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C o g n i t i o n i n D e s i g n P r o c e s s 

Chiu-Shui Chan 

Department of Architecture 

Carnegie Mellon University 

Abstract 

The purpose of this research is to study the cognitive process in architectural design problem 

solving .  I t  als o wil l  explor e a  cognitiv e structur e (model )  capabl e o f  representin g th e proble m solver' s 

cognitiv e behavior .  Th e goa l  plan ,  schemata ,  perceptual-test ,  an d generate-and-tes t  ar e regarde d a s 

cognitiv e mechanism s tha t  evolve d i n th e proble m solvin g process .  The y wer e observe d i n a n 

experimen t  i n whic h a n experience d architectura l  designe r  wa s aske d t o d o a  residentia l  design . 

Result s fro m protoco l  analysi s showe d tha t  a n invarian t  cognitiv e structur e coul d b e buil t  upo n thes e 

cognitiv e mechanism s t o explai n th e proble m solvin g behavior .  Thi s cognitiv e structur e (model )  als o 

provide s a  framewor k fo r  futur e simulation . 

Introduction 

Architectural design problem solving was studied first by psychologists to understand the nature 

of  ill-define d problem s (Reitman ,  1964 ,  Simon ,  1973) .  Late r  on ,  architectura l  researcher s followe d th e 

same notion ,  an d studie d th e cognitiv e aspect s i n solvin g architectura l  desig n problems .  A m o n g thes e 

studies ,  som e use d retrospectiv e an d introspectiv e method s (Kraus s &  Myer ,  1970 ,  Darke ,  1979 ) 

whil e other s use d protoco l  analysi s (Eastman ,  1969 ,  Eastman ,  1970 ,  Akin ,  1978 ,  Akin ,  1986) .  Eac h 

stud y yielde d it s ow n findings.  Fo r  instance ,  Eastma n explore d th e operator s tha t  cause d move s 

betwee n state s i n th e desig n proces s (Eastman ,  1970) ,  an d Aki n use d schemat a t o explai n th e 

genera l  desig n procedur e (Akin ,  1986) .  Regardles s o f  th e variou s approaches ,  the y al l  share d a 

common observatio n tha t  cognitiv e proces s i n desig n i s a  cycli c proces s o f  generaUn g an d testin g 

solutions . 

The pioneer studies reviewed provided some understandings about the design process which had 

not  bee n explore d before .  However ,  th e cognitiv e proces s i n desig n i s no t  full y understood ,  an d i t 

need s mor e exploration .  Simo n an d Eastman ,  i n particular ,  declare d tha t  ill-define d problem s ca n b e 

broke n dow n int o well-define d subproblem s (Simon ,  1973) ,  an d certai n processe s i n ill-define d 

problem s ar e simila r  t o thos e use d i n well-define d one s (Eastman ,  1969) .  Thus ,  a  questio n arise s a s 

t o whethe r  thos e cognitiv e factor s (i.e. ,  knowledg e representation ,  contro l  structure ,  an d generate -

and-test )  whic h exis t  i n a  well-define d domain ,  woul d stil l  remai n unchange d i n a n ill-define d domain , 

or  i f  ther e ar e certai n relafionship s tha t  hol d thes e factor s together .  I t  i s  difficul t  t o find a  repor t  tha t 

addresse s thes e quesUons .  Thi s researc h wil l  addres s thos e question s an d als o explor e a  cognitiv e 

model  tha t  i s  capabl e o f  simulatin g th e genera l  proble m solvin g behavior . 

Fundamentals of Design Problem Solving 

The basic concept for exploring design problem solving is similar to that used for well-defined 

problems .  Th e essentia l  approac h i s t o vie w th e desig n a s i f  th e proces s occur s i n a  proble m spac e 

whic h consist s o f  immens e knowledg e states .  Sinc e architectura l  desig n i s unique ,  it s proble m spac e 

i s considere d a s havin g thre e majo r  components .  Thes e component s ar e representation s exisun g i n 

th e proble m states .  Th e first  on e i s a  se t  o f  desig n uni t  hierarchy .  Th e desig n uni t  hierarch y i s a  tree -

lik e structur e tha t  arrange s desig n unit s fro m large r  an d mor e abstrac t  unit s t o mor e detaile d ones . 
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The set of design units are physical elements of building components either given by the problem task 

or  generate d b y th e designe r  a t  an y intermediat e proble m state .  Fo r  example ,  a  branc h o f  th e tre e i n 

th e hierarch y o f  a  residentia l  desig n ma y consis t  o f  first  floo r  unit ,  livin g room ,  fireplace,  dow n t o th e 

heart h o f  th e fireplace.  Eac h uni t  i s  a  componen t  o f  th e forme r  one .  Thi s hierarchica l  tre e structur e 

explain s wh y desig n unit s appea r  fro m abstrac t  t o detai l  leve l  a s th e desig n progresses ,  i n a  top-dow n 

fashion . 

