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Abs t rac t 

Design sketches are believed to play essential roles in early 
conceptua l  desig n processes .  Exploratio n o f  ho w sketche s 
ar e essentia l  fo r  th e formatio n o f  ne w desig n idea s i s 
expecte d t o brin g importan t  implication s fo r  desig n 
educatio n an d desig n suppor t  systems .  Littl e researc h ha s 
been done ,  however ,  t o empiricall y examin e th e way s i n 
whic h designer s cognitivel y interac t  wit h thei r  ow n 
sketches .  Usin g a  protoco l  analysi s technique ,  w e examine d 
th e desig n thought s o f  a n architec t  fro m th e followin g 
poin t  o f  view ;  ho w h e dre w depictions ,  inspecte d depicte d 
elements ,  perceive d visuo-spatia l  features ,  an d though t  o f 
non-visua l  functiona l  o r  conceptua l  information .  Th e 
findings  sugges t  tha t  desig n sketche s serv e no t  onl y a s 
externa l  memor y o r  a s a  provide r  o f  visua l  cue s fo r 
associatio n o f  non-visua l  information ,  bu t  als o a s a 
physica l  settin g i n whic h desig n thought s ar e constructe d 
on th e fly. 

Introduction 

Designer s typicall y us e les s rigid  form s o f  diagrammati c o r 
pictoria l  representations ,  suc h a s freehand  sketches ,  i n earl y 
conceptua l  desig n processes .  I t  i s  widel y believe d tha t 
sketche s pla y a n essentia l  rol e i n th e formado n o f  creativ e 
ideas .  Researc h o n th e role s o f  sketche s i n desig n processe s 
i s expecte d t o la y th e foundatio n fo r  desig n educatio n i n th e 
effectiv e us e o f  sketche s an d fo r  th e developmen t  o f  compute r 
tool s t o suppor t  sketch-base d design . 

Relevan t  t o thi s i s a  mor e genera l  question .  Tha t  is ,  w h y 
and h o w d o diagrammati c o r  pictoria l  representation s 
facilitat e people' s problem-solvin g o r  decision-making ? Th e 
ubiquit y o f  thes e representation s i n ou r  everyda y life ,  e.g .  i n 
publi c sign s an d icons ,  maps ,  textbooks ,  advertisemen t  an d 
brochures ,  intensifie s th e significanc e o f  th e pursui t  o f  thi s 
issue .  Newel l  an d S i m o n (1972 )  discusse d h o w thes e 
representation s serv e a s a n externa l  memory .  Externalizin g 
intermediat e result s o f  inferenc e a s visua l  token s reduce s 
memory load .  W h e n som e o f  th e result s nee d t o b e availabl e 
fo r  furtherin g inferenc e late r  i n problem-solving ,  peopl e hav e 
onl y t o visuall y revisi t  th e correspondin g tokens . 

Recent  researc h ha s reveale d mor e activ e role s o f  externa l 
representations .  Inspectin g representation s allow s visuo -
spatia l  informatio n t o naturall y emerg e i n perceptio n 
(Koedinge r  &  Anderson ,  1990) .  Emergenc e o f  visuo-spatia l 
informatio n sometime s occur s i n unexpecte d ways ,  becaus e 
externalizin g a  se t  o f  idea s force s a  specifi c  organizatio n o f 
element s (Stennin g &  Oberlander ,  1995) .  T h e visuo-spatia l 
informatio n extracte d will ,  i n turn ,  m a k e a  centra l 

contributio n t o inferenc e i n tw o ways .  First ,  i t  i s  use d fo r 
inferenc e a s it s majo r  component .  Thi s i s th e cas e wher e th e 
informatio n extracte d correspond s t o a  meaningfu l  predicat e 
i n th e domain ,  fo r  example ,  "equalness "  i n siz e i n geometr y 
proo f  problem-solvin g (Gelemter ,  1963) ,  an d "adjacent " 
arrangemen t  o f  component s o f  a  devic e i n physic s problem -
solvin g (Narayanan ,  S u w a &  Motoda ,  1994) .  I n thes e cases , 
externa l  representation s serv e a s a  spatia l  model ,  providin g a 
concret e appearanc e o f  th e problem-structur e an d thereb y 
encouragin g peopl e t o atten d t o particula r  predicates . 

