . 19S0.

M ic h e l S e rres. The B i r t h  o f  P h t js i rs .  C 'lin a m e ti P r . L td . .  JODI.

M ic h e l S e rres a n d  B ru n o  L a to u r .  C o n n  r s a t io n s  on Sen n e t .  C u l tu re ,  a n d  T i rn t .  T h e  C n iv e rs itv  o f

M ic h ig a n  P ress. 1995.

C la u d e  E . S h a n n o n  and  W a rre n  W e ave r. M a t h e m a t i c a l  T h e o n /  o f  C o m m u n ic a t io n .  C n iv e rs itv  o f  

I l l in o is  P ress . C rb a n a . 1919.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



www.manaraa.com

212

D o n a ld  S lu m  a n d  J o h n  B e n n e tt. R e fle c t iv e  c o n v e rs a t io n  w ith  m a te r ia ls . In  T e r ry  W in o g ra d . I.a u ra  

D e Y ou n g e . a n d  B ra d d le y  H a r t t ie l i l .  e d ito rs .  B r in g in g  D e s ig n  to S o f tw a re .  c h a p te r  !). pages 171 

LS I. A d d is o n  W esley. N ew  Y o rk .  N Y .  U S A . 1096.

D o n a ld  A . S h u n , The R e j h c t i n  P r a c t i t i o n e r :  H o w  P ro fe s s io n a ls  f l u n k  in  A c t io n .  B as ic  B o o ks . 

N e w  Y o rk . N Y . U S A . 10S.L

W a lly  S m ith  a n d  J o h n  D o w e ll. T ra v e ls  in  '[-s p a c e : T h e  d if fu s io n  o f  d is a s te r  m a n a g e m e n t kn o w le d g e . 

In  t i l t h  A u s t r a l i a n  ( 'on f i  n  n n  on  I n f o r m a t i o n  Systems,  pastes M lti M O . W e ll in g to n .  N e w  Z e a la n d . 

1009.

A n s e lm  1.. S tra u ss . C o n t in u a l  l ' i  r r n u ta t i o n s  o f  A c t io n .  A ld in e  *l t ‘ C iru y te r .  N e w  Y o rk . 100.2.

P a id  J . T h ib a u l t .  R e - read ing  S auss i t re :  The D y n a m ic s  o f  S igns  in  S o c ia l  L i fe .  R o u tle d g e . 1007.

K . \V .  T h o m a s . C o n f l ic t  and  c o n f lic t  m a n a g e m e n t. In  M . D . D tm n e tte .  e d ito r .  H andbook  o f  I n d u s t r i a l  

a n d  O rg a n  i z a t t o n a l  Psycho logy,  pages S.S0 026. R a m i M c N a lly .  1076.

R a n d y  T r ig g  a n d  A m lre w  C le m e n t. P a r t ic ip a to r y  d e s ig n : R e a d in g s . J u ly  22 1000. U R L

http://www.cpsr.org/progratn/workplace/PD-readings.html.

B . P. van  H e iis d e ti a n d  R. Jo rn a . T o w a rd  a S e m io t ie  T h e o n j  o f  C o g m t in  D y n a m ic s  in  O rg a n is a t io n s .  

c h a p te r  1. K lu w e r .  2061.

J a e o l) vo n  U e x k ii l l .  T heon  t ic n l  B io lo g y .  H a re o u r t .  B ra c e  V  C o .. N ew  Y o rk . 1026.

J a c o b  vo n  U e x k i i l l .  A  s t ro l l  th ro u g h  th e  w o r ld s  o f  a n im a ls  a n d  m en . a  p ic tu re  b o o k  o f  in v is ib le  

w o r ld s . In  C la ire  S c h ille r ,  e d ito r .  I n s t i n c t i r e  B e h n n o u r : T h e  D e v e lo p m e n t  o f  a M o d e rn  C oncep t.  

pages a S(). In t .  U n iv e rs it ie s  P ress. 1067.

J a c o b  von  U e x k ii l l .  T h e  th e o ry  o f  m e a n in g . Si in 1 0 / tea. ( 12). 10S2.

U. S. V y g o ts k y . M i n d  in  S n c u t y :  The l h  re lo p m e n t  o f  H i g / n r  P sych o lo g ic a l  Process/ s. H a rv a rd

U n iv e rs ity  P ress. C a m b rid g e . 1078a.

L e v  V y g o ts k y .  T h o u g h t  an d  Language.  M I T  Press. C a m b r id g e . 197Sb.

P e te r  W e g n e r. In te ra c t io n  ; ls  a bas is  fo r  e m p ir ic a l c o m p u te r  science. A C M  C o m p u t in g  S u n u  ys. 27: 

16 IS. 1006a.

P e te r  W e g n e r. In te ra c t iv e  fo u n d a tio n s  o f  o b je c t-b a s e d  p ro g ra m m in g . IE P .F. C o tn p u h  r. 2S ;70 72. 

O c to b e r  1006b.

P e te r  W e g n e r. W h y  in te ra c t io n  is m o re  p o w e rfu l th a n  a lg o r ith m s .  C o m m u n ic a t io n s  o f  the A C M .  

I()( 6 l:M ) 01 . M a y  1997.

Pi te r  W e g n e r. O b s e rv a b il i ty  an d  e m p r ic ia l c o m p u ta t io n .  The M o n is t .  S 2 ( I ) .  J a n u a ry  1000.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

http://www.cpsr.org/progratn/workplace/PD-readings.html


www.manaraa.com

[•'ranees R . W e s t Icy. M id d le  m a n a g e rs  a n d  s t ra te g y : M ic ro d y n a m ic s  o f  in c lu s io n . S t r u t t  i / ic  M a n a t / t -  

m en t  J o u rn a l .  11:227 251. P.l'.H).

F ra n k  W h it fo r d .  Bau l inas .  T h a m e s  a n d  H u d so n  L td . .  Le 1 . 1 OS-1.

L u d w ig  W it tg e n s te in .  P h i lo s o p h ic a l  I n r t s t  n ja t io n s .  B la c k w e ll P u b lis h e rs . M a ld e n . M a ssa ch u se tts . 

C S A . second  e d it io n .  11)97.

H . Z e m a n e k . S e m io tic s  and  p ro g ra m m in g  languages . C o m m u n ic a t io n s o f  t in  A C M .  9 (2 ) :  129 I l.'t. 

M a rc h  I'J titi.

V la d im ir  P. Z ic h e u k o . Devc! , : g a c t iv i t y  th e o ry : T h e  zone o f  p ro x im a l d e v e lo p m e n t a n d  b e yo n d . 

In  B o n n ie  N a rd i.  e d ito r ,  ( ' o n t t r t  a n d  C o n sc io u s n es s :  A c t i n t i /  T in  o n /  a n d  l l a i n a n - C o i i i p u t t  r  

I n te ra c t io n ,  c h a p te r  12. pages 128 22 I. M I T  P ress. C a m b r id g e . M A .  C S A . l'.lOli.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

84

59



www.manaraa.com

Part II 

Order in P eirce’s Sign R elations  

and D erived C ategories

21 -I

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



www.manaraa.com

215

Chapter 4 

Sign R elations and C ategories

D'una citta non godi le sette o le settantasette meraviglie, 

ma la riposte che da a una tua domanda. 

Italo Calving, Le C itta Invisibility

I have neither desires nor fears, the Khan declared, 

and my dreams are composed either by my mind or by chance. 

Cities also believe they are the work of the mind or of chance, 

but neither the one nor the other suffices to hold up their walls. 

Ybu take delight not in a city's seven or seventy wonders.

but in the answer it  gives a question o f yours. 

Or the question it asks you, forcing you to answer, 

like Themes through the mouth of the Sphinx.

Italo Calving, Invisible Cities 1

' I t a lo  C a lv in g . In v is ib le  C it ie s .  H a rv e s t B o o k s . W i l l ia m  W e a ve r tT ra n s la to r ) .  I'JSti. at It le d  ita lie s
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4.1 H C I and C o m m u n ica tio n

T h e  re la t iv e ly  recent awareness fo r  a m u tu a l in llu e n c e  be tw een  In fo rm a t ic s  a n d  co m 

m u n ic a tio n s  has a ttra c te d  th e  a t te n t io n  o f  som e people  across H C I and In fo rm a tic s  to  

d is c ip lin e s  th a t  s tu d y  language , c o m m u n ic a tio n , a nd  in te ra c t io n . In  th e  re m a in d e r o f 

th is  d is s e rta tio n  I in c re a s in g ly  n a rro w  d ow n  th e  thes is ' scope to  such a n iche. A cross 

the* H C I l i te ra tu re , several a u th o rs  have a lre a d y  stressed th e  im p o rta n c e  o f  co m 

m u n ic a tio n  in  In fo rm a tic s  and  in  H C I. I q u o te  some a u th o rs  w ho  expressed re la te d  

th o u g h ts  in  T a b le  1.1.

H ow ever i t  sh ou ld  no t be fo rg o tte n  th a t  lin g u is t ic s  p layed  a key ro le  b o th  in  the  

in t ro d u c t io n  o f  c o m p u te r language's and  in  its  fo rm a liz a tio n s . T h e  presence o f  a 

b ro ad  u n d e rs ta n d in g  o f  c o m m u n ic a tio n  in  In fo rm a tic s  s lo w ly  d r i f te d  fro m  a key ro le  

in  th e  s ix tie s  to  th e  p e r ip h e ry  o f  th e  d is c ip lin e . I t  has rem a in e d  in  its  o u ts k ir ts  u n t i l  

recen tly .

D u r in g  th e  IDGOs. th e  focus on  s y n ta x  g iven  in  course's such  as p ro g ra m m in g  

language's a nd  com pileT  c o n s tru c t io n  were com plcm ente 'e l b y  to p ic s  w ith  b ro a d e r foc i 

on  languages a nd  c o g n it io n  in  in fo rm a t io n  re tr ie v a l and a r t i f ic ia l in te llige-nce. W ith  

th e  d e ve lo p m e n t o f  In fo rm a tic s , once p ro g ra m m in g  language's a nd  co m p ile rs  a c q u ire d  

a c e rta in  a u to n o m y , th e  seunantic and  th e  p ra g m a tic  aspects o f  language1 we-re* s lo w ly  

abandoned  by the1 invo lved  c o m m u n ity . The* t ra je c to ry  o f pheno uu 'u a  re la te d  to  

c o m m u n ic a tio n s . language, and  in te ra c t io n  has fo llow ed  the’ sam e p a tte rn  discusse'el 

here in  In fo rm a t ic s  and H C I. See T ab le  1.2 fo r  a b r ie f t r a je c to r y  o f language  and 

c o m m u n ic a tio n  relate ’d  to p ic ’s across th e  A C M  c u rr ic u la  reco m m en d a tio ns .

N oam  C h o m s k y 's  c o n tr ib u t io n  to  the1 fo rm a liz a t io n  o f  g ra m m a rs  h;es b i'en  key  to  

th e  t lu 'o re t ic a l u n d e rs ta n d in g  o f  c o m p u te rs  s ince  th e  s ix tie s . In  1056 he w;is w o rk in g  

a t the1 M I T  D e'partm em t o f  M oe le rn  Language’s and  a t th e  Rese’areh L a b o ra to ry  e>f 

E le c tro n ic s . I have chosen N’o am  C h o m s k y 's  w o rk  to  d iscuss how  n a rro w  are' the’ 

conce’p ts  o f  language’s in  In fo rm a t ic s  fo r tw o  reasons. F irs t ly . C h o m s k y 's  t lu 'o re t ic a l 

sca lfo ld  has been p a r t ia l ly  d isca rde 'd . and  o n ly  a s lice o f  h is  w o rk  in  kn o w n  in  com 

p u te r  scie'nce'. Secondly, in  language  studie 's. h is  w ho le  w o rk  in  lin g u is t ic s  has eveni
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1993 Tom Dayton et al.

S k ills  N e e d e d  b y  U s e r-C e n te re d  D e s ig n  P ra c t i t io n e rs  in  R e a l S o ftw a re  D e v e lo p m e n t  E n v iro n m e n ts  

(D a y to n  e t a l., 1 9 9 3 , p 17 )

[S ]ocial. o rg a n iz a tio n a l, and c o m m u n ic a tio n  skills are a t least im p o rta n t as fo rm a l, techn ica l k n o w l

edge. and are  even necessary to  ensure th a t  the fo rm a l, te ch n ica l kn ow ledge is used e ffective ly

1993 Judith S. Olson et al. C o m p u te r  S u p p o r te d  C o o p e ra t iv e  W o rk : R e se a rch  issues fo r  th e  90s  

(O lson  e t a l. , 19 93 , p 9 3 )

Research in C S C W  co n ta in s  e v e ry th in g  in H C I plus:

T h e re  is a need for theories and m o d e ls  o f th e  users. W ith  g rou p  w o rk , th eories  m ust a d d itio n a lly  

encom pass th e  co nversatio ns a m o n g  th e  p a rtic ip an ts , th e  roles they a d o p t, and th e  o rg a n iza tio n a l 

s e ttin g  w h ich  gu ides m an y  grou p  w o rk  ac tion s  im p lic itly , and th e  c u ltu ra l practices.

1994 John Seely Brown and Paul Duguid

B o rd e r l in e  Issues S o c ia l a n d  M a te r ia l  A s p e c ts  o f  D e s ig n  (B ro w n  and D u g u id , 1994 , p 5 )

W e  ta ke  design to  be fu n d a m e n ta lly  a c o m m u n ic a tiv e  process.

1994 Terry Winograd

D e s ig n in g  th e  D e s ig n e r  (W in o g ra d , 1 9 9 4 )

B ro w n an d  D u g u id 's  A rt ic le  (B ro w n  an d D u g u id  (1 9 9 4 ) ]  re flec ts  a g row ing  awareness th a t  H C I has a 

social and a c o m m u n ic a tiv e  d im en s io n , w h ich  is eq u a lly  c e n tra l to  th e  field as th e  psychological and  

co g n itive  issues th a t  have long been a t  its  core.

1994 Gary Strong et al.

N e w  D ire c t io n s  in  H u m a n  C o m p u te r  In te ra c t io n  (S tro n g  e t a l. . 1994, pp 2 6 )

H C I research should p rob ab ly  c o n fro n t h u m a n -h u m a n  c o m m u n ica tio n  as th e  firs t order ap p ro x im a tio n  

o f  in fo rm a tio n  tra n s fe r and study th a t .  As d e ve lo p m en t th en  w orks to  m a k e  H C I m ore seamless w ith  

h u m a n -h u m a n  in te ra c tio n , success w ill be assured because in te ra c tio n  w ill th en  be tran sp a ren t in th e  

hands o f  th e  user, a llo w in g  th e  user to  focus co m p le te  a t te n tio n  on th e  tasks a t hand.

1996 Jean B. Gasen

H C I E d u c a t io n :  P a s t. P re s e n t, a n d  F u tu re ?  (G asen , 1 9 96 , p 2 5 -2 6 )

T h e  em ph asis  on th e  social c o n te x ts  o f  c o m p u tin g  w ill b eco m e m ore im p o rta n t as everyone considers  

w ays in w h ich  te ch n o lo g y  is m e ta m o rp h o s in g  co m m u n ic a tio n  a t  a g lobal level.

1996 Brad Myers et al.

S tra te g ic  D ir e c t io n s  in  H u m a n -C o m p u te r  In te ra c t io n  (M y e rs  e t a l.. 1 9 9 6 )

H u m a n -c o m p u te r  in te ra c tio n  ( H C I )  is th e  s tudy  o f  how peop le design, im p le m e n t, and use in te ra c tiv e  

system s and how  c o m p u te rs  a ffe c t in d iv id u a ls , o rg an iza tio n s , an d  society. T h is  encom passes no t on ly  

ease o f  use b u t also new in te ra c tio n  tech n iq u es  for su p p o rtin g  user tasks, p ro v id in g  b e tte r  access to  

in fo rm a tio n , and c re a tin g  m ore p o w erfu l fo rm s o f c o m m u n ic a tio n .

T a b le  1.1: HCI and the study of communication
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T h e  h istorical re la tio n  betw een  c o m p u tin g  and c o m m u n ica tio n  can  be traced  across th e  several A C M  

C u rricu la  rec o m m e n d a tio n s .

B riefly , in C u r r ic u lu m  6 8  th e re  w ere  proposed courses on: ( a )  F o rm a l Languages and S yn tactic  

A nalys is  (b )  In fo rm a tio n  O rg a n iz a t io n  and R etriev a l in w h ich  s e m ifo rm a l languages and m odels  for th e  

rep resen ta tio n  o f s tru c tu re d  in fo rm a tio n , as w ell as several m e th o d s  fo r n a tu ra l lan g u ag e  analysis and  

e v a lu a tio n  w ere  p resen ted , (c )  C o m p u te r  G raph ics , w h ich  w ere  a im e d  a t th e  study o f h a n d lin g  graphic  

in fo rm a tio n  in c o m p u te rs  and its a p p lic a tio n s  (d )  A rtific ia l In te llig e n c e  and H e u ris tic  P ro g ra m m in g ,  

w h ich  in tro d u ced  s tu d e n ts  to  n o n -a r ith m e tic  ap p lica tio n s  o f  c o m p u tin g  m ach ines and issues related  

to  co g n itio n  an d  in te llig en ce . T h e re  w ere  several o th e r  courses in co m m o n  w ith  en g in eering , and  

Large Scale In fo rm a tio n  P rocessing S ystem s ce rta in ly  in te rsec ted  w ith  In fo rm a tio n  S ystem s.

In C u r r ic u lu m ’7 8 ,  n a tu ra l lan gu age  processing and n o n -a r ith m e tic  issues w ere d ilu te d  in to  a to p ic  o f  

A rtif ic ia l In te llig e n c e , large scale in fo rm a tio n  system s w ere narrow ed  to  file-p rocessing and da tab ase  

m a n a g e m e n t, c o m p u te r  graphics d isap p eared , and an ad van ced  co urse on  co m p u te rs  an d  society was  

proposed, b u t se ldom  im p le m e n te d . F o rm a l languages rem a in e d  in an e le c tiv e  course on A u to m a ta ,  

C o m p u ta b ility , and F o rm a l Languages.

In C u r r ic u la  1 9 9 1 ,  fo rm a l languages to p ics  w ere  listed w ith in  th e  areas o f A lg o rith m s  and P ro g ra m 

m in g  Languages. H u m a n -C o m p u te r  C o m m u n ic a tio n , basica lly  in te rfac es  and c o m p u te r  graphics, w as  

in tro d u ced . R e s tric te d  to p ics  in in fo rm a tio n  re tr ieva l, n a tu ra l lan g u ag e , and social and e th ica l issues 

w ere listed as s u b -to p ic s  o f  D a ta b a s e  and In fo rm a tio n  R e tr ie v a l, an d  A rt if ic ia l In te llig en ce . T h e  social 

and professional c o n te x t was included bu t no t c learly e m p h as ize d .

In C u r r ic u la  2 0 0 1 ,  d r a f t  version o f M a rc h  2 0 0 0 , fo rm al lan g u ag es  are an item  in a u to m a ta  theory  

w ith in  th e  area o f  A lg o rith m s  and co m p lex ity . H u m a n -C o m p u te r  In te ra c tio n  and C o m p u te r  graphics  

w ill be included; n a tu ra l lan gu age processing is a to p ic  o f  In te llig e n t System s: C o lla b o ra tio n  and  

grou pw are  te c h n o lo g y  is a to p ic  o f n e t-c e n tr ic  C o m p u tin g ; S o c ia l and P ro fessional Issues are c learly  

em ph asized ; and D a ta b a s e s  tu rn s  in to  In fo rm a tio n  M a n a g e m e n t.

In 2 0 0 1  th e  c o m m itte e  subd ivided th e  cu rricu la  in five s tran d s , em p h as iz in g  th e  re la tio n s  am on g  

fo u r branches o f  In fo rm a tic s : C o m p u te r  E n g ineerin g . S o ftw a re  E n g in ee rin g , C o m p u te r  Science, and  

In fo rm a tio n  S ystem s.___________________________________________________________________________________________

T;ible 1.2: Communication in computer science curricula. See Chapter 1 for detailed 

references.
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been c r it ic iz e d  fo r  b e in g  excess ive ly  n a rro w . W i th in  th e  fra m e w o rk  in tro d u c e d  here. 

C h o m s k y 's  fo rm a liz a t io n  o f s y n ta c t ic a l s tru c tu re 's  a n ' q u a s i- in d e p e n d e n t lin g u is t ic  

s t ra ta  ( lt 'v e ls ). Indec'd . as th e  f irs t sentence's o f  "S y n ta c t ic  S tru c tu re s " . C ho m sky  

wrote*:

1957 N oam  Chom sky

S yn tac tic  S tructures  (C hom sky, 1957, P reface)

T h is  study deals w ith  syntactic  structure both  in the broad sense (as opposed to  semantics) 

and th e  narrow sense (as opposed to  phonemics and m orphology). It form s part o f an 

a tte m p t to  construct a form alized general theory o f linguistic structure and to  explore the 

foundations o f such a theory.

In  th a t  b o o k . C h o m s k y  d e d ica te d  a sp ec ific  c h a p te r  to  s y n ta x  and  sem an tics . In  i t .  

lie  c le a r ly  discusses th e  re la t io n  o f  th e  s y n ta c t ic a l leve l o f language  to  th e  p hono log ic , 

m o rp h o lo g ic  a nd  s e m a n tic  ones. C h o m s k y  c le a r ly  s ta te d  th a t o n ly  a b ro a d e r th e o ry  

o f  language , one th a t in c lu d e d  th e  th e o ry  o f  l in g u is t ic  fo rm  am i th e o ry  o f l in g u is t ic  

use. w o u ld  be ca pa b le  o f add ress ing  th e  co rrespondence  be tw een  fo rm a l and  se m a n tic  

traces (C h o m s k y . 1957. 9..’3). Indeed . C h o m sky  a lso  s ta te d  th a t to  u n d e rs ta n d  a 

sentence, know ledge  a b o u t each lin g u is t ic  level was n o t enough , because n o tio n s  such 

as sense1 and  re fe rence, w h ic h  be longed  to  the  d o m a in  o f  sem antics , w ere necessary 

(C h o m s k y . 19N0. s e c tio n  9. 1. p 113) a n d  C h o m s k y  ( 1957).

T h e  iissum ed  ind ep en d en ce  o f  C h o m s k y ’s leve ls fa c ili ta te d  th e  se g m e n ta tio n  o f 

language  s tu d ie s  in to  severa l s tra ta  a n d  its  a p p ro p r ia t io n  by In fo rm a t ic s . For exam 

ple . c o m p u te r  s c ie n tis ts  a p p ro p r ia te d  th e  n o tio n  o f  s y n ta x , and  w ith  som e excep tions , 

d isca rd e d  a ll th e  o th e r  p a rts  o f language  s tu d ie s  necessary to  u n d e rs ta n d  effective' 

c o m m u n ic a tio n .- ’

In  F ig u re  1.1 I have b r ie f ly  ske tched  a co n c e p tu a l d ia g ra m  in  w h ic h  th e  concepts 

used b y  severa l a u th o rs  in  th e  th e o ry  o f  c o m p u tin g , lo g ic , lin g u is t ic s , language  s tud ies .

-B e h in d  th is  b r ie f  c o m m e n t o n  lin g u is t ic s  a n d  c o m p u te r  sc ience  res ides m y  deep  c r it ic is m s  a b o u t 

th e  b o u n d a r ie s  th a t  have  been set in  In fo rm a t ic s  in  w h a t co n c e rn s  lan g u ag e  u n d e rs ta n d in g  in  a 

b ro a d  sense.
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a nd  se m io tics  a rc  p lo t te d . T h e  d ia g ra m  is o n ly  i l lu s tra t iv e ,  because th e  a m b ig u ity , 

and  th e  uses a n d  m isuses o f te rm s  such as s y n ta c t ic s , se m a n tics , and p ra g m a tic s , 

does n o t enab le  a d ire c t c o m p a ris o n  be tw een  th e m  a n d  across a u th o rs . 1

signs and people objects actions

Computing-*-Finite- - : -P u s h - L i n e a r  -"Turing
state down bounded machines
automata automata automata 

Wegner -•- Interactive machines

Frege sinn (sense) bedeutung (reference)

Chomsky -•- competence performance
-•- ---syntactics "-semantics -I- syntax and semantic
phonemics ,H 3 ) (2) ^  (1) . (Q) relations

moraholoov regU'ar COntext COn,exl recursive|y
__________ free sentitive enumerable __

Foley -r- lexical syntactic semantic -(. conceptual -(-conversation
design_________ design design (user model) protocol

Norman -•- semantic distance -( -articulatory distance Gibson's affordances

Peirce firstness y -  secondness thirdness

Saussure langue (language) -(- parole (speech)

-•-subject -f-object

Morris ---syntactics semantics -(-pragmatics

Austin d - stating -(- performative
--(- locution (state of mind)) -(- illocution (promise)-:- pertocution (attempt)

internal relations ■< 1 1------- ► external relations

F ig u re  1.1: Examples of language scales and hierarchies

H ow ever, i t  is p o ss ib le  to  n o te  th a t  d esp ite  th e  d iffe rences  a nd  c o n tra d ic t io n s .1 th e

'T h e  c o n f la t io n  o f  s ig n s , pe o p le . a m i c o m p u te rs  to  s in g le  c o lu m n s  in te n d  to  fa c il i ta te  th is  b r ie f  

c o m p a r is o n  a m o n g  d if fe re n t  scopes. I t  f la t te n s  n u t th e ir  d iffe re n c e s . F o r e x a m p le . F ig u re  1.1 d e p ic ts  

p e o p le ’s c o g n it iv e  s y s te m s  in  th e  sam e c o lu m n s  ;is c o m p u t in g  p ro ce ss in g  a rc h ite c tu re s ,  a d e c is io n  

w ith  w h ic h  o n ly  som e  a p p ro a ch e s  in  c o g n it iv e  sc ience  w o u ld  agree. In d e p e n d e n c e  n r c o n n e c te d 

ness b e tw een  c o lu m n s  is a lso  no t d e p ic te d . M o re  d im e n s io n s  are  needed to  d is t in g u is h  d if fe re n t 

a p p ro a ch e s , a n d  th a t  is w h a t is p ro p o s e d  in  th is  th e s is  w i t h  d D  m ode ls .

' I t  is n o t u n c o m m o n  to  use the  te rm  s e m a n tic s  o f  c o m p u te r  languages to  d e n o te  th e  o b je c ts  in s id e  

t he c o m p u te r  i ts e lf .  T h is  use is c lo se r to  w h a t C h o m s k y  c a lle d  t he p h o n e m ic  a n d  m o rp h o lo g ic a l le ve l, 

because  th e y  im p ly  th e  s u b s tra te  la n g u a g e s  a re  exp ressed  in . T h e  s e p a ra t io n  b e tw e e n  h a rd w a re  a nd  

s o ftw a re  p ro b a b ly  re in fo rc e s  th is  p e rs p e c t iv e .
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n 'i i l in  o f  c o m p u tin g  has th e  m ost re s tr ic te d  u n d e rs ta n d in g  o f  hu ignage  o f a ll. W ith in  

th e  th e o re tic a l fra m e w o rk  a d o p te d  in  in fo rm a tic s , (set* F ig u re  I . I s  d a rk  g ra y  (hushed 

re c ta n g le ) th e re  is no space fo r fu n c t io n a l ity  (F o le y 's  leve l o f  se m a n tic  d es ign ), fo r 

usage (C h o m s k y 's  d is t in c t io n  o f  co m p e te n ce  a n d  p e rfo rm a n c e  and  A u s t in 's  concep ts  

o f i l lo c u t io n a ry  a n d  p e r lo c u t io n a ry  a c ts ), fo r a c tu a l in te ra c t io n  (N o rm a n 's  a r t ic u 

la to ry  d is tance  a nd  G ib s o n 's  co n c e p t o f af fo rt lance ), and fo r  th e  usua l m ean ings  o f 

sem an tics  and p ra g m a tic s  in  lin g u is t ic s , se m io tics , a nd  la n gu ag e  s tu d ie s  in  gene ra l.

In te ra c tiv e  m ach ines  do  n o t rep resen t th e  s ta n d a rd  v ie w  in  In fo rm a tic s , h u t re p 

resent. a e xa m p le  o f  a m o d e l th a t  opens a b s tra c t m ach ines to  in te ra c t w ith  tin * w o r ld . ’

T h e  h is to r ic a l c o n s o lid a tio n  o f  In fo rm a t ic s  d ive rg e d  in  te rm s  o f c o m m u n ic a tio n . 

I t  is u n d e n ia b le  th a t  th e  in flu e n ce  o f  In fo rm a tic s  on  c o m m u n ic a tio n s  has increjused. It  

is a lso  u n d e n ia b le  th e  g re a t d e p th  th a t t lu 'o re t ic a l m ode ls  o f  m ach ines and  g ra m m a rs  

have achieved, a n d  th e  w ide sp rea d  uses o f c o m p u te r  languages. H ow ever, in  te rm s  

o f b re a d th . In fo rm a t ic s  fa lls  s h o r t in  te rm s o f  th e o re tic a l fra m e w o rk s  o f  language , 

c o m m u n ic a tio n , and  in te ra c t io n  in  th e  b road  sense (e.g. se m a n tics , p e rfo rm a n ce , and  

p ra g m a tic s ) .

P a u l A d le r  a nd  T e rry  W in o g ra d . fo r  e xam p le , addressed th e  in s e p a ra b ility  o f  co m 

p u te r  based sys tem s des ign  fro m  c o m m u n ic a tio n  in  th e  b ro a d  sens** (as encom p;ussing 

sem antics  and p ra g m a tic s ) . A d le r  a nd  W in o g ra d  w ro te :

1992 Paul S. A d ler and Terry  W in o g rad  The U sability  Challenge  (A d le r and W in o grad . 

1992. p 3)

To  break free w ith  the prevalent m yths and go beyond current practice, we m ust articu la te  

new criteria th a t are appropriate to  th e  tasks o f m odern com puter-based  system design and 

the interwoven tasks o f w ork design. [ . . . ]

'M o d e ls  s i id i  ;ls th e  I 'n iv e r s a l T u r in g  m a c h in e , w id e ly  used in  c o m p u te r  sc ience, a n d  th e  l>;isis 

o f  a lg o r ith m s , d o  no t in te ra c t w ith  th e  w o r ld . P e te r W e g n e r. th e  sam e  a u th o r  w h o  w ro te  a b o u t 

th e  th re e  c u ltu re s  o f  c o m p u t in g  in  th e  e a r ly  seven ties , luvs re c e n tly  p ro p o s e d  e x te n d in g  th e  co n ce p t 

o f  a b s tra c t  m a c h in e  b y  a d d in g  a n o t io n  o f  in te ra c t io n .  W e g n e r c a lle d  such  an e x te n d e d  m o d e l 

in te ra c t io n  m ach in e s . See W e g n e r ( 1!)'J'>. 1 DDT. 199$ I: W e g n e r a nd  G o ld in  i 19991 a n d  C h a p te r  .5. 

In d e e d , c o m p u te r  s c ie n t is ts  have  been re d u c t io n is t  by  c a ll in g  T u r in g  M a c h in e s  u n iv e rs a l.
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Usability [ . . . ]  assumes a com m unications dim ension. T h e  technology itself, even when it 

is not intended as a com m unication  product, serves as a com m unication  m edium  between  

user and user and between designer and user. A  realistic characteriza tion  o f w ork -  even 

routine work -  is th a t it is essentially entw ined w ith  com m unicative actions generated to 

deal w ith  the novel situations th a t  continually arise and w ith  the need to in terp ret the 

intentions em bodied in the m achines.

In  th e  .second part o f  th is  thesis I a c tu a lly  address design  in  in fo rm a tic s  as com 

m u n ic a tio n . In  C h a p te r  if I address va riou s  m odels o f c o m m u n ic a tio n , in te ra c t io n , 

o rg a n iz a tio n a l change, and  des ign  processes in  th e  lig h t o f th e  c u ltu ra l eco logy  o f 

H C I. as d iscussed u n t i l  now . I use these m ode ls  to  d iscuss, fo r  e xa m p le , th e  l im ita 

tio n s  o f  N o rm a n 's  g u lls  o f e x e c u tio n  and e v a lu a tio n  in  te rm s  o f  p ra g m a tic s , and  o f 

M o o re 's  "ch asm " m ode l o f  te c h n o lo g y  accep tance . Some o f these m ode ls  m ake use 

o f  te rm s  such ;is sem antics  a n d  p ra g m a tics , h u t then* is no co ns is te ncy  across the  

d iffe re n t uses g ive n  to  th e m .

In  th is  C h a p te r  I e xp lo re  th e  th e o re tic a l fra m e w o rk  th a t la te r  c o n tr ib u te d  to  the  

c o n s o lid a tio n  o f th e  te rm s  s y n ta c t ic s , sem antics , and p ra g m a tic s , sh o w in g  th a t the  

con fus ions  a nd  c o n tra d ic t io n s  are n o t a p e c u lia r ity  o f H C I a nd  In fo rm a tic s . Indeed, 

th e y  have been a co n s ta n t in  se m io tics  s ince its  in c e p tio n  in  th e  n in e te e n th  c e n tu ry . 

In  th e  fo u r th  c h a p te r. I m ake ex tens ive  use o f fra m e w o rks  deve loped  in  e ng in ee rin g  

and In fo rm a tic s  to  s y s te m a tiz e  C ha rles  Sanders Pe irce 's severa l concep ts  o f  s ign  and 

assoc ia ted  ca tegories.

4.2  S ign  R ela tio n s

It is u n d e n ia b le  th a t l ite ra c y  a n d  num eracy  have b o th  been present to  v a ry in g  degrees 

th ro u g h o u t th e  d eve lo pm e n t o f th e  in t r ic a te  c u ltu ra l m a tr ix  th a t s tru c tu re  some 

c u rre n t c u ltu re s , in  p a r t ic u la r  th e  d o m in a n t ones. T h e  c u ltu ra l d is c ip lin a ry  eco logy o f 

S e m io tics  is p ro b a b ly  ;is in t r ic a te  as th e  one o f  In fo rm a tic s , a nd  in  m y u n d e rs ta n d in g  

th e y  are inse pa rab le . H ow ever, th e  c o m m u n itie s  th a t s tu d y  in fo rm a tic s  and se m io tics  

have d ive rg e d  as i f  these tw o  rea lm s d id  n o t in te rsec t.
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T lu * b ro a d  perspec t iv e  env is ion ed  in  th e  p re v io u s  ch a p te rs  has been im p o r ta n t to  

s itu a te  and  c h a ra c te r ize  in fo rm a tic s  in  re la t io n  to  its e lf, a nd  to  o th e r  d isc ip lin e s . M y  

d iscuss ion  o f  in fo rm a tic s , a n d  c o m p u te r  science* in  p a r t ic u la r ,  suggests i t  has been 

re s tr ic te d  to  s y n ta c t ic  v iew s, ra th e r  th a n  b ro a d e r ones.

I s ta r te d  th is  thes is  w ith  an  eye on the* b ro a d e r b rid g e  be*twc*en se m io tics  and  co m 

p u te r sciemee. A t seweral p o in ts  1 have* p o in te d  to  poss ib le  lin k s  be*twe*en in fo rm a tic s  

and  seuniotics. In  any w o rk  the* goa l, the* h o riz o n , the* whole* eonte*xt are ne*ee*ssary. 

lm t not s u ff ic ie n t. 1 w ill  conclude ' th is  thesis w ith  a m uch  tia rrow e*r to p ic  in  sem io tics , 

as I m en tione 'd  be*fore*. In  p a r t ic u la r .  I address a s m a ll to p ic  in  se m io tics  w ith  the' a id  

o f fra m e w o rks  developed! in  the' c o m p u tin g  sciences and e n g in e e rin g . The1 focus is on 

p a r t ia l orde*rs in  P e irce 's  s ign  re la tio n s  and  eissociated cate*gories. I do no t addre'ss 

in  d e ta il w h a t a s ign  is. w h a t its  c o m p o n e n ts  s ta n d  fo r. o r  w h a t p ractice 's  can lie* 

e n riched  w ith  se m io tics . T h e re fo re , i t  does n o t encom p.iss e*ven th e  sign re la t io n  in 

its  fu l l  bre*adth.

The* s ign  re 'la tion . in  its  m an y  poss ib le  d e fin it io n s , has be*en the* ke*y edememt 

acreiss the* c u ltu r a l  e'cologv o f  se m io tics . For e xam p le , d y a d ic , t r ia d ic , and  c u ltu ra l 

m e d ia tio n s  have been de*eplv e n tw in e d  w ith in  th e  deve loped  id e n t it ie s  o f  Se'in io logv. 

S e m io tics , a nd  C u ltu ra l H is to r ic a l A c t iv i t y  T h e o ry .

I g ro u p e d  in  Figure* 1.2 some' d ia g ra m s  deve loped  in  thre*e* seuniotie s schoo ls in 

oreleT to  i l lu s tra te 1 th e  d iv e rs ity  th a t perme*ates th e  fie ld  and  th e  associa ted  fram e 'w orks 

th a t strue ture* th e  re*spe*ctive s ign  re la tio n s . T h e  lines o f  F ig u re  1.2 are* o rgan ized  

acee ird ing to  th e  legacy o f  these th re e  schools, w h ic h  su s ta in e d  and  ftirthe -r deve*lope*d 

the* w o rk  eef F e rd in a n d  de* Saussure (1 8 5 7 -1 9 1 3 ). C ha rle s  Sanders S a n tia g o  Peirce 

(1839 -1911 ). a nd  Lev Seunenovich V y g o ts k y  (1896 -1931). resp ec tive ly . Figure* 1.2(a) 

illu s tra te 's  Saussure* s conce'pt o f  s ign  re -read  b y  (T h ib a u lt .  1997. p  182) in  the* lig h t 

o f a soc ia l pe'rspe*ctive>. A s  I have* d iscussed in  th e  p re ce d in g  c h a p te r, s tru c tu ra lis m  

d iffe re 'iit ia te 'd  s truc tu re* fro m  use in  o rd e r te> eliscarel use. I t  discarele*d the* in d iv id u a l 

fro m  the* subjee t o f  lin g u is t ic s . P a u l T h ib a u lt  rescued th e  sp e a ke r-lis te n e r. g iv in g  a 

t r ia d ic  strue ture* tei S aussure ’s re la t io n  be tw een  so un d  a nd  th o u g h t (T h ib a u lt .  1997. 

p 182). F ig u re  1.2(b) illu s tra te 's  a d ia g ra m  eleveloped b y  L o u is  H jedm slev H je 'lm slev
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(1975 ). w ho  s tra t if ie d  Saussure 's m ode l. In  th is  s t r a t i l ic a t io n .  b o th  express ion  and 

co n te n t a re  c o rre la te d  w ith  a scale th a t s ta r ts  on  p u rp o r t  (a m o rp h o u s  m a tte r ) ,  pmsses 

th ro u g h  substance , a nd  reaches fo rm  (X b th .  1995. pp (>1-73).

Indeed , t in ' m a in  c o n tr ib u t io n  o f  th is  c h a p te r is a s y s te m a tiz a t io n  o f  s im ila r  re

sources used b y  Pe irce to  e la b o ra te  h is  severa l s tru c tu re s  o f s ign re la t io n s  and  th e ir  

co rre s p o n d in g  ca tegories . As i l lu s tra te d  in  F ig u re  1.2(e). Peirce s m ost kn ow n  s ign  

re la t io n 1’ is t r ia d ic  a nd  i t  is com posed o f represent am en, o b je c t and in te rp re ta n t . In  

Pe irce 's o w n  w ords:

A Representamen is a subject o f a tr iad ic  relation to a second, called its Object, 

for a th ird , called its Interpretant, this triad ic  relation being such th a t the Rep

resentamen determ ines the in te rp retan t to  stand in som e triad ic relation to the 

sam e o b jec t for some in terpretant (P eirce, 1931-1935 , 1 .5 4 1 ).

In  1901. Pe irce  d e fin ed  th e  ce n o py th a go re an  ca teg o ries  o f  F i r s tn rss .  SrcDndrn ss. 

a tu i Th in ln t ' s s  in  respect to  th e ir  m ode o f  be ing  (Peirce*. 195,S. S.;(2S) in  a le t te r  to  

L a d y  W e I by as:

Firstness is the m ode o f being o f  th a t is such as it is, positively and w ith o u t  

reference to  anyth ing  else. Secondness is the mode o f  being o f th a t is such as 

it is, in bringing a second but regardless o f any third. Thirdness is the mode o f 

being o f th a t which is such as it is, in bringing a second and a third in to  relation  

to  each other. I call these three ideas th e  cenopythagorean categories (Peirce,

1958, 8 .2 3 8 ).

Peirce  c o rre la te d  th e  t r ia d ic  s ign  re la t io n  (R .O .I)  w i th  th e  ce no py th a go re an  c a t

egories ( I . I I . I l l )  to  d e r iv e  classes o f s igns. He a lso e x p lo re d  hexad ic  a n d  decad ic  s ign  

re la tio n s , w h ic h  I e x p lo re  la te r  in  th e  f in a l sections o f  th is  c h a p te r. B e fo re  I focus 

on  th e  d e r iv a t io n  o f  classes o f  signs a m i th e  severa l g ra p h ic  fo rm a lis m s  p roposed  to  

v isu a lize  i t .  I p roceed w ith  a c o n te x tu a liz a t io n  o f the  s ign  w ith in  s e m io tic s , w ith in  

Pe irce 's  s y s te m a tic  p h ilo so p h y , and w ith in  c o m p u te r se m io tics .