The second component is a set of design constraints. Design constraints are certain requirements 

tha t  mus t  b e fulfille d i n orde r  t o desig n a  desig n uni t  o r  a  grou p o f  desig n units .  Th e se t  o f  desig n 

constraint s i s als o give n b y th e proble m tas k o r  i s generate d b y th e designer .  Fo r  example ,  thes e 

migh t  includ e informatio n abou t  th e owner ,  sit e condition ,  climat e condition ,  specificatio n o f  desig n 

units ,  an d som e specia l  desig n requirements .  The y ar e impose d b y th e proble m an d thu s defin e th e 

proble m space . 

The third component is a set of goals in which a designer finds an object that satisfies a set of 

constraints .  Thes e thre e component s plu s a  se t  o f  operators ,  whic h ar e define d a s anythin g tha t 

change s th e proble m states ,  determin e th e desig n proble m space .  An y chang e i n thes e component s 

wil l  alte r  th e proble m space .  Fro m th e designer' s perspective ,  i t  ca n b e explaine d tha t  a t  an y stat e i n 

th e space ,  th e designe r  work s o n a  desig n unit ,  an d applie s som e knowledg e t o generat e a  solutio n 

tha t  satisfie s certai n constraints .  An d al l  thes e action s ar e unde r  th e guidanc e o f  a  particula r  goal . 

Cognitive IVIechanisms 

The goals, design constraints, and the design unit hierarchy are retrieved from memory, and are 

result s fro m th e operatio n o f  certai n factors .  Thes e factors ,  th e subjec t  matte r  o f  thi s research ,  trigge r 

and strategicall y guid e memor y retrieva l  fo r  solvin g th e proble m a t  hand .  Sinc e the y ar e th e drivin g 

force s tha t  mov e state s an d produc e o r  eve n alte r  cognitiv e behavior ,  the y ar e terme d cognitiv e 

mechanism s i n thi s research .  Th e followin g description s provid e a  generj d ide a abou t  eac h o f  thes e 

mechanisms ,  an d the y wer e empiricall y observe d i n a n experimen t  tha t  followed . 

Schemata 

In the domain of design problems, design knowledge is represented by a hierarchical semantic 

networ k (Akin ,  1978 ,  Akin ,  1986) .  Sinc e a  designe r  mus t  handl e desig n unit s durin g th e proces s o f 

design ,  desig n unit s ar e subject s o f  th e processin g o f  desig n information .  I t  i s  appropriat e t o represen t 

node s i n th e semanti c networ k b y desig n units ,  an d desig n unit s ar e groupe d b y havin g relate d 

architectura l  funcuona l  relationships .  A  designe r  mus t  hav e knowledg e o f  th e genera l  component s 

(desig n units )  o f  a  buildin g a s wel l  a s generi c knowledg e o f  wha t  the y ar e an d ho w t o desig n them . 

Therefore ,  i t  i s  assume d tha t  a  se t  o f  schemat a whic h contain s a  larg e amoun t  o f  desig n informatio n i s 

associate d wit h desig n unit s i n th e semanti c net .  I n th e network ,  ther e i s a  se t  o f  schemat a calle d 

desig n constrain t  schemat a whic h provid e declarativ e knowledg e an d procedura l  knowledg e abou t  th e 

constraints .  Fo r  example ,  climat e i s a  desig n constraint .  Th e designe r  mus t  kno w tha t  th e winte r 

breez e fro m northwes t  woul d brin g col d int o th e buildin g (declarativ e knowledge) ,  an d s/h e shoul d 

als o kno w h o w t o us e th e buildin g mas s t o bloc k th e win d o r  t o reduc e th e glazin g siz e o n th e 

windwar d surfac e t o minimiz e th e hea t  los t  (procedura l  knowledge) .  Thes e piece s o f  knowledg e ar e 

store d i n th e schemata ,  an d a  desig n solutio n i s generate d b y th e applicatio n o f  thi s knowledge . 