Second ,  th e visuo-spatia l  informatio n extracte d become s 
th e visua l  cue s fo r  associatio n o r  remindin g o f  abstrac t 
concepts ,  functiona l  issues ,  relevan t  pas t  experiences ,  o r 
problem-solvin g strategies .  Larki n an d S i m o n (1987 ) 
discusse d tha t  proximit y o n a  diagra m coul d b e a  goo d guid e 
fo r  solver s t o decid e wha t  t o infe r  next .  Petr e (1995 ) 
discusse d tha t  indentation ,  alignment ,  whit e space ,  an d 
symmetricalit y i n th e notatio n o f  programmin g languag e 
hel p peopl e understan d th e structur e o f  programmin g 
component s an d thei r  functiona l  relationships . 

Thes e views ,  especiall y th e vie w a s a  provide r  o f  visua l 
cues ,  appl y t o desig n sketche s a s well .  Arnhe i m (1977 ) 
enumerate d m a n y example s i n whic h form s o f  architecture , 
e.g .  shapes ,  sizes ,  an d spatia l  arrangement s o f  elements , 
carr y abstrac t  meanings ,  function s an d psychologica l  effect s 
on peopl e fo r  whic h th e architectur e i s designed .  S u w a an d 
Tversk y (1997 )  suggeste d tha t  experts '  tendenc y t o maintai n 
a successiv e chai n o f  relate d thought s i s  attributabl e t o th e 
abilit y t o us e visua l  cue s fo r  associatio n o f  functions . 
Further ,  designer s ten d t o associat e a  visuo-spatia l  featur e 
wit h on e concep t  a t  a  tim e an d the n wit h anothe r  afterward s 
(Goel ,  1995 ;  Goldschmidt ,  1991) .  Thi s act ,  calle d ns -
interpretation ,  i s  believe d t o b e involve d i n th e formatio n o f 
creativ e ideas . 

Desig n sketche s hav e anothe r  importan t  characteristic . 
The y ar e no t  somethin g give n t o designer s a t  th e beginnin g 
of  a  task ,  bu t  somethin g whic h designer s dynamicall y 
produc e fro m scratc h durin g th e process .  B y puttin g idea s 
d o wn o n pape r  an d inspectin g them ,  designer s se e ne w 
feature s an d relation s tha t  sugges t  way s t o refin e an d revis e 
thei r  ideas ,  an d thereb y ar e drive n t o dra w again .  Scho n an d 
Wiggin s (1992 )  discusse d tha t  thi s sor t  o f  interactio n wit h 
sketche s i s th e essenc e o f  earl y desig n processes . 

Littl e researc h ha s bee n done ,  however ,  t o empiricall y 
examin e h o w designer s cognitivel y interac t  wit h thei r  o w n 
sketches .  W h a t  w e m e a n b y cognitiv e interactio n i s a  whol e 
set  o f  desig n action s consistin g o f  drawing ,  payin g attentio n 
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t o previously-draw n depictions ,  perceivin g thei r  visuo-spatia l 

features ,  thinkin g o f  non-visua l  informatio n an d s o on .  H o w 
ar e th e occurrence s o f  thes e action s relate d t o on e another ? 
We hav e examine d th e desig n proces s o f  a  practisin g architec t 
fro m thi s poin t  o f  view .  W e employe d a  protoco l  analysi s 

method ,  becaus e o f  it s  suitabilit y  fo r  examinatio n o f  th e 
cognitiv e processe s o f  huma n being s (Ericsso n &  Simon , 
1993) .  Afte r  a  brie f  revie w o f  previou s protoco l  analysi s 
techniques ,  th e basi c ide a o f  ou r  codin g schem e wil l  b e 
described .  Th e findings  o f  thi s examinatio n hav e provide d 
importan t  view s abou t  th e role s o f  sketche s i n desig n 
processes . 

Protocol Analysis Techniques 

Desig n i s a  typica l  field  wher e protoco l  analysi s ha s bee n 
intensivel y used .  Dors t  an d Dijkhui s (1995 )  classifie d 
protoco l  analysi s technique s use d i n desig n researc h int o tw o 
categories ;  th e process-oriente d approac h an d th e content -
oriente d approach .  Th e forme r  focuse s o n describin g th e 
structur e o f  desig n processe s i n term s o f  a  genera l  taxonom y 
of  problem-solving ,  i.e .  problem-states ,  operators ,  plans , 
goals ,  strategies ,  an d s o o n (e.g .  Eastman ,  1970 ;  Akin , 
1993 ;  Purcell ,  Gero ,  Edwards ,  &  McNeil ,  1994) .  B y 
contrast ,  th e content-oriente d approac h aim s a t  revealin g th e 
content s o f  information ,  resourc e an d knowledg e tha t  ar e use d 
fo r  makin g inferenc e (e.g .  Scho n &  Wiggins ,  1992 ; 
Goldschmidt ,  1991 ;  S u w a &  Tversky ,  1997) .  F ro m ou r 
concer n wit h designers '  cognitiv e interactio n wit h sketches , 
we hav e take n th e content-oriente d approach . 