F ig u re  1.2(d) i l lu s tra te s  one ve rs ion  o f  th e  w id e ly  d isse m in a te d  s e m io t ic  tr ia n g le  

in tro d u c e d  by C ha rle s  K a y  O gden  a nd  Iv o r  A rm s tro n g  R icha rd s . A s  X b th  (1995. p

’’See M a r ty  | 11)971 fo r  s e v e n ty -s ix  re la te d  d e f in it io n s  o f  th e  s ig n  fo u n d  across P e irc e 's  w o rk .
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(a) Saussure succession diacnronic (b) Hjelmslev
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Figure* 1.2: Exam ples o f sign relations across sem iotics schools: based on

(a) Thibault (1997, p 182): (b) Hjelmslev (1975); (c) Peirce (1931-1935, 1.541): (d) Mor

ris (Noth, 1995, p 89) ( f )  Ogden & Richards (Noth, 1995, p 89) (g) Vygotsky (1978, p 

40) (h) Leont'ev (1978); and (i) Engestrom (1987).
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<sfj) p o in te d  o u t.  a lth o u g h  th en * has been agreem ent in  th e  use o f a t r ia n g u la r  fo rm  to  

i l lu s tra te  s ign  t r ia d ic  re la t io n s , the re  1ms been agreem ent n e ith e r  on w h a t th e  ve rtices  

o r  edges s ta n d  fo r. n o r on th e ir  o rd e r . '

T w o  re c u rre n t tendenc ies  th a t  I m e n tio n  across th is  thes is  are th e  te nd en cy  in 

c o m m u n ic a tio n  and  in fo rm a tic s  to  lin e a r iz e  w h a t is n o t lin e a r  and iso la te  and close 

w h a t is co nn ec te d  a nd  open . M o rr is  d e ve lo pe d  a "G e n e ra l T h e o ry  o f S igns '' in  w h ich  

he c o rre la te d  h is  th re e  c o m p o n e n ts  o f  th e  s ign  in to  th re e  dyads  and assoc ia ted  each 

w ith  s y n ta c t ic s , sem an tics , a nd  p ra g m a tic s . As I address in  th is  C h a p te r, th e  p a tte rn  

across Pearce’s w o rk  in d ic a te s  a enc los ing  n a tu re  o f  s y n ta c t ic s , sem an tics , and  p ra g 

m a tics . T h is  is c lea r in  P e irce 's  s ign  re la t io n , in  th e  d e r iv e d  ca tegories, a nd  across h is 

s y s te m a tic  p h ilo so p h y . H ow ever, s y n ta c t ic s , sem an tics , a n d  p ra g m a tic s  are lin k e d  by 

d y a d ic  re la t io n  am o ng  th e  e lem en ts  o f  a s ign  re la t io n , w h ic h  is obv ious fro m  fo llo w in g  

M o r r is ' i l lu s t r a t io n  in  F ig u re  1.2(c). T h is  indeed  reduces t r ia d ic  se m io tics  to  d y a d ic  

s e m io tics  and  does n o t do  ju s t ic e  to  P e irce 's  w o rk .

A c c o rd in g  to  .W ith  ( 1995. p 90) " M o re  g enera lly , th e  o rd e r (1 ) sense (2 ) sign veh ic le  

( 3 )  o b je c t is th e  o rd er o f  sem iosis fro m  th e  p o in t o f  v ie w  o f  sign p ro d u c tio n , w h ile  th e  

o rd e r (1 ) sign veh ic le  (2 )  sense ( 3 )  re fe re n t is th e  o rd er o f  sem iosis fro m  th e  p o in t o f  v iew  

o f  th e  in te rp re te r .’"*

T h e  e x te n s io n  o f  th e  s ign  described  in  P e ircean  a nd  S a itssurean se m io tics  a lso  has 

its  p a ra lle l in  C u ltu ra l a nd  H is to r ic a l A c t iv i t y  T h e o ry . E n g e s tro m  (19S7) ex tended  

V y g o ts k y ’s concep t o f  m e d ia tio n  (F ig u re  1 .2 (f)) c o rre la t in g  i t  w ith  L e o n t’ev ( IbTtSl's 

leve ls o f  a c t iv i t y  (F ig u re  1 .2 (g )). o b ta in in g  th e  e x te n d e d  tr ia n g le  o f F ig u re  1.2(h).

Each new  d ia g ra m  in tro d u c e d  in  th e  l i te ra tu re  b rin g s  o th e r  voice's to  th e  scene, 

s tress in g  d if fe re n t perspective 's  in  the  u n d e rs ta n d in g  o f  m e a n in g fu l re la tio n s . O v e ra ll, 

th e re  has bee>n no consc'nsus w ith in  th is  sp ec ia lized  c o m m u n ity .

' E x a m p le s  in c lu d e : P la to  I ( 1 1 sou n d  ( 2 1 id e a  o r  c o n te n t I d I th in e )  A r is to t le  11 1 ) s ig n -v e h ic le  ( 2 I 

sense id  I re fe re n t 11: O g d en  A- R ic h a rd s  1(1) s y m b o l ( 2 l  th o u g h t o r  reference' Id )  re fe re n t I: C h a rle s  

W i l l ia m  M o r r is  l t!)() 1-1 DTt)) (111 s ign  v e h ic le  ) 2 l  s ig n if ic a t io n  (d l d e -n o ta h le i in  F ig u re  1 .2 le i: a nd  

V y g o ts k y  M l)  s t im u lu s  i2 l  in s t ru m e n t ,  s ign  o r  to o l (d ) response-) o n  F igure- 1 .2 (f) . a m o n g  e >t he-rs.

'S e -m ios is  is the- preiee-ss asse>eiate-el w ith  th e  eeince-pt o f  s ig n . I t  is a se-mieitie- preice-ss.
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O ne s h o u ld  n o t be* te m p te d  to  tusk "w h o  is r ig h t '. ’" ,  "w h ic h  o rd e r is th e  co rre c t 

one'.’" ,  o r  " w ln i t  com es firs t a n d  w h a t com es n e x t in  sem iosis? ’’ . T h e  d iscuss ion  has 

been f r u i t f u l  o n ly  in  th e  sense th a t  th e  q u a rre ls  have su s ta in ed  th e  m a in  p a ra d ig m  

w h ich  th e  c o m m u n ity  c la im  i t  has been c r it ic iz in g .  These q ue s tion s  a lrea d y  g ive  th e  

answ er, th a t th e re  is a s t r ic t ly  o rd e re d  sequence fo r  s e m io tic  processes. T h is  w o u ld  be 

in  acco rdance  w i th  C a rte s ia n  p erspectives  and  th e  in fo rm a tio n -p ro c e s s in g  p a ra d ig m . 

In  th e  end. a lm ost, everyone  has been a rg u in g , b u t a cco rd in g  to  th e  ru les o f C a rte s ia n  

th o u g h t. Pe irce , how ever, w en t w av beyond  D escartes.

In c lu d e d  in  th e  re m a in d e r o f  th is  c h a p te r severa l exam ples in  S e m io tics  o f a t te m p ts  

to  lin e a riz e  P e irc e ’s s igns in to  ch a ins , as w e ll as its  c o rre s p o n d in g  ca tegories. These 

p roposa ls  b r in g  n o th in g  new to  th e  scene. I t  is poss ib le , how ever, to  say th a t a c e rta in  

chosen o rd e r is in  accordance  w ith  such a nd  such an a u th o r , o r  to  show  th a t even 

assum ing  re la t io n s  o f  o rd e r, th e y  are n o t s t r ic t ly  sequ en tia l.

I p roceed w it h a d iscuss ion  o f  re la tio n s  o f  p re s u p p o s itio n  across P e irce ’s s y s te m a tic  

p h iloso ph y . T h is  w i l l  g ive  th e  reade r a sh a llo w  b u t b road  v iew  o f  P e irce ’s w o rk .

For e xa m p le . P e irce  s u b d iv id e d  the  science o f  S e m io tics  in  th re e  branches: [ ju re  

g ra m m a r, log ic , a nd  pure  rh e to r ic  (P e irce . 1931-1935. C'P 2 .229). L a te r  on. lie  ca lled  

th e m  specu la tive* g ra m m a r, c r i t ic ,  and  m e th o d e u tic . resp ec tive ly . He also s ta te d  th a t 

p u re  rh e to r ic  presupposes log ic , w h ich  in  tu rn  p resupposes g ra m m a r. Peirce d escrib e d  

these areas in  th e  fo llo w in g  passage:''

"In consequence o f every representamen being thus connected w ith  three things, 

the ground, the object, and the in terpretant, the science o f sem iotics has three  

branches. T h e  first is called by Duns Scotus grammatica speculativa. W e may 

term  it pure grammar. It  has for its task to  ascertain w h a t m ust be true o f the  

representam en used by every scientific [capable o f learning by experience] in te lli

gence in order th a t they m ay em body any meaning. T h e  second is logic proper.

It is the science o f  the quasi-necessarily true o f th e  representam ina o f any scientific

'T in -  re a d e r m y  have  n o te d  th a t  in s te a d  o f  re p re s e n ta m e n . P e irce  used “ a ro u n d ”  in  th is  pas

sage. P e irce  v a r ie d  a lo t in  h is te rm in o lo g y  in  o rd e r  e ith e r  to  re lin e  h is  fra m e w o rk  o r  t *> he b e t te r  

n n d e rs to i >d.
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intelligence in order th a t they may hold good o f any object, th a t is, may be true.

O r say, logic proper is the form al science o f th e  conditions o f the tru th  o f represen

tations. T h e  th ird , in im ita tio n  o f K a n t’s fashion o f preserving old associations o f  

words in find ing  nom enclature for new conceptions, I call pure rhetoric. Its task is 

to ascertain  the laws by which in every scientific intelligence one sign gives b irth  to  

another, and specially one th ou gh t brings fo rth  another." (P eirce, 1931-1935, CP  

2 .2 2 9 )

For Pe irce , log ic  o r se m io tic s  p resupposes e th ics  a nd  e s the tics . T h is  im p lie s  th a t 

se m io tics  is focused on re p re se n ta tio n s , h u t p resupposes a c tio n  and  p e rce p tio n . T h is  

sam e p a tte rn  is a lso  present in  P e irce ’s d e s c r ip t io n  o f  severa l b ranches o f m e ta ph ys ics , 

as i l lu s tra te d  on  F ig u re  1.3 ( Pe irce . 1997. p 172) (P e in e . 1931-1935. p 53. 5 .79). Peirce 

used a hexagon  to  e xp lo re  t In* nebu lae  o f  in te re s ts  o f  s ix  d iffe re n t schools rep resen ted  

by: (a) h is  o w n  m e ta p h ys ics : (b ) C on d illa c ' a nd  th e  a s s o c ia tio n is ts : (<•) H e lm h o ltz  

a n d  the  c o rp u s e u la ria n s : (d ) Hegel: (e) th e  N o m in a lis ts  : ( f )  th e  B erk leveans: and 

(g ) D escartes. In  P e irce ’s e x p la n a tio n , fo r e xa m p le . C a rte s ia n  m e taphys ics  seems 

to  a d m it ca teg o ries  th e  second a nd  th e  th ird ,  and  d en y  c a te g o ry  the  firs t w h ic h  is 

re la te d  to  q u a lit ie s  o f  fee ling .

T h ro u g h o u t th e  tw e n tie th  c e n tu ry , how ever, the* focus o f  se m io tic s  has been m o s tly  

re s tr ic te d  to  P e irce ’s “ p u re  g ra m m a r ’’ (s p e c u la tiv e  g ra m m a r)  and  log ic ( c r i t ic ) ,  b u t 

n a r ro w ly  u n d e rs to o d , as i f  these were in d e p e n d e n t o f  e th ics  a nd  esthe tics . In  th is  

sense, the* m a in te n a n c e  o f  th e  tra d it io n a l re d u c t io n is t p e rs p e c tiv e  has c o n tin u e d . As 

I sa id  above , m ost Pe ireean se m io tie ia n s . d e s p ite  th e ir  q u a rre ls  w ith  s tru c tu ra lis ts ,  

endorse  a  ta m p e re d  C a rte s ia n  a nd  d ic h o to m o u s  p ra x is .

A n  h is to r ic a l and  c u lt u ra l u n d e rs ta n d in g  o f  th e  assoc ia ted  im p lic a tio n s  m ay rende r 

a w ho le  thes is  in  se m io tics . T h e  jo in t  d e ve lo p m e n t o f  se m io tic s  and  in fo rm a tic s  w ill  

p ro b a b ly  b e n e fit fro m  such a d iscuss ion . I d o  no t feel th a t th is  is the  a p p ro p r ia te  

venue to  d e e p ly  d iscuss these issues in  th e  fu l l  b re a d th  th a t is necessary. In fo rm a tic s , 

how ever, can d e e p ly  c o n tr ib u te  to  th is  d iscuss ion .

C o m p u te r  Science m ay have been th e o re t ic a lly  re s tr ic te d  m a in ly  to  th e  s t ru c tu ra l 

aspects o f  language', b u t in  p a ra lle l, i t  deve loped  a m y r ia d  o f  resources to  o rg an ize  and
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(b)

,t  \  (1,11,111) “The three categories furnish an artificial classification of all possible 
systems of metaphysics which is certainly not without its utility. [...] 
It depends upon which ones of the three categories each system 
admits as important metaphysico-cosmical elements."

(I) Condillac and the Assoclationists attempted to ‘explain 
everything by means of qualities of feeling'

(II) *[T]he corpuscularians, Helmholtz and the like, who would like to explain 
everything by means of mechanical force, which they do not distinguish 
from individual reaction.'

‘The doctrine of Hegel is to be commented who regards 
Category the Third as the only true one'

(1,11) ‘The more moderate nominalists who nevertheless apply the epithet 
mere fo thought and to representamens maybe said to admit Categories 
the First and Second and to deny the Third.’

[1,111) ‘The Berkleyans, for whom there are but two kinds of entities, souls, or 
centres of determinable thought, and ideas in the souls, these ideas being 
regarded as pure statical entities, little or nothing else than Qualities of 
Feeling, seem to admit Categories First and Third and to deny Secondness.

11,111) ‘ [T]he Cartesian Metaphysics, it seems to have been to admit
Categories Second and Third as fundamental and to deny the First’

alternative representations

III Thirdness 

II Secondne 

I Firstness
(I, III) (II, HI)

(I. II) II

(9)

(a)

(0

(b)

(e)

1ST

F ig u re  1.3 : Metaphysics’ nebulae of interest: P e irce ’s illu s tra tio n  o f  th e  six system s  

o f  m e tap h y s ics  an d  th e ir  em p h as is  on sp ec ific  ca teg ories  (P e irc e . 19 9 7 , p 1 7 2 )(P e irc e ,  

1 9 3 1 -1 9 3 5 , p 5 3 , 5 .7 9 )
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v is u a liz e  re la t io n s  o f d a ta  in  consonance  w ith  are tis  in  w h ic h  it  in te rv e n e d . T h ro u g h 

o u t th is  c h a p te r  I ' l l  m ake  use o f  severa l o f these  resources, m o s tly  deve loped  o r re lin e d  

in  areas c o m m o n ly  labe led  "d a ta  s tru c tu re s "  and  "d is c re te  m a th e m a tic s . " 1'1 M y  ob 

je c t iv e  is to  fa c i l i ta te  th e  u n d e rs ta n d in g  o f  a p a r t o f  Pe irce  s w o rk  in  th e  d e p th  and 

b re a d th  th a t  i t  deserves.

O ne such resource  is an a rb o re sce n t s t ru c tu re  kn o w n  as a " t re e " ,  w h ich  can  be 

b in a ry , te rn a ry , q u a te rn a ry , e tc . Trees are a sp ec ia l k in d  o f  n e tw o rk , and  th e y  p a r

t ic u la r ly  su it th e  re p re s e n ta tio n  o f s u b d iv is io n s  a nd  h ie ra rch ies . T h e re  are severa l 

fo rm s  and c o n v e n tio n s  to  v is u a liz e  trees. 1 o rg a n ize d  th e  d ia g ra m  in  F ig u re  L ac

c o rd in g  to  th e  recu rs ive  s u b d iv is io n  o f  P e irce ’s p h ilo s o p h y  ( fro m  left, to  r ig h t ) ,  and  

fro m  th e  re la t io n s  o f p re s u p p o s itio n  ( fro m  to p  to  b o tto m )  w ith  th e  a id  o f a co m m o n  

v is u a liz a t io n  o f  a  tree .

T h e  s u b je c t m a tte r  o f "d is c re te  m a th e m a tic s "  in c lu de s  to  a la rge  ex ten t f in ite  

co lle c tio n s , w h ic h  I p lo tte d  a t th e  b o tto m  o f  F ig u re  1. For P e irce , m a th e m a tic s  

presupposes no  o th e r  sciences. A t  th e  to p  o f  th e  d ia g ra m  is th e  node d e p ic t in g  th e  

p ra c t ic a l sciences like  pedagogies, im p ly in g  th a t  th e y  p resuppose  a ll o the rs . I w o u ld  

in c lu d e  in fo rm a tic s  in  such a  node. W ith in  P e irce 's  fra m e w o rk , th is  m eans th a t 

in fo rm a tic s  w o u ld  presuppose p hys ics , psycho logy , and  p h ilo so p h y . P h ilo so p h y  i ts e lf  

encom passes m o s t o f  th e  d ia g ra m , in c lu d in g  se m io tics , w h ich  is lab e le d  ;ts log ic.

T h e  reade r m ay  be c u rio u s  a b o u t the  m o tiv e s  th a t lead me to  re tu rn  in to  s t ru c 

tu re  aga in , a f te r  th re e  ch ap te rs , a nd  an in t ro d u c t io n  o f a fo u r th  one c la im in g  th e  

im p o r ta n c e  o f  a b ro a d e r u n d e rs ta n d in g  o f des ign  in  in fo rm a tic s  a nd  H C I. T h e  reason 

is s tra ig h tfo rw a rd . T h e  n o tio n  o f  s tru c tu re  th a t  I am  p ro p o s in g  here is open, ra th e r  

th a n  closed. I t  is an open  s tru c tu re  deep ly  e n tw in e d  w ith in  th e  c o n te x t th a t it  is p a r t 

o f. I t  stresses th e  re la t io n a l aspects  o f  s ign  re la t io n s , ra th e r  th a n  its  co m p on en ts .

T h e  scope o f  th e  fo llo w in g  se c tion s  is reduced  a c co rd in g ly . In  re la t io n  to  Pe irce  s 

p h ilo so p h y , th e y  go a t m ost at th e  su b je c t o f  P e irce 's  s p e c u la tiv e  g ra m m a r and  th e ir  

re la t io n  w ith  p he n o m e n o lo g y  a n d  m a th e m a tic s  ;is f in ite  c o lle c tio n s . T h e re  w i l l  be a

" ’ M o s t c u r r ic u la  in  in fo rm a t ic s  h a ve  “ la ta  s tru c tu re s "  a n d  "d is c re te  m a t lte tn a t ics " as co re  d is c i

p lin e s .
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long  .s tre tch  yet to  e x p lo re  a long  the  gap  be tw een  in fo rm a tic s  and sem io tics , b o th  

b ro a d ly  u n d e rs to o d .

4.3  T ernary S ign  R e la tio n  in  In form atics

T h e  recen t in te rd is c ip l in a ry  in te re s t e s ta b lish e d  across in fo rm a tic s  and  se m io tics  h;is 

m a n y  e xa m p le s  o f d if fe re n t o rde rs  in  w h ic h  s ign  re la tio n s  and  s e m io tic  processes are 

d e p ic te d . I g ro u p e d  som e exam p les in  F ig u re  1. I.

T h e  in ilu e n c e  on  M ih a i X a d in 's  ( LOSS, p  271) d ia g ra m s  o f  P e irce 's . O gden  and 

R ic h a rd s ', a nd  M o r r is ' w o rks  is c lea r, as i l lu s tra te d  in  F ig u re  1. 1(a). M u lt ip le  in 

fluences can  be i l lu s tra te d  by tw o  exam ples. X a d in  used t in 1 tr ia n g le  to  d e p ic t the  

tr ia d ic  s ign  re la t io n , w h ic h  was in tro d u c e d  b y  O gden  X" R icha rd s . In  a d d it io n , the  

c o m p o n e n ts , fo llo w  P e irce 's  te rm in o lo g y  o f  R epresen tam en . O b je c t,  and  In te rp re ta n t. 

B u t th e  re la t io n  betw een co m p on en ts  are  d y a d ic , w h ich  co u ld  lead to  M o r r is ’ s y n 

ta c tic s . se m a n tics , and  p ra g m a tic s , and  n o t to  P e irce 's  s ign re la tio n s  and ca tegories, 

w h ic h  w ere  tr ia d ic .  H ow ever. X a d in  d e p ic ts  these  th re e  branches n o t ;is M o rr is  d id . 

b u t fo llo w in g  P e irce 's  re la tio n s  o f  p resc is ion  a m o n g  th e  ce n o py th a go re an  ca tegories.

T h e  n e x t fo u r exam p les  address recent c ro s s -p o llin a tio n  be tw een  in fo rm a tic s  and 

se m io tics . T h e y  a ll b r in g  th e  voice o f  lin e a r  noiseless c o m m u n ic a tio n  m odels, d is 

cussed in  th e  p re v io u s  c h a p te r, w h ich  I ca lle d  th e  p ip e  o r d u c t m od e l o f  c o m m u n ic a 

t io n . .Jorna a nd  van H eusden ( 19'JG. p 238). i l lu s tra te d  in  F ig u re  1.1(c). assoc ia ted  

t im e ly  o rd e re d  p re s e n ta tio n , in te rp re ta t io n  a n d  re p re s e n ta tio n  to  describe  system s 

a n a ly s ts ’ ro les  in  d e s ig n in g  co m p u te rs  a nd  in te rfa ce s  based on  th e  rea l w o rld . These 

concep ts  c o u ld  be eas ily  re la te d  to  o b je c ts , in te rp re ta n ts . a nd  re p re se n ta tio n s  (O .I .R ) .  

For th e  user, how ever, th e  re p re s e n ta tio n  becom es p re s e n ta tio n , a nd  it is in te rp re te d  

( O . I ) . 11

F ig u re  I. 1(d) il lu s tra te s  a second e x a m p le  in  th is  same o rd e r (O .I .R ) .  F a lkenberg  

et a l. e x p l ic i t ly  d ic h o to m iz e d  a tr ia d ic  s ign  re la t io n  in to  a process o f  in te rp re ta t io n

l l T h e  lin e a r iz a t in n  in  t in -  d ia g ra m  in  F ig u re  t.- l(e ) .  N e ve rth e le ss . .Jo rna  a n d  van H eusden ( lt)*J(>. 

p 2.'!S) d iscu sse d  B o is o t's  in fo rm a t io n  space, a n d  w en t b e y o n d  th e  lin e a r  m od e l.
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(a) Nadln 1988

knowledge

sign relation

R - Representamen
0  - Object
1 - Interpretant

semiotics as science of
(O.R) - Representation 

(R.l) - Expression 
(l,0) - Knowledge

(b) Jorna and van Heusden 
1996 p 238 0 i

system
analyst

real
world

presentation (interpretation) 
+

mental
computer screen representation 

MIND

presen- inter- represen
tation pretation tation

0 /

(d) Prates 1998 p 14

0

information 

person 1

R.

medium
j message

codifi- (signs) i decodifi
cation ----------- - cation

interpretant k %

in te rp re tan t j 

interpretant I c  

*■ person 2

(c) Falkemberg et al.
1998 D 82 actor >nterPreter

^  and representer

ts inter* ^ con* w reoresen-
domain represen-*. '  ,preted as caption a j tation

domain

cotconception 

representation

(e) Leite 1998 p 78

semiotic 
system _ 
or code

' A
interpretant 

of the 
producer

E expression 
. r

SS B

I
0 object

R 

0 ,

I

interpretant 
of the 
receiver

(f) Bardram 1998 pp 27,33

T tool or artifact 

S ujjjegfT^^^^^-Q ^ect

Basic structure of 
mediated human activity

Subject i Subject 2

0 Object 

collective joint activity

T

0
T tool or artifact 

Subject 1 Subject 2

0 Object 

collective mediated joint activity

F ig u r e  l . l :  Semiosis in Informatics and Organizations: based on ( a )  N a d in  (1 9 8 8 ,  

p 2 7 1 ) ;  ( b )  Jorna and van H eusden  (1 9 9 6 ,  p 2 3 8 );  (c )  F a lk e n b e rg  e t al. (1 9 9 8 , p 8 2 );  

(d )  P ra te s  (1 9 9 8 , p 1 4 );  (e )  L e ite  (1 9 9 8 ,  p 7 8 )  ( f )  B a rd ra m  (1 9 9 8 , pp 2 7 ,3 3  )
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th a t  tra n s fo rm s  t in ' d o m a in  in to  concepts , fo llo w e d  b y  a process o f  re p re se n ta tio n  

th a t  tra n s fo rm s  concep ts  in to  rep re se n ta tio n s  (O .I .R )  ( Fa lkenberg  e t a l.. p 82).

U s in g  th is  fra m e w o rk  th e y  d is t in g u is h e d  d if fe re n t leve ls fo rm in g  th e  fo llo w in g  s tra ta , 

w h ic h  s ta r ts  w ith  th e  lowest one: th e  p hys ica l w o r ld , e m p ir ic s , s y n ta c t ic s , sem antics , 

p ra g m a tic s , a nd  tin * soc ia l w o rld . T h e  a u th o rs  e x p l ic it ly  m en tion ed  M o r r is ’ b ranches, 

a n d  went beyond  th e m , in c lu d in g  e lem ents  o f  c o m m u n ic a tio n  channe ls  and c u ltu ra l 

ones.

R aque l O liv e ira  P ra tes, w o rk in g  in  se m io tic  e ng in ee rin g  (do  Souza. l!)(Jd). a lso 

l in e a r ly  s trea m ed  P e irce ’s tr ia n g le  in to  a sequence th a t  goes fro m  d e s ig n e r’s in fo rm a 

t io n . passes th ro u g h  the  designed a r t i fa c t ,  and  i t  f in a l ly  is u n b o u n d e d ly  in te rp re te d  

( O .R . I . I . I . . . . ) (P ra tt'S . I ‘J'J.S. p 1 1 ).12 See F ig u re  1.1(e). L e ite  (11)98. p 78). w o rk 

in g  in  th i ' sam e research line , d ic h o to m iz e s  th e  t r ia d ic  re la t io n  in to  express ion  and 

o b je c t ( s tru c tu ra lis m ) , as d e p ic te d  in  F ig u re  1 .1 (f). H ow ever. L e ite  re in tro d u c e d  in 

te rp re t an ts  th ro u g h  ro ll's  o f  p ro d u ce rs  (des igners) a n d  receivers (use rs ), o rg an ized  

s e q u e n tia lly  o rg an ized . L e ite  c le a r ly  refers to  P e irce  and  uses th e  tr ia n g le . H ow ever, 

in  m y  u n d e rs ta n d in g  o f  b o th  th e  s ig n  c o m p o n e n ts  and  also its  ex ten s ion s , h a v in g  th e  

s ig n  sys tem  o rth o g o n a l to  the  t im e  d im e n s io n 1'1 su pe rim po ses  a s t r u c tu ra l is t  perspec

t iv e .

F or o th e r  w o rk  on  th e  re la t io n  be tw een  se m io tic s  a nd  in fo rm a tic s , b ro a d ly  u n d e r

s to o d . see A p p e n d ix  E.

4 .4  C ategories  o f T ernary S ign  R ela tio n s

A s I have a lre a d y  m e n tio n e d , th e re  has been no ag reem en t e ith e r on  co m p on en ts  o r 

o n  th e  o rg a n iz a tio n  o f  s ign  re la tio n s . In  the  fie ld  o f  in fo rm a tic s , how ever, w ith in  th e  

fie ld s  o f  d a ta  s tru c tu re s  and d is c re te  m a th e m a tic s , d iffe re n t fo rm s o f  o rg a n iz a tio n  o f

1‘ P e irce 's  n o t io n  o f  u n l im ite d  sem ios is  was t ie d  to  o n e  o f  a p e rfe c t s it ' l l ,  one in  t l i ird u e s s . A c c o rd 

in g  to  h im . i f  fo r  w h a te v e r  reason th e  p rocess  d e te rm in e s  n o  o u tw a rd  s ig n , van ish e s , o r  becom es 

a n n ih ila te d ,  it  b e com e  tin re s e iia lt le . "a b s o lu te ly  u n d is c o v e ra h le  th a t  th e re  eve r w as th a t idea in  th a t  

consc io u sne ss -  I P e irce . PJ31 - l!) :to . 'J.dlK?).

' 'S a u s s ttre 's  d is t in c t io n  be tw een  th e  d ia c h ro n ic  a nd  th e  s y n c h ro n ic .
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in fo rm a t io n  have h e m  .studied and deve loped  in  eon.sonanee w ith  th e  p rob lem s faced 

d u r in g  th e ir  d e ve lo p m e n t. T h e re  are several wavs o f  s t ru c tu r in g  th e  saint* p ro b le m . 

Som e are in te rch a n g e a b le  in  te rm s  o f s tru c tu re , b u t th e y  have d itfe re n t p e rfo rm an ces  

in  te rm s  o f o p e ra t io n s .11 A n  expe rienced  p ro fess io na l, how ever, is ab le  to  decide* 

w h ic h  d a ta  s t ru c tu re  is m ore in d ic a te d  b y  a c e rta in  p ro b le m , c o n s id e rin g  the  invo lved  

c o n s tra in ts . W h e n  th e  p ro b le m  dem ands  i t  . th e  p ro fe ss io n a l m ay  d eve lop  new fo rm s  

o f  o rg a n iz a tio n , o r  a d a p t cu rre n t ones, a cco rd in g  to  des ired  resu lts .

In  th is  a nd  in  th e  fo llo w in g  sections. I e x p lo re  severa l "s tru c tu re s "  deve loped 

w i th in  in fo rm a tic s , in c lu d in g  trees, tab les , and  la t t ic e s , to  o rg an ize  and  v isua lize  

P e irce 's  te rn a ry  s ign  re la tio n s . T in *  em phases are  o n  tin * re la tio n s  betw een th e  ele

m en ts . a nd  n o t on  th e  m eanings o r concep ts  assoc ia ted  w ith  th e m . In  th is  sense. I 

ant fa llin g  in to  th e  s tru c tu ra lis t  p it  in  o rd e r to  c h a ra c te r iz e  its  b ou nd a ries . I have 

a b s tra c te d  aw ay w h a t the  co m p o n e n ts  o f a s ign  re la t io n  s ta n d  fo r to  focus on  tlit*  

re la t io n s  o f  o rd e r  am ong th e m . T h e re fo re , it does not m a tte r  w ith in  these c o n te x t 

i f  these c o m p o n e n ts  s ta n d  fo r m ean ings, su b je c ts , in te rp re ta n ts . re p re se n ta m in a . ob 

je c ts . re fe ren ts , e tc . T h e  focus is 011 th e  re la t io n  u n d e r  w h ich  th e  set o f  co m p on en ts  

is s tru c tu re d .

I re m a rk  th a t  th is  is n o t ju s t  a a p p lic a tio n  o f  d a ta  s tru c tu re s  to  se m io tics . As 

I hope [ have sh o w n  in  the  p re ced ing  chap te rs , th e  d ia lo g ic  re la t io n  o f "c o m p u tin g , 

c o m m u n ic a tio n , and  in fo rm a tio n "  w ith  th e  w o rld  a n d  w ith  people  is fu n d a m e n ta l to  

ope n  th e  c o n c e p tu a lly  closed c o m p u tin g  a r t i fa c t  to  its  c o n te x t. M o reo ve r, the  w o rk  

I d iscuss here is o n ly  an in i t ia l  e x p lo ra t io n  o f a p o ss ib le  new d ire c t io n  o f  th e o re tic a l 

w o rk  in  c o m p u te r  sc ience .1,1

T h is  d iscu ss ion  is not l im ite d  to  th e  usua l th e o re t ic a l rea lm s in  se m io tics  o r  in  

in fo rm a tic s . A lth o u g h  its  focus is cen te red  011 s ign  re la t io n s  and  c o rre s p o n d in g  c a t-

" T h i s  m eans th a t  th e  th e ro  a re  seve ra l fo rm s  o f  re p re s e n ta t io n ,  h u t th e ir  a p p ro p r ia te n e s s  is 

c o n tin g e n t to  th e  p ro b le m .

1 ’T h e  h u m a n  c e n te re d  d e ve lo p m e n t o f  to p ic s  such .is o b je c t -o r ie n te d  p ro g ra m m in g , p a tte rn s , a n d  

s u b je c t-o r ie n te d  p ro g ra m m in g  c o u ld  b e n e fit f ro m  s e tn io tie  s c a ffo ld s . T h e ir  fra m e w o rk s  in v o lv e  th e  

re la t io n  b e tw e en  o b je c ts ,  s u b je c ts , a n d  fo rm s  o f  re p re s e n ta t io n . T h is  is a to p ic  o f  in te re s t to  m e.

b u t  o ne  t have le f t  ;is  a fu tu re  th e m e  o f  research .
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t ‘<rorics. (.lie e n v is io n e d  h o r iz o n  encom passes c o m p u te r  science p ra c tices  and w e ll-  

e s ta b lish e d  th eo rie s . T h e re fo re . I am  n o t d o in g  o n ly  in fo rm a tic s  o r  sem io tics  as th e y  

a re  c u r re n t ly  u n d e rs to o d , b u t b o th .

A cross P e irce 's  w o rk  i t  is poss ib le  to  f in d  b o th  d e s c r ip tio n s  o f s ign re la t io n s  ;is 

w e ll ;us e h is s ific a tio n s  o f  s ign  re la tio n s  w ith  d if fe re n t n um be rs  o f e lem ents. T h e  s ign  

re la t io n  th a t P e irce  d eve lo pe d  th e  m ost is th e  t r ia d ic  one. T h e  te rm in o lo g y  o f  each 

c o m p o n e n t v a rie d , b u t th e ir  o rd e r rem a in ed  m o s tly  c o n s ta n t.

T h e n 1 a re  tw e n ty -seve n  (3 '! ) ways o f a rra n g in g  th re e  d is t in c t e lem ents in  a sequen

t ia l  o rd e r. In  F ig u re  1.5 th e  poss ib le  a rra n g e m e n t o f  th re e  e lem ents , rep resen ted  ;is 

1. 2. and 3. a re  d e p ic te d  in  a ta b u la r  se q u e n tia l d ia g ra m .

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27

111 221 311 322 331 333
211 222 321 332

1 2 3 4  5 6 7 8 9  10

F ig u re  1.5: The 10 valid arrangements that satisfy the prescision constraint.

Peirce  s concep t o f p re s c is io n 1' ’ encom passes a re la t ion  o f  o rd e r betw een firs t ness, 

secondness, a n d  th ird n e s s : o r betw een R ep resen tam en . O b je c t,  a nd  In te rp re ta n t. I t  

is th is  sam e re la t io n  o f  o rd e r  th a t is fo un d  as a o rg a n iz in g  p r in c ip le  in  his s y s te m a tic  

p h ilo so p h y . F or e xam p le , th ird n e s s  a lw ays p resupposes secondness and firs t ness, and  

secondness a lw a ys  p resupposes firs tness. T in ' p re sc is io n  c o n s tra in t exc lude  seventeen 

p o s s ib ilit ie s  a m o n g  th e  tw e n ty -seve n  poss ib le  ones. A s s o c ia tin g  Pe irce 's concep t o f 

p resc is ion  w i th  num be rs , i t  im p lie s  th a t th e  f ir s t  c o rre la te  c a n n o t be sm a lle r th a n  th e  

second, w h ic h  ca n n o t be s m a lle r  th a n  th e  th i r d .  In  te rm s o f  a t r ia d ic  s ign  re la t io n  

encom pass ing  R ep resen tam en . O b je c t, a nd  In te rp re ta n t.  th is  im p lie s  fo r e x a m p le  

t h a t:

1,1 P i p rese im  1 fro m  s o m e th in g . m eans to  c u t o f  to  leave  it o u t  o f  e o n s iile ra t ion .
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[R,—,—] It is possible1 to  consider representam ina in themselves:

[R.O,-] I t  is possible to  consider the re la tionsh ip  between representam ina and th e ir 

ob jects:

[—,0 ,—] I t  is im possib le to  consider the re la tionsh ip  between representam ina and th e ir 

ob jec ts  i f  there are no objects.

[R.O,I] It is possible to  consider the tr ia d ic  re la tionsh ip  o f representam ina represent in i’ 

th e ir  ob jects to in te rp re tan ts .

[—,—,1] It is im possib le to  consider in te rp re tan ts  i f  there  are ne ither objects nor repre- 

sentam ina.

In  F ig u re  1.5 I s e q u e n tia lly  la b e lle d  th e  ten  c o m b in a tio n s  se q u e n tia lly  h a v in g  the  

firs t d ig i t  la rg e r o r  equa l to  th e  second, a n d  second la rg e r o r  equa l to  the  th ird .

F ig u re  l.b : Peirce's arborescent diagram of the ten categories of triadic signs

(Peirce, 1997, p 169, redrawn)

O ne resource  to  g ra p h ic a lly  d e p ic t th e  se q u e n tia l c o m b in a tio n  o f th ree  e lem ents  

is an a rb o re sce n t d ia g ra m . In  a series o f  le c tu re s  on p ra g m a tis m  g iven  b y  Pe irce  at 

H a rv a rd  in  1903 he used th e  i l lu s tra t io n  in  F ig u re  1.(3 to  d e fe n d  his c la s s if ic a tio n  o f 

signs in to  te n  ca tego ries  ( Pe irce . 1997. p 109. re d ra w n ) .1. T h is  k in d  o f d ia g ra m  is w ell- 

kn o w n  in  in fo rm a tic s . Indeed , th e re  are m a n y  fo rm s o f  re p re s e n ta tio n  o f a rborescent 

d ia g ra m s , o r  trees, as th e y  are  ca lled  in  c o m p u te r  science.

In  te rn a ry  trees each nod e  m ay  be s u b d iv id e d  in to  a t m os t th ree  o th e r  node's, as 

i l lu s tra te d  in  F ig u re  1.7. P e irc e ’s a rb o resce n t d ia g ra m s  c o rre sp o n d  to  th e  b o ld  lines

1' I ' l l  is i l lu s t r a t io n  h ;is  no t been  in c lu d c il in  th e  c o lle c te d  pap ers .
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level

0

number of 
valid nodes 

1 in 1

3 in 3

2 6 in 9

3 -  
111

10 in 27
221 311 322 331 333

332211 222 321

Fillin ' l.T: Ternary tree of the 10 valid arrangements among the 27

in  F ig u re  1.7. b u t in  ;i d if fe re n t g ra p h ic  d is p o s it io n .

In  o rd e r to  m ake  th e  n o ta t io n  c lea re r. I have assoc ia ted  th e  th re e  e lem ents o f 

a te rn a ry  s ign  re la t io n  w ith  Ft. O . and I .  w h ic h  co rresp on d  to  R e p re s e n ta m e n .  

O b je c t  a nd  I n t e r p r e t a n t .  Pe irce  h im s e lf used th is  sequence to  o rg an ize  the  s ign 

re la t io n . M o re o ve r, th e  c o rre la t io n  be tw een  a te rn a ry  s ign  re la t io n  (R .O .I)  and  th e  

c e n o p y th a g o re a n  ca tegories  is the* fu n d a m e n t o f  P e irc e ’s c la s s if ic a tio n  o f signs. I have 

a lso  assoc ia ted  w ith  each le t te r  a s u b s c r ip t in d e x  w h ic h  co rre sp o n d s  to  th e  ceuopy- 

th a g o re a n  ca tego ries  o f  firs t ness (1 ). secondness (2 ) and th ird n e s s  (3 ). A c c o rd in g  

to  th is  n o ta t io n , each R ep resen tam en . O b je c t,  o r In te rp re ta n t.  th e  co m p on en ts  o f a 

te rn a ry  s ign  re la t io n , can bo q u a lif ie d  as in  f irs t ness, secondness, o r  th ird ne ss . F rom  

th e  c o rre la t io n  be tw een  n -a d ic  s ign  re la t io n s  a nd  th e  c e n o p y th a g o re a n  categories. 

P e irce  d e rive d  w h a t he ca lle d  n  t r i c h o t o m ie s .  In  th e  case o f a t r ia d ic  s ign  re la tio n , 

th e  fo llo w in g  th re e  tr ic h o to m ie s  are  d e rive d :

First Trichotomy

R i - Representamen x Firstness — (Qualisign)

R> - Representamen x Secondness — (Sinsign)

/?:! - Representamen x  Thirdness — (Legisign)
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Second Trichotomy

0 \  - Object x Firstness — (Icon)

0-> - Object x Secondness — (Index)

O-.i - Object x Thirdness — (Symbol)

Third Trichotomy

I \  - Interpretant x Firstness — (Rhema)

/•_> - Interpretant x Secondness — (Dicent)

/.i - Interpretant x Thirdness — (Argument)

T h o  te rm s  in  paren theses co rre sp o n d  to  th e  te rm in o lo g y  P e irce  used to  re fe r to  

th e  e le m e n ts  o f  each tr ic h o to m y . In  se m io tics  a n d  in  P e irce 's  w r it in g s  once th e  t r i 

c h o to m ie s  a re  in tro d u c e d , th e y  a re  u s u a lly  e x e m p lif ie d . I have n o t e xe m p lifie d  th em  

here  fo r  th re e  reasons. F irs t ly , as I sa id . I a b s tra c te d  aw ay th e ir  possib le  m ean 

ing s  a n d  uses. S econd ly . I u n d e rs ta n d  th a t th e  e x e m p lif ic a t io n  c le a r ly  reduces th e  

n -a d ic  c h a ra c te r is t ic  o f th e  s ign  re la t io n  to  a m o n a d ic  one. T h ir d ly ,  as I have a lre a d y  

m e n tio n e d . I w an t to  stress the  im p o rta n c e  o f  go ing  beyond  ehussifientory schem ata .