292 



C H AN 

Generate and Test 

Design problems have the nature of generate-and-test cycles (Eastman, 1969, Akin, 1978, 
Darke ,  1979) .  Eac h cycl e ha s tw o mechanisms :  a  generato r  an d a  teste r  (Simon ,  1973 ,  Akin ,  1986) . 
The generato r  take s som e inpu t  t o generat e a  solutio n o r  solutions .  Th e inpu t  i s assume d t o hav e 
thre e sources :  (1 )  a n evocatio n o f  schemat a fro m memor y tha t  activate s informatio n store d i n th e 
short-ter m memor y an d the n applie s it ;  (2 )  a  serie s o f  schemat a instantiations ,  i n whic h th e generato r 
applie s th e embedde d rule s i n schemat a t o generat e a  solution ;  (3 )  a  retrieva l  fro m memor y o f  a  pre -
solutio n model ,  whic h th e generato r  eithe r  accept s o r  modifie s t o generat e solutions .  Afte r  th e 
generato r  generate s a  solution ,  th e teste r  test s agains t  a  se t  o f  constraints . 

Goal Plan 

The goal plan is a hierarchical process that controls the sequence of operations. In design 
problems ,  designer s hav e a  genera l  desig n metho d store d i n thei r  long-ter m memor y calle d a  genera l 
goal  plan ,  whic h consist s o f  a  sequenc e o f  genera l  goal s t o b e accomplished .  Thi s goa l  pla n i s believe d 
t o b e th e ke y mechanis m tha t  convert s a n ill-define d proble m int o manageabl e size . 

Perceptual-test 

Since design solutions are accumulated from state to state, information presented in external 
displa y change s accordingly .  A  designe r  mus t  gathe r  informatio n abou t  th e proble m situatio n fro m tim e 
t o time ,  an d thi s i s don e b y perception .  Researche s o n perceptio n i n proble m solvin g hav e deal t  wit h 
th e perceptio n o f  ches s position s (DeGroot ,  1966 ,  Simon ,  1969) ,  o r  solvin g th e Towe r  o f  Hano i  puzzl e 
(Simon ,  1975) .  Th e perceptio n ha s bee n formulate d b y productio n system s t o describ e th e functio n o f 
it s mechanisms ,  an d i s referre d t o a s perceptual-tes t  (Simon ,  1975) .  Th e perceptual-tes t  wil l  perceiv e 
th e proble m contex t  an d th e solutio n contex t  t o determin e th e appropriat e actio n t o b e execute d next . 
Hence,  i t  i s regarde d a s th e contro l  mechanis m i n th e desig n process . 

Observations 

In order to empirically test the existence and the function of these cognitive mechanisms, an 
experimen t  wa s conducted .  Th e subjec t  wa s a  Ph D studen t  i n architecture .  H e ha d eigh t  year s o f 
architectura l  desig n experienc e a t  th e rime  thi s experimen t  wa s conducted .  Th e tas k wa s t o desig n a 
thre e bedroo m dwellin g fo r  a  singl e family .  Desig n unit s include d a  workshop ,  livin g room ,  dinin g room , 
bathroo m an d tw o bedroom s fo r  a  so n an d a  daughter .  Th e tota l  floor  are a wa s limite d t o 2,20 0 squar e 
feet .  Th e clien t  wa s a  professiona l  architectura l  perspecfiv e draftsman .  I n orde r  t o discer n th e kin d o f 
desig n knowledg e tha t  th e subjec t  woul d retriev e fro m memory ,  th e desig n informatio n provide d i n th e 
instructio n wa s reduce d t o a  minimum .  Protoco l  dat a wer e collecte d fo r  analyses .  Th e method s fo r 
codin g protocol ,  classifyin g episodes ,  verifyin g data ,  an d developin g proble m behavio r  grap h wer e 
describe d i n detai l  i n anothe r  repor t  (Chan ,  i n press) .  Result s discovere d i n relatin g t o th e cognitiv e 
mechanism s wer e th e following . 