Anothe r  dichotom y i n protoco l  analysi s method s i s th e 
on e betwee n "think-aloud "  an d "retrospectiv e report " 
techniques .  Th e forme r  technique ,  i n whic h subject s ar e aske d 

t o tal k alou d abou t  thei r  on-goin g thought s whil e workin g 
on a  give n task ,  i s regarde d a s a  reliabl e metho d (Ericsso n & 
Simon ,  1993) ,  an d therefor e ha s bee n use d widely .  However , 
i t  i s  no t  withou t  disadvantages ;  th e requiremen t  o f  talkin g 
interfere s wit h th e subject' s perceptio n (Lloyd ,  1995) .  Sinc e 
thi s m a y wel l  b e fata l  fo r  examinin g designers '  cognitiv e 
interactio n wit h sketches ,  w e chos e t o emplo y th e 
"retrospectiv e report "  technique .  Subject s ar e aske d t o 
remember  an d repor t  thei r  pas t  thought s afte r  th e task .  Thi s 
technique ,  too ,  potentiall y  ha s a  disadvantage ,  tha t  i s 
selectiv e retrieva l  du e t o deca y o f  memory ,  a s Ericsso n an d 
S imo n pwinte d out .  O n e plausibl e measur e t o alleviat e thi s 
proble m i s t o allo w subject s t o watc h th e videotap e o f  thei r 
sketchin g activitie s whil e reportin g (Suw a &  Tversky , 
1997) ,  B y doin g so ,  subject s ar e provide d wit h visua l  cue s 
abou t  th e exac t  sequenc e o f  sketching ,  includin g th e timing, 
hesitations ,  return s an d redrawings .  Thos e cue s apparentl y 
hel p subject s remembe r  thei r  pas t  thoughts . 

The Coding Scheme 

Design Task 

We use d th e dat a o f  a  practisin g architec t  tha t  S u w a an d 
Tversk y collecte d usin g th e retrospectiv e repor t  technique .  H e 
has bee n practisin g fo r  mor e tha n 2 0 years ,  t o desig n bot h 
offic e building s an d natura l  environment .  Th e tas k give n t o 
hi m wa s t o desig n a n ar t  m u s e u m o n a  give n site .  H e worke d 

on th e tas k fo r  4 5 minute s whil e sketchin g o n tracin g paper . 

Hi s sketchin g activitie s wer e videotaped .  Afte r  th e desig n 
task ,  h e reporte d wha t  h e ha d bee n thinkin g o f  whil e drawin g 
eac h strok e o f  hi s sketches . 

Analysis of Protocols 

Segmentation 

Followin g th e standar d protoco l  analysi s method ,  w e 
segmente d th e entir e verba l  protocols .  W e carrie d ou t 
segmentatio n i n suc h a  wa y tha t  a  chang e i n hi s intentio n 
and i n th e content s o f  hi s thought s o r  action s flags  th e star t 
of  a  ne w segmen t  (Ger o &  McNeil ,  1998 ;  Goldschmidt , 
1991 ;  Purcel l  e t  al. ,  1994 ;  Suw a &  Tversk y 1997) .  A  singl e 
segment  sometime s consist s o f  on e sentenc e an d sometime s 
of  many .  Th e architect' s protocol s containe d 25 0 segments . 