P e irce 's  sem iosis is t r ia d ic a l ly  re la t io n a l,  and  i t  is in  th is  h o r iz o n  th a t lie  d escribed  

s ig n  re la t io n s  and  ca teg o ries  o f  s igns. F rom  th e  poss ib le  c o m b in a tio n s  te rn a ry  s ign 's  

c o m p o n e n ts . Pe irce  d e rive d  ten  ca tego ries  o f s igns. Pe irce lis te d  and  i l lu s tra te d  th e  

c o rre s p o n d in g  v a lid  ca tegories w i th  a d ia g ra m  re p ro du ced  in  F ig u re  l.S. T h is  ap 

pea red  in  a S y lla b u s  o f C e r ta in  T o p ics  o f Log ic , w h ic h  Peirce p repa red  fo r a course 

to  be  d e live re d  a t th e  L o w e ll In s t i t u te . ls

T h e  d ia g ra m  in  F ig u re  1.8 can  be o b ta in e d  fro m  th e  co llapse  o f  th e  te rn a ry  tree  as 

v is u a liz e d  in  F ig u re  1.9. T h e  n u m e ric a l indexes o f  each one o f  th e  ca tegories can be 

o b ta in e d  e ith e r  b y  tra v e rs in g  th e  tree  re p re s e n ta tio n  o r  by im a g in in g  the  tr ia n g u la r  

ta b le  as i f  i t  w ine  a co llapsed  tree , as v isu a lize d  in  F ig u re  L IO .1"

‘ "“T h e  re a d e r s h o u ld  he a w a re  th a t  th e  o rd e r  o f  th e  n o ta t io n  used is th e  in ve rse  o f  th e  o rd e r  o f  th o  

Evuglish la n g u a g e , w h ic h  can  eauso som e c o n fu s io n . F o r e x a m p le  R : \ d - i l i  s ta n d s  fo r R h o tn a t io  t / t ) 

Ic o n ic  i O o  E.ogisign l /? ( ).

' ’T h ro u g h  a d is t in c t  p rocess. F a rias  a n d  Q u c iro z  i l ‘.)!)U. 2 ()0 0 h i fo rt h e r e x p lo re d  t r ia n g u la r  in dexes  

in  a  t r ia n g le  to  a r r iv e  a t th e  c a te g o rie s ' n u m e r ic a l re p re s e n ta tio n s . T h e ir  w o rk  re p ro d u ce s  se ve ra l o f
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(I) t Vi t X I I I ) (X)
Rhcmatic Rhcmatic Rhcmatic Argument

Iconic Iconic Svmhol Symbolic
Qualisign Lcgisign Lcgisign Lcgisign

Ill)
Rhcmatic

Iconic
Sinsign

(VI )
Rhcmatic
Indcxical
L.egisign

( l . \ )

Diccnt
Ssmbol
Lcgisign

Hil l (VI I )
Rhcmatic Diccnt
Indcxical Indcxical
Sinsign Lcgisign

( IV)
Diccnt

Indcxical
Sinsign

Horizontal classes 
and vertical
adjacency differing alike

in in
□ 0 3

CD 1 2
CD 2 1

1 1 I I 2 1
I I  I I 3 0

respect[s]

Figure 1.8: Peirce’s diagram depicting the affinities among the ten categories:

(Peirce, 1931-1935, 2.264)

T h e  a rb o re sce n t d ia g ra m s  do  no t enable  a fu l l  a p p re c ia tio n  o f the  re la t io n a l c h a r

a c te r is t ic s  a m o ng  tin * ten  ca tegories . Pe irce was also in te re s te d  in  th e  re la tio n s  be

tw een  th e  ca tego ries , n o t o n ly  in  th e  ca tegories  as iso la ted  c la s s ific a tio n  m echan ism s.-’"

( t ic  d ia g ra m s  d iscu sse d  in  th is  c h a p te r  in  th e ir  o r ig in a l fo rm . I have re d ra w n  most o f  these d ia g ra m s  

in  o rd e r  to  fa c i l i ta te  th e ir  c o m p a r is o n .

- " I n  tw e n t ie th  c e n tu ry  s e m io tic s , ho w e ve r, d a s s if ic a to rv  schem a ta  have  p re v a ile d , u n fu r lu n a tc lv .  

It  is no t by  ch ance  th a t  (he  m ost c ite d  o f  th e  t r ic h o to m ie s  is th e  second one . I t  is d y a d ic  a nd  it t i ls  

w i t h  m o s t o f  th e  lo n g e r e s ta b lis h e d  th e o re t ic a l a n d  p ra c t ic a l fra m e w o rk s . W ith in  th is  p e rs p e c tiv e , 

b o th  q u a lit ie s  o f  fe e lin g  Hirst, t r ic h o to m y )  a nd  m e d ia t io n  a n d  h a b it  ( t h i r d  t r ic h o to m y )  e n d  u p  de- 

e m p lm s iz e d . P e o p le  end  u p  re d u c in g  t r ia d ic  s e m io tic s  to  a subse t th a t  i t  is not even as la rge  ;is 

d y a d ic  s e m io tic s . T h e  te n d e n c y  o f  s t r a t i f ic a t io n  h its been  s tro n g , a n d  p e o p le  te n d  to  reduce  s e m io tic s  

to  a  s in g le  s t r a tu m ,  fo rg e tt in g  th e  re la t io n s  o f  p re s u p p o s it io n  p resen t in  P e irce 's  p h ilo s o p h y , ms in  

d a s s if ic a to r v  schem es. F or e x a m p le , th e  c la s s if ic a t io n  o f  a c e rta in  s ig n  as an ico n , an in d e x , o r  

a s y m b o l,  so c o m m o n  in  th e  l i te ra tu re ,  is o n ly  a p a r t  o f  a b ro a d e r s y s te m  deve lo pe d  b y  P e irce  

to  u n d e rs ta n d  s e m io t ie  re la tio n s . I u n d e rs ta n d  th a t  w i t h in  P e irc e s  s c a tfo ld , th e  s ta te m e n t th a t  a 

p a r t ic u la r  s ign  is  o f  a c e r ta in  k in d  s h o u ld  n e ce ssa rily  be c o n tin g e n t o n  h is to r ic a l a nd  s u b je c t iv e  

fa c to rs . In  o th e r  w o rd s , s igns s h o u ld  n e t be frozen  ;is o f  a  c e rta in  k in d .  T h e y  can be c la ss ifie d  o f  

c e r ta in  k in d s  a t c e r ta in  m o m e n ts  a n d  fo r  c e r ta in  in d iv id u a ls .  T h is  m eans  th a t th e  sam e s ig n , at 

th e  sam e m o m e n t, m a y  be o f  a d if fe re n t  k in d  fo r  som eone  else, o r  o f  a d if fe re n t k in d  a t a d if fe re n t
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O
333211 222 321111 221 311 322 331 332

331 332211 221 222111 311 321 322

10
331

321 322
211111 221

(a) 2.254
I IV )

F ig u re  1.0: Collapse of the 10 valid arrangements into a triangular diagram By

imagining the tree as enclosed in a parallelepiped, it is possible to collapse the existing 

planes into a single one. The result is a triangle with ten elements. Peirce used triangular 

diagrams to describe the affinities between categories. The collapse above enables an 

understanding of Peirce's diagrams in the light of ternary trees.
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F i l l i n '  1.10: Traversal of triangular representation of the ten categories
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M oreo ve r, he was in te re s te d  in  re la tio n s  in  genera l even in  th e  most a b s tra c te d  fo rm .'’ 1 

I p roceed  now  w ith  ta b u la r  lo rm s  o f v is u a liz a tio n , b o th  tw o  and th re e -d im e n s io n a l. 

Pe irce m ade  use o f tab les  to  co rre la te  sets o f  e lem en ts . T ab les  such ;is th e  ones in  

F igure 's -1.11(a) and (b )  enab le  the* g ra p h ic a l re p re s e n ta tio n  o f  c o rre la tio n  am o ng  the' 

e-leme'tits e>f tw o  s e 'ts ."  Peirce* use'd 2D  a n d  3 D  table's to  co rre 'la te  se'ts. In  h is ow n  

wore Is: (a ) "T a k in g  d u a l in d iv id u a l re la tive s , fu r instance*, we* m ay arrange* th e m  a ll in  

an in fin ite* b lo c k ’ (P e irce . Ib31-1!)35. 3 .22b) (b ) " In  the* same* way. triple* in d iv id u a l 

re la tive s  m a y  be arrangeel in  a cube*, a n d  so fo r th "  (Pe*irce*. lb .31 -l!)3a . 3 .3 2 b I.2'1

I f  eme set is compose*d <>t the* e lem ents o f  a te rn a ry  s ign  re la t io n  (R .O .I) ,  a tu l the* 

second se*t is c o m p e te d  by the* ce n o p y th a g o re a n  catc*ge»rie*s (1 .2 .3 ) .  the* c o rre la t io n  

pm d uce s  n in e  e)rde*re*d p a irs , as de*[)icted in  F ig u re  1.1 K g ) , w h ic h  corre*spe>nd e x a c tly  

te> th e  three' tr ic h o to m ie s  de*scribc*el e*arlier.

W ith  a  ta b le  s im ila r  to  th a t d e p ic te d  on  Figure* 1.11(e ). Pearce* ce*rre*late*< 1 tw o  

t r ie h o to m ie s  to  e xp lo re  tlu * ele*rivation o f  chisses o f de*caelic s igns, as de*picte*el in  F ig 

ure* 1.11 (e*). N everthe less, se m io tie ian s . w ho  s h o u ld  care* a b o u t w ha t s tands  fo r  w h a t, 

have* m o s tly  disre*garde*d th e  seanantirs assoc ia ted  w ith  such tab les. re*fe*rring th e ir  

sem antics  in d is c r im in a te ly .

A t  f ir s t g lance , th e  table's in  F igu res 1.11(e) and (e*) .se*e*m ejnite* s im ila r ,  a nd  in 

fa c t. th e y  a re  in  the*ir fo rm , b u t not in  th e ir  c o n te n t. The* co n te n ts  o f th e  table* in  

Figure* 1.11(c) are trie-hotomie*s ejrganize*d a cco rd in g  to  a te rn a ry  s ign re*l;ition  and  th e

m o m e n t. In  th is  fra m e w o rk  there* is no  sense*, fo r  e x a m p le , to  a l i i r tn  th a t  a p h o to g ra p h  is an icon , 

an  in d e x , o r  a s y m b o l. I t  is p o ss ib le  to  say. h o w e ve r, th a t  the* p h o to g ra p h  is in  a s ta te  o f  a f irs t  ness, 

seeondness. o r  th ird n e s s . a t a c e r ta in  state* o f  a  s e m io t ic s  process, seen fro m  th e  p e rs p e c tiv e  th a t  

tie s  rep re 'sen ta m e ns  a nd  o b je c ts . They are r e la t io n a l,  n o t e x is te n t ia l ca te go rie s .

JI P e irce  ( 19d 1 - lO do. d I 9 l  re la te s  h is  A lg e b ra  o f  R e la tiv e s  w i th  s e m io tic s . He a lso d e v e lo p e d  a 

re la t io n a l c a lc u lu s  in  w h ic h  he c o u ld  e ;is ily  u n d e rs ta n d  th e  c o r re la t io n  b e tw e en  signs a n d  c a te g o rie s . 

; ls  m e n tio n e d  above .

' 'W h e n  tw o  sets a re  c o rre la te d  w ith  t ho a id  o f  a ta b le ,  th e  e le m e n ts  o f  each set a re  used to  o rg a n iz e  

th e  ta b le 's  lin e s  a n d  co lu m n s . T ho se  sots can be  th e  sam e set. T h e  re s u lt in g  m a t r ix  ca n  rep re se n t 

h ig h w a y s  b e tw e e n  c it ie s , o r  a s h if t  t im e ta b le  w h ic h  o rg a n ize s  w h o  s h o u ld  be w o rk in g  t p e o p le  i at 

w h a t t im e  s lo t ( h o u r  I.

' ! tn  th e  o r ig in a l i l lu s t r a t io n .  P e irce  used .1 : B  to  rep resen t ( . ! . /? > .
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(a) Peirce 
CP 3.220

etc. etc. etc. etc. etc.

(c) Peirce iOi i0 2 iO,
CP 8 353 Oescriptives Designates Copulants

R 1 Potisigns 

R 2 Actisigns 

R3 Famisigns

11.21

12.21

13.21

11.22

12.22

13.22

11.23

12.23

13.23

(e) Small Matrix

r

(0

X 1 2 3

t 1.1 1.2 1.3

2 2.1 2.2 2.3

3 3.1 3.2 3.3

r 1 2 3

Rt to Rl

01 02 03

It 12 I]

-------- ---------

(h) Spinks’ 
“tri-square" 
1991

contiguous

straight
11 12 13

21
22
23

leaper

11 12 13 11 12 13

Firstness.
Secondness.
Thirdness

Representamen.
Object.
Interpretant

(b) Peirce 
CP 3320

IAJ>I IA.C.AJ-

UkB) (A.C.8). ■

1AJ.Q IA.C.Q-
ICASI

IBA.Q |BJ.C1 (BC.CV.

[eject ic j.q  IC.C.O--

(d) Peirce 
CP 8.361

Copulative 
Potisigns

Denominative Copulative 
Potisigns Actisigns

Descriptive Denominative Copulative
Potisigns Actisigns Famisigns

(9)

N
R 1 Ri R2 Rl

first 1 . 1. 1.

trichotomy Qualisign Sinsign Legisign

0 2 Ol 02 O]

second 2. 2. 2.
rncnoiomy Iconic Indexical Symbolic

' 3 it 12 13

third 3. 3. 3.
trichotomy Rhema Dicent Argument

(i) Spinks' 
“cubed 
tri-square”

S« So
^Qu.ilistqn Smsign Lcgisign

. S* Sd
: c c *1 Syntct

v. Rheme
Sh

Dicer:

R Layer

0 Layer

A r n u r - e n !

R
I
0

nine
trichotomies

Representamen
Tri-Square

interpretant
Tn-Square

Object
Tri-Square

Fii^nrc* 1 .11: Use of tables to derive categories: ( a )  and (b )  are based on P eirce 's  

d ia g ra m  and  te x tu a l suggestion  (P e irc e , 1 9 3 1 -1 9 3 5 , 3 .2 2 0  e  3 .3 2 0 );  (c )  and (d )  are  based  

on P e irc e 's  discussion o f  decad ic  signs (P e irc e , 19 5 8 , 8 .3 5 3 - 3 6 5 )  ; (e )  M a x  B e n s e 's  sm all 

m a tr ix  (W a lth e r ,  1 9 7 9 , p 5 8 );  ( f )  and ( g )  are th e  e q u iv a le n t tab les  b u t in th e  n o ta tio n  

a d o p te d  here; (h )  an d  ( i )  are  based on (S p in k s , 19 91 , p 1 5 0 ) .
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ca tegories  o f firs tness . secondness. a n d  th ird n e ss . T h e  tr ic h o to m ie s  in  F ig u re  1.11(e) 

a re  not ins ide  th e  ta b le , b u t o u ts id e , o rg a n iz in g  its  row s and co lu m n s . In  i t .  the  

c o n te n ts  o f th e  ta b le  are th e  poss ib le  d y a d ic  re la tio n s  be tw een  th e  e lem en ts  o f  th e  tw o  

tr ic h o to m ie s .21 W h ile  Peirce was in q u ir in g  in to  th e  re la tio n s  be tw een  tr ic h o to m ie s  

a lre a d y  d e rive d . W a lt her and Bense were' g e n e ra tin g  th e  tr ic h o to m ie s , w h ic h  is q u ite  

a d iffe re n t th in g .

I proceed now  w ith  several d ia g ra m s  found  in  th e  lite ra tu re . T h e  reade r w il l  

n o te  th a t the  g ra p h ic a l language p resen t in  these d ia g ra m s  d iffe rs  fro m  th a t used 

in  in fo rm a tic s . T h e ir  a u th o rs  were m o s tly  se m io tie ia n s . not people* in  in fo rm a tic s . 

Indeed , m a th e m a tic ia n s  have deve loped  som e o f th e  d ia g ra m s , hut n o t to  th e  e x te n t o f  

m a k in g  th e m  ade qu a te  to  th e  p ra c tic e s  in  se m io tics  a nd  in fo rm a tic s . M y  o b je c t iv e  is 

to  e s ta b lish  a co m m o n  g ro u n d , th ro u g h  a g ra p h ic a l language1, to  fa c il i ta te  agreem ent 

across p ro fess iona ls  beith  in  semantics a nd  in fo rm a tic s .

W a lt lieu' and Bense* calleel th is  the* ( R . O .  I )  x  ( 1 .2 .3 )  table* the* " l i t t le 1 m a t r ix " ,  

anel v isu a lize d  it ;is in  F igure1 1.11 ( e*) (W a lth e r. 1079. p 58). F igure's 1 .11(f) and 

(g ) a re  o e |u iva len t. bu t 1 have added  in fo rm a tio n  to  fa c ilita te 1 them  u n d e rs ta n d in g . 

The1 ta b u la r  repre 'sentatiem  o f  th e  th re e  basic tr ich o te u n ie s  has been w ie le ly  used in  

scm io t ie s T ’

As Pe'irce sugge'sted. te rn a ry  re la t io n s  w ou ld  be emsily co rre la te d  w ith  the1 a id  e»f 

a cube1. Howe-ve-r. the1 same1 h e 's ita tio n  te> fu l ly  embrace* tr iae lic  signs is a lso  found  

in  the1 lack o f use e>f thre 'e '-e lim ensional d ia g ra m s  to  d e p ic t the  ca teg tirie s  o f  eh-caeiic 

signs. Them 1 is no easy way te) re'pre-sent th e  c o rre la t io n  betw een three1 sets w ith  a 

tw o-e lim em siona l ta b le . Newertheloss. se m io tie ia n s  have he*sitated u n t i l  re'cemtly. to  

use* th m '-e lim e m s io tia l corredations a n d  th re e  d im e n s io n a l spaces to  de*pict P e irc e s  

ca tegories.

■ 'T h e se 1 .ire- t r i i  h o m in ie s  d e riv e d  fro m  d c r a d ir  s ig n  r e l i i t io n s  (( R \  R  j ) ■ ( i ( ) \  i (  ) < i ( ) K i. i ( ) s ta n d s  

fo r  i ln ii ie 'd ia te  o h je e t l .  Se e1 S e c tio n  1.5 fo r d e e a d ic  s ign  re 'la tio n s .

'  'See a lso P i'iree1 ( 1 05 1- 1055. 2 .255 -55  I (W e iss  a nd  B u rk s .  11115. p 585). S ande rs  I 11)70. p 7 l.  

( D e le d a lle . IDS7. p 7 5 ). F is e tte  i 11)1)0. p 2 5 ). S p in k s  ( 101)1. p  0 7 ). a n d  (F a ria s  a nd  Q u e iro / .  2000a. 

p 2 5 ). fo r  o th e r  d ia g ra m s  o f  the1 te n  ca te g o rie s .
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1 2 3

1 1:1 1 2 1 3

2 2:1 22 2 3

3 3̂ 1 32 33

K | 1 2 3

1 i 1 .*2 1 3

2 z 'i 22 2 3

3 3*1 32 33

1 2 3

1 11 1:2 1 3

2 2.1 2 2 23

3 3 . f 3 2 33

H i 1 2 3

1 1 1 1:2 1 3

2 2 1 2.2 2 3

3 3 1 J z 33

H 1 2 3

1 1 1 1 2 • T3

2 2 ' i ’ 22 23

3 3 ^ 32 33

1 2  3

1 11 1 2 , . f  3

2 2.1 .Z 2  2 3

3 3.1 3 2 3 3

H j 1 2 3

1 1 1 1 2 ..13

2 2 1 22
t

2 3

3 3 1 32 33

H 1 2 3

1 m 1 2 1:3

2 2.1 2?. ■ST 3

3 3 ^ *“ 3 2 33

H 1 2 3

1 11 1 2 1:3

2 2.1 2 2 .2*3

3 3 1 3 ^ 33

H 1 2 3

1 i t 1 2 1:3

2 2 1 22 2=3

3 3.1 32 fz

v , * - - p- V L / .
\

Jk"
N

X

Figure 1.12: Blomeyer and Helmoholtz’s table with the 10 categories:Based on 

(Blomeyer and Helmholtz, 1976), cited in (Walther, 1979, p 87)
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T h e  s o lu tio n , fre q u e n tly  fo u n d  in  m a n y  d iffe re n t fo rm s , has been to  m a in ta in  

th e  ta b le  rep re se n tin g  th e  three* tr ic h o to m ie s , and su p e rim p o se  o n to  it a set o f  lin ks  

b e tw een  its  ce lls. A m o n g  those w h o  e x p lo re d  th is  resource  to  v isu a lize  th e  ca tegories 

an* B lo m e ye r and H e lm h o ltz  ( 11J7G). W a lt  her ( 1!)7'J. 80-87. re d ra w n ) (F ig u re  1.12). 

D e le d a lle  (1979. p 89 -1 ). F is e tte  (1990 . p  20). S p inks  (1991 ). M e rre ll (1990. p  91) 

(F ig u re  1.13). and  M o ra n  (1997). as I co m m e n t in  th e  sequel.

d e ra id  P. B lo m e ye r a nd  R ita  M . H e lm h o ltz , an fo llo w in g  th e m . E lis a b e th  W a lth e r 

used a square  o f a rro w s  to  represent tlu * ten  (h isses o f  s igns o f  a te rn a ry  s ign  re la tio n  

(B lo m e y e r and  H e lm h o ltz . 1970) c ite d  in  (W a lth e r . 1979. p 87). See th e  te n  tab les  in  

F ig u re  1.12. W a lth e r  (1979. p 87) g ro u p e d  th e  te n  ca tegories  in to  fo u r  g ro up s  ca lled  

p r im a ry , secondary, te r t ia r y  and q u a te rn a ry  a cco rd in g  to  th e  k in d  o f a rro w  th e y  fo rm , 

a n d  p resen ted  th e  g ro up s  in  fo u r d ia g ra m s . These fo u r  g roups  have been separa ted  

in to  te n  d ia g ra m s  a nd  d e p ic te d  in  F ig u re  1.12. F rom  th e  m a th e m a tic a l p o in t o f v iew , 

th e  use o f  lin k s  be tw een  row s (o r co lu m n s , d e p e n d in g  on  th e  d ia g ra m ) o f  a ta b le  is 

e q u iv a le n t to  th e  g ra p h ic  fo rm a lis m  used to  d ep ic t re la tio n s  betw een sets, as d ep ic ted  

a lso  in  F ig u re  1.12. T h e  sets rep resen t th e  rows. O n ly  th e  ten  sequences th a t  sa tis fy  

p re sc is io n  have been d e p ic te d  in  F ig u re  1.12. T h e  sequence / ? d h / i  sa tis fie s  p rescis ion  

by  h a v in g  th e  f irs t in d e x  la rg e r o r  equa l th a n  th e  second in d e x , and th e  second index 

la rg e r o r equa l th a n  th e  th ir d  in d e x . 1 fo r e xam p le , does not s a t is fy  p rescis ion

because th e  firs t e lem en t is s m a lle r th a n  tlu * second. T h e re fo re  it is no t am ong  the  

te n  d ia g ra m s .

U s in g  a s im ila r  resource. M e rre ll (1990 ) ju x ta p o s e d  a ll th e  te rn a ry  re la tio n s  th a t 

co rres ; 1 to  th e  te n  ca tegories  in to  a s ing le  ta b le , as i l lu s tra te d  in  F ig u re  1.13(a). 

I have  [( ‘d ra w n  M e rre l's  d ia g ra m  to  fa c il i ta te  c o m p a ris o n  w ith  th e  o th e r  ones. In  

an  a tte m p t to  s im p lify  t lu 1 d ia g ra m . M e rre l cu t o u t th e  re la tio n s  in  th e  ta b le  in  

F ig u re  1.13(b) th a t an* re d u n d a n t a c c o rd in g  to  P e irce .J,‘

-•’ P e irce  use ii th is  reso u rce  to  nam e th e  te n  c a te g o rie s , in s te a d  o f  a R e n ia th ic  Ic o n ic  Q u a l is ig n .  

he c a lle d  it  ju s t  a Q u a lis ig n . F o r P e irce , o r  fo r  a P e ireoan  s c h o la r, th is  m ay m ake  sense, b u t  fo r 

th e  o v e ra ll c o m m u n it ie s , w h o  d o  not even ag ree  w ith  th e  o rd e r  o f  th e  s ign  re la t io n ,  th is  is c e r ta in ly  

c o n fu s in g .

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

34



www.manaraa.com

217

(a) based on Merrel 1996
  three trichotomies
■m 1st Trichotomy 2nd Trichotomy 3rd Trichotomy

|  ^Q ualls ign   lcon » ' ^ 2Rheme

a o£S a

e 22t3 « £ «

% 06 s o £ «

Sinsig

Symbol ent

(b) based on Merrel 1996
three trichotomies 

1st Trichotomy 2nd Trichotomy 3rd Trichotomy

I  ^Pualisign ot icon it Rheme 
)2

«T)5

/Sinsign 02 Oiciant

7 1
^ 2 -------- +*>] 9

Symbol 13 A ent

10
$

(c) Rotated and Skewed 
version of (a)

(d) based on Moran 1997

Second
Trichotomy

Frist
Trichotomy

Third
Trichotomy

1,2,

Rheme

3■I I
Dicent 

.

Argument

Icon Index

Quallsign

r s ^ r
2 H

Symbol

8,9 ,10

Sinsign Legisign

*  *  *
Firstness Secondness Thirdness

F ig u re  1.1:3: Merrel’s extension of the table of trichotomies ( a )  Based on M e rre ll 

(1 9 9 6 , p 8 )  (b )  based on M e rre ll (1 9 9 6 , p 9 4 , re d ra w n ) (c )  ro ta te d  an d  skew ed (d )  based  

on M o ra n  ( 1 9 9 7 ) .  T h e  n u m b e rs  correspond  to  th e  categories.
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A s  i l lu s tra te d  in  F ig u re  -1.I l l 's )  S p inks  (1991 . [) 150) deve loped  tw o -d im e n s io n a l 

and  suggested  th re e -d im e n s io n a l d ia g ra m s  th a t  m ade use o f  supe rim posed  a rrow s. 

S p in ks  c a lk 'd  th e  th ree  tr ic h o to m y  ta b le  a t n - s i j u a n  a n d  a lso stacked th e  th ree  

tr ic h o to m ie s . S p in ks  p o in ts  to  G e ra rd  D e le d a lle  as th e  source  o f h is tr i-sq u a re s  

( D e le da lle . 1970. p 80-1). W h e n  D e lleda le  g ro u p e d  th e m  u s in g  th e  '’ la rgest phanero - 

schop ic  c a te g o ry "  ( lirs tn e ss . seeondiiess a nd  th ird n e s s ) th a t each class co n ta in e d  

(D e le d a lle . 1979. p 80-81 ). S p in k s  g rouped  th e m  as fo rm in g  ''s tra ig h t,  co n tig u o u s , 

a nd  lea pe r" trace s  (S p in ks . 1991. p 150). S p in k s  also s ta ke d  th re e  tr i-sq u a re s , e x 

te n d in g  even fu r th e r  th e  use o f th is  fo rm a lis m . He d id  n o t a tte m p t to  v isu a lize  the  

classes g ra p h ic a lly  th o u g h . M o ra n  (1997). ;is re d ra w n  in  F ig u re  l . ld ( c )  also used the  

sam e resource. T h e  d ia g ra m  in  F ig u re  1.1 5(d) is in te n d e d  to  stress the  s im ila r it ie s  o f 

M e rre l's  a nd  M o ra n ’s s o lu tio n s , d e p ic t in g  a skewed ro ta te d  ve rs ion  o f M e rn T s  d ia 

g ra m . 1 have not re p ro d u ce d  a ll th e  d ia g ra m s  th a t  I cam e across th a t use th e  above 

resource.

I now  p resen t some s o lu tio n s  fo un d  in  th e  spec ia lized  l i te ra tu re  to  v isu a lize  the  

ca tegories  w ith  th e  a id  o f  th re e -d im e n s io n a l spaces, c o n ta in in g  th e  th ree  tr ic h o to m ie s  

o f  th e  te rn a ry  s ign  re la tio n .

M ic h e l B a la t c o rre la te d  tw o  and  th ree  tr ic h o to m ie s  and  used tw o  and th ree  d im e n 

s io n a l spaces to  v isu a lize  th e  te n  re s u lt in g  ca tego ries . In  th e  tw o -d im e n s io n a l ease, 

as re d ra w n  in  F ig u re  L I  1(a) . B a la t used th e  firs t and th e  second tr ic h o to m ie s  to  

d e te rm in e  a p la n e  o r  ta b le  in  w h ic h  th e  ca tego ries  co u ld  be p lo tte d . T h e  l im it  o f  hav

in g  o n ly  tw o  d im e n s io n s  im p lie d  th a t m ore  th a n  one c a te g o ry  is rep resen ted  in  some 

ce lls  o f th e  d ia g ra m . B o u n d a rie s  were added to  g ro u p  th e  second tr ic h o to m y  (B a la t.  

1990). T h e  a rro w s  in  th e  d ia g ra m  art* d iscussed in  the  n ex t sec tion  and co rresp on d  

to  re la t io n s  be tw e en  the  ca tegories .

M ic h e l B a la t a lso deve loped  a th re e -d im e n s io n a l d ia g ra m  d e p ic t in g  e x p l ic it ly  the  

te n  classes o f  s igns  d e rive d  fro m  te r t ia ry  s ign  re la tio n s , a n d  th e  re la t io n  be tw een  

th e m , as in  F ig u re  1 .11(b). B a la t have not d iscussed the  d ia g ra m  in  F igu re  1.1 K b l o r 

fu r th e r  e x p lo re d  i t  in  o th e r  p u b lic a t io n s T  F ro m  th e  m a th e m a tic a l p o in t o f  v ie w  th is

■' P e rso n a l c o m m u n ic a t io n .
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(a) Balat‘s 2D Grid
based on Balat 1990

>■ first trichotomy
Ri Qualisign R: Sinsign R: Legisign

cc

co>o
O
12

ca>
E331
<
13

(b) Balat’s 3D Lattic
based on Balat 1990 B Index

C Symbol 

III Legisign ( 8 ) ^

I Sinsign

, 0: O1I11: l3

I Qualisign
* 0 ^ . ^ ..............

...................

1 Rhema 2 Dicent 3 Argument

6o
o

third trichotomy

111 IIIA

A i  2

(c) Hoffman 2000

/ ~ T

1 4 lawlike/g-
s in g u la r / 2 —

qualitativ e

•^indexical

1 /

10

8

argumentative

dicent

rhematic

/sym b o lic

iconic

F i.m in * l . l  I: Three dimensional diagrams of the categories: ( a )  and (b )  based on  

B a la t  ( 1 9 9 0 )  (c )  based on H o ffm a n  (2 0 0 0 , re d ra w n )
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d ia g ra m  goes beyo nd  th e  o th e r  tw o  a n d  th re e -d im e n s io n a l d ia g ra m s  presen ted  here 

b y  o b se rv in g  th e  c o n ve n tio n s  u s u a lly  a d o p te d  in  th e  h e ld . A n o th e r  d iffe re n ce  is th a t 

th e  re la tio n s  be tw een  th e  d e rive d  classes are  d e p ic te d  ;is a rrow s. T hese  a rrow s  cam e 

fro m  B a la t ’s use o f a m a th e m a tic a l s t ru c tu re  ca lled  a la t t ic e  to  d e sc rib e  th e  re la tio n s  

b e tw een  th e  ten  ca tegories . T h e  a rro w s  in  the  d ia g ra m s  co rresp on d  to  re la tio n s  o f 

o rd e r  be tw een  th e  ca tego ries , w h ic h  I d iscuss in  S e c tion  1.1.2. In  F ig u re  1.11(1)1 I 

have re d ra w n  B a la t ’s th re e -d im e n s io n a l ve rs ion  o f  th e  d ia g ra m , c o m p le m e n tin g  it 

w ith  th e  th ree  rec tang les  to  th e  tw o -d im e n s io n a l d ia g ra m , g ro u p in g  icons, indexes 

a nd  sym bo ls .

M ic h a e l H o ffm a n  has also used cubes to  represent th e  ten  chisses. ;us show n in  

F ig u re  1.1 1(c) (H o ffm a n . 2000). He d id  no t represent axes o r re la tio n s , how ever.

P r is c ila  Farias a nd  .loan  Q u e iro z  have used d if fe re n t ly  co lo red  cubes in  a th ree  

d im e n s io n a l space to  rep resen t th e  te n  ca tegories . ;is show n  in  F ig u re  1.15 ( Farh is  and  

Q u e iro z . 2000a. p 5 0 -11 ). T h e y  a lso deve lo pe d  a c o m p u te r  a p p lic a tio n  to  v isu a lize  ten  

co lo re d  cubes w ith in  th e  2D  re p re s e n ta tio n  o f th re e -d im e n s io n a l space. T h e  d ia g ra m  

on t he le ft o f  F ig u re  1.15( a ) is a chosen p ro je c t io n  o f  th e  te n  ca tegories. T hese  ant hors 

have used a d if fe re n t co n ve n tio n  th a n  th e  ones u s u a lly  a do p te d  to  v is u a liz e  vec to rs  

and  p lanes in  th re e  d im e n s io n s .Js

E xce p t fo r P e irce ’s and B a la t ’s d ia g ra m s , m ost o f  the  d ia g ra m s  d iscussed u n t i l  

now  do  no t e x p lic it lv  represent t he re la t io n s  betw een th e  de rived  c lasse s ."1 In  t lie  sub-

*'s In  l in e a r  a lg e b ra , a n o th e r  b ra n c h  o f  m a th e m a tic s  th a t  w o rk s  w ith  ve c to rs , a s ta n d a rd  w ay o f  

d e f in in g  a p la n e  is w i th  a v e c to r  n o rm a l to  i t .  In  th e  u p p e r  le ft  c o rn e r  o f  F ig u re  1 .15 (b ) th e re  is a 

s m a ll cu b e  i l lu s t r a t in g  t in 1 o r ie n ta t io n  o f  th e  faces o f  a p a ra lle le p ip e d . I l l  l in e a r  a lg e b ra  th e  sam e 

m e c h a n is m  is w id e ly  used  to  d e s c rib e  p la n e s  in  g e n e ra l. T h e  p ro d u c t  o f  tw o  v e c to rs  w ith  d if fe re n t 

o r ie n ta t io n s  d e te rm in e s  a th ir d  v e c to r  o r th o g o n a l to  th e m . F a ria s  and  Q u e iro z  a re  u s in g  a d if fe re n t 

c o n v e n tio n  to  la b e l th e  p la in 's  S. O . a n d  I. ; ls  in  F ig u re  1 .15(a). W h a t  th e y  la b e l S is a p la n e  d e fin e d  

b y  th e  axes (S a n d  I) .  T h e re fo re , th i-  p la n e  S c o n ta in s  th e  a x is  d e fin e d  b y  th e  f ir s t  t r ic h o to m y .  W h a t 

th e y  la b e le d  O . is a p la n e  d e fin e d  b y  (O  a n d  1). W h a t th e y  la b e le d  1 is a p la n t ' d e fin e d  b y  axes O  

a n d  I. See S e c tio n  -1.1.1 fo r  m o re  on  c o o rd in a te  sys tem s.

" ‘ In  a d ia g ra m  no t s h o w n . F a ria s  and  Q u e iro z  filM IO a. p .1!)- 11)1 d e p ic t re la tio n s  o f  in s ta n t  ia t io n  a n d  

in v o lv e m e n t th ro u g h  th e  s im u lta n e o u s  re p re s e n ta t io n s  o f  cubes  o f  d if fe re n t sizes in  th e  v o lu m e tr ic  

space I la rg e r  cubes c o n ta in  s m a lle r  ones. I T h e  re la t io n  needs to  be  in fe rre d  b y  th e  o b s e rv e r because
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(a) Faria and Queiroz 2001

311

331

332'

333blue

(b) Different notation

|L^ IS
519°

15|f1

: i o ° a
I# ? '

&

F ig u re  1.15: Farias and Queiroz’s 3-dimensional diagram of the ten classes:

(Farias and Queiroz, 2000a, p 36-41).
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sequent se c tio n . I d iscuss th e  l i te ra tu re  in  w h ich  th e  re la tio n s  be tw een  th e  ca tegories  

have been th e  fo c i and th e  p roposed  co rre s p o n d in g  d iag ram s. B e fo re  p rocee d in g , it  

is necessary to  present some c o n c e p tu a l to o ls  th a t I use to  a n a lyze  and v is u a lize  the  

re la tio n s  be tw een  d e rive d  classes.

4.4.1 Partially  O rdered Sets and Spaces

T h e  use of th e  te rm  la t t ic e  has not been u n ifo rm  in  th e  spec ia lized  se m io tic  l ite ra tu re .  

Some have used i t  in  the  m a th e m a tic a l sense th a t 1 describe  in  th e  sequel, w h ile  o th e rs  

have c o n s tru e d  i t  s im p ly  as a g r id . '0 . In  m a th e m a tic s  a la t t ic e  is a spec ia l k in d  o f  a 

p a r t i a l l y  o r t l r r t  d  sr t .  o r  p o u  t.

A  set is p a r t ia l ly  o rde red  w hen  i t  is poss ib le  to  com pare  a ll o f  its  e lem ents a cco rd 

ing  to  a c e rta in  c r ite r io n . T h e  im p o r ta n t fa c to r  is th a t the  e lem en ts  can be co m p a red , 

ra th e r  th a n  th e  o u tco m e  o f th e  c o m p a riso n , th a t does not need to  be a s t r ic t ly  o r

dered set. For e xam p le , i t  is poss ib le  to  co m p a re  a set o f nam es, w r it te n  in  th e  sam e 

a lp h a b e t, am i o rg an ize  th e m  in  a lp h a b e tic a l o rd e r. ;is i l lu s tra te d  o il the  le ft o f  F ig 

ure  1.1b. A  set. c o n ta in in g  nam es rep resen ted  L a t in  a lp h a b e t a n d  ka n ji ide og ram s is 

n o t p a r t ia l ly  o rd e red  because th e re  is no c r ite r ia  to  com pare  a ll th e  e lem ents.

A  p a r t ia l ly  o rd e red  set. o r  pose t. im p lie s  a re la t io n  o f o rd e r, b u t not necessarily  

a lin e a r o rd e r. In  a lin e a r o rd e r, one e lem en t is a fte r  th e  o th e r, as in  a cha in . C h a in s  

are a spec ia l case o f p a r t ia l ly  o rd e red  sets. ;is lines  are spec ia l cases o f p lanes. T h e  

sequence o f in teg e rs  ( 1 .2 .2 . l.f> ) is such  a c h a in , a nd  i t  is o rg a n ize d  u nd e r th e  re la t io n  

o f  "m a g n itu d e  c o m p a ris o n " ( P re p a ra ta  and  Yeh. 107-1. p 181). I f  th e re  were tw o  o r 

m ore  in d iv id u a ls  w ith  th e  sam e nam e, th e  nam es co n tin u e  to  be  co m p a ra b le  a lp h a 

b e tic a lly . b u t a nam e m ay have tw o  o r m ore  im m e d ia te  successors, as i l lu s tra te d  on

th e  re la t io n  is im t d e p ic te d  d ir e c t ly  in  th e  d ia g ra m . T h e  use o f  Hasse d ia g ra m s , as I e x p lo re  in  a 

subsequen t s e c tio n  p ro v id e s  a d ilF e re tit s o lu t io n .

" 'F o r  a  fo rm a l d e f in i t io n ,  th e  re a d e r s h o u ld  fo llo w  th e  s p e c ia liz e d  l i te r a tu r e .  For e x a m p le , fo r  a 

s h o rt in t ro d u c t io n ,  see P re p a ra ta  a n d  Yeh I l '. )7 l.  p I s l - 2 1 a ) .  D o t ig h r ty  a n d  G u a rd ia n  ( 19SS. 71-771. 

and  th e  c h a p te rs  o n  la t t ic e s  c o n ta in e d  in  B ir k h o t f  a nd  B a r te e  (1970 ). F o r a n  in -d e p th  s tu d y  see 

B ir k i to f f  ( 1907)
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Egon Marcos a b c a

* o — * o

Carol Lazio
C

Andrew
O alphabetical comparison

A C

F ig u n 1 1. Hi: Examples of partially ordered sets (posets)

the* r ig h t o f  F ig u re  1.10 w ith  th e  a id  o f  le tte rs .

T h is  is th e  ease o f Pe irce 's  s ign  re la tio n s  and  th e ir  d e rived  ca tego ries . In  P e irce 's  

d e r iv e d  ca tegories , w h a te ve r th e ir  c a rd in a lity  { T  0. 10. 2S. 0 0 .. . . } .  th e re  is a lw ays  a 

w ay  o f  c o m p a r in g  tw o  ca tego ries . T h e  u n d e rs ta n d in g  o f th e  ca teg o ries  as a p a r t ia l 

o rd e r  is in te re s tin g  because th e  o rd e r  em phasizes th e  ca te g o rie s ’ d y n a m ic  n a tu re . 