Constraint Schemata in Design 

Constraints  in design are of two sorts: global and local ones. Global constraints arc applicable to 
a grou p o f  desig n units .  Loca l  constraint s ar e boun d t o tw o o r  fewe r  desig n units .  I n thi s experiment , 
th e subjec t  retrieve d a  fe w globa l  constraints ,  i.e .  light ,  privacy ,  accessibilit y  t o th e road ,  symmetrica l 
disposiuon ,  roo m dimension ,  an d lan d slope .  Thes e globa l  constraint s reflecte d th e followin g 
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characteristics: (1) they were mostly evoked during the first episode of the protocol data; (2) they 

wer e applicabl e t o a  grou p o r  t o al l  desig n units ;  (3 )  the y wer e abl e t o b e use d i n differen t  tasks . 

The subject retrieved 47 local constraints in this protocol, and they appeared only at the two 

lowes t  level s i n th e desig n uni t  hierarch y constructe d fro m th e data .  Th e sequenc e o f  retrievin g 

constraint s reflecte d th e followin g factors .  A t  th e eari y desig n stage ,  globa l  constraint s ar e evoke d fo r 

th e purpos e o f  organizin g th e proble m structure .  Then ,  base d o n th e structur e developed ,  a  desig n 

scenari o i s forme d t o guid e th e late r  design .  A s th e desig n progresses ,  desig n unit s ar e handle d fro m 

large r  unit s t o detaile d one s an d th e associate d constraint s ar e retrieve d accordingly . 

Constraints are retrieved so that embedded knowledge can be applied to generating or testing 

solutions .  A n excerp t  fro m th e protoco l  o f  th e subjec t  demonstrate s this : 

"Now, somehow, it seems that this (northeast) comer here, seems more private. Because these 
tw o edge s (wes t  an d south )  ar e boun d b y outsid e roads .  An d ther e i s a  propert y o n thi s (north ) 
sid e an d a  privat e propert y o n thi s (east )  side .  So ,  thing s wil l  b e better ,  i f  I  plac e thing s alon g thi s 
(northeaster n comer )  side. " 

These protocol statements can be converted into schemata representation as follows. 

Schema A: <Site-privacy> (<Building>) 
Rul e =  I f  ther e i s a  <Private-comer > 

Then pu t  buildin g a t  <Private-comer> . 
Schema B :  <Private-comer > 

Rul e =  I f  <Private-edge > (<A> )  i s privat e 
and <Private-edge > (<B> )  i s privat e 
and <A > an d <B > ar c adjacen t 
Then th e come r  fomic d b y A  an d B  i s a  privat e comer . 

Schema C :  <Private-edge > (<X> ) 
Rul e =  I f  <X > =  next-to-a-propert y 

Then i t  i s  private . 

A constraint schema as shown in the examples consists of an identifier, a variable, a set of rules, 

and a  valu e o f  th e variable .  Fo r  instance ,  i n schem a A ,  th e identifie r  i s  site-privacy ,  th e variabl e i s th e 

<Building> .  Th e factua l  knowledg e o f  th e privat e come r  i n th e sit e i s embedde d i n th e lef t  han d sid e o f 

th e production .  Th e procedura l  knowledge ,  whic h i s t o pu t  th e buildin g a t  th e privat e comer ,  i s  a t  th e 

right  han d side .  Th e valu e o f  th e schem a i s obtaine d fro m evaluatin g th e rule s i n th e schema ,  a s a 

result ,  th e valu e i s retume d t o th e variable .  A s i n thi s example ,  i n orde r  t o satisf y th e privac y 

constraint ,  a  serie s o f  schemata ,  fro m A  t o C ,  wer e instantiate d t o generat e th e solution .  Thi s show s 

th e concep t  o f  applyin g th e schemat a fo r  solutio n generation . 

Generator and Tester 

The generator uses three sources of input. One is to instantiate a series of schemata and to apply 

a serie s o f  mle s t o generat e solution s a s describe d before .  Th e secon d on e i s t o retriev e pre-solutio n 

model s fro m memor y an d appl y thes e models .  A  pre-solutio n mode l  i s a  desig n solutio n generate d 

fro m experience .  Sinc e architectura l  desig n deal s wit h graphi c representation ,  desig n solution s ar c 

mainl y images ,  an d thu s possibl y store d i n memor y b y som e kin d o f  imag e cod e (Chan ,  1989) .  I n thi s 

experiment ,  th e subjec t  use d nin e pre-solutio n models ,  an d seve n ou t  o f  nin e wer e iconi c images .  Fo r 

example ,  i n dealin g wit h th e porc h roof ,  th e subjec t  coul d quickl y retriev e a  pitc h roo f  imag e an d dra w 
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it. This showed a recognition search method used by the generator. The recognition search involves 

reducin g th e proble m t o a  poin t  a t  whic h a  know n procedur e o r  mode l  ca n b e applie d t o th e remainin g 

stages . 