Action Categories 
Fro m ou r  concer n wit h designers '  cognitiv e interaction s wit h 
sketches ,  w e neede d a  codin g schem e t o classif y th e content s 
of  thei r  thought s o r  actions .  A m o n g th e scheme s belongin g 
t o th e content-oriente d approach ,  S u w a an d Tversky' s (1997 ) 
i s th e onl y on e tha t  classifie s th e content s o f  informatio n 
whic h designer s attende d t o o r  though t  of .  Th e majo r 
dichotom y i n thei r  classificatio n wa s betwee n visua l 
informatio n an d non-visua l  information .  Th e forme r  was ,  i n 
turn ,  divide d int o "depicte d elements "  an d "spatia l  relations" , 
and th e latte r  t o "functions "  an d "knowledge" .  Th e dichotom y 
of  visua l  informatio n int o element s an d relation s wa s base d 
on th e "what "  vs .  "where "  distinctio n i n visio n an d spatia l 
cognition .  So ,  th e categor y o f  "depicte d elements "  include s 
not  onl y evidenc e tha t  designer s dre w element s bu t  als o on e 
tha t  the y perceive d visuo-spatia l  feature s o f  elements .  Fo r  th e 
purpos e o f  ou r  study ,  however ,  drawin g an d perceivin g 
shoul d b e distinguished .  W e revise d S u w a an d Tversky' s 
classificatio n i n th e followin g way ,  stil l  inheritin g muc h o f 
it s concept . 

Table 1: Action categories 

categorie s name s 

D-actio n 

physica l  L.actio n 

M-actio n 

perceptua l  P-actio n 

functiona l  F-actio n 

E-actio n 
concepnia l  G.̂ ĵĵ n 

K-actio n 

descriptio n o r  example s 

depict ,  e.g .  dots ,  lines ,  symbols ,  word s 

loo k a t  depicte d element s 

move a  pencil ,  mak e gesture s 

perceiv e shapes ,  sizes ,  spatia l  relation s 

conceiv e o f  functions ,  non-visua l  concept s 

evaluat e aestheti c value s 

set  u p goal s 

retriev e knowledg e 

The first  category ,  physical ,  refer s t o action s tha t  at e 
directl y relevan t  t o physica l  depiction s o n paper .  I t  consist s 
of  thre e actions .  O n e i s t o mak e depiction s o n paper ,  suc h a s 
diagrams ,  symbols ,  annotations ,  m e m o s ,  an d sentences .  W e 
cal l  i t  'D-action' .  Th e secon d i s th e motio n o f  a  penci l  o r 
hand s tha t  d o no t  en d u p wit h depictions .  W e cal l  i t  'M -
action' .  Th e thir d i s t o pa y attentio n t o th e existenc e o f 
previously-draw n depictions .  W e cal l  i t  'L-action' . 
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The secon d category ,  perceptual ,  refers  t o action s o f 
perceivin g visuo-spatia l  feature s o f  depictions ,  suc h a s 
shape s o r  size s o f  depicte d element s an d spatia l  relation s 
among elements .  W e cal l  i t  'P-action' .  Fo r  example ,  i f  a 
designe r  draw s a  ne w depictio n nea r  a n existin g on e b y 
anendin g t o th e spatia l  relatio n betwee n both ,  th e ne w 
depictio n i s code d a s a  D-action ,  hi s attentio n t o th e existin g 
depictio n a s a  L-action ,  an d hi s attentio n t o th e spatia l 
relatio n a s a  P-action .  Thi s P-actio n i s viewe d a s havin g 
occurre d dependen t  o n th e D-actio n an d th e L-action .  Thi s 
way,  P-action s hav e inheren t  dependenc y o n physica l  actions . 

The thir d category ,  functional ,  refer s t o action s o f 
thinkin g o f  non-visua l  functiona l  issue s o r  abstrac t  concept s 
wit h whic h designer s associat e physica l  depiction s o r  thei r 
perceptua l  features .  W e cal l  i t  'F-action' .  Fo r  example ,  i f  a 
designe r  attend s t o a  spatia l  relatio n betwee n tw o region s an d 
associate s i t  wit h a  vie w fro m an d t o bot h places ,  hi s 
though t  o n "view "  i s code d a s a  F-action .  Thi s way , 
function s o r  abstrac t  concept s ar e no t  actuall y give n i n th e 
£q)pearanc e o f  element s an d relations ,  bu t  suggeste d b y it . 
Therefore ,  F-action s hav e inheren t  dependenc y o n physica l 
action s and/o r  P-actions . 