W h e n  a s ign  (e.g. a ske tch ) th a t  is o n ly  a p o s s ib il i ty  ( lirs tn e ss ). fo r  e xam p le , becom es 

an  e x is te n t (e.g. m o d e l, p ro to ty p e )  th ro u g h  a c tio n  (e.g. des ign , secondness), and  

la te r  on  becomes a b lu e p r in t ( th ird n e s s )  th ro u g h  re p e t it io n  (h a b it ) fo r o th e r  s igns, it 

is th e  tra ve rsa l o f  th e  ca tegories  th a t  is im p o r ta n t ,  no t th e ir  iso la te d  c h a ra c te r is t ic s  

w h ic h  arc* u s u a lly  used to  chussify th e m .

In  a poset. an e lem ent n is tin * imr rn i lm f t  p n  d< n  ssor  o f an e lem en t h i f  th e re  is 

no e lem en t r  be tw een  them . In  an  a lp h a b e t ic a lly  o rd e re d  poset. th is  m eans th a t th e  

im m e d ia te  predecessors o f a nam e  are those* th a t com e im m e d ia te ly  be fo re  th e m , b u t 

h a v in g  no nam es in  betw een. T h e  inverse  c o m p a r is o n  (o r re la t io n )  is th e  im m e d ia te  

successor.  A  pose t can also be u n d e rs to o d  as a .s im p lified  n e tw o rk  o f  e lem ents . T in *  

l in k s  betw een  th e  n o d e s /e le m e n ts  rep resen t th e  re la t io n s  o f  o rd e r be tw een  th e m .

A  Masse d ia g ra m  is a s ta n d a rd  g ra p h ic a l n o ta t io n  used fo r re p re se n tin g  p a r t ia l ly  

o rd e re d  sets. Masse d ia g ra m s  a re  in te re s tin g  because* th e y  v is u a lly  s im p lify  th e  rep 

re s e n ta tio n  o f  p a r t ia l ly  o rd e re d  sets w ith o u t  loss o f  in fo rm a t io n . T h e  im p o r ta n c e  

o f  Masse d ia g ra m s  fo r the  re p re s e n ta tio n  o f  P e irce 's  m u lt ip le  ca teg o ries  is th a t  th e
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n u m b e r o f  lin k s  can  be reduced , b u t not th e  in fo rm a t io n  c o n ta in e d  in  the  d ia g ra m .11

T o  d e rive  a Hasse d ia g ra m  o f a p a r t ia l ly  o rd e re d  se t. tin * fo llo w in g  steps il lu s tra te s  

in  F ig u re  1.17 need to  be fo llo w e d :

1. A first, step is to  e lim ina te  the  arrows th a t p o in t to the nodes themselves. T h is  can 

be done because any element can always be com pared to  itse lf.

2. A second step is to d raw  the graph o r ne tw ork assum ing th a t the  re la tion  o f order is 

depicted ve rtica lly . The nodes th a t have no predecessors are represented lowest on 

the page and the nodes w ith  no successors, h ighest. It is recomm ended to  s ta rt at 

the e x tre m itie s  and to res truc tu re  the d iagram  increm enta lly , considering subsequent 

successors (o r predecessors).

The ve rtica l placement o f the nodes im p ly  th e ir  re la tive  order, therefore t in ’ arrows 

in  the lin ks  can be e lim ina ted . There are cases, though , where it is in te resting  to  

m a in ta in  them .

1. A th ird  and last step e lim ina tes  the links between nodes th a t are not im m edia te  

predecessors. To  know i f  a nod i’ succeeds ano the r one it is necessary to see i f  there 

is a pa th  between them.

T h e  process to  d e r ive  a H tisse d ia g ra m  fro m  a g ra p h  re p re s e n tin g  a poset is de

sc rib e d  in  F ig u re  1.17. F ig u re  1.17(a) d e p ic ts  on th e  set { 1 .2 .5 .  l . b . S .  12} u n d e r th e  

re la t io n  o f  d iv is ib i l i t y .  8 is d iv is ib le  by 2. fo r e xa m p le , th e re fo re  th e re  is an a rro w  

g o in g  fro m  2 to  8. e tc . E v e ry  n u m b e r d iv id e s  its e lf , so th e re  a re  a rrow s  th a t s ta r t 

and  end a t th e  sam e nodes.

T h e  o r ie n ta t io n s  o f  d ia g ra m s  as g ra ph s , o r  o f  th e ir  a rrow s , s h o u ld  no t be used 

to  say th a t one d ia g ra m  is d iffe re n t fro m  a n o th e r  one. w ith o u t  an a na lys is  o f  th e  

a d o p te d  c o n ve n tio n s  o f  each. T h is  is a co m m on  m is u n d e rs ta n d in g  fo u n d  in  th e  sem i- 

o t ic  l i te ra tu re .

T h is  is a w eak  d e f in it io n , b u t fo r a poset to  be a la t t ic e  i t  is necessary th a t a ny  

tw o  e lem ents have a u n iqu e  jo in  (s u m ) and  m eet (p ro d u c t ) .  A  s tro n g e r  d e f in it io n  lm s

111 suggest la te r  th a t  th e  s im u lta n e o u s  use o f  H tisse d ia g ra m s  a n d  c o o rd in a te  sys tem s to  a id  th e  

re p re s e n ta tio n  o f  P e irce  s ca te go rie s .
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Relation

(a) graphic

M 1 2 3 4 6 8 12 

1 1 1 1 1  11  1 
2 0  1 0  1 1 1 1
3 0 0 1 0 1 0 1
4 0 0 0 1 0 1 1  
6 0 0 0 0  1 0  1 
8 0 0 0 0 0  1 0

12 0 0 0 0 0 0 1
(b) tabular

(c) Hasse diagram

a < b

F is t in '  L IT :  Process o f construction of a poset’s Hasse diagram T h e  process starts  

w ith  a g rap h  d e p ic tin g  th e  re la tio n  o f  o rd e r o f  th e  p o s et. In th is  case it  is a re la tio n  o f  

d iv is ib ility . ( 1 )  E lim in a te  links th a t  s ta r t  and  end a t  th e  sa m e  nodes ( 2 )  R e d raw  th e  

d ia g ra m  assum ing  th e  p a rtia l o rd er. In  th e  ex am p le , n u m b e r  1 d iv ides all o th e r  e lem en ts  

so it is represented  a t  th e  b o tto m . A cco rd in g ly , 12  is represented  a t  th e  to p . T h e  

arro w s can  be e lim in a te d  because th e  v e rt ic a l position  o f  each  n o te  represents th e ir  order. 

( 3 )  E lim in a te  links th a t  are  n o t b e tw ee n  im m e d ia te  predecessors. In th e  e x a m p le , th e  link  

b etw ee n  8  and 2 can b e  e lim in a te d . I t  is s till possible to  k n o w  th a t  8 is d iv is ib le  by 2 by 

fo llo w in g  th e  p a th  th ro u g h  n u m b e r 4 .
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(a) Partition of 
the integer 3

(b) Peirce’s 
Categories

(c) Subset relation (d) Binary relation

Q P 3  = {3} Q  Thirdness

110
QP2 = {1.2} Q  Secondness

100

O  Pi = {1.1.1} O  Firstness

F ig u re  1.18: Exam ple o f lattices: Lattices under partial orders related to: (a) partition 

(b ) Peirce's categories (c) subset relation (d) magnitude

to  do  w ith  th e  presence in  ;i f in ite  pose t o f ;i Ie;ist u p p e r h o u n d  a n d  a g reatest low er 

h o u n d . In  th e  Masse d ia g ra m , th is  m eans th a t fo llo w in g  th e  p a th  s ta r t in g  fro m  tw o  

nodes, t he p a th s  w i l l  cross above th e  nodes ( jo in  o r  s u m ) and be low  ( meet o r  p ro d u c t I 

a t some p o in t. F ig u re  I.IS  rep resen ts  the  Hasse D ia g ra m s  o f som e posets th a t are 

la tt ic e s . P e irce 's  ca tegories  a re  la tt ic e s , in  th e  m a th e m a tic a l sense. In  P e irce 's  ten 

ca tegories , the  nodes R \ 0 \ I \  a n d  th e  be ing  th e  g rea test low e r b o u n d  and

th e  least u p p e r b o u n d , resp ec tive ly , w o u ld  be rep resen ted  low e r a n d  h ig h e r th a n  a ll 

t lie  ot her nodes.

T h e  g ra p h ic a l o r ie n ta t io n  o f  th e  lin k s  betw een im m e d ia te  predecessors in  a Hasse 

d ia g ra m  is th e  o n ly  c o n s tra in t used to  rep resen t th e  e lem en ts  o f th e  poset and  th e ir  

re la tio n s . In  th is  sense the  sam e p a r t ia l ly  o rd e red  set can be rep resen ted  in  m u lt ip le  

fo rm s  and  a rra n g e m e n ts . T h e  im p o r ta n t  fa c to r  is th a t  a p a th  s h o u ld  connec t tw o  

nodes i f  th e y  are  re la te d . F igure ' 1.19 il lu s tra te s  th re e  poss ib le  w ays o f rep re sen ting  

th e  same la t t ic e . T h e y  are a ll e q u iv a le n t.

A n o th e r  e xa m p le  o f a spec ia l la ttic e ' is a p ro je 'c tiv e  ge'ome'try. In  m a th e m a tic s  

spaces m ay have' m u ltip le ' d im e n s io n s , as illu s tra te 'd  in  F ig u re  1 .29(a). For exam ple ' 

a vo lum e' has three' d im e 'tis ions. A n  /(-d im e n s io n a l space inc lude 's o th e r  su l)-spaces 

w i th  lowe'r d im e 'tis ions  th a n  //. F<»r e xam p le , volume's c o n ta in  plane's and  p o in ts . 

T he1 re 'pre 'sen ta tio tt e>f ge'om e'tric fig u res  e>n p a p e r elemanels a ceT ta in  p n ije 'c t io n  e>f its
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Figure 1.19: Hasse Diagrams organized through one dimension The x-axis in the 

figure is associated with direction in which joins  between two elements of the partially 

ordered set are represented. For example, the union between the sets / and j  results in 

the set {/._/}-, which is represented above them. Their intersection, the empty set 0 is 

represented below them. The relative position of {/._/} and { j . k \ ,  in this example cannot 

be compared because their is no relation of inclusion between them. They have a unique 

join { i . j . k }  and a unique meet {y} which correspond to their union and intersection, 

respectively. All three Hasse diagrams are valid representations of the same poset.

tlire e -d im e n s io n a l e le m e n ts  o n to  th e  2 -d im e n s io m il su rface  o f  th e  paper.

T h e  la tt ic e s  rep re sen te d  in  F igu re  1.20 take  in to  c o n s id e ra tio n  the  re p re s e n ta tio n  

o f th e  spaces w h ich  th e y  fo rm . In  th is  sense, a d d it io n a l d im e n s io n s  are  used to  o r 

gan ize  th e  d ia g ra m , in s te a d  o f tin * s ing le  one u s u a lly  used in  H;isse d ia g ra m s . A s  I 

have show n  in  th e  p re c e d in g  sec tion , severa l a u th o rs  have p roposed  re p re se n ta tio n s  

fo r  P e irce 's  te n  ca te g o rie s  th a t use th re e -d im e n s io n a l spaces.!J In  th e  sequel. I p r o  

pose th a t  th e  s im u lta n e o u s  use o f Hasse d ia g ra m s  a nd  g e o m e tr ic  p ro je c tio n s  w ith in  

C a rte s ia n  c o o rd in a te  sys te m s  can represen t P e irce ’s c a te g o r ie s .i !

C o n s id e rin g  th a t n o t e v e ry b o d y  is w e ll-ve rsed  in  th re e -d im e n s io n a l rep resen ta -

s‘ T h c  th re e -d im e n s io n a l re p re s e n ta t io n  o f  P e irc e 's  te n  c a te g o r ie s  has been e x p lo re d  b y  B a la t

l 1 9 9 0 1. H o tfn ia n  I '20(10 i. a n d  F a r ia s  and Q u e iro z  I 2001 la. p I 11. R e s p e c tiv e ly , these rep re se n t at io n  

have been re p ro d u c e d  in  F ig u re  1.1 l l b l .  F ig u re  1.1 I le i .  a n d  F ig u re  l . l o l a l .

’■'For c e r ta in  la t t ic e s ,  i t  is p o ss ib le  to  p lo t t he e le m e n ts  o f  th e  pose t in  su ch  a p ro je c t io n  t h a t th e y  

do  no t c o in c id e  on  th e  tw o  d im e n s io n a l s u rfa c e  o f  th e  page, as it  h a p p e n e d  in  th e  d ia g ra m s  d e p ic te d  

in  F ig u re  1.1 h c i  a n d  in  F ig u re  I la la l .
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(a) Discrete 3D vector space 
1h-1j*1k

1 M j 1j*1k 1Mk

v
c  V
B  yo *
2
S

A *

V 1i Ik 

M>}

(b) 3 digit binay word

.111

101 011110

T
O 001100 010

000

(c) RGB and CMY color spaces

> White
T3
X 3T3
CD

A
Yellow Cyan

Magenta

T
Red T B Iu e GreenQ>

O
CD

Black1 /5

■ - t ’

\  , < * *  
0 Yellow

|o^S(ellow

0 Blue

F i.m irc  1.20: Hasse Diagrams organized through three dimensions: ( a )  V e c to rs  o f  

f in ite  le n g th  can be ad d ed  or s u b tra c te d  ( b )  In a B o o le a n  a lg eb ra  it is possible to  rea lize  

A N D  a n d  O R  o p e ra tio n s  b e tw ee n  tw o  b in ary  d ig it w ords (c )  A  co lo r space in w h ich  colors  

are  ad d ed  (R G B , lig h t)  o r su b tra c te d  ( C M Y ,  p ig m e n t)  o p e ra t io n s  can also be u n d ers to o d  

as a la tt ic e .
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direction of 
if axis of positive

rotation >s rotation is
x y to z
y z to x
z x to y

F i^ m i '  1.21: C a r t e s ia n  l e f t  h a n d e d  c o o r d in a t e  s y s te m s :  A  p o in t in a th re e -

d im e n s io n a l c o o rd in a te  system  is d escrib ed  by th re e  co o rd in a te s . O r ie n ta t io n  in a th re e -  

d im en s io n a l space is d escribed  by th re e  angles.

l io n s . I b r ie f ly  in tro d u c e  C a rte s ia n  C o o rd in a te  S ys tem s and th e ir  assoc ia ted  n  in 

ve n tio n s . C a rte s ia n  c o o rd in a te  .systems p ro v id e  a g ra p h ic a l a lte rn a t iv e  to  v isu a lize  

th e  sam e c o n s tra in t assoc ia ted  w ith  p resc is ion . T h e re  a re  severa l co n ve n tio n s  used 

to  represent th re e -d im e n s io n a l C a rte s ia n  c o o rd in a te s  on  a tw o -d im e n s io n a l surface. 

T h e  s tra ig h tfo rw a rd  ones m a in ly  d if fe r  on  th e  ang le , on  th e  p lacem en ts  o f  th e  axes 

a nd  on th e  o r ie n ta t io n  o f ro ta tio n s . F ig u re  1.21 il lu s tra te s  a C a rte s ia n  le ft handed  

c o o rd in a te  s y s te m ."

In  c a r to g ra p h y  th e re  are several k in d s  o f  p ro je c tio n s  to  describe  surfaces. T h e re  

a re  severa l m e th o d s  to  describe  p lanes and vo lum es. As il lu s tra te d  in  F ig u re  1.22. 

an  in f in ite  band p a ra lle l to  one* o f th e  p lanes d e te rm in e d  by tw o  o f  th e  th re e  axes 

is d e te rm in e d  by c o n s tra in ts  on  th e  c o o rd in a te s . F o r exam p le , a set o f  s im u lta n e o u s  

re s tr ic t io n s  such as r  >  .r j a nd  .r <  d e te rm in e s  an  in f in ite  band  such as th e  one 

rep resen ted  on th e  u p p e r  le ft co rn e r o f  th is  fig u re .

F ig u re  1.22 i l lu s tra te s  how  to  rep resen t a re c t i l in e a r  p a ra lle le p ip e d . F irs t th e  faces 

a re  de fin ed  as sp ec ia l cast's o f la rg e r p lanes fo rm e d  by tw o  axes. T h re e  in te rv a ls  such 

as .r i <  .r <  r j .  //! <  // <  //j . and C| <  c <  c-j d e te rm in e  a p a ra lle le p ip e d a l space. 

T h e  shaded reg ions in d ic a te  th e  v a lid  in te rv a ls . T h e  in te rs e c tio n  o f a ll th e  re s tr ic t io n s

n lt  is ca lle d  l i f t  h a m l t t l  because a lig n in g  th e  le ft h a n d 's  rh u m b  in  th e  p o s it iv e  d ire c t io n  o f  th e  

a x is  a ro u n d  w h ic h  a r o ta t io n  is done , th e  lin g e rs  p o in t  in  th e  d ire c t io n  in  w h ic h  th e  r o ta t io n  is 

p o s it iv e . It  does no t m a t te r  in  w h ic h  a n g le  th e  axes a re  d ra w n .
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yi < y < ya

F ig u re  1.22: Use of constraints to define regions across spaces

o il th e  th re e  axes d e l im it  ;i p a ra lle le p ip e d .

A  p o in t on  a lin e , a line  on a p lane , and  a p la ne  in  a vo lu m e  m ay  he used to  cu t 

th e  line , the  p lane  a nd  th e  vo lu m e  in  tw o . I f  one says th a t in  a p la ne  de fined  by th e  

axes and //. th e  v a lid  in te rv a l is th e  one d e te rm in e d  b y  s  <  //. th e  va lid  reg ion  is in  

be tw een  th e  r -a x is  a n d  a line  be tw een  it  a nd  th e  //-a x is . See F ig u re  1.21.

XI «  X S X3

X2
X3

Z3xt yi zi
X2 y2 Z2 
X3 ya Z3

Z2

ZI $  Z  $  Z3

(a) (b)

F ig u re  1.23: Use of constraints to delimit volumes across spaces

T h e  space does n o t need to  be c o n tin u o u s . I t  can  be d iscre te . T h e  tw en ty -seven  

p o in ts  o f th e  d is c re te  p a ra lle le p ip e d  represen ted  in  F ig u re  1.21 are  reduced to  o n ly  

e igh teen  w hen  th e  p a ra lle le p ip e d  is c u t in  h a lf  p a ra lle le p ip e d  by a d ia g o n a l p lane  

b e tw een  tw o  o p p o s in g  edges. I t  is in te re s tin g  to  re m a rk  th a t a lth o u g h  th e  enclosed
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v o lu m e  is red uce d  to  lu t lf  o f its  o r ig in a l size, th e  n u m h e r o f p o in ts  is no t. *

x

y

yi s y s ya
Z i S Z S Z3

y

F ig u re  1.2 1: Use of constraints to cut surfaces and volumes across spaces

F ig u re  1.25 il lu s tra te s  th e  ahove  re s tr ic t io n s  in  a s ing le  p la ne  w ith  n in e  p o in ts  (a ), 

a nd  on a v o lu m e  w ith  27 p o in ts  (b ) . F ig u re  1.26 show s a ll th e  te n  p o in ts  in  re la t io n  

to  th e  tw e n ty -se ve n  in  th re e  p ro je c tio n s  to  fa c i l i ta te  th e  v is u a liz a t io n .

In  th e  b e g in n in g  o f th is  c h a p te r  I have used trees and  ta b le s  to  i l lu s tra te  w h y  th e n 1 

are o n ly  te n  ca teg o ries  o f s igns am o ng  the  tw e n ty -se ve n  poss ib le  c o m b in a tio n s . M y  

in te n tio n  w ith  th e  above  g e o m e tr ic a l c o n s tra in ts , a n d  c o rre s p o n d in g  v is u a liz a tio n s , 

is to  a id  an in -d e p th  u n d e rs ta n d in g  o f  Pe irce 's ca tegories .

Each o f  th e  th re e  tr ic h o to m ie s  co u ld  be rep re sen te d  by an  a x is  o f  th e  system . T h e  

j \  //. and  c axes co rre sp o n d  to  th e  represent am en, th e  o b je c t , a nd  th e  in te rp re ta n t. 

resp ec tive ly . T h e  th re e  p ro je c t io n s  c u t slices th ro u g h  th e  so lid . In  accordance  w ith  

th e  n o ta t io n  u s u a lly  a d o p te d  in  se m io tics . I used th e  n um be rs  1. 2 a nd  to  represent 

f irs t ness, seeondness. and  th ir d  ness, respec tive ly . F o llo w in g  th e  s ta n d a rd  w ay o f

’ ’ I I I  th e  c;ise o f  d if f ic u lt ie s  to  v is u a liz e  these  c o n s tra in ts .  I suggest th a t  t i le  rea d e r ta k e  a s m a ll 

b o x  lik e  a d ru g  package  a n d  d ra w  p o in ts  an  each v e rte x  a n d  in  th e  m id d le  o f  each s ide . D o n 't  fo rg e t 

th a t  th e re  is an a d d it io n a l p o in t a t th e  c e n te r  o f  th e  b o x . W i t h  d i l fe re n t  c u ts , co u n t th e  p o in ts .

!,'See F ig u re  1.11 fo r an i l lu s t r a t iv e  e x a m p le  o f  an h o m o lo g o u s  re s t r ic t io n  g iv e n  by P e irce  to  

e x p lo re  p o ss ib le  re la t io n s  b e tw e en  tr ic h o to m ie s .
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x
n i  X  3
V0
X 2
\)
x 1 

0

F i l l i n '  I 

and // >

x y  x > y

(a)

p X y z

A 1 1 1
B 2 1 1
C 2 2 1
D 2 2 2
E 3 1 1
F 3 2 1
G 3 2 2
H 3 3 1
1 3 3 2

J 3 3 3

(b)

x ) y s z

.25: 10 points am ong 27  o f a 3 x  x  3 grid o f po in ts  The constraint r  >  y 

c selects only ten points within a three-dimensional grid of twenty-seven points.

Z *  1

311 321 

211 221 

111

1

*
y '

i kX
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222

1*3

2 3

€  331

<332

f  « 1
i

|2 2 1

< 322

•  222 ■> *

311 l

3

C 211 .<  

Cm

F ig u re  1.20: T h e  10 points in deta il
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re a d in g  c o o rd in a te s  in  C a rte s ia n  c o o rd in a te  system s, th e  th re e  slices in  F ig u re  1.26 

c o rre sp o n d  to  In te rp re ta n t p la in 's  th a t inc lu d e  ca tegories  as firs ts , as seconds, and ;is 

th ird s . T h e re fo re , th e  s lices g ro u p  the  ca tegories  th a t in c lu d e  a t m ost e ith e r  R heuuis. 

o r  D ice n ts . o r  A rg u m e n ts , a c co rd in g ly . P lanes de fin ed  by ve c to rs  us ing  o th e r  e lem ents 

o f  th e  s ign  re la t io n  g ro u p  th e  ca tegories  d if fe re n tly .  R e tu rn in g  to  re la tio n s  between 

ca tegories , a rg u m e n ts  include* d ice n ts  th a t in c lu d e  rhenuus. I p roceed w it h a d iscussion  

o f the* lite ra tu re * th a t discusses re la tio n s  be tw een  ca tegories.

4.4 .2  R elations o f Order am ong C ategories o f Signs

In  th is  s e c tio n  [ in i t ia l ly  d iscuss th e  re la t io n s  o f o rd e r a m o n g  th e  te n  classes o f signs 

a nd  th e ir  g ra p h ic a l re p re se n ta tio n s  ;is deve loped  in  th e  lite ra tu re *. I s ta rt w ith  P e irce ’s 

o w n  e x p lic it  re p re s e n ta tio n  o f  the* ten  ca tego ries  and th e ir  re la tio n s , as d e p ic te d  in  

Figure* 1.8. T h e  te n  classes are  described  as ten  ju x ta p o s e d  rectang les. Pe irce used 

the* th ickn e ss  o f th e  b o u n d a rie s  betw een tw o  ad jace n t b lo cks  to  d e p ic t the* a ffin it ie s  

( re la tio n s )  be tw een  the* ehusses th e y  deno te , e n a b lin g  an e ;isy re c o g n itio n  o f  th e  d iife r-  

enees be tw een  th e m  (P e irce . 1931-1935. 2.23G). Pe irce d esc rib e d  tin * re la tio n s  am ong 

cl;isses as:

“The affinities of the ten classes are exhibited by arranging their designations in the 

triangular table [shown in Figure 4.8]. which has heavy boundaries between adjacent 

squares that are appropriated to classes alike in only one respect. All other adjacent 

squares pertain to classes alike in two respects. Squares not adjacent pertain to 

classes alike in one respect only, except that each of the three squares of the vertices 

of the triangle pertains to a class differing in all three respects from the classes to 

which the squares along the opposite side of the triangle are appropriated. The 

lightly printed designations are superfluous." (Peirce, 1931-1935, 2.264).

F rom  a re la t io n a l p o in t o f  v ie w , tin* o rd e r in  w h ich  th e  ca tego ries  are  lis te d  dot's 

not change th e  a c tu a l set o f  m u tu a l re la tio n s . I t  o n ly  re in fo rces  c e rta in  co n tras ts . 

M o reo ve r, t ilt*  te x tu a l o rd e r  in  w h ich  P e irce  lis te d  th e  te n  ca tegories  d e riv e d  from  

th e  te rn a ry  s ign  re la t io n  va ries  across his w r it in g s . F ig u re  1.27(a) i l lu s tra te s  the  

n um be re d  o rd e r  ;is in  (P e irce . 1958. 8 .311). a nd  F ig u re  1 .27(b) i l lu s tra te s  th e  te x tu a l
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(a) 2.254 (b) 8.341

F ig u re  1.27: P e irce ’s Categories Lists

o rd e r as in  a le t te r  to  L a d y  W e lb v  (P e irce . 1931-1985. 2.25 1-6 1). T h e  fo rm e r is th e  

one o f  th e  ro m a n  n um era ls  th a t num be rs  th e  te n  ca tegories  j n P e irce s  t r ia n g u la r  

ta h le  re p ro d u c e d  in  F ig u re  1.8. H ow ever. P e irce ’s te rm in o lo g y  d id  not vary. I am  

m a k in g  th is  re m a rk  to  stress th a t th e  o rd e r  in  w h ich  Pe irce  lis te d  the  c o m p o n e n ts  

o f  a s ign  re la t io n  is no t a d e r iv a t io n  p r in c ip le . In  m y  u n d e rs ta n d in g , th e y  are ju s t a 

d iffe ren t- w ay o f  tra v e rs in g  th e  ca te g o rie s ' poset..

Qualisign Legisign Icon Symbol Rheme Argument

111 3 1 1  331 3 3 3  111 311  3 3 1  3 3 3  111 311 331 3 3 3

\ / \ / \ /  \ / \ / \ /  \ / \ / \ /
2 11 32  1 33 2

Sinsign
2 2 > 3 2 2

2 2 2

2 11 32 1 3 3 2v / \ v 2 11 3 2 1 3 3 2

Index
221  3 2 2

\ /
2 2 2

\  /  \  /
2 2 t  322

Dicent
2 2 2

F ig u re  1.28: T h re e  trichotom ies grouping th e  ten  classes

S im ila r ly , th e n * are severa l fo rm s  o f  g ro u p in g  th e  ca tegories  in to  d is t in c t subsets. 

For e xam p le . P e irc e ’s th ree  tr ic h o to m ie s  o f  s ign  re la t io n  can be used to  g ro u p  th e  

rec tang les  in  th e  '• tr ia n g u la r  ta b le "  in  th re e  d if fe re n t ways, as show n  in  F ig u re  1 .28 .’ '

‘ T h e  a r ro w s  in  F ig u r e  I . g S  in d ic a te  th e  t r a n s fo r m a t io n s  in  o n e  re s p e c t n e c e s s a ry  to  n o  f r o m  o n e  

c la s s  t o  a n o th e r .  I t  is  p o s s ib le  to  n o te  t h a t  th e  d a r k e r  b o rd e r s  a re  n o t c ro s s e d , fo r  e x a m p le ,  b e c a u s e
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These* o rd e rs  o r  g ro up s  do  n o t reflec t th e  re la t io n s  o f  p re s u p p o s itio n s  am ong  th e m . 

F or e xa m p le , th e re  are lin k s  be tw een  c a te g o ry  V I  (R^O-d iJ and  b o th  V I I  ( /?:tf /_./•_.) 

a nd  th e  V I I I  ( R \ 0 , J \ ). C a te g o ry  V I  d iffe rs  in  o n ly  one respect in  re la t io n  to  ca tegories  

V I I  a n d  V I I I .

A  set o f re la tio n s  betw een th e  ca tego ries  can be represen ted  as a n e tw o rk  o f  m o r- 

p h is tns . as d e p ic te d  in  F ig u re  1.29. M ih a i X a d in  (1979) deve loped  th is  n e tw o rk . 

T h e  set o f m o rp h is n is  betw een ca teg o ries  resem bles P e irce 's  t r ia n g u la r  ta b le , w h ic h  

I added  to  th e  b ackg ro un d  to  fa c il i ta te  th e  p a ra lle l. T he  a rrow s  indicate* the  t ra n s i

t io n  fro m  possible* to  real ( o ) .  fro m  re*al to  necessary ( J ) .  o r fro m  ne*ce*ssary to  rea l 

( .F ) .  d e n o tin g  the* re la tio n s  be*twee*n firs t ne*ss. secondness. and  th ir d  ness across tw o  

cat e g o rie s .is

F lo y d  Me*rre*l d(*veloped anothe*r fo rm  o f  d e p ic t in g  the  rc 'la tio ns  be*twe*e*n th e  ten  

ca tego ries . ;is d e p ic te d  in  F ig u re  1 .29(b). F rom  a m a th e m a tic a l p o in t o f v iew . .M errel 

use’d th e  same v isu a l fo rm a lis m  so charac te *ris tic  o f  Venn  d ia g ra m s  to  i l lu s tra te  th e  re

la t io n s  o f  p re*supposition  betw een the* ten  ca teg o ries  (M e rre l. 1997. p 206. re d ra w n ). w 

In  F ig u re  1 .29(b). fo r exam p le , th e  te n th  c a te g o ry  presupposes a ll the* o the rs : the* sev

e n th  a nd  th e  e ig h t b o th  p resuppose th e  s ix th : th e  s ix th  presupposes th e  f i f th  a nd  the* 

t hire 1. and so on .

R o b e rt M a r ty  deve loped an in -d e p th  s tu d y  o f th e  re la tio n s  be tw een  several sets o f 

Peirce*‘s ca teg o ries  w it h the* a id  o f m a th e m a tic a l la t t ices ( M a r ty .  1 9 - S 2 ). In  F ig u re  1.30 

( a ) I have repre*se*nte*d t he* o ve ra ll shape  o f M a r ty ’s d ia g ra m  rep resen tm g  the  te*n ca te- 

gorie’s and  the*ir rc 'la tions . I have re in tro d u c e d  N u m b e rs  fro m  1 to  10 in  F ig u re  1.30(a) 

d e sp ite  M a r ty 's  co m m en t th a t th e  o rd e r  is a lre a d y  represen ted  in  the* la t t ic e ’s h ie r-

t h r y  in d ic a te  t r a n s fo r m a t io n s  in  tw o  re s p e c ts .

' " I n  N a d in 's  n e tw o r k  I F ig u re  1 .2 ! ) ( a l l .  th e  m o rp h is m s  re p re s e n te d  b y  s o l id  a r ro w s  re p re s e n te d  a 

t r a n s i t io n  f r o m  t l i e  p o s s ib le  to  th e  re a l,  a n d  f r o m  th e  re a l t o  th e  n e c e s s a ry . R e la t io n s  o f  p re s n jv -  

p o s i t io i i  a re  d e n o te d  b y  th e  in v e rs e  r e la t io n ,  t h a t  th e  n e c e s s a ry  p re s u p p o s e s  th e  re a l,  a n d  th e  re a l 

p re s u p p o s e s  th e  p o s s ib le .

!' 'V o tm  D ia g r a m s  a re  w id e ly  u s e d  in  S et t h e o r y  t o  i l l u s t r a t e  r e la t io n s  a m o n g  se ts . In  th e  s a m e  

p u b l ic a t io n  M e r r e l  a ls o  uses P e irc e 's  e x is t e n t ia l  g ra p h s ,  w h ic h  is a d i f fe r e n t  fo r m a lis m ,  w i t h o u t  

c le a r ly  d e m a r c a t in g  e a ch  n o ta t io n .
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(a) Nadin 1979 

1 R 10 1 I i 5 R 3 ° 1 1 1 8  R 3 O 3 I 1 10 r 3 ° 3 I 3

2 R 2 ° 1 1 1 9 R 3 O 3 I 0

morphisms
7 r 3 ° 2 I 23 r 2 2 1 1

(b) Merrel 1997

331311 333111

321211 332

322

F ig u re  1.29: Relations am ong the ten  categories: N adin  and M erre l (a) Mor

phisms among categories (Nadin, 1979. p 205, redrawn) (b) Venn diagrams depicting 

presupposition among categories (Merrel, 1997, p 206)
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(a) Marty 1982 10 R3 O3 I 3 ; (b)  Ba la t  1990

 M 1 1 1 311 331 3.33
R 3 O 2 1 2 3  R3 O 3 I 1

2 1 1  321 332
4 R2 O2 I 2 6 R3O2 I 1

2 2 1

\  /
3 2 2

3  R2 0 2 l 1

2 2 2

Figure 1.30: Lattices  o f the  ten categories (a) based on (Marty, 1982, p 178) (b) based 

on (Balat, 1990, p 86).

a re h y .10 S im ila r  to  M a r ty  and  N a d in . M ic h e l B a la t i l lu s tra te d  th e  re la tio n s  am ong  

ca te g o rie s  w ith  a d ia g ra m  s s im ila r  to  th e  ones d e p ic te d  in  F igu re  1.30(a).

T h e  s p a tia l o r ie n ta t io n s  used to  o rg a n ize  the  seve ra l la tt ic e s  above do  n o t co in c id e  

th o u g h . W h ile  M a r ty  a d o p te d  th e  m a th e m a tic a l c o n v e n tio n  used in  Hasse d ia g ra m s  

o f  re p re se n tin g  pnrt of re la tio n s , th e  o r ie n ta t io n  o f  B a la t ’s d ia g ra m  co inc ides w ith  

P e irce ’s T r ia n g u la r  b locks , as suggested in  F ig u re  I.S. T h is  is not a p ro b le m , as 

lon g  as th e  s p a tia l re la t io n s h ip  is not used to  d if fe re n t ia te  the  ca tegories  them selves. 

T h e  g ra p h ic a l o r ie n ta t io n  o f  th e  d ia g ra m  is a m a t te r  o f  co nve n tio n  and  does n o t 

d i l fe re n t ia te  tw o  d ia g ra m s  w ith  respect to  w h a t th e y  represen t.

I n ow  in tro d u c e  now  a v is u a liz a tio n  o f  P e irce ’s ca teg o ries  as a th re e -d im e n s io n a l 

Hasse d ia g ra m . F ig u re  1.31 il lu s tra te s  a p a r t ic u la r  p ro je c t io n  deve loped  in  conso

nance w ith  th e  d iscu ss ion  presented  u n t i l  now . T h e  chosen p ro je c tio n  o f  F ig u re  1.31 

is n o t fo r tu ito u s . I have chosen th e  axes and  c o o rd in a te s  to  rende r p oss ib le  the  v i 

s u a liz a t io n  o f  a l l  th e  27 {m in ts  o f  a 3 x 3 x  3 g r id  re g u la r ly  spaced, a n d  d e n o tin g  a 

u n iq u e  {m in t in  th e  d ia g ra m . I have chosen a p a ra lle l p ro je c t io n  in  o rd e r  to  fa c ili ta te

'"S e e  M a r t y  I 11)90. [) 1 7 1 - IS 'J i fo r  th e  in t r o d u c t io n  o f  h is  m o d e l  a n d  fo r  a d e ta i le d  d is c u s s io n  o f  

s e ls  w i t h  te n  a n d  tw e n ty - e ig h t  d e r iv e d  c a te g o r ie s .
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r 3 ° 3 I 3

° 3 >

F ig u re  1.31: Hasse diagram  o f th e  ten categories o f ternary sign relations

its  re p ro d u c tio n  b y  h a n d , an im p o r ta n t issue* fo r  th e  d ilFusion  o f th e  d ia g ra m  across 

t h«* c o m m u n ity .

T h e  edges l in k in g  th e  tw e n ty -seve n  p o in ts  do  n o t co in c ide , m ea n in g  th a t th e  

re la t io n s  betw een th e  te n  "v a lid '' co o rd in a te 's , w h ic h  can he- m appe'd o n to  the* t t ' i i  

ca teg o ries , can he e x p l ic it ly  rep resen ted  w ith o u t a m b ig u ity . Second, th e  v e r t ic a l 

p a r t ia l  o rd e r in  w h ic h  th e  respec tive  p o in ts  are d ra w n  is hom o logous to  th e  one used 

to  d e p ic t Hitsse d ia g ra m s  o f  th e  te n  ca teg o ries  I d iscussed  in  th e  p re ce d in g  sections. In  

a d d it io n ,  th e  chosen p ro je c t io n  observes th e  c o n v e n tio n  used to  represent c o o rd in a te  

sys tem s, as w e ll as th e  c o n ve n tio n  used to  d ra w  Hasse d ia g ra m s .

In  F ig u re  1.31. c a te g o ry  RiO\fi  ( rh e m a t ic  ic o n ic  q u a l is ig n )  is th e  low est c a te g o ry  

in  th e  pose t. w h ic h  im p lie s  th a t a ll o th e r  ca te g o rie s  c o n ta in  it .  C a te g o ry  R^O.iIj 

( a r g u m e n t  s y m b o lic  leg is ign ) is a t th e  to p  o f th e  Hasse d ia g ra m , im p ly in g  th a t i t  

p resupposes a ll th e  o th e r  ca tegories. I n u m b e re d  th e  ca tegories  a cco rd in g  to  th e  

R o m a n  n u m e ra l used by Peirce.
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C o n s id e rin g  w h a t a la t t ic e  is and  how  th e  c o n v e n tio n s  o f  Hasse d ia g ra m s  have 

heen e s ta h lish e d . i t  is no t necessary to  use ten  d ia g ra m s  to  d e p ic t th e  ten  ca tegories. 

T h is  w o u ld  bo s u p e rflu o u s  because a s ing le  d ia g ra m  a lre a d y  shows t he posit ions o f  t he 

ca tegories , as w e ll ;is th e ir  re la tio n s h ip s . O ne  o f  th e  advantages o f us ing  C a rte s ia n  

c o o rd in a te s  in  a sso c ia tio n  w ith  Hasse d ia g ra m s  to  rep resen t th e  ca tegories  is th a t 

th e re  is an in h e re n t c o n t in u ity  in  th e  re p re s e n ta tio n , d e s p ite  its  d is c re te  n a tu re . F e in  t* 

q ue s tion ed  th e  s tra t if ic a t io n  o f  th e  e e n o p y th a g o re a n  ca tegories  (firs tn e ss , secondness, 

a nd  th ird n e s s ) d e s c r ib in g  th e m  as "ra th e r to u t's  o r  t in ts  u p o n  co n ce p tio n s " (P e irce .

1931- 1935. C P  1.353).

T in *  m a in  a d va n ta g e  o f th e  p a r t ic u la r  Fhusse d ia g ra m  d e p ic te d  in  F ig u re  1.31 is its  

a p p a re n t s im p lic ity .  T h e  s im p lic i ty  o f fo rm  nm sks a c o m p le x ity  o f co n te n t. Indeed  

th e  m ode l encom passes b o th  a th re e -d im e n s io n a l re p re s e n ta tio n  o f  th e  assoc ia ted  

poset and th e  H.usse d ia g ra m . T h is  o ffe rs  c o n s id e ra b le  advantages over th e  s o lu tio n s  

p resen ted  by o th e r  a u th o rs . Indeed , several d ia g ra m s  fo un d  in  th e  l i te ra tu re  can be 

d e riv e d  as sp ec ia l cases o f th e  one in  F ig u re  1.31. ;us I address in  th e  sequel.

4.4 .3  D erivation  o f d iagram s o f th e  ten  categories

In  th is  se c tion  I d re w  some p a ra lle ls  be tw een  th e  s o lu t io n  p roposed  hen* and va rio u s  

o th e r  d ia g ra m s  som e o f  w h ich  have been p resen ted  e a r lie r  in  th is  thes is  and some o f 

w h ic h  are new  to  th is  sec tion , sec tions  I u n d e rs ta n d  th a t it is n o t because several o f  

these d ia g ra m s  are  spec ia l cases o f  th e  s o lu t io n  I  p ro po se  here th a t th e y  are worse o r 

b e tte r .

The* firs t d ia g ra m  I have chosen to  com pare  is P e irce 's  " t r ia n g u la r  ta b le "  o r s ta ked  

boxes. I have re d ra w n  it  in  a n o th e r o r ie n ta t io n , as d e p ic te d  in  F ig u re  1.32. and lab e le d  

th e  b lo c k  in te rfa ce s  a cco rd in g  to  a g ra p h  deve loped  b y  (M e rre ll.  199b. p 13b). w h ic h  

is a na lyze d  la te r  in  th is  section .

In  F ig u re  1.32 it  is poss ib le  to  set* th e  e legance o f  P e irce 's  s o lu tio n . T h e  l ig h te r  

so lid  b o u n d a rie s  in  P e irce ’s t r ia n g u la r  ta b le  are  th o se  in  w h ich  th e  ca tego ries  d if fe r  in  

o n ly  one respect. M o s t o f th em  co rre sp o n d  to  th e  edges in  the  s p a tia l Hasse d ia g ra m . 