Besides recognition search, the generator also used the means-ends analysis method to 

accommodat e a  pre-solutio n model .  Thi s occurre d whe n th e subjec t  retrieve d geometri c block s wit h 

centra l  core s ( a pre-solutio n model )  t o solv e th e servic e cor e proble m (th e proble m tha t  containe d th e 

stai r  case ,  utilit y  core ,  an d bathroo m facilities) .  Bu t  thi s mode l  di d no t  fit  th e contex t  becaus e i t  lef t  n o 

roo m fo r  a  corridor .  Th e subject' s strateg y wa s t o retriev e seve n rule s t o graduall y modif y th e pre -

solutio n mode l  unti l  h e achieve d a  satisfactor y solution .  Hi s solutio n wa s t o pu t  th e staircas e nex t  t o 

th e bathroo m an d locat e the m i n tw o rectangula r  block s wit h a  corrido r  runnin g i n front .  I n thi s exampl e 

of  th e means-end s analysi s searc h method ,  a  modifie d imag e wa s th e end . 

The third input source for the generator is to simply retrieve a constraint schema and apply its 

rule .  Thi s sourc e als o appl y t o th e tester ,  an d i s regarde d a s th e mai n characteristi c o f  th e generato r 

and tester .  Th e proble m behavio r  grap h constructe d fro m protoco l  dat a showe d tha t  wheneve r  a  desig n 

solutio n wa s generate d o r  tested ,  a t  leas t  on e desig n constrain t  wa s involve d an d a t  leas t  on e rul e 

was used .  Thi s suggest s tha t  th e knowledg e i n constrain t  schemat a i s th e sourc e fo r  proble m solving , 

and i t  als o explain s wh y desig n constraint s ar e importan t  i n desig n tasks . 

Goal Plan 

The protocol of the subject's goal development in this experiment showed some clear distinctions 

betwee n episodes .  I n transition s betwee n goals ,  th e ne w knowledg e stat e di d no t  correlat e t o th e 

previou s one .  A  ne w goa l  wa s develope d an d verbalize d al l  o f  a  sudden .  Thi s supporte d a n argumen t 

tha t  ne w goal s ar e retrieve d fro m th e goa l  pla n i n memory .  Th e subject' s goa l  pla n looke d lik e this : 

tas k understanding ,  sit e organization ,  scenari o development ,  initia l  spac e layout ,  roo m siz e 

arrangement ,  spac e generation ,  first floor  layout ,  secon d floor  layout ,  elevation ,  sit e development ,  an d 

finally  evaluation . 

Perceptual-test 

The perceptual-test controls the design process and has been observed to have four functions. 

The first  functio n i s t o determin e whethe r  th e curren t  goa l  ha s bee n accomplished .  I n th e protocol ,  th e 

subjec t  mad e n o statemen t  indicatin g tha t  h e ha d sausfie d a  particula r  goal .  Th e subjec t  simpl y 

proceede d fro m on e goa l  t o another .  Th e silen t  switc h suggest s tha t  unles s a  goa l  i s achieved ,  i t  i s 

impossibl e t o develo p a  ne w one . 

The second function is to test the generated solution to perceive the solution path. For example, 

one o f  th e tas k requirement s wa s t o includ e a  Dori c colum n i n th e residentia l  design .  On e o f  th e 

generate d solution s wa s t o locat e th e Dori c colum n i n th e cente r  o f  a  roo m a s a  singl e interio r  elemen t 

supportin g th e ceiling .  Th e subjec t  indicate d tw o things :  (1 )  suc h a  for m mus t  als o matc h a  classica l 

vault ,  bu t  thi s usag e woul d chang e th e characte r  o f  th e design ;  (2 )  th e subjec t  wa s no t  kee n o n doin g a 

historica l  revival .  Therefore ,  thi s solutio n wa s abandoned .  Thi s indicate d tha t  th e subjec t  perceive d a 

critica l  proble m situatio n a t  th e tim e h e generate d a  solution .  Th e critica l  proble m situatio n refer s t o 