The fourt h category ,  conceptual ,  refer s t o action s tha t 
deal  wit h non-visua l  informatio n whic h i s no t  inherentl y 
suggeste d b y th e appearanc e o f  element s an d relations .  Ther e 
ar e thre e types .  Th e first  i s  t o evaluat e th e aestheti c valu e o f 
desig n decision s mad e b y P -  o r  F-actions .  W e cal l  i t  'E -
action' .  Th e secon d i s t o se t  u p goals .  W e cal l  i t  'G-action' . 
A goa l  i s  sometime s se t  u p b y bein g triggere d b y P -  o r  F -
actions ,  o r  sometime s a s th e subgoa l  o f  a n existin g goal . 
Once a  goa l  i s  se t  up ,  i t  i n tur n give s birt h t o othe r  actions , 
i.e .  G ,  F ,  P  o r  physical ,  i n a  top-dow n way .  Th e thir d i s t o 
retriev e knowledg e fo r  makin g inference .  W e cal l  i t  'K -
action' .  Al l  th e categorie s o f  action s ar e show n i n Tabl e 1 . 

The fou r  categorie s correspon d t o th e level s a t  whic h 
incomin g informatio n i s processe d i n huma n cognition . 
Informatio n i s first  processe d sensorily ,  the n perceptuall y an d 
semantically .  Th e sensor y leve l  correspond s t o physica l 
action s i n ou r  category ,  an d th e perceptua l  leve l  t o 
perceptual .  Th e semanti c leve l  i s  mor e precisel y divide d int o 
functiona l  an d conceptua l  actions ,  dependen t  o n whethe r  o r 
not  i t  ha s inheren t  dependenc y t o physica l  o r  P-actions . 

The codin g o f  desig n action s int o thes e categorie s i s don e 
fo r  eac h segmen t  o f  th e architect' s protocols . 

An Example of The Coding Scheme 

Figur e 1  i s a n excerp t  o f  th e protocol s 1 0 minute s int o th e 
desig n task .  Th e architec t  ha d calculate d th e necessar y siz e o f 
th e museu m buildin g an d th e parkin g lot ,  40,00 0 an d 80,00 0 
sq.  ft .  respectively ,  an d ha d jus t  depicte d a  rectangle  fo r  th e 
parkin g lot .  I n thi s excerpt ,  h e notice d th e relationshi p 
betwee n th e size s o f  both ,  an d dre w a  rectangl e fo r  th e 
buildin g b y cuttin g th e on e fo r  th e parkin g lo t  i n half . 

Thi s excerp t  i s  code d a s follows .  B y revisitin g th e m e mo 
(L-action) ,  "40,00 0 sq .  ft." ,  an d interpretin g i t  agai n a s th e 
siz e o f  th e buildin g (F-action) ,  h e se t  u p a  goal ,  "dra w a 
buildin g o f  thi s size "  (G-action) .  Hi s words ,  " O K ,  buildin g 
i s the n .." ,  sugges t  th e existenc e o f  thi s goal .  I n th e 
meantime ,  b y revisitin g anothe r  m e m o ,  "80,00 0 sq .  ft. "  (L r 
action )  an d interpretin g i t  a s th e siz e o f  th e parkin g lo t  (F -

action) ,  h e notice d tha t  th e buildin g shoul d b e hal f  th e siz e o f 
th e parkin g lo t  (F-action) .  Discover y t o thi s relatio n allowe d 
hi m t o decid e h o w t o accomplis h th e goal ;  tha t  i s  t o cu t  th e 
rectangl e o f  th e parkin g i n half .  I n othe r  words ,  h e se t  u p 
ne w subgoal s (G-actions )  unde r  th e origina l  goal .  Th e 
subgoal s wer e t o loo k a t  th e rectangl e fo r  th e parkin g an d 
the n t o creat e a  ne w depictio n wit h hal f  th e size .  Directe d b y 
th e first  subgoal ,  h e revisite d th e rectangl e o f  th e parkin g (L -
action) .  Directe d b y th e secon d subgoal ,  h e dre w a  ne w 
rectangl e (D-action )  wit h hal f  th e siz e (P-action) .  Th e shap e 
happene d t o becom e thi n an d narro w (P-action) . 

And the n I  di d th e sam e thin g [i :  dre w a  rectangl e a s a 

museum building] .  O K ,  building ,  then ,  i s hal f  o f  tha t  [i :  th e 

parking] ,  bu t  I  though t  thi n a t  th e moment .  I  wa s thinkin g i t 

migh t  b e lon g an d narrow .  So ,  again ,  I  dre w a  lon g narro w 

one whic h wa s abou t  40,00 0 sq .  ft .  a t  tha t  time . 