T h e re  are th re e  be tw een  nodes (1 .5 ). (5 .8 ) a n d  (8 .1 9 ). d e p ic te d  w ith  d o tte d  lines .
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3 3 3

it 1 0  333 1 0
3 Argument

i 3 3 2 ( 3 Symbolic
■ q 3 Legisign

^  9. 332 s
\  2 Dicent

/  k  3 2 2 3 Symbol k 3 3 1

331 R  ^  '  7  322 ^  ^ Legisign Q
\ "  /  2 Dicent r 1 Rhematic

v  /  » 2 2 2 2 Indexica! h 3 2 1 3 Symbol
/  4  2 2 2  4  ^ L e g is ig n  6  ^L e g s .g n

| . V  /  ^  2 Dicent —  "  —  1 Rhematic
[ 2 Indexcal c 2 2 1 c 2 Indexical 3  1 1

221 5  311 2 Sinsign 3 3 Legisign 5
\ b'- I 1 R hem atic    1 Rhemaiic

X - I* 2 Indexical h 2 1 i d 1 Iconic
'2  2 Sinsign 2  3 Legisign

^ I 3 Rhematic

— r I* 1,COniC „ 1 1 1
” 3 _ 2 Sinsign *

0 1 '111 3 1
1 Rhematic

/ \ /i»i 1 lconc
(a /  ID } t Qualisign

F ig u re  1.02: P eirce’s triangular d iagram  and the  spatial Hasse diagram s

w h ic h  a lso  d if fe r  in  one* respect, b u t w h ic h  d if fe r  in  a d is ta n c e  o f tw o . g o in g  fro m  

firs tn e ss  to  th ir d  ness in  a s ing le  respect. T h e  re m a in in g  lin k s  are  e x a c tly  th e  h ea v ie r 

lines  in  th e  in te rfaces  (2.G). (3.7) a n d  (0 .9 ) w h ich  c o rre sp o n d  e x a c tly  to  d ia g o n a ls  

c o p la n a r  w ith  o n ly  tw o  axes. In  o th e r w o rds , th e y  d if fe r  in  tw o  respects.

In  F ig u re s  I.hand  1.10 I have* i l lu s t ra te d  how  P e irce ’s t r ia n g u la r  ta b le  was re la te d  

to  a co lla pse d  a rbo rescen t d ia g ra m . I t  is a lso  poss ib le  to  d e r iv e  some o f  th e  d ia g ra m s  

p resen ted  in  th e  l i te ra tu re  e ith e r  th ro u g h  p ro je c tio n s  o r  a series o f tra n s fo rm a tio n s , 

in c lu d in g  fo lds, ro ta tio n s , and  tra n s la t io n s  o f  th e  s p a tia l Hasse d ia g ra m  o n to  a p lane  

o r  su rface . A  s im ila r  fo rm  o f tra n s fo rm a tio n  inc lu de s  th e  u n fo ld in g  o f th e  s o lid  o n to  

a p la ne , fo llo w ed  by ro ta t io n s  and t ra n s la t io n s  to  o rie n t th e  d ia g ra m  in  re la t io n  to  an 

e x is t in g  one. T h is  process o f  u n fo ld in g  th e  s o lid  preserves th e  d is tances rep resen ted  011 

th e  lin k s , m a in ta in in g  th e  re la tiv e  d is ta n c e  o f tw o  co nn ec te d  nodes. O th e r  d is tan ces  

are  no t necessarily  p reserved.

F o r e xam p le . P e irce 's  t r ia n g u la r  ta b le  m ay  be o b ta in e d  th ro u g h  th e  u n fo ld in g  o f
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Figure* -1.3:3: U nfo ld ing  P e irce ’s and B a la t’s tables
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t h t ‘ s p a tia l Hasse d ia g ra m . T in *  process is i l lu s t ra te d  in  th e  sequence depic ted  in  th e  

le f t  c o lu m n  o f  F ig u re  l..'5.’i.  In  th e  r ig h t o f c o lu m n  F ig u re  1.33 th e  s im ila r  process 

p a ra lle ls  th e  re la t io n s h ip  w ith  B a la t ( l!J9())'s tw o -d im e n s io n a l tab les  d e p ic te d  be fo re  

in  F igure ' 1.11.

A  p a ra lle l w ith  M a r ty ’s la ttice 's  is s tra ig h tfo rw a rd , w h ich  was il lu s tra te d  in  F ig 

ure' I..‘50(a). It is im p o r ta n t to  stre-ss th a t M a r ty  had a lre a d y  ch a rac te ri/.ed  tlie* c a t

egories as h a v in g  a p a r t ia l o rd e r a nd  fo rm in g  a la ttice ' in  the* m athe*m a tica l semse 

( M a r ty .  10S2. p 178-0). T h e  n o ta t io n s  M a r ty  used va ry  g re a tly  across h is w r it in g s , 

a n d  in  m y p ersona l o p in io n  are1 n o t easily  g rasped  w ith o u t some' e ffo r t. Howewer. 

th e y  are1 in  accordance  w ith  th e  m a th e m a tic a l fo rm a liz a t io n  he1 inte*uded.

In  F igure ' 1.31. I have com pare 'd  M a r ty ’s la ttice* w ith  the  s p a t ia lly  o rg an ized  H.usse 

d ia g ra m  proposed  in  th is  thesis. The* lin ks  in  F igu re ' 1.31(a) have been reproeluce'd ;us 

in  M a r ty 's  la t t ic e . T h e  dashed a rro w s  are o n ly  betw een the- nodes l in k in g  e lem en ts  

c o n ta in in g  th e  th ird  and  the* second c e n o p y th a g o re a n  categorie ’s.

.10 333

7  322331 8

32V 6 4  222

221 3 5 311

2 211

!1 m

(b) 3 3 3

3 3 2

3 2 2 3 3 1

2 2 2 3 2 1

2 2 1 3 1 1

2
2 1 1
i i

1
1 1 1

F ig u re  1.3 1: A com parison w ith  R obert M a rty ’s la ttice

T h e  sem an tics  anei p ra g m a tic s  associa ted  w i th  these lin k s  are open  to  re’search 

;m d  d e ;il w ith  th e  se m io tics  processes. R e la ted  concep ts  in  P e irce ’s w o rk  in vo lve  de-
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generaev w ith in  tilt*  ca tegories , and processes o f in d u c t io n , d e d u c tio n , a nd  a b d u c tio n , 

w h ic h  are  a ll d e e p ly  e n tw in e d  w ith  processes o f a b s tra c t io n  and p resc is ion .

These  are  to p ic s  o f in te re s t in  P e ircean  sch o la rsh ip  some o f  w h ic h  have been 

e x p lo re d  by M e a n 'll (1996) in  severa l o f  h is w r it in g s . I have a lre a d y  show n  one 

o f h is  d ia g ra m s  in  F ig u re  1.29 d e p ic t in g  th e  re la tio n s  o f p re s u p p o s itio n  am ong  th e  

ca tegories . In  F igu re s  LG.1] and IMG I have red ra w n  tw o  o f M e rre l’s g ra p h s  d e n o tin g  

re la t io n s  betw een th e  te l l ca tegories  a c c o rd in g  to  th e  conven tions  fos te red  here.

9 332

221 3 < _5 311
h m d

1 0  333
(b)

^  A V

2 . 2  2 —* —V

3 2 2

S  * V

N  T jc '
3

2 2 1

\  <
3 2 1

2 1 1

1 111

10
3 3 3

k
sh

3 3 1
jf•✓

k

r
N T

3 1 t
M.

✓**

4 •

N
i

1 t t

F ig u re  1.35: A com parison w ith  one o f M e rre l’s “la ttice  like” graphs. (Merrell, 

1996, p 138, redrawn)

T h e re  are m u lt ip le  w ays to  d ra w  a g ra ph . M e rre l lues red ra w n  th e  g ra ph  in  

F ig u re  -1.36(b) in  a fo rm  s im ila r  to  th e  one represen ted  in  F igu re  1 .35.11

F igu re ' 1.36(b) is o rg an ized  h o r iz o n ta lly  a cco rd in g  to  th e  second tr ic h o to m y , fro m  

left, to  r ig h t ,  and  v e r t ic a lly  a cco rd in g  to  th e  usua l lin e a r  o rd e r in  w h ich  th e  ca tegories 

a re  la b e le d . M e rre l re fe rre d  to  th e  la b e le d  lin k s  in  h is  g ra p h  as ta k in g  "s igns  across 

b o u n d a rie s  as th e  s igns becom e tra n s m u te d  in to  s o m e th in g  m ore th a n  o r  less th a n .

" I  r e m a r k  th a t  I h a v e  m m  l i f te d  M e r n T s  g r a p h s  o n ly  to  f a c i l i t a t e  th e  c o m p a r is o n  w i t h  th e  s p a t ia l  

H a sse  d ia g r a m  a n d  P e irc e 's  t r ia n g u la r  s ta c k e d  b o x e s .
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1 0  333

9  332

.< V
Symbol

Argument

322

222

;  - V c • '

221 3  •« - >*- 5  311

\ > ' i
\ < r

2  211

Rhematic Symbol 
A  (term)

Index

Dicent Indexical 
Legisign

Rhematic Indexical 
e \  Legisign

Icon

Iconic Legisign

Oicent Sinsign

m

Rhematic Indexical 
7 T \  Sinsign

+  *

Iconic Sinsign

Qualisign

second thrichotomy

F ig u re  L.'UJ: A  c o m p a r is o n  w i t h  o n e  o f  M e r r e F s  g ra p h s :  based on  (M e rre ll,

l ‘J (J6. p  l.'Jfi. re d ra w n )
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(a) Merrel’s Graph

•*331

b

333

\{*r ^
- ' h 333

(b) Balat's Table

F i l l in ’ 1.3 1 : D erivation  o f D iagram s through projection by ro tation: (a) derivation 

of Merrei’s graph; (b) derivation of Balat's table.
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b u t a lw ays  d is t in c t  from  w h a t th e y  w e n '."  (M e r re ll.  l!J!JG. p 13!)). I have not e x p lo re d  

M e n d  s e x p la n a tio n s  g iven  to  these lin ks .

P ro j(*e tio n s  w h ic h  can he based on  tra n s la t io n s  o r  ro ta tio n s  u s u a lly  preserve  some 

o f  th e  re la t io n s h ip s  o f  o rd e r  p resen t in  th e  th re e -d im e n s io n a l space. F ig u re  1.37 

il lu s tra te s  how  i t  is poss ib le  to  o b ta in  a g ra p h  w ith  th e  sam e s p a tia l o rg a n iz a tio n  o f 

M e n d 's  g ra p h  d e p ic te d  in  F ig u re  1.35 a n d  o f B a la t 's  ta b le  d e p ic te d  in  F ig u re  1.33.

T h e  p ro je c t io n s  in  F igu re s  1.37(a) a nd  (b )  preserve tin* second and  th ird  t r i 

c h o to m y  s p a tia l re la tio n s , resp ec tive ly . M e n d 's  g ra p h  d e p ic te d  in  F ig u re  1.37(a) is 

lin e a r ly  o rg a n ize d  w ith  th e  second t r ic h o to m y  ( ic o n , ind ex , and s y m b o l) . T h e  p ro 

je c t io n  p la n e  (x .y )  i l lu s tra te d  in  F ig u re  1.37 has a ve ry  s im ila r  g ra p h ic a l d is p o s it io n , 

in c lu d in g  th e  need to  use c u rve d  lin k s  to  go a ro u n d  n od es .1*

S im ila r ly ,  a  p ro je c t io n  a ro u n d  th e  ; -a x is  ( / )  p reserves th e  s p a tia l re la tio n s  o f th e  

t hire I t r ic h o to m y  ( R hem a. D ic e n t. a nd  A rg u m e n t). B a la t \s ta b le  used t lie  f irs t a n d  th e  

th ird  t r ic h o to m y  to  o rg an ize  h is  tw o -d im e n s io n a l d ia g ra m  re d ra w n  in  F ig u re  1 .37(b ). 

T h e  ro ta t io n  has been done  a ro u n d  th e  /-a x is ,  th e re fo re  a ll th e  classes th a t  in c lu d e  

at m ost rhe m a s end up a lig n e d .

4.4 .4  C ategories derived  form different enum erations

I s ta r te d  th is  c h a p te r e x p lo r in g  th e  d iffe re n t co nce p tio ns  o f  s ign  re la t io n , a nd  th e  

m u lt ip le  sequences ascribed  to  its  co m p o n e n ts . These va rious  co n ce p tio n s  in d ic a te  a 

lack  o f ag reem en t on  fu n d a m e n ta l fra m e w o rks  th a t m ode l s e m io tic  processes. I now  

e xp lo re , w ith  th e  a id  o f a s p a tia l Hasse d ia g ra m  o f  the  te n  ca tegories  pose t. som e 

im p lic a t io n s  o f  a d iffe re n t o rd e r fo r the  c o m p o n e n ts  o f  a te rn a ry  s ign  r e la t io n .1-’

Pe irce  d eve lo pe d  yet a n o th e r  d ia g ra m  to  i l lu s t ra te  his a rg u m e n ts  a b o u t ca teg o ries  

o f  s igns. In  a le t te r  to  L a d y  W e i b y  a b o u t d eca d ic  signs he enclosed th e  t r ia n g u la r

* " A  d ir e c t  p r o je c t io n  w o u ld  d r a w  s o m e  l in k s  o r  n o d e s  o n  to p  o f  o th e rs ,  d e p e n d in g  u p o n  w h ic h  

v e c to r  t h e  r o t a t io n  is  d o n e  a r o u n d . I  h a v e  ch o s e n  o n ly  th e  e x a m p le s  in  w h ic h  r o ta t io n s  a re  d e v e l

o p e d  a r o u n d  th e  r -  a n d  c -a x c s . w h ic h  re p re s e n t th e  re p re s c n ta m e n  ( /? !  a n d  th e  i t i t e r p r e t a n t  ( f l .  

re s p e c t iv e ly .

1 ' I n  th e  la s t s e c t io n  o f  t h is  c h a p te r .  I d e v e lo p  a  s im i la r  a n a ly s is  fo r  P e irc e 's  d e c a d ic  sip;n r e la t io n s .
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(a )  Peirce 1908, \ 3 , 3 / \  / \ 3 1 / \  / \ 3  1 / \  / \ 1  1/
1958 CP 8.376 V  V  V  \ -  \ V  V '  7 /

\ A  A  A A  7 \ /v a y y y
W A A A T w   ̂ *—

v O  I /

\R /

2/
\  / \  /  w T

\ 3  z \  A .  2 l /
W  \  /  \ 2 / ’■u V . v_/

I the Interpretant of the sign 
R the Sign itself 
0  the Object of the sign

reads 0 3  R2 11

1 Possible Modality (Idea)
2 Actual Modality (Occurrence)
3 Necessary Modality (Habit)

(b)
I 0 O3 R 3 I 3 8 O3 R 3 I 1 5 P jR i /•) 1 O1 R 1 ll

9 ° 3 r 3 *2J , 6 0 3 ^ 2  h  2 0 2 R  ̂ h  

7 O3 R 2  >2 i 3 0 2 r 2 H

4 O 2 R 2  12

(c) | 3 Argument I 1 Rhematic I 1 Rhematic | 1 Rhematic
R 3 Legisign R 3 Legisign R 1 Quatisign R 1 Qualisign
0  3 Symbol 0  3 Symbol 0  3 Sym bol 0 1 Icon

I 2 Oicent | 1 Rhem atic  | t Rhematic
R 3 Legisign  R 2 Legisign  R / Qualisign
0 3 Sym bol 0  3 Sym bol 0  2 Index

I 2 Dicent ] I 1 Rhematic
R 2 Sinsign i R 2 Sinsign
0  3 Legisign i 0  2 Index

possible
occurrence
necessary

I 2 Oicent 
R 2 Sinsign 
0  2 Index obs: new classes in italics

Fi&uie l.-F'S: Peirce's o th er triangu lar d iagram :(a ) Peirce developed a second triangu

lar diagram. He used triangles instead of boxes, (b) If one follows the explanation found 

in Peirce (see 1958, 8.376) and quoted in the text, a different set of categories is derived, 

(c) The new classes are shown in italics.
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d ia g ra m  d e p ic te d  in  F ig u re  -1.3 8 (a ). T h e  p a r t ic u la r  i l lu s tra t io n  in  F ig u re  1.38(a) 

is in te re s t in g  because P e irce  h im s e lf d esc rib e d  the  tr ia d ic  s ign  re la t io n  in  a d iffe re n t 

o rd e r. H ow ever, th e  o rd e r be tw een  p o s s ib il ity ,  occurrence , a nd  neeess itan t. co n tin u e d  

in  a cco rdance  w ith  the  c e n o p y th a g o re a n  ca tegories . Peirce d escribed  th e  ve rtice s  o f 

each tr ia n g le  ( le ft ,  b o tto m , r ig h t )  ;is O b je c ts . S ig n s .11 and in te rp re ta n t . re sp e c tive ly :

"[In Figure 4.38 the] number above the left describes the Object of the Sign. That 

above the right describes its Interpretant. That below describes the Sign itself. 1 

signifies the Possible Modality, that of an idea. 2 signifies the Actual Modality, 

that of an Occurrence. 3 signifies the Necessary Modality, that of a Habit." (See 

Peirce, 1958, 8.376)

T h e  c o m b in a tio n  o f n u m e ric a l indexes is th e  same, b o th  in  th is  d ia g ra m  and  in  the  

" t r ia n g u la r  ta b le " .  T he  g ra p h ic a l o r ie n ta t io n  is d iffe re n t. In  se m io tics  I have found  

b o th  i l lu s t r a t in g  th e  te n  ca te g o rie s  o f te rn a ry  signs. H ow ever, i f  th e  o rd e r  in  P e irce 's  

q u o te  were accep ted  ;is c o rre c t, som e o f t in* te n  d e rive d  ca tegories w o u ld  not co in c ide  

w ith  th e  ones P e irt e s tu d ie d  th ro u g h o u t h is  career. F igu res  1.38(b) and  (c) i l lu s tra te  

th e  poss ib le  ca tegories  th a t  w o u ld  he d e r iv e d  i f  the  sequence rep resen tam en . o b je c t, 

a nd  in te rp re ta n t were changed  to  o b je c t, rep resen tam en. a n d  in te rp re ta n t.

There ' is a m y ria d  o f s e m io t ic  a n a lys is  based on s e m io tic  tr ia n g le s . A cross  th e m , 

m a n y  te n d  to  s trea m  th e  s ig n  re la t io n  lin e a r ly  in to  tw o  dyads , te n d in g  to  th e  re la t io n  

() — 5  — / .  T h is  te n d e n c y  is in  a cco rda nce  w ith  th e  lin e a r  v iew  o f th e  w o r ld  so 

d is s e m in a te d  in  o u r  c u ltu re ,  as I have c o m m e n te d  th ro u g h o u t th is  thes is . E ven  th e  

m ost ra d ic a l p ro p o n e n ts  o f  t r ia d ic  se m io tic s  o fte n  fa ll in to  th is  tra p , a n d  end up 

d o in g  m o n a d ic  se m io tics  in  w h ic h  e v e ry th in g  /*  a s ign , w here  th e  a b so lu te  re igns and 

th e  re la t iv e , th e  m e d ia te d , th e  m e a n in g fu l, a nd  th e  e th ic a l, am ong  o th e rs  a re  not 

cons ide red .

T h e  a s s u m p tio n  o f  a d iffe re n t o rd e r fo r  th e  s ign re la tio n s , i f  a ccep ted  ,is r ig h t 

a nd  not as Pe irce  s m is la b e l, w o u ld  have consequences across P e irce 's  e n t ire  sys te m 

a tic  p h ilo so p h y . For e xa m p le , m a th e m a tic s  w o u ld  have to  p resuppose  p h ilo so ph y .

" I  h a v e  b e e n  u s iii.u  th e  te r m  R e p re s e n ta m e n  in s te a d  o f  th e  te r m  S in n .
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p he n o m e n o lo g y  w ou ld  have to  p resuppose  th e  n o rm a tiv e  science's, and  so o n . See 

F ig u re  1. A s  I a lre a d y  re m a rke d , a d iscuss ion  o f th e  fe a s ib il ity  o f  such a p o s s ib il i ty  

is o u ts id e  th e  scope o f th is  c h a p te r. N eve rthe less , th e  se m a n tic a l aspects o f  s e m io tic s  

p resuppose  the1 s y n ta c t ic a l ou t's  in  P e irce 's  p h ilo s o p h ic a l sca ffo ld , w h ich  im p lie s  th a t 

c a rt1 sh o u ld  be ta ken  to  e s ta b lis h  s o lid  fo u n d a tio n s .

F ig u re  1.39: D erived lattices: (a) R —• O — /  (b) 0  — R — /.  Different categories

are derived from different orders among the elements of a sign subdivision.

I have d e p ic te d  in  F ig u re  1.39 th e  d iffe ren ce s  in  the  s p a tia l Hasse d ia g ra m s  o f  th e  

tw o  sets o f d e rive t 1 ca tegories  co n s id e rin g  d iffe re n t sequences be tw een  rep re sen ta m e n  

a nd  o b je c t in  th e  t r ia d ic  s ign  re la t io n . F ig u re  l..‘3'J(a) d e p ic ts  P e irce 's  te n  ca teg o ries  

d e r iv e d  fro m  a s ign  re la t io n  g ro u n d e d  in  th e  o rd e r  (R —• 0  —• / ) .  F igu re s  1 .39(b) 

a nd  (c) d e p ic t P e irce 's  te n  ca tegories  d e r iv e d  fro m  a s ign  re la t io n  g ro u n d  on th e  o rd e r 

(O — /? — I). A  d iffe re n t o rd e r  be tw een  R a nd  O  im p lie s  tlit*  same g e o m e tr ic a l cu t 

o f  t in 1 p a ra lle le p ip e d  c o n ta in in g  th e  tw e n ty -se ve n  p o s s ib ilit ie s . H ow ever, th e  v a lid  

reg io n  is d if fe re n t. ;ts i l lu s t ra te d  in  F ig u re  1.39.

1 have assum ed the  p a r t ia l  o rd e r (/?  —- O  —  / ) .  because i t  is cons is ten t w i th  th e  

o rg a n iz a tio n  o f  P e irce s  S y s te m a tic  P h ilo s o p h y  (M a th e m a tic s  - N o rm a tiv e  Sciences 

— P ra c tic a l Sciences), w ith  th e  o rg a n iz a tio n  o f  se m io tics  its e lf  (S p e c u la tiv e  G ra m m a r

O tD H I O '- l
R' h

(b) Object, Representamen, Interpretant(a) Representamen, Object, Interpretant
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— C r it ic  — M et h o d e u tic ). w ith  th e  o rg a n iz a tio n  w ith  th e e e n o p y th a g o re a n  ca tego ries  

(F irs tn e s s  — Secondness —■ a n d  T h ird n e s s ) . and  w ith  the  o rg a n iz a t inn  o f  th e  d ecad ic  

ca tegories  ;us s tu d ie d  by P e irce . I t  is a lso  th e  sam e o rd e r used by P e irce  i l l  th e  

passage p u b lis h e d  in  (P e irce . 1058. 8 .311) in  w h ic h  Pe irce c o rre la te d  th e  f irs t tw o  

tr ic h o to m ie s  d e r ive d  fro m  a d e ca d ic  sign re la t io n  and  i l lu s tra te d  in  F igu res  1.11 (<•) 

and  (d ). A d d it io n a lly ,  th is  o rd e r  is used as th e  n a r ra tiv e  s tru c tu re  o f  tlit*  te x ts  in  

w h ic h  he d iscussed th e  ca tego ries .

In  th e  n e x t se c tion . I e x p lo re  Pe irce 's  m u lt ip le  s ign  re la tio n s . T h e  a p p ro a ch  w il l  

be ve ry  s im ila r  to  th e  one a lre a d y  p resen ted , th o u g h  th e  trees, tab les, a n d  Hasse 

d ia g ra m s  have a la rg e r n u m b e r o f  e lem en ts  and  possib le  c o m b in a tio n s . T h e  sam e 

te n d e n cy  to  s t r ic t ly  o rd e r s ign  processes is c le a r w ith in  th e  d if fe re n t o p in io n s  fo u n d  

across th e  l i te ra tu re .

4 .5  D e c a d ic  S ig n  R e la tio n s

In  th is  se c tio n  I e xp lo re  P e irce 's  h ig h e r o rd e r  s ign  re la tio n s  and  th e  d e r iv a t io n  o f  th e  

c o rre s p o n d in g  ca tegories. A s  in  tin * p re ced ing  sections . I s ta y  m o s tly  l im ite d  to  th e  

s y n ta c t ic a l aspects  o f  these re la t io n s , b u t I in d ic a te  s e m a n tic a lly  and  p ra g m a t ic a lly  

o rie n te d  issues w hen a p p ro p r ia te . T h is  to p ic  lu is  been m o s tly  re s tr ic te d  to  P e ircean  

sch o la rsh ip .

I in c lu d e  th is  sec tion  to  re in fo rc e  the  u n d e rs ta n d in g  o f s igns  as processes. S igns 

go w e ll b e yo n d  c h is s ilic a to ry  sch em a ta . T h e  m u lt ip le  o p in io n s  a b o u t the  o rg a n iz a t io n  

o f  s ign  re la t io n s  o f  c a rd in a li ty  h ig h e r th a n  th re e , and  the  te n d e n c y  to  lin e a riz e  w h a t 

is p a r t ia l ly  o rd e red , o n ly  com e to  re in fo rce  th e  u rgen t need o f  a re fle c tio n  w ith in  

se m io tic s  a b o u t its  h is to r ic a l biases. It a lso  re in fo rce s  th e  a dvan tages  o f  a tw o -w a y  

c ro s s -p o llin a tio n  betw een s e m io tic s  and in fo rm a tic s . W h ile  te rn a ry  signs have re la 

t iv e ly  s im p le  s tru c tu re s , d e ca d ic  s igns have m ore  co m p le x  s tru c tu re s . D eca d ic  s ign  

re la tio n s  have s tru c tu re s  as c o m p le x  as th e  ca teg o ries  o f te rn a ry  signs.

Peirce fu r th e r  re fined  t r ia d ic  s ign  re la t io n s  in to  hexad ic  a n d  decad ic  s ign  re la -
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t i n n s . A  la rg e r n u m b e r o f  e le m e n ts  in  a s ign  re la t io n  im p lie s  b o th  a la rg e r n u m b e r 

o f  tric  h o to m ie s  and a la rg e r n u m b e r o f d e r iv e d  classes.

In  th e  case o f th e  te n  ca teg o ries  d e rive d  fro m  th e  te rn a ry  s ign  re la t io n . P e irce  

d if fe re n t ia te d  each e lem en t o f  the' s ign  re la t io n  w ith  th e  e en op y t hagorean  ca tego ries , 

g e n e ra tin g  th re e  tr ic h o to m ie s . T h e ir  c o rre la t io n  resu lted  in  ten  v a lid  c o m b in a tio n s  

(ca te go rie s ) am ong  tw e n ty -seve n  poss ib le  ones, as il lu s tra te d  in  th e  p re ced ing  sec tions .

A c c o rd in g  to  Peirce, tw e n ty -e ig h t am ong  7'2!i ca tegories can be d e rive d  fro m  th e  

h exa d ic  s ign  re la t io n , and  s ix ty - s ix  am ong  599 19 ca tegories can be d e rive d  fro m  th e  

decad ic  s ign  re la tio n s  (P e irce . 1958. 8 .315). T hese  num be rs  are lin k e d  to  the- poss i

b le  a rra n g e m e n ts  betw een s ix  a n d  ten  e lem en ts , and by th e  c o n s tra in ts  im p ose d  by 

s t r ic t ly  o rd e re d  s ign  re la tio n s . T h is  p o in t m ay  be c o n tro v e rs ia l a nd  dem ands fu r th e r  

research in v o lv in g  th e  se m a n tics  a nd  p ra g m a tic s  o f  these s ign  re la tio n s . Indeed , th is  

re fin e m e n t w;us a ve ry  open  p ro b le m  even fo r  Peirce. Pe irce w;is e x p e r im e n tin g  w ith  

th e  te rm in o lo g y , and d id  n o t have  "d e a r  a p p re h e n s io n " o f th e  d e riv e d  tr ic h o to m ie s  

( Peirce. 1958. 8 .3 1 1 ) .10 17

T h e  processes and  tin * resources used to  v isua lize ' these s ign  re la tio n s  a nd  c a ti'-  

go ries  are b a s ic a lly  the  same* as th e  ones a lre a d y  v iew ed in  th e  p re ced ing  sec tions . 

I f  s ign  re la t io n s  were not s t r ic t ly  o rd e red , as Pe irce  assum ed, b u t p a r t ia l ly  o rd e re d , 

th en * c o u ld  In ' m ore  ca tegories  th a n  tw e n ty -e ig h t o r s ix ty -s ix . resp ec tive ly , because 

th e re  w o u ld  bo m u lt ip le  ways o f  tra v e rs in g  th e  co rre s p o n d in g  la tt ic e s . S p a tia l Hasse 

d ia g ra m s  a re  a p p ro p r ia te  to  d e sc rib e  a d d it io n a l classes once th e  w h o le  set o f  poss ib le  

ca tegories  sca ffo ld  th e  v a lid  ones.

,r’ 8 e c  (P e ir c e .  1958. 8.515) and I P e irc e  and W e lb v -C I r e g o ry .  1977. p (i(> S fil

" ’ P e irc e  l is te d  th e  s u b d iv is io n  in  d i f f e r e n t  o rd e rs  in  d i f fe r e n t  pa ssa g e s  I I P e irc e  a n d  W e lb y - G r e g o r y .  

1977 . p 8 1 . 190S D e c e m b e r  1 11 a n d  (se e  P e irc e . 1 9 5 8 . 8 .5 7 0 1: o r  ( P e in  e. 1958 . s . . l i p  ; l u , i  i P e irc e . 

19 .11 -1955 . 2 . '2 5 ( i) l .  a n d  e x p l i c i t l y  le f t  t h e  " s y s te m a t ic a l  d iv is io n  o f  s ig n s  :...;  fo r  f u t u r e  e x p lo re r s

I P e in  e. 1958 . 8 .5 1 1  ).

* ' P e irc e  w r o te :  " I d o  n o t  say th e se  d iv is io n s  a re  e n o u g h  B u t  s in ce  e v e ry  o n e  o f  th e m  tu r n s  o u t  to  

be  a t r ic h o to m y ,  i t  fo llo w s  th a t  in  o rd e r  to  d e c id e  w h a t  c lasses  o f  s ig n s  re s u lt  f ro m  th e m . I h a ve  3 1" .  o r 

5 9 0  19. d i f f i c u l t  q u e s t io n s  to  c a re fu lly  c o n s id e r ; an d  th e re fo re  I w i l l  n o t  u n d e r ta k e  t o  c a r ry  m y  s y s te m a tic a l 

d iv is io n s  o f  s ig n s  a n y  fu r th e r ,  b u t  w i l l  le a v e  th a t  fo r  f u t u r e  e x p lo re rs . ( P c ir c c .  19 5 8 . V 5 l 5 t .
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A t  th i ' (“iid  <>f 1908. P i ' in c  e x p lo re d  h ig h e r o rd e r s ign  re la tio n s , th e  associa ted  

tr ic h o to m ie s , and  th e  c o rre sp o n d in g  d e riv e d  ca tegories in  tw o  le tte rs  to  L a d y  W ei by 

(P e irc e  and W e lb y -G re g o ry . PJ77. p p  GO 80). T o  sca lfo ld  the  re fin e m e n t. Peirce 

recogn ized  th re e  un iverses, w h ich  w ere  "d is tin g u is h e d  b y  th re e  M o d a lit ie s  o f B e in g ": 

t l u 1 un ive rse  o f ideas o r P o s s ib le s : th e  un ive rse  o f  E x is ta n t s  co n ce rn in g  o b je c ts . 1st. 

a n d  Facts. 2nd : and th e  un iverse  o f  N c c e s s i ta n t s  (P e irce  and  W e lb y -G re g o ry . 1977. 

pp  81-2. l!)t)8  D ecem ber 1 1). He c o r re la te ! I '1'  the  e lem en ts  o f  th e  te rn a ry  s ign  re la t io n  

(R e p re sen tam e n . O b je c t, and  In te rp re ta n t)  w ith  th e  m o d a lit ie s  o f b e in g , but ins tead  

o f d e r iv in g  ca tegories , he re fined  th e  te rn a ry  s ign  re la t io n , in c reas ing  its  c a rd in a lity . 

P e irce  re lab e lle d  th e m  im m e d ia te , d y n a m ic , and n o rm a l, in  reference to  possib le , 

e x is ta n t.  and n ecess itan t. resp ec tive ly .

Peirce's 10 chief divisions of signs are determined according to the:

relation

dynamical relation

dynamical relation

■ rel Triadic Relation of the Sign to its Dynamical 
R-dO-nl Object and its Normal Interpretant

rel R-nl Relation of the Sign to the Normal Interpretant

nl Nature of the Normal Interpretant

S

rel R-dl Relation of the Sign to the Dynamical Interpretant 

dl Mode of Being of the Dynamical Interpretant

il Mode of Presentation of the Immediate Interpretant

rel R-dO Relation of the Sign to its Dynamical Object 

dO Mode of Being of the Dynamical Object

Mode of Presentation of the Immediate Object

R Mode of Apprehension of the Sign Itself

Figure l.-KJ: P e irce ’s decadic sign relation (Peirce, 1958, 8.342-345)

' "  1 11is c o r r e la t io n  is e q u iv a le n t  to  th e  o n e  P e irc e  used  to  d e r iv e  th e  te n  c a te g o r ie s .  in  w h ic h  s ig n  

c o m p o n e n ts  w e re  c o r re la te d  w i t h  th e  e e n o p y t  h a g o re a n  c a te g o r ie s .
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P c ircc  th e n  ana lysed  th e  s ign  i ts e lf  and its  poss ib le  m o d a lit ie s . and  d is tangu ished  

tw o  O b je c ts  o f a S ign  ( /? ). w h ich  In* la b e lle d  Im m e d ia te  O b je c t (0 ,1  a n d  D y n a m ic  

O b je c t (C),t) and  analyze ' th e ir  m o d a lit ie s . The* Im m e d ia te  O b je c t is th e  o b je c t w ith in  

th e  s ign . T h e  D y n a m ic  (o r d y n a m o id )  O b je c t is th e  o b je c t outs ide' the* s ign . The1 

ra tio n a le 1 is the- same1 as th a t use'el to  derive1 the1 ten  ca tegories fro m  the1 triaclie- s ign 

re'latiem . A  f irs t c o n ta in s  o n ly  its e lf ,  b u t a se'coml e-eattains firs t anel seconds. ;>.nd so 

on . The* use1 o f  a tre'e1 is i l lu s tra t iv e 1 to  re in fo rce  t l i is  a rg um e 'tit. I de 'p ict on F igure1 I. 10 

a g ra p h ic  residing o f  t he- tern su b e liv is io n s  o f  decad ic  s ign  re la t ions, as e x p la in e r! be>low. 

T he1 edges o f th e  tre’e1 in  F igure1 1. 10 have1 be'em labedle■< 1 a cco rd in g  to  the1 mode's Pe irce 

used to  fu r th e r  re'fine1 the1 te rn a ry  r e la t io n .11'

Pe'iree1 te 'X tua lly  lis te 'd  the1 o th e r  co m p on en ts  o f  the1 de'eadie- s ign  re la t io n . He1 

e x p l ic i t ly  e|uantifie>el the1 p o s s ib il ity  o f  h a v in g  the1 s ix  p lu s  fo u r tr ic h o to m ie s . a nd  3*’ 

o r  3 ,,+ 1 d iffe re n t fo rm s  o f a rra n g in g  th e m :

It is evident that a possible can determine nothing but a Possible, it is equally 

so evident that a Necessitant can be determined by nothing but a Necessitant.

Hence it follows from the Definition of a Sign that since the Dynamoid [Dynamic]

Object determines the Immediate Object,

Which determines the Sign itself, 

which determines the Destinate [Final /„] Interpretant, 

which determines the Effective [Dynamic/,/] Interpretant. 

which determines the Explicit [Immediate /,] Interpretant

the six trichotomies, instead of determining 729 [31’] classes of signs, as they would 

if they were independent, only yieled 28 classes; and if, as I strongly opine (not to 

say almost prove) there are four other trichotomies of signs of the same order of 

importance, instead of making 59049 [310] classes, these would only come to 66. 

(Peirce and Welby-Gregory, 1977, p 84, 1908 December 14)

T h e  o rd e r in  w h ich  Pe irce lis te d  t hese e lem en ts Ims been a source o f  eont rove rsy  in  

t in 1 spec ia lized  l i te ra tu re , because i t  does not fo llo w  th e  usua l ra tio n a le  he m a in ta in e d

' '- 'J e a n  F is e t te  use d  a n  a rb o re s c e n t s t r u c t u r e  to  d e s c r ib e  P e irc e  h c x a d ic  ( F is e t te .  1 9 90 . p  IS I a n d  

d e c a d ic  ( F is e t te .  1!)?)(!. p  (SOI s ig n  r e la t io n s .  M u l le r  d e s c r ib e d  th e  d e r iv a t io n  o f  s ig n  r e la t io n s  t r o u g h  

s o m e th in g  s im i la r  to  a  t r e e  ( M i i l l e r .  1 9 94 . p  13S a n d  1431.
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th ro u g h o u t h is  life*. T h is  is an issue th a t needs to  lie  fu r th e r  researched in  c o n ju n c tio n  

w ith  s e m io t ir ia n s . I t  invo lves  aspec ts  th a t  go w e ll heyond  th e  s tru c tu ra l e x p lo ra tio n s  

o f  signs. In  m y o p in io n , how ever, th e  te x tu a l o rd e r o f th is  p a r t ic u la r  p;issage sh o u ld  

n o t he used in  c o n tra d ic t io n  o f  P e irce 's  o th e r  passages and  h is  e n tire  p h ilo so p h y , 

as I d e ta il la te r . In  a subsequen t le t te r  to  L a d y  W e i by. Pe irce  e x p la in e d  w h a t he 

m eant by th e  im m e d ia te , th e  d y n a m ic a l,  and  th e  lin a l in te rp re ta n t.  w h ich  he ca lle d  

e x p lic it ,  e ffec tive , and d e s tin a te . respec tive ly , in  th e  above q uo te . T h is  te rm in o lo g y  

suggests te m p o ra l dependencies in vo lve d  in  the  in te rp re t iv e  s e m io t ic  processes. P e irce  

w ;is c le a rly  e x p e r im e n tin g  w ith  th e  te rm in o lo g y . He changed th e  d e n o m in a tio n  used 

to  describe  th e  in te rp re ta n t ( e x p lic i t ,  e ffe c tive , and d e s tin a te ) (P e irce  and  W e i by- 

G re g o ry . 1977. p 81. 1908 D ecem ber I I )  to  th e  sam e q u a lif ie rs  used to  describe  th e  

o b je c t, im m e d ia t e  and d y n a m ic ,  and added a f in a l  one (P e irce . 195,s. 818 1 and  

8 .312-315). T h e  fo llo w in g  p;issage is i l lu s tra tiv e ':

My Immediate Interpretant [il) is implied in the fact that each Sign must have its 

peculiar Interpretability before it gets any Interpreter. My Dynamical Interpretant 

[dl] is that which is experienced in each act of Interpretation and is different in each 

from that of any other; and the Final Interpretant [nl] is the one interpretative result 

to which every Interpreter is destined to come if the sign is sufficiently considered.

The Immediate Interpretant is an abstraction, consisting in a Possibility. The 

Dynamical Interpretant is a single actual event. The Final Interpretant is that 

toward which the actual tends." (Peirce and Wei by-Gregory, 1977, p 111, 1909 

March 14, capitals in the original)

P circc  e x p l ic it ly  lis te d  the  c o m p o n e n ts  o f  a h exa d ic  s ign  re la t io n  in  a d ra f t  o f  a 

le t te r  to  L a d y  W e i by ske tched be tw een  21 and 28 D ecem ber 1908. In  th is  d ra f t  P e irce  

described  th e  s u b d iv is io n  o f  th e  h exa d ic  s ign  re la t io n  and in  th e  sequence lis te d  th e  

ten  "respects  a c c o rd in g  to  w h ic h  th e  c h ie f d iv is io n s  o f signs are d e te rm in e d " . P e irce  

described  th e  re finem en t o f  a t r ia d ic  s ign  re la t io n  in to  a h exa d ic  one in  th e  fo llo w in g  

passage:

I define a Sign [R] as anything which on the one hand is so determined by an Object 

[0] and on the other hand so determines an idea in a person's mind, that this latter
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determination, which I term the Interpretant [Ij of the sign, is thereby mediately 

determined by that Object. A Sign therefore has a triadic relation to its Object and 

to its Interpretant. But it is necessary to distinguish the Immediate Object [iO]. 

or the Object as the Sign represents it, from the Dynamical Object [dO], or really 

efficient but not immediately present Object. It is likewise requisite to distinguish 

the Immediate Interpretant [il], i.e. the Interpretant represented or signified in the 

Sign, from the Dynamic Interpretant [dl], or effect it actually produced on the 

mind by the Sign; and both of these from the Normal Interpretant [nl], or effect 

that would be produced on the mind by the sign after sufficient development of 

thought. On these considerations I base a recognition of ten respects in which 

Signs may be divided. (Peirce, 1958, 8.343)

W h ile 1 th e  above* q u o ta  re fined  the* (’ lam en ts  o f  th e  te rn a ry  s ign re la t io n  ( repre- 

se n ta in e n . o b je c t, in te rp re ta n t) .  th e y  were s t i l l  u n re la te d . T h e  a d d it io n a l nlntions 

a m o n g  the* e lem en ts  c lo the 1 th em  in to  th e  decad ic  s ign  re la t io n , g iv in g  s tru c t tire  to  

i t .  Indeed . Pe irce  c o n tin u e d  his re fin e m e n t w ith  a lis t o f  th e  ten c h ie f d iv is io n s  o f 

d eca d ic  s ign  re la t io n s . As he w ro te , " th e  ten  respects a c c o rd in g  to  w h ich  the* c h ie f 

d iv is io n s  o f  s igns are d e te rm in e d  are1 as fo llo w s ” :

1st, According to the Mode of Apprehension of the Sign itself. [R]

2nd, According to the Mode of Presentation of the Immediate Object, [iO]

3rd, According to the Mode of Being of the Dynamical Object. [dO]

4th, According to the Relation of the Sign to its Dynamical Object, [(R,dO)]

5th, According to the Mode of Presentation of the Immediate Interpretant, [il]

6th, According to the Mode of Being of the Dynamical Interpretant, [dl]

7th, According to the Relation of the Sign to the Dynamical Interpretant, [(R.dl)]

8th, According to the Nature of the Normal Interpretant. [nl]

9th. According to the Relation of the Sign to the Normal Interpretant, [(R .nl))]

10th, According to the Triadic Relation of the Sign to its Dynamical Object and 

to its Normal Interpretant. [(R,d0.nl)] (Peirce, 1958, 8.344)

The* o rd e r in  the* above  q uo te  is co ns is te n t w ith  the1 w ay Pe’iree1 n u m b e re d  th e  

ten  ea tego rit 's  o f  th e  te rn a ry  s ign re la tio n s . D ecadic s igns can  be1 e a s ily  u n d e rs to o d
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w ith  th e  a id  o f  t ices and  Phisse d ia g ra m s . F ig u re  f l l  i l lu s tra te s  th e  re fin e in en t o f 

te rn a ry  s ign  re la tio n s  in to  decad ic  one. passing  th ro u g h  an h e xa d ic  s u h d iv is io n . T h e  

p resc is ion  p r in c ip le  is a lso observed  in  P e irce 's  re fin e m e n t, as tin* fo llo w in g  fo u r ite m s  

in d ic a te :

( a )  In  re fe rence to  th e  o r ig in a l t r ia d ic  s ign  re la t io n , th e  rep resen tam en  (R ) re

m a ine d  u n d iv id e d  because i t  was regarded  as a f ir s t ,  and ;is such it co u ld  not be 

s u b d iv id e d  o r d if fe re n tia te d .