th e possibilit y  o f  changin g th e proble m stmctur e o r  solutio n path . 
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The third function is to perceive what is lacking at the present stage and search for a design unit 

t o wor k o n next .  Tak e a n excerp t  fro m th e protoco l  fo r  example :  " I  a m tryin g t o se e i n term s o f  sectio n 

what  i s goin g t o have ,  an d I  a m tryin g t o se e wha t  othe r  thing s coul d b e attache d t o thi s column .  On e 

thin g i s that ,  yo u ma y cal l  i t  som e kin d o f  glazing ,  i n whic h th e colum n reall y i s a  free-standin g 

element ,  visually. "  I n thi s example ,  th e subjec t  searche d fo r  a  ne w desig n uni t  t o attac h t o th e colum n 

i n orde r  t o visuall y mak e th e colum n a  free-standin g element .  Th e ne w desig n uni t  h e evoke d wa s 

glazin g o n th e sid e o f  th e column . 

The fourth function is to perceive the problem context and the solution context to determine the 

nex t  action .  Perceptio n o f  th e proble m contex t  mean s understandin g th e proble m structur e t o 

determin e th e goa l  sequence .  Fo r  example ,  th e subjec t  perceive d th e siz e o f  th e buildin g mas s a s a 

smal l  on e whic h woul d no t  affec t  it s  locatio n o n th e site ,  s o h e decide d t o develo p th e sit e later .  An d i t 

turne d ou t  tha t  th e goa l  o f  sit e developmen t  appeare d a t  a  late r  stag e i n th e protocol .  Perceivin g th e 

solutio n contex t  mean s seein g th e solutio n pat h an d usin g i t  t o generat e th e nex t  solution .  Fo r 

instance ,  th e subjec t  use d symmetr y a s a  constraint ,  whic h develope d whil e h e wa s arrangin g th e 

positio n o f  a  ba y windo w an d a  Dori c colum n (th e Dori c colum n wa s o n th e centra l  lin e o f  th e ba y 

window) .  Thi s symmetr y constrain t  wa s agai n selecte d late r  o n t o solv e th e livin g roo m layout .  Th e 

subjec t  indicate d tha t  "sinc e i t  (Dori c column )  i s goin g t o b e somethin g a s strikin g a s a n elemen t  lik e 

tha t  (symmetri c character) ,  a t  leas t  her e (i n th e livin g roo m plan )  1  a m tryin g t o kee p thi s (livin g 

room )  spaces ,  an d tr y t o maintai n th e sam e symmetri c disposition. "  Thi s implie s tha t  th e subjec t 

perceive d th e solutio n contex t  an d selecte d th e nex t  solutio n whic h ha d th e bes t  fit.  Th e solutio n 

contex t  mean s tha t  th e occurrenc e o f  solutio n B  i s relate d t o solutio n A ,  o r  tha t  th e resul t  o f  solutio n 

A lead s t o th e caus e o f  solutio n B . 

Invariant Structure 

Observations based on the protocol data supported hypotheses about the functions of the 

cognitiv e mechanisms .  Sinc e thes e mechanism s ar e majo r  constituent s o f  th e system ,  the y contro l  th e 

overal l  proces s o f  desig n an d thu s generat e a  skeleto n o f  a n invarian t  structure . 

As shown in Figure 1, this invariant structure represents the cognitive process. It shows that a 

desig n tas k ca n b e broke n dow n b y mean s o f  th e sequenc e o f  goals .  Goal s ar e generate d eithe r  fro m a 

goal  pla n tha t  i s store d i n memory ,  o r  fro m a  perceptual-test .  Th e goa l  pla n contain s a  sequenc e o f 

goal s tha t  th e designe r  mus t  kno w i n orde r  t o proces s th e desig n task ,  an d mus t  achiev e i n orde r  t o 

get  th e desig n proble m int o th e final  goa l  state .  I n accomplishin g a  goal ,  th e designe r  manipulate s a 

set  o f  desig n units .  A  packag e o f  knowledg e abou t  th e desig n uni t  calle d a  schema ,  whic h contain s 

associate d desig n constraint s an d rule s fo r  application ,  i s  store d i n a  knowledg e bas e a s a  par t  o f  th e 

designer' s long-ter m memory .  B y takin g a  se t  o f  desig n unit s an d retrievin g it s associate d schemata , 

desig n solution s fo r  a  particula r  goa l  ar e generate d an d tested .  B y repeatin g th e proces s (takin g a 

goal ,  activatin g a  desig n unit ,  retrievin g a  se t  o f  associate d schemata ,  applyin g a  rul e t o generat e a 

solutio n an d the n testin g th e solution) ,  th e desig n proble m graduall y move s towar d th e final  state . 