[i :  ]  —interpretatio n o f  th e protoco l 

Figur e 1 :  A n excerp t  o f  th e protocol s o f  a n architec t 

A n a l y s i s o f  C o g n i t i v e A c t i o n s 

Throug h interactio n wit h sketche s a t  th e physica l  level , 
designer s ar e the n abl e t o hav e highe r  interactio n a t  th e 
perceptua l  an d functiona l  levels .  Thi s way ,  informatio n 
"emerges "  i n a  bottom-u p way .  W e conjecture d tha t  thi s 
bottom-u p proces s i s a  ke y t o understandin g th e role s o f 
sketches .  O n th e othe r  hand ,  processe s involvin g conceptua l 
action s ar e differen t  i n nature .  The y ar e a  top-dow n contro l 
ove r  subsequen t  actions .  Althoug h top-dow n processe s ar c 
als o wort h studying ,  the y ar e beyon d th e scop e o f  thi s paper . 
Our  examinatio n her e i s limite d t o th e lowe r  thre e level s o f 
actions . 

Dominant Cognitive Actions 

We examine d th e frequenc y wit h whic h functional ,  perceptua l 
and physica l  action s occurre d throughou t  th e desig n process . 
The architec t  produce d seve n sheet s o f  sketches .  Page s 1 ,  3 
and 5  ar e show n i n Fig.2 .  Th e triangula r  close d shap e an d a 
pai r  o f  paralle l  line s besid e i t  i n Pag e 1  i s th e propert y lin e 
of  th e sit e an d a  publi c roa d runnin g nearby ,  respectively .  If e 
was aske d t o arrang e m u s e u m building s an d othe r  function s 
on thi s site .  H e state d i n th e repor t  tha t  eac h pag e represented 
a distinc t  desig n phas e i n hi s process .  Page s 1  an d 2  involve d 
analysin g bot h th e sit e an d th e desig n requirements .  Pag e 3 
was th e phas e t o roughl y arrang e thing s o n th e site .  Thi s 
arrangemen t  becam e th e basi s o f  al l  th e subsequen t  pages .  I n 
Page 4 ,  calle d "schem e A" ,  h e explore d a  detaile d desig n 
base d o n th e arrangement .  I n Pag e 5 ,  calle d "schem e B" ,  h e 
teste d anothe r  way .  I n Pag e 6 ,  calle d "schem e B  plan" ,  h e 
worke d o n a  precis e buildin g pla n base d o n Pag e 5 .  I n Pag e 
7,  calle d "schem e A  plan" ,  h e worke d o n a  buildin g pla n 
base d o n Pag e 4 . 

For  eac h page ,  w e calculate d th e su m tota l  o f  occurrence s 
of  physical ,  perceptua l  an d functiona l  actions .  Figur e 3 
shows ,  fo r  eac h page ,  th e rati o o f  occurrence s o f  eac h typ e o f 
actio n t o th e tota l  numbe r  o f  occurrence s o f  al l  types . 
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Figure 2: Sketches of a practising architect 

page 5 

I n Page s 1  an d 2 ,  physica l  action s wer e dominan t  whil e 
functiona l  action s wer e les s frequent .  I n Pag e 3 ,  functiona l 
action s occurre d mor e frequenU y tha n i n th e firs t  tw o pages , 
and physica l  action s wer e les s dominant .  I n Page s 4 ,  5  an d 6 , 
thi s patter n wa s mor e salient .  I n Pag e 7 ,  th e ratio s o f  th e 
thre e action s ar e close r  t o thos e o f  Pag e 3 .  Actually ,  h e mad e 
a ne w spatia l  arrangement ,  instea d o f  th e on e o f  Pag e 3 ,  i n 
th e first  hal f  o f  Pag e 7 ,  an d the n explore d a  detaile d pla n o n 
i t  i n th e latte r  hal f  o f  th e page . 
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Figur e 3 :  Th e occurrence s o f  eac h typ e o f  actio n i n eac h pag e 

These findings brought two insights. First, his design 
proces s containe d thre e distinc t  phases :  proble m analysis , 
spatia l  arrangement ,  an d functiona l  exploration .  Second ,  i n 
th e beginnin g o f  hi s process ,  th e architec t  mad e depiction s 
and perceive d thei r  visuo-spatia l  feature s withou t  necessaril y 
frequen t  thought s o f  functiona l  issues .  Rather ,  i t  too k a 
substantia l  tim e befor e functiona l  thought s bega n t o occu r 
frequently . 