( b )  T h e  o b je c t (C)) . t hough  b e in g  u s u a lly  assoc ia ted  w it h second ness in  its  genu ine  

fo rm , co u ld  be1 d is t in g u is h e d  in  tw o  fo rm s: th e  im m e d ia te  o b je c t ( iO . th e  suggest(><1 

o b je c t in  th e  s ig n ), a nd  d y n a m ic  o b je c t (d O . th e  a c tu a l o b jec t in  th e  s ign  re la t io n ).

( c )  T h e  in te rp re ta n t.  be ing  u s u a lly  assoc ia ted  w ith  th ird n e ss  in  its  genu ine  fo rm , 

co u ld  be re fined  as im m e d ia te  ( i l ) .  d y n a m ic a l ( d l ) .  a nd  fin a l ( n l.  o r n o rm a l).

(c l)  T h e  eenopyt hagorean ca tego ries  o f firs t ness, second ness, a nd  th ird n e ss  c o rre 

sp on d  to  m o n a d ic , d y a d ic , and  t r ia d ic  re la tio n s . I f  th e re  is an o b je c t in s ide  th e  s ign  

and  a n o th e r o u ts id e  i t .  and  i f  there ' a re  in te rp re ta n ts  a lrea d y  in  th e  s ign , in  th e  s ign  

even t, and  to w a rd s  w h ic h  th e  s ign  tends, th e  re la t io n s  am ong  these e lem ents sh o u ld  

sca ffo ld  th e  s ign  re la t io n , o th e rw is e  it w o u ld  be d isco nn ec ted . As I m en tion ed  before , 

d y a d ic  and  te rn a ry  re la tio n s  gave s tru c tu re  to  th e  decad ic  s ign  re la t io n .

O n  th e  le ft o f  F ig u re  1.11(a) is th e  te rn a ry  s ign  re la tio n  d e p ic te d  as a tree , and  

its  c o rre s p o n d in g  s p a tia l Masse d ia g ra m  on th e  r ig h t .  In  F ig u re  1.11(b) I present th e  

firs t re fin em en t in to  an  hexad ic  re la t io n : a tree  w i th  s ix  leaves on  th e  le ft and  a tw o  

d im e n s io n a l Masse d ia g ra m  on th e  r ig h t .  T h e  fu l l  decad ic  s ign  re la t io n  is on th e  le ft 

o f  F ig u re  1.11(c) . w ith  th e  c o rre s p o n d in g  la t t ic e  o n  th e  r ig h t. I have assum ed th a t 

th e  p a r t ia l o rd e r o f  th e  eenopyt h ago rean  ca tegories  a lso  ho lds in  th e  tw o  re fin em en ts  

o f  th e  s ign  re la t io n . I deve loped  th e  s p a tia l Masse d ia g ra m s  in  F ig u re  1.11 assum ing  

s y n ta c t ic  co n s is te n cy  w ith  P e irce 's  w o rk  ;us a w ho le .

As I have a lre a d y  rem arked , th e  s y s te m a tic  o rg a n iz a tio n  o f  P e irce 's  s ign  s u b d iv i

s ion  is present in  th e  w ay he d escrib e d  th e  m odes o f  b e in g  o f d eca d ic  s ign  s u b d iv is io n . 

In  F ig u re  1. 10 I have lab e lled  th e  tre e 's  arcs a c c o rd in g  to  Pe irce  s ow n  e x p la n a tio n  

(P e irce . 105*. >..T51). I sh o u ld  s tress th a t I have1 n o t fu r th e r  (explored e ith e r  th e  se
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m a n tic s  o r th e  p ra g m a tic s  P c ircc  gave to  these re fin em en ts . H ow ever, th e  process o f 

d e r iv a t io n  of ca tegories , as lie  d e s c r ib e d , seems to  be in  acco rdance  w ith  th is  p a tte rn ,  

a nd  w ith  s o u k *  o th e r  passages, as I e x p lo re  in  th e  next se c tio n .

(a) Ternary sign relations

3 2 1

2 1 3

(b) Hexadic sign relations 

S

dO
21 22 3111 32 33

33

32

22

iO 21

333(c ) Decadic sign relations

(R.nl)
332

33 r

222 (R,dO)

il 311

R 111

R iO dO (R.dO) il d l (R.dl) nl (R.nl)

111 211 221 222 311 321 322 331 332

(R,dO,nl)

333

F igu re  L 11: R efinem ents o f  ternary sign relations in to  decadic re lation

4.5 .1  C ategories o f D ecad ic Sign R elations

A  s m a ll n u m b e r o f  a u th o rs  have d iscussed th e  d e r iv a tio n  o f  ca tego ries  fro m  h e xa d ic  

a nd  decad ic  s ign  re la tio n s . W eiss a n d  B u rks  ( 1!J 15) have lis te d  a d e c im a lly  tr ie h o to -  

tu o iis  d iv is io n  o f  s igns and  have* p resen ted  a ta b le  w ith  s ix ty -s ix  ca tegories . Sanders
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c r it ic iz e d  W eiss and B u rk s  fo r  l is t in g  th e  ten  tr ic h o to m ie s  <It-rivt*« 1 fro m  a decad ic  

s ign  re la t io n  w ith o u t p a y in g  a t te n t io n  to  th e ir  dependencies (Sanders. 1!J70. p 11). 

I rep ea t, in  m y  u n d e rs ta n d in g , th e  o rd e r in  w h ich  th e  te n  s u b d iv is io n  a re  lis te d  is 

not im p o r ta n t  i f  th e ir  re la t io n  o f o rd e r is observed  in  th e  d e r iv a tio n  o f  th e  c lasses.’0 

Sanders m a in  c o n tr ib u t io n  was to  p o in t o u t th e  re la t io n  betw een th e  s u b d iv is io n  o f 

th e  s ign  and  th e  de rived  classes. He d id  no t e xp lo re  fu r th e r  th e a l l in i t ie s  be tw een  the  

s u b d iv is io n s  and  the  assoc ia ted  o rd e r a m o n g  them .

relation

dynamical relation

object 0 ,d0dynamical relation

iO 4s

rel S-dO-nl Instinctive Experiential Formal

rel S-nl Rheme Dicent Argument

nl Gratific Practical Pragmatic

rel S-dl Suggestive Imperative Indicative

dl Sympathetic Percussive Usual

il Hypothetical Categorical Relative

rel S-dO Icon Index Symbol

dO Abstractive Concretive Collective

iO Descriptive Designative Copulant

S Potisign Actisign Famisign

Figure 1.12: Peirce's ten  trichotom ies o f  a decadic sign relation See (Peirce, 1958, 

8.342-345)

In  a ta b le  th a t co rre la te s  decad ic  s ign  re la tio n s  w ith  th e  eenopyt h ago rean  ca te 

gories each e lem en t can  assum e th re e  va lues, w h ich  re su lts  in  te n  tr ic h o to m ie s . Peirce

' " T h a t  is n o t th e  case  in  W e is s  a n d  B u r k s  I 19 ■!■’> i.  b e c a u s e  th e y  la b e l th e  c o lu m n s  o f  th e  d e r iv e d  

c la sse s  ta b le  a c c o rd in g  to  th e  la b e ls  g iv e n  to  th e  te n  s u b d iv is io n s  l f r o m  A  to  . I I .
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nam ed a nd  gave exam ples o f  th e  e lem en ts  o f  these  tr ie lio to m ie s . as d ep le te d  in F ig 

u re  1.12.

As w ith  te rn a ry  s ign  re la tio n s , a ta b le  th a t w o u ld  lis t a ll th e  possib le ' a rra n g e m e n ts  

o f  a deead ie  s ign  w ou ld  have 8*° o r  59059 e n tr ie s . T in ' eenopyt hagorean  ca tego ries  

a re  s t r ic t ly  o rd e re d . T in ' s u b d iv is io n  o f  d eca d ic  s igns, i f  u n d e rs to o d  ;ls  above, a re  

p a r t ia l ly  o rd e re d  sets th a t a re  la t t ic e s . T in ' o rd e r  is p a r t ia l because it does not need 

to  be lin e a r  o r  s t r ic t .  T h is  does not im p ly  th a t  it  is im p o ss ib le  to  e nu m e ra te  th e  

e lem en ts  o f  th e  p a r t ia l ly  o rd e re d  set (o r p ose t). In  fac t, e ve ry  f in ite  poset a d m its  

o f  a co ns is te n t e n u m e ra tio n  (P re p a ra ta  and Y eh. 1971. p 185). T h is  m eans th a t tin * 

e lem en ts  o f  a poset can be e n u m e ra te d  in  d iffe ren t, sequences. For exam p le , in  a 

d eca d ic  s ign  re la t io n  it is poss ib le  to  lis t a fte r  th e  d ( )  e ith e r IR . d O )  o r i l .  B o th  are 

v a lid  p o s s ib ilit ie s .

W h e n  P e irce  c a lc u la te d  th a t s ix ty -s ix  ca teg o ries  are d e rive d  fro m  decad ic  s igns, 

he assum ed o n ly  one e n u m e ra tio n  o f  th e  s ign  re la t io n 's  co m p o n e n ts . Indeed. Pe irce  

o rd e re d  th e  d eca d ic  sign re la t io n  in  a s im ila r  m a n n e r to  th e  n um be rs  he gave to  

th e  ten  ca teg o ries  o f te rn a ry  s ign  re la tio n s . T h e  ta b le  in F ig u re  1.18 lis ts  th e  8 1" 

e lem en ts  th a t  w o u ld  co rresp on d  to  th e  ca tegories  o f  decadic s igns d e riv e d  fro m  th is  

e n u m e ra tio n . T h is  ta b le  w o u ld  have m ore  lines i f  m o re  th an  one o rd e r  wen* cons ide red  

s im u lta n e o u s ly .

It is poss ib le , fo r e xam p le  to  in ve rt tw o  o r  m ore  co lu m n  labe ls  in  F ig u re  1.18. 

w ith o u t c h a n g in g  th e  ce lls. A  s m a ll re m a rk  is im p o r ta n t .  A cross  the  ta b le , it is 

poss ib le  to  id e n t ify  th e  sam e p a tte rn s  o f n u m b e rs  found  in  ca teg o ries  d e rive d  fro m  

m o n a d ic , te rn a ry , and  h exa d ic  s ig n  re la tio n s . ;is il lu s tra te d . T hese  p a tte rn s  do  n o t 

rep resen t th e  resp ec tive  ca teg o ries  o f  these s ign  re la tio n s . Indeed , it  is possible* to  f in d  

th e  same p a tte rn s  in  d iffe re n t reg ions  o f the  ta b le . In  F ig u re  I. 11 I su pe rim po se  th e  

deeadie  s ign  d e r iv a t io n  tree  w ith  a d if fe re n t v isu a l fo rm a lis m . T h e  enc los in g  rec tang les  

an* paren t nodes in  a tree  re p re s e n tin g  th e  d e ca d ic  s ign  re la t io n , th e  b roadest b e in g  

th e  roo t node, w h ich  is th e  t r ia d ic  s ign  re la tio n .

W a lt he r ( 1979. p 97) used th e  sam e o rd e r as P e irce  to  lis t th e  te n  tr ic h o to m ie s , 

as i l lu s tra te d  in  F ig u re  1.15. She d id  n o t re fe r to  th is  d ia g ra m  ;is c o n ta in in g  re la t io n s

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



www.manaraa.com

290

dO (R.dO)iO (R,dl) nl (R.nl) (R.dO.nl)

66 28 10

10

10

28

10

F ig u re  1. l.'i: Table w ith  the sixty-six assumed valid arrangem ents
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F ig u re  1 .11: D erivation  tre e  and derived categories
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o f in c lu s io n , b u t its  d is p o s it io n  m a y  w ro n g ly  suggest t h a t . 11

2

■ ■■?$/ ■'&/&/\ SFamisign 

C0P'3 Od Collective.
4 S-Od Symbol

Relative ■ \
 Usual..', . \
 indicative'. , . \
__________Pragmatic. \  \
______________ Argument'. \
’_______   Formal

/ /k /w *  /$/*/£■&---
9 S-lf 

10 S.O.I
1

F ig u re  1. la: W a lth e r ’s illustration  o f Peirce's 10 trichotom ies o f decadic sign 

relations (Walther, 1979, p 97, redrawn and complemented)

T h e  accep tance  o f a p a r t ia l o rd e r  w ou ld  im p ly  th a t th e re  are  p o s s ib ly  m ore  th a n  

s ix ty -s ix  ca tegories  o f  decad ic  s igns. T h is  is a q u e s tio n  th a t needs to  be addressed by 

se m io tic ia n s . to  w h o m  the  c o n d it io n s  o f t r u th  o f  these ca tegories  a n d  th e ir  g e n e ra lity  

is im p o r ta n t .  F o r exam p le , in  an  h y p o th e tic a l e n u m e ra tio n  o f a deead ie  s ign re la t io n , 

an  im m e d ia te  In te rp re ta n t ( i l .  th a t  is the in te rp re ta n t w ith in  th e  s ig n ) w o u ld  p re sup 

pose th e  d y n a m o id  o b je c t (d O . th a t  is the  o b je c t o u ts id e  th e  s ig n ), a n d  th e  re la tio n s

a I f  one a cce p ts  th a t  d e c a ilie  s u b d iv is io n s  are la t t ic e s ,  a d ia g ra m  s im ila r  to  th e  one d e v e lo p e d  

b y  M e rre l a nd  re d ra w n  in  F ig u re  1.29. w o u ld  be a b e t te r  a lte rn a t iv e  th a n  W a lth e r 's  d ia g ra m . M y  

pre fe rence1, h o w e ve r, is th e  s p a t ia l H ;isse  d ia g ra m .
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betw een th e  rep resen tam en  and  11 it* d y n a m o id  O b je c t (R . d O |.  I f  it presupposes, it  

inc ludes, and  th is  e lim in a te s  th e  p o s s ib il ity  o f  le a rn in g  because e v e ry th in g  th a t is 

o u ts id e  is a lre a d y  ins ide . I f  th e  covert in te rp re ta n t ( i f )  a lre a d y  c o n ta in s  the  overt 

o b je c t (d O ). i t  is equa tes  th e  f in a l in te rp re ta n t in  its  re la t io n  w ith  th e m  (R .d O .n l) .  

B u t . it shou ld  no t. I t  is e x a c tly  th e  e m p ir ic a l d iffe ren ce  o f  th e  in te ra c t io n  w ith  overt 

o b je c ts  th a t in te rp re te rs  reflect u p o n  in  o rd e r to  change o r n o t. a c c o rd in g ly .

H ow ever, th e  s o lu t io n  o f m ore  basic p rob lem s is necessary. O ne  p ro b le m  is s im ila r  

to  th e  d iffe re n t e n u m e ra tio n s  fo r th e  tr ia d ic  s ign  re la t io n  fo un d  in  th e  In fo rm a tic s  

l ite ra tu re  th a t have been re c e n tly  e x p lo r in g  se m io tics  to  gu ide  des ign . See F ig u re  1. 1 

fo r  some exam ples. T h e re  is no  a p p a re n t agreem ent on th e  s o lu t io n , o th e r th a n  

th e  fact th a t m ost have been se a rch in g  fo r a s ing le  e n u m e ra tio n . M o reo ve r. Pe irce 

scho lars  have been l is t in g  th e  c o m p o n e n ts  o f decad ic  s ign  re la tio n s  in  sequences th a t 

a re  not in  agreem ent even w ith  th e  p a r t ia l o rd e r o f  th e  c o rre s p o n d in g  s ign  re la t io n , 

as ana lyze  in  th e  sequel.

T h e  d e r iv a tio n  o f  th e  ca tego ries  o f  hexad ic  and decad ic  s ign  re la t io n s  is a s u b je c t 

th a t  o n ly  a few have ve n tu re d  in to . Pe irce scho lars have been exp ress in g  d iffe re n t 

o p in io n s  to  de fine  one s ing le  o rd e r  in  w h ich  to  o rg an ize  h exa d ic  a nd  decad ic  s ign  

re la tio n s  and  th e  c o rre s p o n d in g  d e riv e d  categories. A s  I have m e n tio n e d , th e re  h;us 

been no agreem ent on  th e  o rd e r, p a r t ia l o r s t r ic t ,  o f  th e  e lem en ts  o f h exa d ic  and  

decad ic  s ign  re la tio n s . H a rd w ic k  ( 1077) fo o tn o te d  th a t the  o rd e r becam e a m a tte r  

o f  o p in io n . F ig u re  1.16 d e p ic ts  th e  a p p ro x im a te  o rd e rs  w h ich  som e a u th o rs  have 

p roposed  as th e  c o rre c t ones. T h e  o rd e r  is a p p ro x im a te  because severa l a u th o rs  have 

connected  th e  v x p l i c i t  in te rp re ta n t w ith  the  f i n a l  in te rp re ta n t. a n d  th e  d f s t m a t r  

w it  l i  th e  i i nn u  t’ la tc  one. w h ich  sw aps th e ir  o rd e r. T h is  is in  c o n tra d ic t io n  o f P e irce ’s 

e x p la n a tio n  (P e irce  and  \ \  el b y -G re g o ry . 1977. p 11). b u t th is  c o n tra d ic t io n  seems 

ove rlo o ked  b y  th e  c o m m u n ity . ’*

Weiss and  B u rk s  (1915. p 6 8 5 -6 ). Sanders (1970. p 7). H a rd w ic k  (1977) -la p p y

Fr<>tn I w h a t c o u ld  p e rc e iv e  W eiss a n d  B u rk s  ( 1916. p 68a ) a n d  H a rd w ic k  ( 1977. p  H ig t m is la 

b e lle d  d e s t in a te  a n d  e x p l ic i t  in tc rp re ta n ts  w ith  im m e d ia te  a n d  f in a l,  r e s p c c t iv lv .  T h is  m is la b e l has 

been  p e rp e tu a te d  in  th e  l i te r a tu r e  (R y a n . 1996. p 217-211.
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F ig u re  1 .10: E num eration  o f  Peirce’s hexadic and decadic sign relations: There 

is no agreement on the sequence, or partial order, in which a sign relation should be 

organized, (a) Peirce (1958, CP 8.343) (b) Peirce and Welby-Gregory (1977, p 84) (c) 

Hardwick (1977, p 162-3) (d) Weiss and Burks (1945, p 386-7) (e) Muller (1994, p

138-43) (f)Jappy (1983, p 147) (g) As proposed here

(1 9 8 3 ). R yan  (1991. 1993). and  M u lle r  (1991) have d iscussed o r used d iffe re n t enu

m e ra tio n s  o f th e  d eca d ic  s ign  re la t io n . In  F ig u re  1. 16. I g ive  som e exam ples o f 

d if fe re n t e n u m e ra tio n s  fo u n d  in  th e  lite ra tu re .  A  b r ie f  c o m m e n ta ry  is im p o r ta n t to  

i l lu s t r a te  the  ch a llen ge  th a t lies ahead. For e xam p le . M a r ty  (1982. p 179) in i t ia l ly

lis te d  th e  s u b d iv is io n s  o f  th e  s ign  as ((),/  — ( ),  —• /? —• /, — [,t —  I f )  sw ap

p in g  th e  fin a l a nd  th e  im m e d ia te  in te rp re ta n t. M a r ty  la te r  m o d if ie d  th e  o rd e r to  

(0,1 —  O,  — R  — I f  —• I,i —  / , )  (M a r ty .  1990. p 221). ju s t if y in g  th is  by ap

p e a lin g  to  P e irce 's  c o m m e n ts  th a t an  e lem en t dt i t n n i n t s  a n o th e r (M a r ty .  1990. p 

210). -Jappy ( 1983) a tte m p te d  to  am e nd  the  h ie ra rc h y  th ro u g h  a re fo rm u la t io n  b u t 

m a in ta in e d  represen t a n ien s  p re sup po s ing  o b jec ts .

I be lieve  th a t a s ing le  passage in  w h ic h  Peirce te x tu a l lv  o rd e red  th e  hexad ic  and 

th e  d eca d ic  s ign  re la t io n s  s ta r t in g  w i th  th e  d y n a m o id  O b je c t '1'* sh o u ld  n o t be taken  as 

th e  a rc h e ty p e  o f  th e  c o rre c t s t r ic t  o rd e r  used to  o rg an ize  th e  c o rre s p o n d in g  categories.

‘■ 'The passage has lie e n  q u o te d  above  I Peirc e a n d  W e lb y -G re g o ry . 1077. p  S I I.
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F ro m  m y p e rsp e c tive  Peirce was s a y in g  th a t a s u b d iv is io n  ra t i  i j o n a i l l y  p n  suppost s 

a n o th e r  (e.g. th ird iu 's s  p resupposes secondness) a nd  n o t th a t a s u b d iv is io n  r h ro n o -  

l o t j i r u l h j  <h tt r rruru  .s th e  nex t s u b d iv is io n .

In  fa c t, than* is o th e r  ev idence  in  P e irce 's  w o rk  th a t  R epresentam ens do  not 

p resuppose  O b je c ts , a t least in  th e  d e r iv a tio n  o f  ca tego ries , as some o f th e  a u th o rs  

have assum ed. F ro m  a s t ru c tu ra l o r  s y n ta c t ic a l p e rsp e c tive , it  is poss ib le  to  a ff irm  

th a t sonu* o f  these p roposed  e n u m e ra tio n s  are n o t in  accordance  w ith  P e irce 's  w o rk . 

I re p e a t. Pe irce  sa id  th a t  these ca teg o ries  were ope n  to  fu tu re  e x p lo ra tio n . I f  P e irce ’s 

h y p o th e s is  co rresp on ds  to  a c tu a l sem iosis. how ever, i t  is a m a tte r  th a t d em ands  fu tu re  

in te rd is c ip l in a ry  research and  is o u ts id e  th e  scope o f th is  thesis.

P e irce  d iscussed th e  c o m b in a tio n  betw een th e  firs t tw o  tr ic h o to m ie s  th ro u g h  

th e  c o rre la t io n  be tw een  th e  s ign  i ts e lf  and  th e  im m e d ia te  o b je c t ( ( p o tis ig n s , ac- 

t is ig n s . fa m is ign s ) c o rre la te d  w ith  (d e sc rip tive s . des ign a tive s . c o p u la n ts ) ). See F ig 

ures 1.11(c) and  (d ) . T h e  precedence o f th e  rep resen tam en  over tin * im m e d ia te  o b je c t 

is d e a r ,  o th e rw ise  a d if fe re n t set o f  ca tegories  w o u ld  be th e  va lid  ones (P e irce . 1958. 

8 .8 5 0 -0 5 ) ."1

I have i l lu s tra te d  w ith  F ig u re  1.89 how  a d if fe re n t set o f classes is d e r iv e d  fro m  

te rn a ry  s ign  re la tio n s  o rg an ized  w ith  d iffe re n t o rd e rs  am o ng  its  e lem en ts . T h e  cause 

o f  d eca d ic  s ign  re la t io n s  is s im ila r . Indeed , t r ia n g u la r  table 's (co llapsed  trees) do  not 

c le a r ly  d ep ic t the  se m a n tic  d iffe rences, even i f  re s tr ic te d  to  s ix ty -s ix  classes.

In  th e  sequel. I e m p lo y  s p a tia l H;usse d ia g ra m s  to  show  th e  im p lic a t io n s  o f  d is t in c t  

e n u m e ra tio n  w ith in  a s ign  re la t io n . D is t in c t  sequence's m ay be a re su lt o f d iffe re n t 

w ays to  e n u m e ra te  th e  co m p on en ts  o f  a s ign  re la t io n . .Just ;us the  c o rre la t io n  d e rive d  

fro m  te rn a ry  s ign  re la t io n  is rep resen ted  ions (p ro je c te d  on  a 2 -d im e n s io n a l su rface ), 

h e x a d ic  and  decad ic  s ign  re la tio n s  d em ands  ti- a n d  1 0 -d im en s io n a l spaces, a lso  p ro 

je c te d  on  a 2 -d im e n s io n a l surface. I l im ite d  the' i l lu s tra t io n s  to  a s ix -d im e n s io n a l 

subspace . T h is  is th e  subspace o f th e  te n -d im e n s io n a l space necessary to  d e p ic t th e

" ’ T h e  re s u lts  th a t  P e irce  a rr iv e d  a t a re  a lso  c le a r e v id e n c e  th a t  the  re p re s e n ta m e n  precedes 

th e  im m e d ia te  o b je c ts  ( th e  im m e d ia te  o b je c t  p resupposes  th e  rep re s e n ta m e n  I. c o n t ra d ic t in g  som e 

propos» ’i l  e n u m e ra tio n s  in  w h ic h  d e ca d ic  sintv re la t io n s  s ta r t  w i th  th e  d y n a m ic  o b je c ts .
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ca teg o ries  o f a decad ie  s ign  re la tio n .

T o  beg in , th e  H jisso d ia g ra m  in  F ig u re  1.17 d e p ic ts  th e  3 '1 (729) a rra n g e m e n ts  

d e r iv e d  fro m  an h exa d ie  s ign  re la t io n  assum ing  no  o rd e r c o n s tra in t am o ng  th em . 

In  F ig u re  1.17. I have  chosen th e  p ro p o r t io n s  and  d im e n s io n s  o f th e  s ix  axes (s ix  

t r ic h o to m ie s )  in  o rd e r  to  c lu s te r th e  re la tio n s  am o ng  th e  firs t th ree  tr ic h o to m ie s  in  

c o n tra s t w ith  th e  re la t io n s  am ong th e  last th ree . In  th e  s p a tia l o rg a n iz a tio n  o f th e  

d ia g ra m  it  is poss ib le  to  id e n t ify  n in e  s m a lle r  p a ra lle le p ip e d s , w h ich  co rre sp o n d  to  

th e  firs t th ree  tr ic h o to m ie s  (1st. 2nd . 3 rd ). T h e  l;ust th re e  shape the  d ia g ra m  as a 

w ho le , because th e y  p resuppose  th e  fo rm e r th ree . I have also labe led  som e e lem en ts  

( in d e xe s ) to  i l lu s t r a te  th e  c o o rd in a te s  o f  poss ib le  a rran ge m en ts .

A  c o n s tra in t such as a s t r ic t  o rd e r am ong  th e  e lem en ts  w ou ld  d e lim it  a reg ion  

in  th is  s ix -d im e n s io n a l subspace c o n ta in in g  tw e n ty -e ig h t e lem ents. T h is  is e x a c tly  

th e  n u m b e r o f  ca teg o ries  Peirce sp e cu la te d  fo r hexad ie  s ign  re la tio n s . For e xam p le . 

F ig u re  -1. 18 il lu s tra te s  th e  ca tegories d e r iv e d  from  th e  hexad ie  sequence I s /  — 2 m l  — 

3 rd  — [ th  — 5 // j —  0 //;. In  m y in te rp re ta t io n  th is  w o u ld  co rresp on d  to  P e irce ’s 

( R  —  i ( )  — d O  —  i l  — <11 — n l )  e n u m e ra tio n .

A s  I have show n  fo r  th e  te rn a ry  s ign  re la t io n , a d if fe re n t sequence w o u ld  resu lt 

in  d is t in c t  sets o f  d e r iv e d  ca tegories. I deve loped  th e  Hasse d ia g ra m  in  F ig u re  I. 19 

to  c o n tra s t th e  tw o  sequences th a t are  m ost o fte n  d iffuse d  in  th e  l i te ra tu re ,  w h ich  

co rre s p o n d  to  (/?  — i O  — d O  — i [  —  d l  — / / / )  a nd  [<IO — i ( )  — f i  — n l  — <I I  — 

i l ). In  re la t io n  to  each o th e r, the  f irs t  th re e  tr ic h o to m ie s  are inve rse ly  o rd e red . T h e  

" c u ts " .  ;is i l lu s tra te d  be fo re  in  th e  th re e -d im e n s io n a l c;ise. d e lim it  d if fe re n t reg ions, 

c o n se q u e n tly  d if fe re n t sets o f  ca tegories.

I co nsc iou s ly  leave* fo r  a fu tu re  w o rk  th e  d eve lo pm e n t o f  a d ia g ra m  c o n s id e r in g  s ign  

re la t io n s  as la ttic e s . I have n o t deve loped  an i l lu s t ra t io n  fo r a set o f ca teg o ries  w h ich  

co ns ide rs  a ll th e  v a lid  ( 'n u m e ra tio n s  o f  a s ign  re la t io n . I f  a ll th e  va lid  sequences w ith in  

th a t  p a r t ia l o rd e r wen* cons idered , th e  d e rive d  set w o u ld  in c lu d e  th e  c o n ju n c tio n  o f 

a ll c o rre s p o n d in g  ca tego ries . In  o th e r  w ords , th e re  w il l  be* m ore  v a lid  classes th a n  

tin * sets d e rive d  fro m  o n ly  out* e n u m e ra tio n .

S p a t ia l Hasse d ia g ra m s  are an a lte rn a t iv e , h u t sh o u ld  not be seen as th e  o n ly
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333 323
2 . ”

6 M !0 18

222 222 28 333 32327 333 333
26 333 33 n

l i t  777

24333 321 25333322

K' l  ri-mi
72 333 22 snvm 
18 33222221 333 221

19 32222
7 22222217 332 22

2
322 221 6 222 221

l l  1 111 111
fi 2 211111

m

333 377 23

333 211 20
11322 211332211 16;

5 222211

4 222 777
3 221 171

1 111 111

333 117 19'
332 177 l i i A Q3*2 »*j 
337 _7 77 14 

321 111_ 9 
i f f  in T

2 211 111

3 221 111
4 222 m
5 222 211
6 222 221
7 222 222
8 311 111
9 321 111

10 322111
11 322 211
12 322 221
13 322 222
14 331 111
15 332 111
16 332 211
17 332 221
18 332 222
19 333 111
20 333 211
21 333 221
22 333 222
23 333 311
24 333 321
25 333 322
26 333 331
27 333 332
28 333 333

F ig u r e  1.18: Hasse d iagram  o f th e  tw en ty-e ight categories: d eriv ed  fro m  ( R  —

/ r ;  -  < /o  -  i f  -  <11 — n f )
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222 222 28 333 m
28 333 333.26 333 33 n

333 333

111 111

ROI 
ORI 
ROI and ORI

R iO dO il dl nl 

ROI

24333 32 f

16 233 222J 
03 223 l i t333 221 11332 222 

322 222
222 221 (24 33J 123

:33 122)

02223 122)
« 222 122J

dO '* dl

a f
333 311 23

iO R nl dl il 
ORI333 211 20

332 211 1Si

322 i n  JO  

16333 .U 1  
333 tit~W

20333

1332 111 IS!
331 111 u :

321 111
311 111

4 222 1 ft } 221 111

• 2112 III ; 
~i ll.i LU 

"2 211111

111111 
211111 
221 111 
222 111 
222 211 
222 221 
222 222 
311 111
321 111 
322111
322 211 
322 221 
322 222
331 111 
332111
332 211 
332 221
332 222 
333111
333 211 
333221 
333 222 
333311 
333 321 
333 322 
333 331 
333 332 
333 333

111 111 
112 111 
122 111 
222 111 
222 112 
222 122 
222 222 
113 111 
123 111 

; 223 111 
! 223 112 
! 223 122 
j 223 222 
! 133 111 
; 233 111 
: 233 112 
! 233 122 

233 222 
333 111 
333 112 
333 122 
333 222 
333 113 
333 123 
333 223 
333 133 
333 233 
333 333

F ig u re  1 .It): Hasse d iagram  w ith  tw o sets o f tw e n ty -e ig h t derived categories:

(a )  {dO —* i () —•— /? — /  —* d[  — i l )  in w h ite , an d  (b )  (< IO  — iO —  R — n [  —

d l  — i l )  in d a rk e r gray.
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a lte rn a tiv e . I i l lu s t ra te  in  th e  n e x t su bse c tion  how  trees and  tr ia n g le s  can he lis t'd  to  

dep ic t these re s tr ic te d  subse ts o f  ca tegories .

4.5 .2  C om m ents on other ex istin g  diagram s

Trees and  tr ia n g le s  (co llap sed  tre e s ), as I have show n  be fo re  a re  not th e  best choices 

to  v isua lize  th e  re la tio n s  be tw een  th e  ca tegories. Indeed , th e re  is no p lace  in  a tr ia n g le  

fo r the  ca tego ries  o th e r  th a n  those  d e rive d  fro m  a s ing le  ( 'n u m e ra t io n . I dec ided  to  ap

pend th is  su b se c tio n , w ith  its  i l lu s tra t io n s ,  because th e  l i te ra tu re  discusses e x te n d e d  

tr ia n g le s  as v ia b le  a lte rn a tiv e s  to  d e p ic t sets o f  ca tegories.

A lth o u g h  I f in d  th e m  in a p p ro p ria te *  to  v is u a liz e  th e  d e riva t io n  o f  ca tegories , th a t is 

m y  ju d g e m e n t, and  I canno t fo rce  th is  dec is ion  o n  th e  invo lved  c o m m u n ity . M o reo ve r, 

th e  co n tra s t can  c o n tr ib u te  to  a deeper u n d e rs ta n d in g  o f th e  w ho le  to p ic .

T h e  tree  th a t w ou ld  connect, th e  s ix ty -s ix  ca tegories  d e r iv e d  fro m  a s ing le  enu 

m e ra tio n  o f  th e  c o m p o n e n ts  o f a d eca d ic  s ign  re la t io n  is i l lu s tra te d  in  F ig u re  1.50. 

Sanders deve loped  an a rb o resce n t d ia g ra m  s im ila r  to  th is  one to  i l lu s tra te  th e  n u m b e r 

o f  de rived  ca teg o ries  fro m  d if fe re n t s ign  re la t io n s  (Sanders. 1070. p 0 ).

S im ila r  to  th e  tr ia n g le  th a t  i l lu s tra te s  th e  te n  ca tegories  d e riv e d  fro m  tin* te rn a ry  

s ign  re la t io n , a tr ia n g le ' d e p ic t in g  th e  s ix ty -s ix  ca teg o ries  d e rive d  fro m  th e  d eca d ic  s ign  

re la t io n  can be o b ta in e d  th ro u g h  th e  co llapse  o f  th e  tree  rep resen ted  in  F ig u re  1.50 

o n to  a p lane. F ig u re  1.51 d e p ic ts  th e  c o rre s p o n d in g  tr ia n g u la r  d ia g ra m  as a co llapsed  

tree . It is possible ' to  o b ta in  th e  c o rre s p o n d in g  indexes o f th e  s ix ty -s ix  ca tegories  

th ro u g h  a tra v e rs a l o f th e  co lla p se d  tree . T h e  indexes on th e  d ia g ra m  are in d e p e n d e n t 

o f  tlit*  se m a n tics  o f th e  s t r ic t  o rd e r  o f  th e  s u b d iv is io n s  o f  a s ign .

A  s im ila r  d ia g ra m  d e p ic te d  in  F ig u re  1.52 can  be used to  i l lu s tra te  W eiss and 

B u rk s 's  fo rm u la  fo r c a lc u la t in g  th e  n u m b e r o f  d e r iv e d  ca tegories  o f  a c e rta in  n -ad ie  

s ign  re la t io n  th a t is assum ed s t r ic t ly  o rd e red . T h e  fo rm u la  is s im ila r  to  th e  fo rm u la  

o f  the  area o f  a tr ia n g le , b u t co ns ide rs  its  d is c re te  n a tu re . W eiss a nd  B u rk s  (19-15. 

p 387) w ro te  th a t " in  g ene ra l, n t r ic h o to m ie s  y ie ld  ;.. .] (n  ~  l ) ( n  — 2) -'2 c lasses.". 

T h is  can be v is u a liz e d  w ith  th e  a id  o f a tr ian g le ', in  w h ich  th e  leve l co rresp on ds  to  

th e  n u m b e r o f  a va ila b le  tr ic h o to m ie s .
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secondness

firstness

F iu ,u r< ‘ 1.50: D eriv in g  tree  for th e  sixty-six valid  categories
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Peirce in tro d u c e d  hexad ie  and d eca d ic  s ign  re la tio n s  as re fin e m e n ts  o f  te rn a ry  s ign  

re la tio n s . A  research to p ic  th a t  In is  genera ted  some in te re s t is assoc ia ted  w ith  th e  

re la tio n s  am o ng  sets o f ca tegories  d e r iv e d  fro m  d if fe re n t ly  com posed s ign  re la tio n s .

A  m a p p in g  be tw een  th e  severa l sets o f d e r iv e d  ca tegories sh o u ld  firs t e s ta b lis h  

th e  co nve n tio ns  a b o u t how  to  p e r fo rm  th is  m a p p in g . T h e  m a p p in g  o f one set. o f  

d e r iv e d  ca tego ries  o n to  th e  o th e r  have been addressed by M a r ty  ( 1990. p 2 2 5 1 a m i 

by M a rb s tic a  ( l (J!J2 j. c ite d  b y  Farhus and  Q u e iro z  (199!). 2 0 0 0 b ).

3333 !.(!i!'b 4 3  3333 2222 11Level

\M

3's.

F ig u re  1.51: Collapsed tree  o f th e  sixty-six categories onto  a triang le

Farias a nd  Q u e iro z  (1999. 2000b) a lso used e x te n d e d  tr ia n g le s  to  co m p are  sets o f 

ca tegories . As I have show n in  F ig u re  1.39. sets d e rive d  fro m  d iffe re n t e n u m e ra tio n s  

o f  s ign  re la t io n s 's  co m p o n e n ts , a re  s e m a n tic a lly  d iffe re n t. I u n d e rs ta n d  th a t th e  

use o f  tr ia n g le s  to  g ro u p  d if fe re n t ca tegories  is l im ite d  to  one subset o f  th e  d e r ive d  

ca tegories  o f  a s ign  re la t io n . I f  th e  sets do  no t co in c id e  w ith  th e  o b je c ts  rep resen ted  in  

th e  tr ia n g le s , th e  g ro up s  sh o u ld  n o t be  co m p a red , o th e rw ise  i t  w o u ld  be s e m a n tic a lly  

in c o n s is te n t.
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Level
N u m b e r o f  (Level *1) x (Level+2) 
C a te g o rie s  = 2

0

1

2

(4 x 5) / 2 ■ 10
±3

-4,
4

5

6

7

8

9

10

3

6

10

15

21

28

36

45

55

66

F il l in ' 1.52: N u m b er o f  Categories o f an n-adic sign relation

(a)

10,
028

026 027
V

Q 23 6  24 p 25

O 20 9 021 0  22

0 1 4  O ’5 016 017 Qia
5/ /  6 /  7

p fl 0  9 0)18 O il 012

1 0 f O  2 2 C )3' 3 6 4  O  5 4 06

(b)

20.21.22

2.3

23.24.25,26,27.28

11,12,13,16,17,18

5,6.7

10,15 10,15

Figure L5.'3: M a r ty ’s re la tion  betw een tw en ty -e ig h t and ten  categories
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M a r ty  re la te d  sets o f  ca tegories  d e r iv e d  fro m  te rn a ry  a n d  hexad ie  s igns (M a r ty .  

1!)!J0. p 228 ). T h e  sets he com pared  w ere  d e rive d  fro m  s t r ic t ly  o rde red  s igns haseel 

on (<lO —  R —* i i [ )  a nd  ( t l ( )  — i ( )  —  R  — n /  — t i l  — i l )  re la tio n s . M a r ty 's  

e n u m e ra tio n s  o f decad ic  s ign  re la tio n s  are' n o t th e  ones I u n d e rs ta n d  to  he th e  ones in  

accordance' w ith  P e irce 's  w o rk , h u t th e y  a re  co ns is te n t w ith  each o tlu T . He' p roposed a 

d ia g ra m  s im ila r  to  the* one* i l lu s tra te d  on  F ig u re  1.33(1)) tei re la te  tw o  sets o f ca tegories.