Obviously, the perceptual-test occupies a control position in Figure 1. It is necessary to 

emphasiz e th e rol e o f  th e perceptual-tes t  i n th e system .  Th e perceptual-tes t  serve s th e followin g 

functions : 

1. The test of the goal state will guarantee that the system is always in progress and that the 

proces s alway s move s towar d a  goal .  Thus ,  i f  th e curren t  goa l  ha s bee n achieved ,  the n th e 
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desig n unit x + 

Retriev e 
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solutio n solutio n 

Retriev e 
Develo p > goa l  from 
subgoa l goal  pla n 

erceptual X x 
tes t 

Figur e 1 :  A  cognitiv e mode l  o f  desig n proces s 

system will produce the next goal from the goal plan. Otherwise, the perceptual-test will 

perceiv e whic h desig n uni t  i s th e nex t  candidat e t o continu e accomplishin g th e curren t  goal . 

2. The test of global constraints will make sure that the generated solution is optimal. If the 

generate d solutio n satisfie s al l  th e constraints ,  the n th e syste m wil l  procee d t o th e nex t 

desig n uni t  unde r  th e curren t  goal .  Otherwise ,  a  n e w goa l  i s  se t  up . 

3. If a design unit is presented in short-term memory and a set of constraint schemata is 

evoked ,  th e perceptual-tes t  wil l  recogniz e tha t  suc h a  desig n uni t  mus t  b e solve d i n orde r  t o 

proces s th e nex t  one .  Thus ,  a  subgoa l  i s  develope d t o solv e th e proble m bein g presented . 

4. The perceptual-test will perceive what happens at the current state and will determine the 

appropriat e nex t  step . 

Conclusion 

The cognitive mechanisms are regarded as fundamentals in processing information. Among them, 

th e perceptual-tes t  control s th e process ,  an d provide s proble m solvin g strategies .  A  se t  o f  productio n 

system s t o accoun t  fo r  th e subject' s strateg y an d contro l  structur e i n thi s experimen t  ha d bee n 

explicitl y  develope d an d han d simulate d elsewher e (Chan ,  i n press) .  Thi s se t  o f  productio n system s i s 

inferre d t o b e a  prototypica l  templat e o r  progra m store d i n th e memory ,  an d i s instantiate d a t  th e tim e 

when a  proble m i s encountered .  Th e nex t  ste p beyon d thi s stud y i s t o implemen t  th e propose d 
compute r  simulatio n mode l  o f  thi s process . 

It is further inferred that the cognitive mechanisms studied are essential in solving ill-defined 

problems .  Th e difference s betwee n individua l  huma n proble m solver s ar e th e informatio n store d i n th e 

schemata ,  th e goal s i n th e goa l  plan ,  th e searc h method s utilize d b y generato r  an d tester ,  an d th e 

contro l  strategie s develope d b y perceptual-test .  Thes e factor s ca n b e terme d a s cognitiv e variables , 
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which are the operational sources of the cognitive mechanisms and are important clues for studying 

th e individua l  differences . 

This study also provides a systematic approach for studying design processes that are 

recognize d a s a  par t  o f  ill-define d problems .  Althoug h i t  i s  no t  certai n tha t  al l  kind s o f  ill-define d 

proble m solvin g (musi c composition ,  painting ,  an d stor y writing )  hav e characteristic s i n common ,  thi s 

stud y suggest s tha t  ill-define d problem s rel y greatl y o n th e proble m solver' s prio r  knowledg e an d 

contro l  strateg y fo r  tacklin g problems . 

The theory set up in this study is strongly supported by the data obtained from the experiment. 

It s furthe r  applicatio n i s t o stud y ho w styl e i s generate d fro m desig n processes ,  an d t o stud y wha t 

cognitiv e aspect s woul d likel y influenc e th e formatio n o f  a  style .  Onl y afte r  mor e experiment s 

conducte d o n mor e subject s wil l  th e accurac y o f  th e mode l  b e convincing . 
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