Correlation of Different Types of Actions 

We examine d whethe r  o r  no t  th e frequencie s o f  differen t 
action s change d ove r  time  i n correlatio n wit h eac h other . 
Thi s i s  expecte d t o revea l  h o w bottom-u p emergenc e o f 
action s happene d fro m physica l  leve l  throug h perceptua l  t o 
functional ,  an d thu s h o w th e architec t  cognitivel y interacte d 
wit h hi s o w n sketches . 

For  thi s purpose ,  w e neede d t o examin e th e occurrence s o f 
eac h typ e o f  actio n wit h a  mor e precis e granularit y tha n jus t 
examination s o f  th e su m tota l  o f  it s occurrence s i n eac h 
page .  W e chunke d ever y five  segment s fro m th e beginnin g o f 
th e protocols ,  an d thereb y calculate d th e su m tota l  o f  th e 
occurrence s o f  eac h typ e i n eac h 5-segmen t  period .  Thi s way , 
we obtaine d th e change s (i.e .  increas e o r  decrease )  o f  th e 

frequenc y o f  eac h typ e o f  actio n wit h th e granularit y o f  5 -
segment  period s 

Base d o n thi s dat a o n th e change s o f  eac h typ e o f  action , 
we examine d whethe r  o r  no t  ther e ar e an y portion s o f  th e 
proces s i n whic h th e frequencie s o f  tw o action s change d i n 
correlatio n t o eac h other .  W e carrie d ou t  thi s examinatio n fo r 
th e followin g pairs :  P -  vs .  L-actions ,  P -  vs .  D-actions ,  P -
vs .  M-actions ,  D -  vs .  L-actions ,  F -  vs .  P-actions ,  F -  vs .  L -
actions ,  F -  vs .  D-actions ,  F -  vs .  M-actions .  Statistica l 
analyse s wer e carrie d ou t  i n th e followin g manner .  First ,  fo r 
eac h 5-segmen t  period ,  w e calculate d th e differenc e o f  th e 
frequenc y o f  eac h typ e o f  actio n fro m it s  immediately 
previou s 5-segmen t  period .  Then ,  w e identifie d th e portion s 
i n whic h th e difference s fo r  bot h action s correlat e wit h eac h 
othe r  fo r  mor e tha n o r  equa l  t o tw o consecutiv e transition s 
fi"om  a  5-segmen t  perio d t o th e subsequen t  period .  Thi s way , 
th e portion s i n whic h tw o action s happe n t o increas e o r 
decreas e t o a  simila r  exten t  onl y fo r  a  singl e transitio n ar e 
eliminated .  W e di d thi s b y conductin g ̂ -squar e test s o n th e 
pai r  o f  serie s o f  difference s fo r  bot h actions .  W e identifie d th e 
portion s i n whic h th e correlation s ar e statisticall y vali d wit h 
a certaint y o f  mor e tha n 9 0 % . 

I f  P-action s correlate d wit h L-action s i n a  perio d (w e wil l 
cal l  i t  a  P- L correlation) ,  i t  mean s tw o things .  First ,  th e 
majorit y o f  P-action s occurre d durin g th e perio d b y bein g 
triggere d b y revisitin g existin g depictions ,  althoug h P -
action s coul d b e i n principl e dependen t  o n an y o f  L- ,  D- ,  o r 
M-actions .  Second ,  whe n L-action s occurre d the y ofte n 
induce d P-action s t o occu r  simultaneously . 

The period s i n whic h F-action s correlate d wit h D-action s 
onl y an d no t  wit h P-action s wer e muc h shorte r  tha n th e 
period s o f  F- P correlation .  S o wer e th e period s i n whic h F -
action s correlate d wit h L-action s only .  W e foun d n o P- M an d 
F- M correlations .  Therefore ,  i n thi s paper ,  w e wil l  discus s 
onl y th e correlation s o f  th e fou r  pairs ;  P  vs .  L ,  P  vs .  D ,  D 
vs .  L ,  an d F  vs .  P . 