I have' re'gre»iipe*e 1 h is m ap p in gs  u s ing  the' t r ia n g u la r  e liag ram  eU-pie-t<*eI on  F ig 

ure 1 .03(a). I re 'tna rk th a t M a r ty  enum erate 'e l the' e-ati'gories in  the- inverse* «>rele*r to  

P e in e . a s c r ib in g  28 tei ( 1 L1 111) anel 1 to  (333 333). Howe'ver. M a r ty  name'el the  

te*n e hisses accem ling  tei Pe'iree*'s te>n elasse’s. w h ich  are' elerive*el fre)tn a ( R  — O  — / )  

re la tiem  eif e>reler. In  the* e lia g ram . 1 have* re'labelleel th e m  inve 'tsely.

I have nett e'Xploreel he>w tei eeimpaH' twe) se'ts o f derive'el cate*ge>rie*s eh'rive'd fro m  

sign re 'la tions  w ith  elistine t ca re lin a lity . I u n d e rs ta n d  th a t  liefeire' e 'xp le iring  sueh a 

thc'tne*. i t  is nee i'ssary to  aehiewe' eemsensus on  more1 fu n e la m e n ta l m atte 'rs .

I ee>uclitele th is  las t e h a p te r he>ping th a t  the* d ia g ra m s  anel s truc tu re 's  I have pre- 

senteel in  t h is  c h a p te r  w i l l  e e u itr ih u te  te> th e  elevele>ptne*nt e>f se-inieitie s. te> th e  ejrganiza- 

t io n  e>f s ign  relatie>us anel th e 'ir  cate'ge>ries. anel th e  c m s s -p o ll in a t io n  w ith  In fe u in a tics .

4 .6  S u m m a ry  a n d  F in a l R e m a rk s  4

In  the* h is to ry  e>f HC’ I and in fo rm a tic s , th e  seicial science's have c o n tr ib u te d  te> lm m a n - 

e-ente'reel pe rspe c tives  th ro u g h  d is c ip lin e s  such as psycheilogy. a n tliro p o lo g y . anel se>- 

eieilogy. H ow ever, th e  d is c ip lin e s  th a t  have studieel h u m a n  c o m n iu n ie 'a tio n  fo r the  

kingest a re  no t th e  ones in  th e  seicial se iences. b u t th e  eines in  the  a rts  anel h u in a n - 

itie's. Language's have bevn  key to  th e  eleveleipm ont o f  in fe u in a tie s . S im ila r  tei the  

deved 4 ‘t i t  o f  lin g u is t ic s  anel language  stuelies. th is  ce m tribu tiem  luus empluusizeel 

o n ly  language  s tru c tu re , ra th e 'r th a n  h e ith  s tru c tu re  anel use. H ow ever, a broaeler 

u m le rs ta n e lin g  o f h u m a n  c o tn ru u n ic a tio n  in  in fo rm a tic s , erne th a t inehu les  language 

use', has receivi'ei scant re>eognitiem u n t i l  neiw. In  th is  thes is . I o n ly  peiin t tei th is  

Uliexpleireel subje ’c t.
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I u n d e rs ta n d  th a t tin* c ro s s -p o llin a tio n  betw een in fo rm a tic s  a n d  se m io tics  w i l l  be 

feasib le  o n ly  i f  th e  p a r t ic ip a n t fie lds  are ab le  to  e s ta b lish  a c o m m o n  " ro u n d  across 

th e  c o m p le m e n ta r ity  o f th e ir  d iffe rences. T h e  ch a llen ge  is th a t  th e re  has been no 

co m m on  g ro u n d  re g a rd in g  w h a t c o m m u n ic a tio n  is in  e ith e r f ie ld .

T h ro u g h  th e  research I have ca rr ie d  o u t in  th is  d is s e rta tio n . I rea lized  th a t it  

w ;is n o t enough  to  im p o r t  m ode ls  o f c o m m u n ic a tio n  th a t have been  deve loped  in  th e  

a rts  and h u m a n it ie s  i f  these m ode ls  were as s t i f f  ;us th e  ones d eve lo pe d  and used in  

in fo rm a tic s  and  th e  c o g n it iv e  sciences. In  se m io tics , th e re  h;us been a s tro n g  te n d e n cy  

to w a rd  lin e a r s e q u e n tia l m ode ls . Peirce w ent b eyo nd  th is  te n d e n cy , b u t h;is no t been 

w e ll u n d e rs to o d . T oday , th e n ' is no agreem ent on  how  to  rep resen t a s ign  re la t io n . 

I am  n o t ta lk in g  a b o u t tin* r iv a lr y  betw een d if fe re n t schools: even w ith in  schools, 

co n fu s ion  re igns on how  to  o rg an ize  the  c o m p o n e n ts  o f a s ign  re la t io n  s y n ta c t ic a lly .

In s te ad  o f  sca n n in g  across d iffe re n t to p ics  across HC’I a nd  in fo rm a tic s . I e xp lo re  

a to p ic  th a t  is re la te d  to  th e  fu n d a m e n ta ls  o f P e irce 's  S y s te m a tic  P h ilo so ph y . T h e  

m a in  c o n tr ib u t io n  o f  th is  c h a p te r is a s y s te m a tiz a t io n  o f  a fu n d a m e n ta l p ro b le m  in  

se m io tics , th a t  is. how  to  s tru c tu re  the* u n ity  o f  a n a lys is  o f s e m io tie  processes, w h ich  

is th e  s ign  re la tiem . Pe irce is cons ide red  to  be a fo re ru n n e r in  th e  d eve lo pm e n t o f 

se m io tics  as u n d e rs to o d  today. H is w o rk  is a lso cons ide red  a p re c u rs o r to  p ra g m a 

tis m . T h e  size* a nd  d iv e rs ity  o f  P e irce ’s w r it in g s  is c h a lle n g in g . B u t w ith in  a w ild  

he te rogene ity , v e ry  coherent p r in c ip le s  s tru c tu re  th e  s u b d iv is io n  o f  th e  several areas 

o f  h is w o rk , a nd  w h a t th ey  p resuppose.

In  th e  hist f i f t y  years. In fo rm a tic s  h;is d eve lo pe d  a series o f  concep ts , to o ls , p ro 

cesses. m e th o d s , theo ries , e tc . to  o rgan ize  th e  co m p o n e n ts  o f a r t i fa c ts  o r system s it 

p roduces. I am  us ing  some o f these e lem ents to  o rg an ize  s ign  re la t io n s  s y s te m a tic a lly . 

In  p a r t ic u la r .  I d iscuss p a r t ia l o rd e rs  in  C ha rles  Sanders P e irce 's  t r ia d ic  and decad ic  

s ign  re la tio n s . T h e  to o ls  I am  re fe rr in g  to  are in  th e  scope o f  d a ta  s tru c tu re s , d is 

cre te  m a th e m a tic s , a n d  e ng in ee rin g . T h e y  in c lu d e  trees, tab les , pose ts. la ttic e s , a nd  

C a rte s ia n  C o o rd in a te  system s. T h e  use o f  such to o ls  to  e x p lo re  sem io tie  re la tio n s  

m ay be a s m a ll s tep , b u t in  m y  u n d e rs ta n d in g , i t  is  a necessary one to  e s ta b lish  an 

in i t ia l  c o m m o n  g ro u n d .
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[ t  is fmLsiblo fo r  peop le  in  in fo rm a tic s  to  c o n tr ib u te  to  se m io tics  w ith  a s y s te m a ti

z a tio n  o f  its  n o ta t io n  because m os t o f th e  th e o ry  in  in fo rm a tic s  has been o f a m on ad ic  

n a tu re , w h a t co in c ide s  w ith  its  e m p lm s is  on  s y n ta x . D y a d ic  and t r ia d ic  m odels, w h ich  

c o u ld  be c o rre la te d  w ith  th e  se m a n tic  and  th e  p ra g m a tic  have n o t been e xp lo red  to  

th e  sam e e x te n t . ’'’ For e xam p le , m os t o f  tin * se m a n tics  s tu d ie d  in  In fo rm a tic s  re fe r 

to  o b je c ts  w ith in  th e  c o m p u te r. W ith in  a Pe ireean p e rsp e c tive , th e  u n d e rs ta n d in g  

o f  "m e a n in g ”  necessarily  tr ia d ic . S em an tics  and  p ra g m a tic s , i f  e x te n d e d  to  be in  

consonance  w ith  P e irce 's  p h iloso ph y , in vo lve  fa s c in a tin g  su b je c ts  w h ic h  need to  be 

p u rsue d  in  o rd e r to  g ro u n d  design as a m e a n in g fu l c o m m u n ic a tiv e  a c t iv i t y  th e o re ti

c a lly . p ra c tic a lly , a nd  e th ic a lly . M y  in te n t io n  is to  d eve lo p  these im p lic a t io n s  across 

m y  fu tu re  p ro fess io na l p ra c tic e  as an e d u ca to r.

I co nc lud e  th is  c h a p te r w ith  a q u o te  fro m  H e rb e rt S im on . In  1995 he w ro te  an 

a r t ic le  in  a sp ec ia l issue o f th e  S ta n fo rd  H u m a n it ie s  R ev iew . T h e  issue discussed 

th e  gap  betw een th e  C o g n it iv e  Sciences and  L ite ra r y  C r it ic is m . S im o n  expressed 

h is  th o u g h ts  a b o u t th e  poss ib le  c o n tr ib u t io n s  and  th e  a c tu a l d e b ts  o f  th e  c o g n it iv e  

sciences to  l i te ra ry  c r it ic is m  in  th e  fo llo w in g  ptissage:

1995 H erb ert S im on L ite rary  Criticism : A  cognitive A pproach  (S im on. 1995)

In th is paper, I w ill be acting  as an unabashed missionary for contem porary cognitive science,

[ . . . ]  which is itself an am algam  o f artificia l intelligence, cognitive psychology, and linguistics, 

w ith  a few  other trace substances (e .g ., anthropology, ep istem ology) throw n in.

I w ill argue th a t cognitive science has reached a point in understanding hum an thinking  

w here it can say a g reat deal about literary criticism ; in particu lar, th a t it can cast some 

lig h t on the theoretical foundations o f criticism  and even generate useful advice for its 

practice. B u t my position is not as asym m etric  as these words would m ake it appear.

' ’ A l t  h o u g h  s e m a n tic s  a n d  p ra g m a tic s  h a w  been  c o n s tru e d  in  w r y  d itrc rc n t w a ys  a c a re fu l a n a lys is  

o f  M o r r is ,  t r ia n t t le  show s th a t  these te rm s  have  been in tro d u c e d  ;is d ya d s , a nd  no t as tr ia d s , w h ic h  

is in  c o n tra d ic t io n  to  P e irce  s m o d e l.
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W ritte n  texts, lite rary  and o ther, provide a rich source o f d ata  for understanding cognition. 

Enorm ous th o u g h t goes into the production o f texts  and perhaps even m ore (given the  

ra tio  o f readers to  w riters ) in to  in te rpreting  them . T hese d ata  have not been much mined 

by cognitive scientists, who therefore have much to learn from  literary critic ism , which 

exam ines the texts in depth. Perhaps w h a t I am a tte m p tin g  here should be viewed as a 

gesture from  the cognitive side to  repay a small p art o f the debt we owe to  critics and 

theorists o f critic ism  for introducing  us to  literary texts. ( . . . ]

T h e  paper m ay also be viewed as an experim ent in co m m unication  between the tw o cultures 

o f the hum anities and the sciences. I sim ply take for g ran ted  th a t, pace Leavis, there are 

tw o cultures, m uch as C. P. Snow (1 9 5 9 ) described th em  th ir ty  years ago, and th a t com m u

n ication  between th em  is in frequent and then, when it occurs, noisy. I also take for granted  

th a t it is im p o rtan t for our society th a t this com m unication  be improved substantially.

In fo rm a t ic s  can  b e n e fit fro m  th e  know ledge  d eve lo pe d  in  S em io tics , and  v ice versa, 

b u t th e  c o m m u n ic a t io n  w il l  be v e ry  n o isy  and  tru n c a te d  u n t i l  th e  c o m m u n itie s  a re  

a b le  to  deve lo p  a m u tu a l a p p re c ia tio n  fo r the  d if fe re n t pe rspec tives  th e y  sus ta in .
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C hapter 5 

Looking Across and Looking 

Along: R eflections

T h e  ca teg o ries  acco rd in g  to  w hich  a g ro u p  envisages itse lf, 

and ac co rd in g  to  w h ich  i t  represents itse lf and  its  sp ec ific  rea lity ,

c o n tr ib u te  to  th e  re a lity  o f  th is  g ro u p . 

P ie r re  B o u rd ie u . Language Symbol ic  Power ,  p 133. 1991

W e ll in te n tio n e d  professionals (th o s e  w h o  use invasion  n o t as d e lib e ra te  ideo lo gy  b u t as 

th e  expression o f  th e ir  ow n  u p b rin g in g ) e v e n tu a lly  d isco ver th a t  c e rta in  o f  th e ir  

e d u c a tio n a l fa ilu res  m u st be ascrib ed , n o t to  th e  in tr in s ic  in fe rio rity  o f  th e  "s im ple m en  

o f  th e  p eo p le ,” b u t to  th e  v io lence o f  th e ir  own a c t o f  invasion. T h o s e  w h o  m a k e  th is  

d is co ve ry  face  a d iff ic u lt  a lte rn a tiv e : th e y  feel th e  need to  renounce invas ion , b u t  

p a tte rn s  o f  d o m in a tio n  are so en tre n c h e d  w ith in  th e m  th a t  th is re n u n c ia tio n  w ou ld  

b e c o m e  a th re a t  to  th e ir  ow n id e n tit ie s . T o  ren o u n ce  invasion w ou ld  m e an  a b a n d o n in g  

all m y th s  w h ich  nourish  invasion, a n d  s ta r t in g  to  in c a rn a te  d ia lo g ica l a c tio n .

P a u lo  F re iro . Pedagogy o f  t in Oppr t  sst d. p 137. 1970
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In fo rm a t ic s  is a b o u t te chn o lo gy . T h e re fo re , p o te n t ia lly ,  it co u ld  he a b o u t techne 

a nd  logos. T tc h nc  comes fro m  th e  G ree k , and  m eant ar t .  craf t ,  a h u m a n  s k il l 

g ro u n d e d  " in  genera l p r in c ip le s  and  ca pa b le  o f be ing  th o u g h t"  [C a m b rid g e  D ic t io 

n a ry ], I t  c o u ld  also be a b o u t in fo rm a tio n  fro m  i n f o r m u n . th a t in  L a t in  co ns true s  as 

" to  g ive  fo rm  to . to  d esc rib e " ( ib id ) .

L in k in g  techne  and logos, th is  thesis is a b o u t how  In fo rm a tic s  h;is g iven , is g iven , 

and  co u ld  g ive  fo rm  to  th e  genera l p r in c ip le s  o f  th e  art and  c ra ft o f c o m p u tin g . It. is 

a b o u t how  s ta keh o ld e rs  re flec t on  a nd  in te rv e n e  u p o n  c o m p u ta t io n a l phenom ena . Tht* 

loss o f an im p o r ta n t  file , d re a m  o f an in te ll ig e n t c o m p u te r, avo ida nce  o f a A u to m a te d  

T e lle r  M a c h in e  m ach ine  due  to  i l lite ra c y , jo y  o f  w in n in g  in  a c o m p u te r  gam e, sore 

back a nd  w r is t ,  m ean ing  o f re ce iv in g  a message fro m  a m iss ing  dost* fr ie n d  th ro u g h  

e -m a il, re p la ce m e n t by a ro b o t,  a ll d r iv e  d if fe re n t so rts  o f peop le  to  s t ru c tu re  th e ir  

p ro fess io na l lives  in  consonance  and  d issonance  w ith  e ve ryda y  c u lt tin*. T h is  thes is  is 

a b o u t peop le , a nd  th e ir  a c t iv it ie s , a t t itu d e s , va lues, and w o rld  v iew s. It is a lso  a b o u t 

c r i t ic a l ly  re fle c tin g  on th e  th e  good, th e  b ad . a nd  th e  u g ly  face ts  o f in fo rm a tic s , on 

how  th e ir  b lu rre d  b o u n d a rie s  have been c o -c o n s tru c te d  across theo ries , p ra c tice s , and  

p ra x is  in  d if fe re n t d isc ip lin e s , and  on how  to  d escrib e  th is  c o m p le x  c u ltu ra l ecology.

As I was w r it in g  these conc lus ions . I was w o n d e rin g  on how  d iffe re n t I w ou ld  

have w r i t te n  th is  thesis i f  I had  been so m ew he re  else. T h e  m a in  to p ics  o f  th e  fo u r 

ch a p te rs  w o u ld  s t i l l  be p resen t, b u t p ro b a b ly  in  a d iffe re n t o rd e r and d e p th . A n  

h is to r ic a l a cco u n t o f In fo rm a t ic s  w ou ld  s t i l l  be  c ru c ia l fo r a c r it ic a l  u n d e rs ta n d in g  o f 

w here  In fo rm a t io n  T e ch n o lo g y  is co m in g  fro m . A  d iscuss ion  on  H u m a n -C o m p u te r  

In te ra c t io n  tendenc ies  w o u ld  a lso fos te r aw areness fo r th e  fu tu re  scope o f In fo rm a t ic s . 

D esign  w o u ld  co n tin u e  to  l in k  w here  we com e  fro m  to  w he re  we are go ing . A s  a 

c o m m o n  th re a d , m odels in  In fo rm a tic s . H C I. a nd  D esign w o u ld  also be e x p lo re d  in  

th e  lig h t o f  P e irce 's  w o rk , whose ra tio n a le  is s y s te m a tiz e d  in  a c h a p te r on  S e m io tics , 

w h ich  c o u ld  be  th e  firs t one.

In  consonance  w ith  P e irce 's  w o rk  th e  g en e ra l p rin c ip le s  th a t foste red  th e  deve l

o p m e n t o f  severa l c o n ce p tu a l m ode ls  across th is  thesis was th a t th o u g h t a n d  a c tio n  

d ee p ly  in te rp e n e tra te  each o th e r  across m u lt ip le  d im ens ions . I have chosen to  ex
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p lo re  Poire-** boo;iuso th e  ra tio n a le  b e h in d  h is  p h ilo s o p h y  goes c o n s is te n tly  b eyo nd  

d ic h o to m o u s ly  s tru c tu re d  u n d e rs ta n d in g s  o f th e  w o r ld , fro m  M a th e m a tic s  to  P ra c 

t ic a l Sciences, passing  th ro u g h  S e m io tic s . Pe irce  n o t o n ly  b lu rre d  d ic h o to m ie s , bu t 

p ro v id e d  a sca ffo ld  to  b rid g e  b e n e a th , across, a n d  b eyo nd  th e ir  iso la te d  fa lse ly  p re 

sum ed  n a tu re . In  p a r t ic u la r ,  th e  co nce p ts  o f m e d ia t io n  and o f th ird n e s s  c o u ld  p la y  

key ro les in  o ve rco m in g  t ra d it io n a l ca teg o ries  th a t  o rg an ize  n o t o n ly  In fo rm a tic s , b u t 

a lso A c a d e m ia  a nd  socie ty. T h e y  go ben ea th  a n d  b eyo nd  because th e y  a tte m p t to  

e x p la in  d ic h o to m ie s  as a possib le  s ta te s  o f  m in d /w o r ld .  In  P e irce 's  S e m io tics  peop le  

a re  n o t l im ite d  to  secondness. W h e n  th e y  th in k /a c t  p u rp o s e fu l and  resp on s ib ly , th e y  

are  in  th ird n e ss . w h a t a lso inc lu de s  secondness. P e irce 's  c r it ic is m s  a re  in  consonance  

w ith  o th e r  a u th o rs  fo r w hom  m a in s tre a m  app roaches o f c o g n it io n  and  c o m m u n ic a 

t io n  w ere to o  l im ite d  to  e x p la in  th e ir  h is to r ic a lly  m u lt ifa c e te d  n a tu re , such ;ls  M ik h a il  

B a k h t in .  P ie rre  B o u rd ie u . and P a u lo  F re ire . I have n o t e xp lo re d  th e ir  w o rk  in  th is  

th es is , b u t I have lis te d  some re la te d  w o rk  i l l  A p p e n d ic e s  D  and E.

Som e re la te d  co m m en ts  are  a p p ro p r ia te , a nd  I w i l l  deve lop  th e m  in  these co n 

c lu d in g  rem arks  w ith  th e  a id  o f b o th  F ig u re  o . l .  f ir s t  in tro d u c e d  in  th e  p re face , and  

F ig u re  5.2. w h ich  d e p ic ts  th e  core  c o n c e p tu a l fra m e w o rk s  p roposed across th is  thes is . 

T h e  l in k  be tw een , w h ich  is no t e v id e n t in  th e  p re v io u s  chap te rs , is b r ie f ly  d iscussed 

b e low .

F ig u re  o . l  g ra p h ic a lly  em p lm sizes w h a t a re  th e  sciences o r d is c ip lin e s  d iscussed 

and  o fte n  p roposed  by Peirce th a t  p resuppose  S e m io tics  (L o g ic ) a nd  th e  ones th a t  

are  p resupposed  b y  i t .  S em io tics  is d e p ic te d  a t th e  ce n te r o f F ig u re  o . l .  O n  one 

h a n d , m a in s tre a m  In fo rm a tic s  lues deve loped  th e o re t ic a l d e p th  in  th e  m a th e m a tic a l 

face ts  o f  th e  fo rm  and s tru c tu re  o f  c o m p u ta t io n a l p he nom ena  (b o t to m ) .  O n  th e  o th e r  

h a n d , it has also deve loped  b re a d th  in  its  a c tu a l consequences across soc ie ty , b u t n o t 

at th e  sam e d e p th  ( to p ) .  In  o th e r  w o rds , th e  u n d e rp in n in g s  and th e o re tic a l te ne ts  

o f  m a in s tre a m  In fo rm a t ic s  are n o t ye t rea dy  to  a cco u n t fo r the  fo o tp r in t  o f  its  so c ia l 

and  e th ic a l a c tu a l im p lic a tio n s  a n d  consequences. M e ta p h o r ic a lly , m a in s tre a m  In fo r 

m a tic s ' re fle c tiv e  fra m e w o rks  are  s t i l l  m a in ly  focused  on  w ood, b e in g  n o t p o w e rfu l 

enough  to  e n v is io n  o r e ith e r  see th e  tree  o r th e  fo re s t. T o  be fa ir , d if fe re n t b ranches
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Practical 
Sciences like 
Pedagogics

Informatics and HCI?
Freire 
education

Bourdiieu 
(sociolggy -  

Sciences  
of Review

Cognitive
Science

Physics

Psychology

Philosophy

Metaphysics, in treating 
of phenomena as 
representing something 
that is inherently mind 
independent, treats 
phenomena as thirds, 
it studies the most 
general features of 
reality and real objects

Semiotics

Normative Sciences
treats phenomena A cfy ity  
as seconds It 
investigates the 
universal and necessary 
laws of the relation of 
phenomena to ends.

mediation cognition

Phenomenology treats 
phenomena as firsts It 

contemplates the 
universal phenomenon 
and discerns its 
ubiquitous element, 
firstness, secondnes, 
and thirdness

Evolutionary  
Cosmology Absence 
of determination; 
Determined potentiality; 
Actuality, events, facts. 
Habit taking_______

Agapism the thesis 
that love, has real 
Influence m the world 
and. m fact, is 'the 
great evolutionary 
agency of the universe

continuity"
Synechism
the theory that 
continuity prevails

Design Processes Chance
Objective Idealism
holds that "matter 
is effete mind," 
mind that has become 
hide-bound with habit.

■ Tychism the thesis 
that chance is really 
operative m the universe

Bakhtin dialogism
communication

Activity Driven,
Logic considers "those 
things whose ends are 
to represent something

V

Speculative Rhetoric 
or Methodeutic
studies how knowledge 
is transmitted

User Centered
Ethics considers 
"those things whose 
ends lie in action'

User Friendly
Esthetics considers 
'those things whose 
ends are to embody 
qualities of feeling*

sign categories
Critic is the formal 
science of the truth of 
representations; it is the 
study of the reference 
of signs to their objects.

Thirdness is the triadic 
element identified with 
the sense of learning 
or mediation as in 
thought or semiosis

Secondness
is the dyadic element 
identified with the sense 
of action and reaction

B
T B presupposes A 
A

Firstness
is the monadic element 
of experience usually 
identified with feeling

C subdivides 
into D and E

Discrete mathematics?

Speculative Gram m ar
studies what is requisite 
for representation of any 
kind; it is the study of the 
■general conditions 
of signs being signs"

F ig u re  5 .1: Future work in relation to  P eirce ’s System atic  Philosophy
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o f In fo rm a t ic s  v a ry  in  scope on how  th e y  see th e  trees. T h e  long  te rm  goal o f  th is  

thes is  is in te n d e d  to  raise awareness o f  the  fa c t th a t  th e  w ood depends on th e  tree  

a nd  th e  fo re s t, a n d  v ice-versa .

I t  is in  m y  e x p e c ta tio n s  th a t a fu tu re  and  m a tu re  In fo rm a tic s  w o u ld  ta ke  in to  

a cco u n t th e  consequences o f its  p ro fess io na l in te rv e n tio n s , th e o re tic a lly , p ra c tic a lly , 

and  p o lit ic a lly .  T h is  is not ye t th e  case, h u t a  m y r ia d  o f  endeavors have a lre a d y  

s ta r te d  to  lo o k  to  In fo rm a t io n  T ech no log y , a nd  its  outcom e's (e.g. c o m p u te rs ). ;is i f  

i t  w ere open to  its  e n v iro n m e n t, as i f  its  a r t i fa c ts  were in te ra c tiv e  a nd  m e d ia to ry .

T h e  c o n c e p tu a l space d e p ic te d  in  F ig u re  5 .2 (a ) . whose facets an* in tro d u c e d  a n d  

d iscussed across C h a p te rs  1 and  2. is in te n d e d  to  describe  som e o f  th e  d is c ip lin a ry  

scope across w h ic h  a b ro ad e r u n d e rs ta n d in g  o f  In fo rm a tic s  can be e xp lo re d . T h e  

m a in  ra tio n a le  th a t  in fo rm s  and  s tru c tu re s  th is  fra m e w o rk  is te rn a ry , and c o rre la te s  

h u m a n , c o m p u ta t io n a l,  and in te ra c t iv e  aspects o f  h u m a n  a c tio n  and  th e  re la ted  d is 

c ip lin e s  th a t s tu d y  th e m . T h is  fra m e w o rk , o r  c o n c e p tu a l space, is expressive  e nough  

to  describe* d is c ip lin a ry  niches a n d  in te rd is c ip l in a ry  re la tio n s  a m o n g  a c t iv it ie s  a n d  

d is c ip lin e s .

C h a p te r  3. on  design  processes, was in te n d e d  to  describe  th e  d y n a m ic s  o f d is 

c ip l in a ry  n iches a b s tra c t ly , such as th e  ones th a t  l in k  so lid  s ta te  physics, c o m p u te r  

e n g in e e rin g , c o m p u tin g  science, in fo rm a t io n  sys tem s, in fo rm a tio n  science*, a nd  th e  

genera l p u b lic . M o s t process m ode ls  across these* <liscipline*s re m a in  lim ite d  to  th e  

scope* o f  th e ir  o w n  niches o f t*xpe rtise . .ussum ing th a t  p ro fess iona ls  o f o th e r  d is c ip lin e s  

w o u ld  c o m p le te  w h a t is not th e ir  re s p o n s ib il ity  w i th in  th e  e s tab lish ed  so c ioeconom ic  

orde*r. M o s t p ro fess iona ls  te nd  n o t to  q u e s tio n  w he re  p ro fess iona l dem ands com e 

fro m  a nd  where* th e y  le*ad to . anel th is  is re fle c te d  in  th e  pretcess tnode*ls th a t s tru e - 

ture* th e ir  d a i ly  ae-tiv ities . For example*, develetpers u s u a lly  elo n o t c r it ic a l ly  refle*ct 

on  the* re la t io n  betweem n*quirem e*nts a nd  u s a b ility .  T h e y  indeed  s tru c tu re  t lu * ir  p ro 

fess iona l iden titie *s  as pe*ople th a t pe*rform  these* kine ls e>f a c t iv it ie s . L ine 'ar m ode ls  o f 

p ro fess io na l w e trk flow  (e*.g. des ign  pretcess meeelels) a b o u n d , b u t are* not capab le  o f 

m ip r o e a l ly  tie*ing de*mand and  p re a lu c tio n . Inelee'd m ost mode*ls across In fo rm a t ic s  

have co ns te lla tiem s  o f in te res ts  foe-ttseel em In fo rm a t io n  Te'chnedogy p ro du c tiem . rathe*r
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(a) HCI's conceptual space and its niches
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(b) Design processes as a proposed niche dynamics
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(c) Process of inference as trajectories in Peirce’s categories
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F i^ u r r  5.2: M a in  fram ew orks proposed across th e  thesis
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th a n  lis t1. T h is  can he* de'.scribe'd w ith  th e  a id  o f  s im ila r  d ia g ra m s  as th e  one* d e p ic te d  

in  F ig u re  5 .2 (b ). w h ich  v isua lizes  p a r t ic ip a to ry  p ro to ty p in g  des ign  process.

Peirc e's w o rk  a lso sheds l ig h t  011 th e  d e v e lo p m e n t o f th is  m od e l, w h ich  is in  ac

co rdance  w ith  a te rn a ry  (S e m io tic s  and  P h e n o m e no log y ) u n d e rs ta n d in g  o f des ign  

processes. I t  goes beyond  m ost p re v io u s  m ode ls  fo u n d  in the* lite ra tu re ', w h ic h  w ere 

d ie h o to m o u s ly . l in e a r ly  and u n id ire c t io n a lly  o rg an ized . I t  seems also to  be in  ac

co rd an ce  w i th  p a rt o f P e irce ’s E v o lu t io n a ry  C osm o logy. ;us I e x p la in  in  tin * sequel. 

T h e  process m o d e l, fo r tu ito u s ly  v isu a lize d  w ith  th e  a id  o f  th e  Lo renz a t t ra c to r ,  i l 

lu s tra te s  (a ) th e  absence o f d e te rm in a t io n  th ro u g h  its  n o n -re p e a ta b le  tra je c to ry , (b )  

its  p o te n t ia l d e te rm in a tio n  w ith  its  re p e a ta b le  b u t n o n -p e r io d ic  p a tte rn , and  (c) its  

h a b it - ta k in g  c h a ra c te r is t ic s  as the* c e n tr ip e ta l a nd  c e n tr ifu g a l force's th a t a t t ra c to rs  

can  have.

P e irce  was n o t th e  o n ly  one w ho  w ent beyo nd  tra d it io n a l m ode ls . O th e r  a u th o rs  

have e xp lo re d  w ith  d iffe re n t em phases re la te d  p ro b le m s. I w o u ld  like  to  e x p lo re  in  

m y  fu tu re  w o rk  th e  re la t io n  betw een des ign  a nd  use also in  th e  lig h t o f  (a) M ik a h il M . 

B a k th in 's  conce p ts  o f  he te rog loss ia  (m u lt ifa c e te d ) , ch ro n o to p e  (c e n tr ifu g a l and  cen 

t r ip e ta l  fo rc i's ). a lte r i t y  (d iffe re n ce ), u tte ra n c e  (dependence  on  h is to r ic a l and  s itu a te d  

c o n d it io n s ) , a nd  o th e r  concepts  o f  h is  p h ilo s o p h y  o f language: ( I ) ) P ie rre  B o u rd ie t fs  

co nce p t o f f ie ld  a nd  h a b it , and  th e ir  re la t io n s  to  o r th o d o x  a nd  h e te ro d o x  forces across 

soc ie ties , as w e ll as h is p lu ra l concept o f  c a p ita ls , whic h co rre la te 's  c u ltu ra l and  m a 

te r ia l w e a lth  across pro fessions, as we'll as h is re 'flex ive  soc io logy : (<•) P au lo  F re ire ’s 

w o rk  011 progressive* e 'dueation  w h ic h  c r it ic iz e s  d ic h o to m ie s  th a t  sepa ra te  th in k in g  

fro m  d o in g , te a c h in g  fro m  le a rn in g , opp re ss ing  a nd  oppressed, and  so 011: and  (d ) th e  

ro o ts  o f  P ra g m a tis m , in c lu d in g  the* w o rk  o f Peirce1 himse*lf a nd  Jo hn  Dc-wev. in  w h ic h  

th e  concep t o f  a c tio n  is kew to  e 'duea tion . as it was fo r P e irce 's  Seuniotics.

As I exp lore ’d  S e m io tics  as a poss ib le  re fle c tiv e  sca ffo ld  fo r In fo rm a tic s . I u n - 

deTstood th a t then* we're* no t m uch  agree'ine'tit 011 its  fo u n d a tio n s . There'fore* to  ac

c o m p lis h  m y g oa l in  a sound w ay  i t  was neee'ssary to  c la r ify  its  rationale*. Pe-irce’s 

P h ilo s o p h y  (c iu ite r )  inve 'stigate 'd  th e  necessary anel u n ive rsa l re la t io n  be'twe*en m eans 

to  ends.  T h is  iinp lie 's  purpose, resource's, and  in te n t io n . 1 d o u b t th a t pe*ople in  t r a d i-
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t io iw il In fo rm a t ic s  w o u ld  s iiy  th a t th e ir  c o m p u te rs  have* no purpose. T h e y  an* aw are  

o f  tin * fo o tp r in t  o f th e ir  pro fessions, a nd  th e  re s p o n s ib il ity  tow ards  i t .  W h a t th e y  are 

u s u a lly  n o t aware o f  is th a t th e  w ay th e y  th in k  a b o u t c o m p u tin g  keep these issues 

o u t o f  th e ir  concerns.

A w areness fo r these  p ro b le m s  w ith in  In fo rm a t ic s  have ra ised renew ed in te re s t in  

S e m io tic s  and o th e r  app roaches th a t  u n d e rs ta n d  language  and in te ra c t io n  in  m ore  

co m p re he ns ive  ways th a n  F o rm a l L a n g u a g e s /L in g u s it ic s  do. P e irce 's  S e m io tics  was 

p a rt o f  h is  p h ilo so p h y , and  had ;is its  close roo ts  E th ic s  a nd  E s th e tic s . It was e x a c tly  

th ro u g h  th is  re la t io n a l app ro ach  th a t  P e irce  a tte m p te d  to  overcom e deep ly  ro o te d  

d ic h o to m ie s  th ro u g h  th e  concep t o f  s ign , in  its  m a n y  va ria n ts  and  ca tego ries . R epre 

s e n ta tio n s . ;ts h a b it ,  p resuppose  ac t io n  a n d  p e rc e p tio n .

It  is enough to  say th a t in  h is  w o rk  d iscuss ions on  signs a nd  ca teg o ries  are usu

a lly  accom pan ied  w ith  d iscuss ions on  s ign  processes (sem iosis) a nd  d egene ra te  s igns, 

w h ic h  em phasize  th e ir  re la t io n a l c h a ra c te r is t ic s . P e irce 's  S e m io tics  was s u b d iv id e d  

in to  th re e  branches, to  w h ich  he gave* d if fe re n t nam es across h is  lo n g  career. M e t l i-  

o d e u tic  s tu d ie d  knowledge* tra n s m is s io n . C r i t ic  s tu d ie d  the* t r u th  o f  re p re s e n ta tio n . 

S p e c u la t iv e  G ra m m a r s tu d ie d  s igns as s igns. T h e  co nce p ts  o f S y n ta x . S em an tics , and 

P ra g m a tic s  can be c o rre la te d  w ith  P e irce 's  s e m io tic s  b u t were o rg a n ize d  d if fe re n t ly  

in  re la t io n  to  th e  s tru c tu re  o f s ign  re la t io n s . W h ile  P e irce 's  s u b d iv is io n  is th o ro u g h ly  

t r ia d ic .  M o rr is  is d y a d ic . See Figure* 1.2(e). in  C h a p te r  3.

M a in s tre a m  th e o re tic a l In fo rm a t ic s  have been s tu d y in g  c o m p u te rs  as c o m p u t

ers. as s y n ta x , a nd  s tu d y in g  e v e ry th in g  else as such. H ow ever, som e app roaches 

such as H C I and  S o ftw a re  e n g in e e rin g  have been conce rned  w ith  th e  a c tu a l e ffe c tive 

ness o f  In fo rm a t io n  T ech no log y  use (c o m p u te rs  +  users) and c o m p u te r  c o n s tru c t io n  

(c o m p u te rs  — des igne rs), resp ec tive ly . S t i l l  o th e rs  have been e x p lo r in g  c o m p u te rs  

as m eans, as m e d ia tio n s , as s igns, a nd  these are  u s u a lly  the  app roaches th a t m ake 

re fe rence  to  language  s tud ies , in c lu d in g  P e ircean  S e m io tic s  and  C u ltu ra l  H is to r ic a l 

A c t iv i t y  T h e o ry .1 W h ile  P e irce 's  se m io tic s  em phasizes th e  sign, p re su p p o s in g  a c tio n .

‘ See A p p e n d ix  E fo r  re fe rences. E n g e s trd m s  e xp a n s iv e  le a rn in g  cyc le , used .is an e x a m p le  o f  

scope  in  c o n tra p o s it io n  to  th e  ID E A L  m o d e l,  is an  e x a m p le  d e p ic te d  in  F ig u re  ;{.2t).
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A c t iv i t y  th e o ry  em phasizes a c t iv i t y  a nd  o u tco m e , p re sup po s ing  s ign , o r  to o ls . In  

t l i t '  c u ltu ra l eco logy  o f In fo rm a tic s , th e y  have th e re fo re  d if fe re n t b u t c o m p le m e n ta ry  

fo c i. T h a t  is a to p ic , not e xp lo re d  here, th a t co u ld  fo s te r a deeper c ro s s -p o llin a tio n  

b e tw e en  S e m io tics  and the  C o g n it iv e  Sciences.

M o s t d is c ip lin e s , however, have s tra t if ie d  th e ir  in te re s ts  across d if fe re n t levels o f

h ie ra rch ie s  th a t an* assum ed in d e p e n d e n t o f  each o th e r. In  P e irce , th e y  have an

in c lu s iv e  n a tu re , a nd  th is  is c le a r ly  s ta te d  as re la tio n s  o f p re s u p p o s itio n , as d e p ic te d  

in  F ig u re  5.1. I f  one u n d e rs ta n d s  a s ign  ;is a c tio n , i t  is m ore d if f ic u lt  to  fa ll in  the  

ta r  p it  o f  e ith e r  ta k in g  the  w o o d  fo r  th e  fo res t, o r im a g in in g  a fo rest w ith o u t trees. 

T h is  is not w e ll u n d e rs to o d  across th e  lite ra tu re . Indeed , the  sam e c r it ic is m s  th a t I 

have fo r th e  re d u c t io n is t scope o f  In fo rm a t ic s  I have fo r  S em io tics . T h is  re la t io n a l 

a n d  encom pass ing  n a tu re  o f P e irce 's  w o rk  is n o t a lw ays em phasized by th e  w o rk  o f 

P e irce 's  fo llow ers , w ith  e xcep tion s , w h o  a p p ly  h is s igns and h is  ca teg o ries  o f s igns 

as m en* r la s s if ic a to ry  e x is te n tia l sch em a ta , s t r a t if y in g  a nd  is o la tin g  w h a t is enclosed 

a n d  d e e p ly  lin ke d .

A t th is  p o in t in  th e  d e ve lo p m e n t o f  th e  thesis. I had tw o  a lte rn a tiv e s . F irs t ly .  

I c o u ld  have c o n tin u e d  w ith  th e  b re a d th - f irs t a p p ro a ch  e x p lo r in g  areas th a t have 

been e x p lo r in g  S e m io tics  in  In fo rm a tic s . Second ly . I co u ld  e xp lo re  th e  ra tio n a le  

o f  P e irce 's  w o rk  in  te rm s  o f re la t io n s . I dec ided  fo r  th e  second o p tio n , because I 

fo u n d  th a t m ost approaches, a lth o u g h  th e y  were e x p lo re d  u n c h a rte d  te r ra in  and 

w ere  ev idence  th a t  th e  research d ire c t io n  w ;is in te re s tin g , were* not in  agreem ent 

w ith  P e irce 's  fra m e w o rk , a t least in  m y  u n d e rs ta n d in g . I do not assum e th a t  Peirce 

is r ig h t  o r  w ro n g . I shou ld  a lso  em phas ize  th a t I e x p lo re d  n e ith e r th e  c o n d it io n s

o f  t r u t h  o f  P e irce 's  S em io tics  n o r how  it  has been tra n s m it te d , w h ich  is a to p ic  o f

g re a t im p o rta n c e  fo r  th e  fu r th e r  d e ve lo p m e n t o f S e m io tic s  in  In fo rm a tic s . H ow ever, 

th ro u g h  the  s y s te m a tiz a t io n  d eve lo p e d  in  C h a p te r  1. i t  is possib le  to  say th a t som e 

in te rp re ta t io n s  o f  P e irce  s w o rk  a re  in  c o n tra d ic t io n  to  i t .  as show n in  C h a p te r  I.

C h a p te r  1 p resen ts  s ign  re la t io n s  and  ca tegories  o f s igns as la tt ic e s , w h ich  w;is 

d on e  be fo re , a m i v isua lizes  th e m  as th re e -d im e n s io n a l Hasse d ia g ra m s . T h e  v is u a l

iz a t io n  is in te n d e d  to  fa c ilita te  th e  u n d e rs ta n d in g  o f  th e ir  re la t io n a l n a tu re . A  s h o rt
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e xa m p le  m ay  fa c il i ta te  the  readers u n d e rs ta n d in g  o f  its  p o te n t ia l ity .  Peirce d is t in 

gu ished  tw o  typ e s  o f  a b s tra c t io n , p resc is ive  a n d  h y p o s ta t ic . P rese is ive  a b s tra c t io n  is 

an e x p la n a to ry  co n ce p t th a t describes  processes th a t  go fro m  th e  p a r t ic u la r  to  t lit*  

genera l. H y p o s ta t ic  a b s tra c t io n  describes th e  in v e rte d  process, fro m  th e  genera l to  

th e  p a r t ic u la r .  .A m ong h is processes o f  in fe rence  he d if fe re n tia te d  be tw een  in d u c t io n , 

d e d u c tio n , and  a b d u c tio n . D e d u c tio n  goes fro m  th e  genera l to  th e  p a r t ic u la r .  ;is 

usua l. In d u c t io n  goes fro m  th e  p a r t ic u la r  to  th e  d ire c t io n  o f th e  gene ra l. In d u c tio n  

is n o t p o w e rfu l e nough  to  e x p la in  th e  p a th  to w a rd s  genera l laws: i t  o n ly  genera lizes a 

f in ite  set o f  p a r t ic u la r  c;ises. A b d u c t io n s  b ridg e s  th is  gap. e x p la in in g  th e  processes, 

fo r e xa m p le  o f th e o ry  b u ild in g  o r  h y p o th e s is  m a k in g . Laws are te s te d  aga inst th e  

p a r t ic u la r ,  as i l lu s tra te d  in  F ig u re  5 .1 (a ).

T h is  can  be e a s ily  v isua lize d  w ith  th e  3D  Hasse d ia g ra m  p roposed  in  C h a p te r  1. 

;is d e p ic te d  in  F ig u re  5 .2 (c) in  th e  cause o f  P e irce 's  ten  ca tegories o f  te rn a ry  s igns. 

T h e  a rro w s  s ta n d  fo r  processes o f  a b d u c tio n , in d u c t io n , and d e d u c tio n  th a t l in k  th e  

tra v e rs a l o f  P e irce 's  ten  ca tegories  o f  te rn a ry  s ign  re la tio n s , across f irs t ness, second

ness. and  th ird n e s s .

A n  area  in  w h ic h  th e  processes o f  a b d u c tio n , in d u c t io n , a nd  d e d u c tio n  co u ld  

p la y  is K n o w le d g e  R e p re se n ta tio n  in  A r t i f ic ia l  In te llig e n c e . In  c o g n it iv is t  approaches, 

designers a re  u s u a lly  t he* ones th a t  p ro g ra m  th e  ru les  in to  the1 m ach in e . See F ig u re  2.5. 

F rom  the  ru les , it is possib le  to  deduce  w ha t arc* the* steps to  be ta ke n  to  reach a 

c e rta in  goa l. C’o n n e c tio n is t app roaches  w o rk  b y  in d u c t io n , ta k in g  p a r t ic u la r  k in d s  

o f  sam p les and  ■•.s tatis tica lly" t r a in in g  th e m  th ro u g h  th e  a r t i f ic ia l n e u ra l-n e tw o rk . 

A b d u c t io n  m ay  p la y  a ro le  in  e x p la in in g  th e  d iffe ren ce s  betw een th e  tw o . T h e  above  

g e n e ra liz a tio n , is u s u a lly  re s tr ic te d  to  th e  t r a d it io n a l te chn o lo g ica l d im e n s io n  th a t 

becam e In fo rm a t ic s ' t r a d it io n a l focus. I f  e x te n d e d  to  the  h u m a n  and  in te ra c tiv e  

d im en s ion s , it is poss ib le  to  see in  a d iffe re n t l ig h t e a r ly  p ro je c ts  such  ;is E n g e lb a rt 's  

goa l to  a u g m e n t h u m a n  in te lle c t, a nd  m ore  recent ones such as a n a ly z in g  usage 

p a tte rn s  to  g u id e  des ign , o r even th e  in n e r w o rk in g s  o f  search eng ines. T h e  m u l t i 

d im e n s io n a l facets o f th is  fra m e w o rk  can  also in fo rm  a nd  fa c ilita te  a c r it ic a l a p p ra isa l 

o f o th e r  a pp roaches in  th e  c o g n it iv e  sciences in  w h ic h  language and  in s tru m e n ts  p la y  a
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ro le  ;is m e d ia to ry  a r t ifa c ts , such ;is ( lis tr i l)U te ( l c o g n it io n  (H u tc h in s ) , language  a c tio n  

( W in o g ra d ) . s itu a te d  a c tio n  (S u c h iu a n ). and  th e o ry  o f a c t iv it y  ( X a rd i) .  am o ng  o the rs .

A cross th e  te n  ca tegories  o f te rn a ry  s igns e ith e r  one a rr ives  at a s ta te  o f  gener

a lity .  a law . o r  n o t. In  th e  re fin e m e n t o f te rn a ry  in to  decad ic  s igns i t  is poss ib le  to  

d if fe re n t ia te  s ta te s  o f  s igns th a t te n d  to  a c e rta in  g e n e ra lity  (d y n a m ic )  bu t th a t are 

n o t ye t in  th a t fin a l s ta te  ( f in a l) .  See F ig u re  1.10 in  C h a p te r  1.

C h a p te r  I g ives im p o r ta n t c o n tr ib u t io n s  o f In fo rm a t ic s  to  th e  fie ld  o f S en iio ties . 

a n d  in d ire c t ly  to  th e  approaches in  In fo rm a tic s  th a t are  e x p lo r in g  it ;is a re fle c tive  

sca ffo ld . Indeed , th e  language  in  w h ic h  s igns and its  ca tegories  are d esc rib e d  is m ade 

c le a re r w ith  th e  a id  o f  s tru c tu re s  c o m m o n ly  used in  In fo rm a tic s . I am  aw are  th a t to  

u n d e rs ta n d  i t  in  its  fu l l  d e p th  th e  reade r w i l l  need to  u n d e rs ta n d  b o th  th e  s tru c tu re s  

I am  us ing  a nd  th e  concep t o f  s ign  re la tio n s  a nd  ca teg o ries  o f s igns. I hope th a t in  

th e  lo n g  te rm  th is  m ay  not o n ly  fa c il i ta te  an u n d e rs ta n d in g  o f P e irce 's  ca tegories, 

b u t a lso  th e  a vo idance  o f co m m on  m is u n d e rs ta n d in g s .

A n o th e r  to p ic  I w o u ld  like  to  e x p lo re  in  P e irce 's  w o rk  in  re la t io n  to  S em io tics  

is how  know ledge  is t ra n s m it te d  ( M e th o d e u tic )  a nd  its  c o n d it io n s  o f t r u t h  ( C r it ic ) .  

T h is  w o u ld  g ive  substance  to  the  a b s tra c t s tru c tu re s  I d iscussed in  C h a p te r  I. w h ich  

m a y  a t a firs t s ig h t be ove rlooked  ;is e ith e r  a to p ic  in  In fo rm a t ic s , o r  one in  S em io tics . 

A s  d ('sc rib e d . b u t not co m m en te d  in  C h a p te r  3. tw o -d im e n s io n a l d ia g ra m s  d e p ic te d  

in  F ig u re  3.11 have been p roposed  to  s tu d y  genres o f  in te rfaces. T h e y  p layed  an 

im p o r ta n t  ro le  in  H C I d e lim it in g  d if fe re n t genres o f  in te ra c tio n  such as co m m a n d  

languages a n d  d ire c t m a n ip u la t io n . W i th  th a t ,  th e  p re v io u s ly  l im ite d  h o r iz o n  o f 

in te ra c t io n  o n ly  as p ro g ra m m in g  was surpassed. T hese  m odels, o r e la ss ifie a to ry  

sch em a ta , indeed  w en t beyond  th e  m o n a d ic  n a tu re ' o f p re v io u s  ones. T h e re  is no 

need to  say th a t if" th e n ' is o n ly  one class o f  th in g s , th e n ' is no sense in  e h iss ify in g  i t .  

O n ly  w hen  d if fe re n t genres o f in te rfa ce s  s ta r te d  to  be  express ive  e nough  to  be no ted  

d id  researchers s ta r t  to  c lass ify  th e m  in  o rd e r to  b e tte r  u n d e rs ta n d  th e ir  re la tio n s h ip . 

T h e  e x tens ions  w ere s tru c tu re d  on  d is t in c t io n s  ;is o b je c t iv e  and s u b je c t iv e , expression  

a n d  c o n te n t, m a n ip u la t io n  and  c o n v e rs a tio n , in d iv id u a l a nd  c o lle c tiv e , and  sem a n tic  

d is ta n c e . I t  is w hen  th e  re la tio n s  be tw een  genres o f  in te ra c t io n  s ta r t  to  be re levan t
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th a t  tw e t-d im e ns io na l m odels are n o t p o w e rfu l enough .

Indeerl. th e  a d d it io n  o f a th ird  d im e n s io n  assoc ia ted  w ith  interac t io n , w ith  m e d i

a t io n . raises q u e s tio n s  a b o u t th e  a p p ro p ria te n e ss  o f  such schem ata  to  describe  phe

n om en a  such as le a rn in g , w o rk in g , p la y in g , a nd  o th e rs  th a t necessarily  h appen  across 

tim e '. O ne  o f P e irce 's  ach ievem en ts  w;is a w e ll th o u g h t o u t fra m e w o rk  fo r te rn a ry  

sem iosis. a t least. T h e re fo re , h is te n  ca tegories  c o u ld  he* used as an a lte rn a tiv e ' ejas- 

s if ic a to ry  schem e to  d if fe re n tia te  genre's o f in te ra c t io n . I have not e x p lo re d  th is  issue 

fu r th e r ,  b u t i t  is eh 'a r fo r me th a t  any ende'avor in  In fo rm a tic s  th a t uses P e irce 's  

se m io tic s  ;ts a sca ffo ld  w ou ld  n o t do  ju s t ic e  to  h is  w o rk  i f  rest r io t e>el to  th e  le-vel o f 

d y a d ic  se-miosis. For e 'xam ple. th e  use o f  th e  se'conel tr ic h o to m y  ( ic o n ic . inde-xical. 

a n d  s y m b o lic )  ;us a chussifica tory scheme' is m is le 'ad ing  bc'oause f ir s t ly  th e y  are' not 

ejasse's. Se'condly. unelerstooel in  the* l ig h t o f  th e  te n  categetries t hew are litn ite 'd  to  

d ya d s  be'twe'e'u th e  re'pre'sentamen a nd  the  objee-t. le a v in g  the* in te rp re ta n t o u t.  A  

b o tte 'r  choice' w o u ld  be to  use o n ly  th e  c v n o p y th a g o n ’an categorie>s. o r  the- fu l l  set o f 

te n  c-ategoric's. Pe'ople do  n o t elo th a t  be'causethe*se' cateygorie's are1 not emsily m appe'd 

o n to  t r a d it io n a l ge'tire's o f in te ra c tio n . T o  ce i ate' th e  m atte-r. som e o f P e irc e s  

te 'rrns such as icons and sym bo ls  have* m e'anings in  h is w o rk  th a t are* d is t in c t fro m  

th e ir  me'anings.

P i-irce 's  w o rk  was an im p o r ta n t sca ffo ld  to  give* s tru c tu re ' to  th is  te>xt. b u t I sh o u ld  

stress th a t th e  c o n te n ts  o f th is  the’s is are* not in te 'iid i'd  to  be com prehens ive  in  re la t io n  

to  Pe'iroe s s y s te m a tic  ph ilosophy. Howewer. the' the'sis doe-s an in -d e p th  s tu d y  o f  the' 

gene'ral p rinc ip le 's  th a t s tru c tu re  P e irce 's  S e 'in io tics . em p lm s i/.in g  its  re la t io n a l and 

e 'neom passing ch a ra c te r.

T h is  is o n ly  at th e  fo u n d a tio n s  o f h is w o rk . I f  P e irce  is r ig h t ,  some' fie lds se'em 

less s c ie n tif ic  be-cause th e y  encompmss a large-r n u m b e r eif e lif lic u lt p rob le 'tns: be'eause* 

th e y  im p ly  a b ig g e r challe'nge' to  re fle c t and  act a c co rd in g ly . The* chasm  be'twet'n 

In fo rm a t ic s /H C ’ I ;is a p ra c tic a l science' and  ;is a t lm o re t ic a l science is s t i l l  deep and 

une 'xp lore 'd. and is e 'xae tly  w here  th e  challenge' is. I f  In fo rm a tic s  inde'ecl represents 

so m e 'th ing  te> soc ie ty . and  is a c h a n g in g  fo rce  (a c t io n ) . th is  chasm  e>r p a rt o f i t  w il l  

have to  be' e'.xplore'd sooner eir la te r .
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Inform atics

Computer Engineering
C O S IN E  (19 6 7 ) C om puter Sciences in Electrical Engineering

IEE E Com puter Society (19 7 7 ) M odel Curricula in C om puter Science and Engineering

IEE E Com puter Society (19 8 3 ) T he  M odel Program  in Com puter Science and Engineering

M ulder and Dalphin (19 8 4 ) Com puter Science Program  Requirem ents and Accreditation: an In

terim  Report of the A C M /IE E E  C om puter Society Joint Task Force

A C M  IEEE-C S (1991b ) C om puting  Curricula 1991: A C M /IE E E -C S  Joint Curriculum  Task

Force

Denning (19 9 2 ) Educating a N ew  Engineer

Parnas (19 9 7 ) Softw are Engineering: an Unconsum ated M arriage

Denning (19 9 8 ) C om puter Science and Software Engineering Filing for Divorce

Parnas (1998 . 1999) Softw are Engineering Program s Are N o t C om puter Science Program s

IEEE-C S A C M  (20 0 0 ) C om puting  Curricula 2001 - D raft

Computer Science
W illiam s (1 9 5 4 ) T h e  Association for C om puting  M achinery

Fein (19 5 9 ) T he  Role of the University in Com puters, D ata  Processing and Re

lated Fields

Gorn (19 6 3 ) T he  Com puter and Inform ation Sciences: A  New Basic Discipline

A C M -C C C S  (1 9 6 5 ) An Undergraduate Program  in C om puter Science - Prelim inary Re

com entations

Zem anek (1 9 6 6 ) Sem iotics and P rogram m ing Languages

Newell et al. (1 9 6 7 ) C om puter Science
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T raub  (1981)

Lee (19 8 1 )
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D enning (1 9 9 2 )

H u ff and M artin  (1 9 9 5 )  

D enning (19 9 5 )

Abelson et al. (19 9 5 )
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C urriculum  68: Recom mendations for Academ ic Program s in C om puter 

Science

One's M a n  V iew  o f C om puter Science

C om puter Science: A  Conceptual Framework for Curriculum  Planning  

C urriculum  '78: Recom mendations for the Undergraduate Program  in 

C om puter Science

C urriculum  '78 -  Is Com puter Science Really th a t U nm athem ath ica l7 

Eating O ur Seed Corn

A D iscipline in Crisis - The Snowbird Project 

Q uo V ad im us: C om puter Science in a Decade

Response to  the Federal Trade Commission's Proposed Ruling on S tan 

dards and Certification  

Educational Rum inations

T h e  First Course in C om puter Science Needs a M athem atics  Corequisite 

Recom m ended Curriculum  for C S l. 1984: A R eport o f the A C M  Curricu

lum Task Force for C S l

C om puter Science Program  Requirem ents and Accreditation: an In terim  

Report o f the A C M  IEEE C om puter Society Joint Task Force 

Recom m ended Curriculum for CS2, 1984: A report o f the A C M  C urricu

lum Task Force for CS2

A M od e l Curriculum  for a Liberal A rts  Degree in C om puter Science

C om puting  as a Discipline

A D ebate  on Teaching Com puting Science

On the C ruelty  o f Teaching Com puting  Science

Education for Com puting Professionals

C om puting  Curricula 1991: A C M , IEE E-C S Joint Curriculum  Task Force 

C om puting  Curricula 1991: A  sum mary of the A C M  IEE E-C S Joint C u r

riculum Task Force Report

T h e  Scope and Directions of C om puter Science: C om puting, Applications, 

and C om putational Science

C om puting  Curricula 1991: A  summary of the A C M  IEE E-C S Joint C u r

riculum  Task Force Report 

Educating a New Engineer

C om puting  Consequences: A  Fram ework for Teaching Ethical Com puting  

Can T h ere  Be a Science of In fo rm ation 7 

T he  First-Course Conundrum
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D ahlbom  and Mathiassen  
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Im plem enting  a Tenth Strand in the CS Curriculum

A Revised M odel Curriculum for a Liberal Arts Degree in Com puter Science 

The Future o f our Profession

Strategic D irections in Com puter Science Education

Historical Perspective on the Com puting Curriculum : Report o f the

IT iC S E ‘97 W ork ing  Group on Historical Perspectives un Com puting Ed

ucation

Is Com puter Science Education in Crisis7

Software Engineering: and Unconsumated M arriage

C om puter Science and Engineering: The Discipline and Its Impact

C om puter Science and Software Engineering Filing for Divorce

From Awarness to  Action: Integrating Ethics and Social Responsibility

across the  C om puter Science Curriculum

Y A A T C E -Y e t A nother Approach to Teaching C om puter Ethics

Curriculum  2001: Interim  Report from the A C M  IE E E -C S  Task Force

O ur Seed Corn is Growing in the Commons

Reengineering the University

The M y th  o f the Educational Com puter
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in Physics and Com puter Science 

Stop T h a t Divorce!

Criteria for A ccrediting Program s in Com puter Science in the United States  

Has O ur Curriculum  Become M ath -P ho b ic  (an Am erican Perspective)

The future o f the IT  Profession

The N ature  o f Engineering, the Science o f Hum anities, and Godel's T h e 

orem

Guidelines for Associate-Degree Program s to Support Com puting in a N e t 

worked Environm ent 

C om puting Curricula 2001 - D ra ft  

W ho are W e? C A C M  Column: IT  Profession

Com puting Curricula 2001 - Volum e II Com puter Science - Ironm an draft 

Com puting Curricula 2001 - Volum e II Com puter Science - Steelman draft 

The Profession o f IT  The Core o f the T h ird -W ave  Professional
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Curriculum  Recom m endations for Graduate Professional Program s in 
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Curriculum  Recom m endations for U ndergraduate Program s in In fo r
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A C om parative Analysis o f the Topic Areas o f C om puter Science.

Softw are Engineering and Inform ation Systems
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A IS
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M S IS  2000 M odel Curriculum  and Guidelines for Graduate Degree  
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A ppendix C

H um an-C om puter Interaction
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Licklider (19 6 0 )
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Verplank and Kim  (1 9 8 6 )
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Carrol and Cam pbell (1 9 8 6 )  
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Perlman (19 8 9 )

Strong (19 8 9 )

Nielsen and M olich (19 8 9 )  

H ew ett (1 9 8 8 )

Carey (1.988)

Ergonom ics for a Com puter 

M an -C om pu te r Symbiosis

A ugm enting  H um an Intellect: A Conceptual Fram ework  

Semiotics and Program m ing Languages

M an -C om pu te r Interaction -  T he  Contribution o f the Hum an Sciences 

The D evelopm ent of User-O riented Interactive Systems  

NFS W orkshop on Hum an Factors in Com puter Systems: Trends and 

Research D irections (workshop summary)

Design Principles for H um an-C om puter Interfaces 

Doctoral O pportunities in H CI

Graphic Invention for User Interfaces: An Experim ental Course in User- 

Interface Design

Sum m ary o f Allen N ew ell’s C H I'8 5  Address. "The Prospects for Science 

in H um an Com puter Interaction"

Recom m endations of the S IG C H I Curriculum W orkshop  

H u m a n /C o m p u te r Interaction in the Year 2000  

Softening Up Hard Science: Replay to Newell and Card 

An H C I Continu ing Eduaciton Curriculum for Industry  

User Interface Developm ent. G raduate Curriculum  M odule S E I-C M -1 7 -  

1.1

In troductory  Course in H um an-C om puter Interaction  

Teaching User Interface Desing Based on Usability Engineering 

Call for Participation  S IG C H I Curriculum D evelopm ent Group 

Education
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Perlman (1990)
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Marchionini and S ibert (1 9 9 1 )

Carroll (19 9 1 )

M antei and H ew ett (1 9 9 1 )

H ew ett et al. (1 9 9 2 )

Sibert and Marchionini (1 9 9 3 )  

Olson et al. (1 9 9 3 )

Gasen and Aiken (1 9 9 3 )

Gasen (19 9 3 )

Lowgren and H o lm berg  (1 9 9 3 )  

Dayton et al. (1 9 9 3 )

Strong et al. (1 9 9 4 )

Rogers et al. (1 9 9 4 )

Gasen et al (19 9 4 b )

Gasen (1994b )
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Gasen (1994a )

Strong (1995 )
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Gasen ( 1995b)
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Howard (1 9 9 5 )

Teaching User Interfaces Developm ent to Softw are Engineering and

C om puter Science M ajors

Key Issues in HCI Curriculum  Design

Laboratory Exercises for a G raduate Undergraduate Course in Hum an- 

C om puter Interaction

An Agenda for Hum an Com puter Interaction: Science and Engineering  

Serving Hum an Needs

History and Hysteresis in Theories and Fram eworks for HCI 

R eport on the IN T E R A C T  '90  W orkshop on Education in HCI: T ran 

scending Disciplinary and national Boundaries 

A C M  S IG C H I Curricula for H u m a n = C o m p u te r Interaction  

H u m an-C om puter Interaction Research Agendas 

C om puter-Supported C o-O perative  W ork: research issues for the 90s 

R eport on the C H I’92 W orkshop on Lessons Learned from Teaching  

H C I: Challenges, Innovations and Visions

On Lessons Learned from  A. A. M iln e  w ith contributions from W innie  

the Pooh

Custom ising the S IG C H I Curriculum  for use in Sweden

Skills Needed by User-Centered Design Practitioners in Real Software

D evelopm ent Environm ents

N ew  Directions in H um an-C om puter Interaction Education, Research, 

and Practice

R ethinking Theoretical Frameworks for HCI

Advances in Teaching the H CI Design Process: A Tw o day workshop. 

April 2 4 -25 th  1993, Am sterdam

Supporting  Life Throughout Life: T h e  U ltim ate  H C I Challenge 

U p date  on the H CI Education Survey

G etting  to  the "Core” o f the M atte r: HCI in H igher Education 

N ew  Directions

W h a t Shapes the Face o f H um an-C om puter Interaction in H igher Ed

ucation: A  Framework o f the Influences 

T h e  B irth  o f a Notion  

Q uestioning M inds need to  Know ...

W h o 's  to  Say7 Essential Elem ents o f H C I Education  

User Interface Design and HCI: Identifying the Training Needs of P rac

titioners
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Looking for Footprints: Evaluation Issues in H CI Education  

Pratical Education for Im proving Software Usability  

S IG C H I: T he  Early Years

T h e  S IG C H I Bulletin: In terv iew  with the editors 

H C I Education: Past, Present and Future?

T h e  Evolution of the S tudent Experience. Interviews w ith  S tuart Card 

and James Foley

Strategic Directions in H um an-C om puter Interaction  

H CI Education: W here is it headed?

Forums for Improving H C I Education

T he  S IG C H I Educational Resource Developm ent Group

H C I Education and C H I 97

D is tan t Learning: A  C H I 97 Special Interest Group

Toward and H CI Research and Practice Agenda Based on H um an Needs

and Social Responsibility
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C S C W . Groupware and W orkflow  - Tutorial 

A Psychologist Astray in Com puter Science

N ew  Perspective on H C I Education: A  call for volunteers, and a call for 
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H C I Education and its Role in Industrial Engineering

Designing Design Education
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H um an-C om puter Interaction: Interdisciplinary roots and trends

Six Golden Rules to  Shake the Student's M ind

A Fram ework for the D evelopm ent o f a Database o f Educational M a te 
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M akin g  IT  Better: Expanding Inform ation Technology to M eet Society's  
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S lC C H l Built tin.  2 '> i2 1:5 (i. A p r i l  1 PP.'S.

J e a n  B . Giuscn. L o o k in g  fo r  f o o t p r in t s :  E v a lu a t io n  is su e s  in  H C I  e d u c a t io n .  S lC C H l  Built tin. 27 

( 1 |:2 0  '22. O c to b e r  l'JU ’x l .

J e a n  B . G iLsen . H C I  e < lu c a t io n : P a s t.  p re s e n t a n d  fu tu re '. ' S lC C H l  Built tin.  2S( 1 |:2 5  2 7 . J a n u a r y  

I ()!)(».

J e a n  B . G a s e n  a n d  P e te r  A ik e n .  R e p o r t  o n  th e  C H I  !)2  w o rk s h o p  o n  le sso n s  le a rn e d  f r o m  te a c h in g  

H C I :  C h a lle n g e s . in n o v a t io n s  a m i v is io n s . S lC C H l  B u lh tm .  25 l 1 l: . ' 7 . J a n u a r y  1'J‘J .l.

J e a n  B . G a s e n . G a r y  P e r lm a n ,  a n d  M ic h e l le  A t t a y a - K e lo .  C p d a te  o n  th e  H C I  e d u c a t io n  s u rv e y . 

S lC C H l  Built tin. 2t>(2 ) :S 11. A p r i l  l 'J 'J la .

J e a n  B . G a s e n  a n d  J e n n y  P re c c e . W h a t  s h a p e s  th e  fa c e  o f  h u m a n - c o m p u te r  in t e r a c t io n  in  h ig h e r  e d 

u c a t io n :  A  f r a m e w o r k  o f  th e  in f lu e n c e s .  T e c h n ic a l R e p o r t  S B U - C IS M - 0 7 .  S o u th  B a n k  U n iv e r s i t y  

- S c h o o l o f  C o m p u t in g .  I n f o r m a t io n  S v s te m s . a n d  M a th e m a t ic s .  L o n d o n .  A p r i l  PJ'J.'i.

J e a n  B . G a s e n . J e n n y  P re e c e . P e te r  G o r n y .  a m i T o m  H e w e t t .  A d v a n c e s  in  te a c h in g  th e  H C I  d e s ig n  

p ro c e s s : A  tw o  d a y  w o rk s h o p .  A p r i  1 2 1 -2 ‘) t h  PJ'J.’I .  A m s te r d a m .  S lC C H l  Built tin.  2 ( i ( l | : 'J  12. 

J a n u a r y  l 'J O Ib .

H . R e x  H a r ts o n .  H u tn a n - C o m p u te r  In t e r a c t io n :  In t e r d is c ip l in a r y  r o o ts  a m i t r e n d s .  I'hr Journa l n f  

Si/t.tinis an* Soft num.  I.'? 12 ) :  102 I I S .  N o v e m b e r  l'J 'JS .

T h o m a s  T .  H e w e t t .  C a l l  fo r  p a r t i c ip a t io n  S IG C H I  c u r r ic u lu m  d e v i 1 ; u it  g r o u p .  S lC C H l  Buil t tin.

201 1 l:.'i I. 19SS.

T h o m a s  T .  H e w e t t .  R o n a ld  B a c k e r .  S tu a r t  C a r d .  T o tn  C’a re y . J e a n  G ;usen . M n r y l in  M a n te i .  G a r y  

P e r lm a n .  G a r y  S t ro n g ,  a n d  W i l l i a m  V e r p la n k .  A C M  S lC C H l Cunnculu for l lu inun-Cnm putt r  

Inti  mutton.  A C M .  1!)'J2. U R L  h t t p : / /w w w . a c n . o r g / s i g c h i / c d g /

S te v e  H o w a rd .  U s e r in te r fa c e  d e s ig n  a n d  H C I :  I d e n t i f y in g  t in '  t r a in in g  n e e d s  o f  p r a c t i t io n e r s .  S lC C H l  

Built tin.  2 7 (3 ) :  17 2 2 . J u ly  l<)9.r>.

J u l ie  A . J a c k o . H C I  e d u c a t io n  a n d  i t s  ro le  in  I n d u s t r ia l  E n g in e e r in g .  S lC C H l  Built tin. J 0 ( l i : 5  (i. 

J a n u a r y  l'J 'JS.

J o h n  K a r a t  a n d  T o m  D a y to n .  P r a t ie a l  e d u c a t io n  f o r  im p r o v in g  s o f tw a r e  u s a b i l i t y .  In  C H I '!>■' 

Cnnft rt nut I 'roctt thntjs on Human Factor* in Cornputmtf Systt in*. p a g e s  1(>2 Hi'.). A C M .  I'J 'Ja .

P a u la  K o tz e .  J e su s  L o re s . L a rs  ( J e s tre ic h e r .  a n d  L y d ia  P a lm e r .  A  f r a m e w o r k  fo r  th e  d e v e lo p 

m e n t o f  a  d a ta b a s e  o f  e d u c a t io n a l  m a te r ia l  fo r  h u m a n - c o m p u te r  in t e r a c t io n .  T e c h n ic a l r e p o r t .

N o rd C 'h H I :  W o rk s h o p  o n  D e v c 1 ; : g  E d u c a t io n a l  M a t e r ia l  fo r  H C I .  O c to b e r  2(100 2 0 0 0 . U R L

h t  t p : / / w w u . d i s . u u . s e / /  -- l a r s o e / e d u w o r k s h o p / N o r d iC H I W S / H M I E d u c a t  io n W 6  . p d f .
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A r t h u r  [•'. K r a m t ' r  a n d  R o b e r t  M .  S h u m a c h e r .  L a b o r a to r y  e x e rc is e s  fo r  a g r a d u a te  u n d e rg ra d u a te  

c o u rs e  in  h u m a n - c o m p u te r  in t e r a c t io n .  S ld C B l  Bulletin.  2 1 b 5 |:7 1  J a n u a r y  1991.

.1. C \  R . L ic k l id e r .  M a n - c o m p u tu r  s y m b io s is .  IR K  Iran .nu t ions on Human Eartnrs hi Eh rtronirs .  

1( 1 1 :1 I I .  M a r c h  19G0.

.Jon as  L b w g re u  a m i L e n a  H o lm b e rg .  C u s to m is in g  th e  S IG C 'H I  c u r r i c i i lu n i  lo r  use  in  S w e d e n . S IC C H I  

Built tin. 2D I I ): S I I .  O c to b e r  I !) !) !!.

M i i r i l y n  M a n te i .  R e c o m m e n d a t io n s  o f  th e  S IG C H l  c u r r ic u lu m  w o rk s h o p .  Sl(, ’( ’l l l  Built tin. 17 1 "J): 

17 l!J . O c to b e r  IDS").

M a r i l y n  M a n te i  a n i l  .J o h n  B . S m e lc e r .  D o c to r a l  o p p o r t u n i t ie s  in  H C ’ I.  S IC C H I Built tin. IG (2 ) :7  ID. 

l ‘J8  I.

M a r i l y n  M . M a n te i .  A n  H C 'I c o n t in u in g  e d u c a t io n  c u r r ic u lu m  fo r  in d u s t r y .  S IC C H I Built tin. 21)I 1 ): 

H i IS . .J a n u a ry  11)89.

M a r y l in  M . M a n te i  a n d  T h o m a s  H e w e t t .  R e p o r t  o n  th e  I N T E R A C T  ’ 9 b  w o rk s h o p  o n  e d u c a t io n  in  

H C 'I :  T r a n s c e n d in g  d is c ip l in a r y  a n d  n a t io n a l  b o u n d a r ie s .  S IC C H I Built tin. 2 . ' t ( 2 ) : l ( )  ID. 1991.

M a r i l y n  M a n te i- T r e m a in e .  A  p s y c h o lo g is t  a s t r a y  in  C o m p u te r  S c ie n c e . S IC C H I Buil t tin. .'!()(2 I: 

9  Id .  A p r i l  1998.

C la ry  M a r e h io n in i  a n d  J o h n  S ib e r t .  A n  a g e n d a  fo r  H u m a n -C ’o m p u te r  In t e r a c t io n :  S c ie n ce  a n d  

E n g in e e r in g  s e r v in g  h u m a n  n e e d s . S IC C H I B u lh t in .  2 J ( I ): 17 .52. O c to b e r  1991.

T h o m a s  P. M o r a n .  S u m m a r y  o f  A l le n  N e w e ll 's  C H l'S D  a d d re s s , " t h e  p r o s p e c ts  fo r  s c ie n c e  in  h u u ia t i -  

c o m p u te r  in te r a c t  io n  ” . S IC C H I Bulh tin. 17( 11:8. J u ly  198D.

M ic h a e l  J . M u l le r .  C a th le e n  W h a r to n .  W i l l i a m  .J. M e lv e r  J r . .  a n d  L i la  L a t ix .  T o w a rd  a n d  H C 'I 

re s e a rc h  a n d  p r a c t ic e  a g e n d a  b a se d  o n  h u m a n  n e e d s  a n d  s o c ia l r e s p o n s ib i l i t y .  In  B ( ’l  .97 - 

Conft n  nrt- on Human Eartors in Computing Sij.itm is.  p a g e s  lo o  l t i l .  A t la n t a .  G e o rg ia .  I ’ S A .  

M a r c h  1997 . A C M .

B r a d  M y e rs .  J im  H o l la n .  a n d  Is a b e l C r u z .  S t r a te g ic  d i r e c t io n s  in  h u m a n - c o m p u te r  in te r a c t io n .  A C M  

Computing Surrrtjs.  2 8 (-I ) :7 9  I 8 0 9 . D e c e m b e r  199G.

B r a d  A .  M y e rs .  A  b r ie f  h is to r y  o f  h u m a n - c o m p u te r  in t e r a c t io n  te c h n o lo g y .  In tt rant ions. D i2 ) : I I  o 1. 

M a r c h  A p r i l  19 98 .

L is a  N e a l.  J u d i t h  R a m s a y , a n d  .Je n n y  P re e c e . D is ta n t  le a r n in g :  A  C H I  9 7  s p e c ia l in te re s t g r o u p .  

S f d C B I  B u lh t in .  29 ( l ) :7 ( i  7 8 . O c to b e r  1997 .

R ic h a r d  A .  N e w m a n .  N F S  w o rk s h o p  o n  h u m a n  fa c to rs  in  c o m p u te r  s y s te m s : t r e n d s  a n d  re s e a rc h  

d i r e c t  io n s  i w o r k s h o p  s u m m a r y  |. S lC C H l  B u lh t in .  lo t  lo b o . 'b  J u ly  P.)8;{.
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.J a k o b  N ie ls e n  a n d  R o l f  M o lie h .  T e a c h in g  u s e r in te r fa c e  d e s ig n  b a s e d  on  n s a b i l i t v  e n g in e e r in g .  

S IC C H I  B u lh t in .  2 l ( l | : 1 5  IS . J u ly  1989.

D o n a ld  A .  N o r m a n .  D e s ig n  p r in c ip le s  fo r  ln in ta n - e o m p u te r  in te r fa c e s .  In  A n n  . la n d a .  e d i t o r .  C HI  

S.i Human Factors in Coniputini/ Systems, p a g e s  1 10. A m s te r d a m .  1981. A C M  S I C C H I  - M A S . 

N o r t h  H o l la n d .

N a t io n a l  R e s e a rc h  C o u n c i l  N R C . M a k in g  I T  b e t te r :  E x p a n d in g  in f o r m a t io n  te c h n o lo g y  to  m e e t 

s o c ie ty 's  n e eds , t e c h n ic a l  r e p o r t .  N a t io n a l  A c a d e m y  o f  S c ie n c e s  C o u n c i l .  W u s h in u to n .  D C . '2000.

b a r s  O e s t re ie h e r .  S ix  g o ld e n  ru le s  to  s h a k e  th e  s tu d e n t 's  m in d .  T e c h n ic a l r e p o r t .  D r a f t  r e p o r t  f ro m  

a  W o r k s h o p  o n  e d u c a t io n  in  H u m a n - C m n p u te r  In t e r a c t io n  a t  I N T E R A C 'T ’99 . E d in b u r g h .  1999. 

U R L  h t t p : / / w w w . d i s . u u . s e /  la r s o e / e d u u o r k s h o p / N o r d iC H I W S / H M I E d u c a t io n W 6 . p d f .

J u d i t h  S . O ls o n .  S t u a r t  K .  C a r d .  T h o m a s  K .  L a n d a u e r .  C a r y  M .  O ls o n .  T h o m a s  M a lo n e ,  a n d  

J o h n  L e g g e t t .  C o m p u te r - s u p p o r te d  c o - o p e r a t iv e  w o rk :  R e s e a rc h  issues  fo r  th e  90 s . It t hn ru n ir  C 

In fnnnn t mn I'l-chnoloijy. 12 (21:11 a 129. 1992 .

S te v e n  P e m b e r to n .  T h e  S I C C H I  b u l le t in :  I n t e r v ie w  w i t h  th e  e d it o r s .  S IC C H I B u lh t in .  28 | 1 i 

J a n u a r y  1990.

C a r y  P e r lm a n ,  l. 's e r  in te r fa c e  d e v e lo p m e n t:  G r a d u a te  c u r r ic u lu m  m o d u le  S E I - C M - 1 7 -1 .1. 1989.

C a r y  P e r lm a n .  le a c h in g  u s e r  in te r fa c e  d e v e lo p m e n t  to  S o f tw a r e  E n g in e e r in g  a n d  C o m p u te r  S c ie n c e  

m a jo r s .  S H I t ’H I  Bulb tin. 22 ( 1 1:01 00 . J u l y  1990.

J a m e s  E . P i t k o w .  T h e  e v o lu t io n  o f  th e  s tu d e n t  e x p e r ie n c e :  In t e r v ie w s  w i t h  S tu a r t  C a r d  a n d  J a m e s  

E o le y .  S IC C H I Bulb tin.  2 8 :2 8  21 . J a n u a r y  1990.

S te v e n  P o l t r o e k  a m i .J o n a th a n  G r u d in .  C S C W .  G ro u p w a r e  a n d  W o r k f lo w  - T u to r ia l.  In  ( ' I I I  US. 

A C M .  A p r i l  1998.

J e n n y  P re c c e  a n d  L a u r ie  K e l le r .  K e y  issu e s  in  H C ’ I c u r r ic u lu m  d e s ig n .  S IC C H I B u lh t in .  2 2 t 1 ) :0 7 . 

J u l y  1990.

Y v o n n e  R o g e rs . L ia m  B a tm e n ,  a n d  G r a h a m  B u t t o n .  R e th in k in g  th e o r e t ic a l  f r a m e w o r k s  fo r  H C 'I: 

R e p o r t  o n  a n  IN T E R C ’ H I  '9.'J w o rk s h o p .  A m s te r d a m .  2 -1 -25 th  A p r i l .  199.2. S IC C H I B u lh t in .  2(i 

I 1 i :2 8  (JO. J a n u a r y  199 1.

A n d r e w  S e a rs  f o r u m s  f o r  im p r o v in g  H C 'I e d u c a t io n .  S IC C H I  Bulb  tin.  2 9 (2 1 :0  7. A p r i l  1 9 97a .

A n d r e w  S e a rs . H C ’ I e d u c a t io n :  W h e r e  is i t  h e a d e d ?  S IC C H I  B u lh t in .  29( 1 1:7 9. .J a n u a ry  19971».

A n d r e w  S e a rs . N e w  p e rs p e c t iv e s  o n  H C 'I e d u c a t io n :  A  c a l l  fo r  v o lu n te e r s ,  a n d  a c a l l  fo r  s u b m is s io n s . 

S IC C H I  Bulb tin.  20 t 1 i:  1. J a n u a ry  1998.

A n d r e w  S e a rs . J u l ie  A .  J a c k ,  a n d  M a r i ly n  M a n te i .  T h e  S I C C H I  e d u c a t io n a l  re s o u rc e  d e v e lo p m e n t
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” r*>ii[>. S K K ' l l I  B u i l t  t i n .  2 9 ( . ' i l : l  (j. . In ly  1997.

A n d re w  Sears a m i M a r ia n  W ill ia m s . H C 'I ■ •duca tion  a m i C H I  97. S K K ' l l I  B u i l t  t i n .  29(11:9  12. 

O c to b e r  1997.
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J o h n  -S ibert a m i C a ry  M a rc h io n in i.  H u m a n -c o m p u te r  in te ra c t io n  resea rch  agendas, l i t  h a n t t t t r  urul  
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A ppendix  D 

C ognitive Sciences

B ib lio g ra p h y

T o rn  A b e l.  C o m p le x  a d a p t iv e  sys tem s, e v o lu t io n is m , a n d  e co lo g y  w ith in  a n th ro p o lo g y : In te rd is c i

p l in a r y  research  fo r  u u d e rs t a n d in ^  c u l tu r a l  a n d  e co lo g ic a l d y n a m ic s . C e o r y i a  J o u r n a l  o f  T c o l o y n a l  

D y n a m i c s .  2 :9  29. 199S.

P e te r  B o g h  A n ih 'rs e n . T h e  s e m io tic s  o f  u u to p o ie s is . a c u t . is t rn p h c - th e o re t ic  a p p ro a c h . Cyhi  n n  t i cs  

C  H u m a n  K n o i i i n y .  21 1): IT  29. 199-1.

P a u l. B  B a lte s  a n d  t ' r s u la  M . S ta u d in g e r. e d ito rs , h i l t  r a c t i n  M i  n i l s :  L i f e -sp an  I ’e rspec t i res  on the  

S o c i a l  F o u i n l a h o n  o f  C o y i u t i o n .  C a m b r id g e  C n iv e rs ity  P ress. C a m b r id g e  a n d  N e w  Y o rk . 1999.
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A ppendix E 

C om m unication and Sem iotics
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