Figur e 4  shows ,  fo r  eac h pai r  o f  actions ,  th e period s i n 
whic h ther e wer e correlations .  Th e horizonta l  axi s i s  th e 
segment  numbe r  o f  th e architect' s  protocols ,  representin g th e 
time  fram e o f  hi s process .  Represente d alon g wit h th e axi s 
ar e portion s correspondin g t o page s o f  hi s  sketches .  Th e 
horizonta l  bar s represen t  period s o f  correlation .  Th e numbe r 
writte n nea r  eac h ba r  i s th e identificatio n numbe r  o f  th e 
period ,  correspondin g t o eac h perio d numbe r  i n Tabl e 2 . 
Tabl e 2  show s th e statistica l  dat a fo r  eac h perio d o f 
correlation :  th e duratio n o f  th e correlatio n i n term s o f  th e 
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number  o f  consecutiv e transitions ,  a  x-squar e value ,  an d a 
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Figur e 4 :  Th e period s i n th e desig n proces s i n whic h ther e 
wer e correlation s betwee n pair s o f  differen t  type s o f  actions . 

Tabl e 2 :  Th e statistica l  dat a o f  period s o f  correlatio n 

perio d 

number 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 

duratio n o f 
th e perio d 

10 
2 
2 
9 
2 
5 
2 
3 
4 
5 
6 
3 
7 
2 
2 
4 

X-squar e 
valu e 

0.69 9 
0.16 0 
0.14 0 
2.0 8 

0.03 9 
0.52 6 
0.01 2 
0.08 8 
0.88 0 
1.1 9 
1.8 4 

0.45 7 
0.97 2 
0.17 1 
0.16 2 
0.54 9 

certaint y 

p> 0.99 5 
p> 0. 9 
p>0. 9 
p> 0.9 9 
p> 0.97 5 
p> 0.9 9 
p> 0.9 9 
p> 0.9 9 
p>0. 9 
p> 0.9 5 
p>0. 9 
p>0. 9 
p> 0.99 5 
p> 0. 9 
p>0. 9 
p> 0.9 5 

I n th e entir e Pag e 3  an d th e las t  hal f  o f  Pag e 5 ,  ther e wa s a 
co-occurrenc e o f  P- L an d P- D correlation s (an d thu s a  D- L 
correlatio n a t  th e sam e time) .  Thi s mean s tha t  perceptio n o f 
visuo-spatia l  feature s i s induce d b y bot h drawin g an d 
revisitin g existin g depictions .  Thi s i s characteristi c o f  th e 
phas e o f  spatia l  arrangement ,  i n whic h designer s ofte n 
arrang e ne w thing s o n a  sketc h b y attendin g t o th e spatia l 
relation s betwee n the m an d existin g depictions .  Actually ,  th e 
architec t  state d tha t  Pag e 3  wa s th e phas e o f  spatia l 
arrangement .  W e recognize d i n hi s protocol s tha t  h e spen t 
th e las t  hal f  o f  Pag e 5  o n arrangin g othe r  function s o n th e 
sit e afte r  havin g explore d th e detai l  o f  a  buildin g plan . 

Ther e wer e period s i n whic h P-action s correlate d wit h L -
action s onl y an d no t  wit h D-actions .  Thi s mean s tha t  th e 
majorit y o f  th e architect' s perceptua l  action s occurre d i n thes e 
period s whe n h e inspectei d existin g depictions .  Ther e wer e 
periods ,  too ,  i n whic h P-action s correlate d wit h D-action s 
only .  Thi s mean s tha t  th e majorit y o f  hi s perceptua l  action s 
occurre d i n thes e period s a s soo n a s h e mad e ne w depictions . 
The forme r  period s covere d 3 2 % o f  th e entir e process ,  whil e 
th e latte r  16% .  Thi s implie s that ,  excep t  fo r  th e phas e o f 

spatia l  arrangement ,  visuo-spatia l  feature s o f  depiction s ar e 
more likel y t o b e perceive d late r  whe n th e depiction s ar e 
revisite d rathe r  tha n simultaneousl y whe n the y ar e bein g 
drawn . 

We als o examine d whethe r  o r  no t  ther e wa s a  negativ e 
correlatio n betwee n D  an d L-actions .  Bot h action s wer e 
negativel y correlate d i n 6 2 % o f  th e entir e process , 
correspondin g t o 7 6 % o f  th e period s i n whic h ther e wa s n o 
positiv e correlation .  Thi s indicate s th e separatio n o f  drawin g 
action s an d inspectin g action s excep t  whe n h e worke d o n 
spatia l  arrangements .  I f  drawin g become s frequent,  inspectin g 
existin g depiction s become s les s frequent,  an d vic e versa . 

F-action s correlate d wit h P-action s fro m th e latte r  hal f  o f 
Page 2  t o th e beginnin g o f  Pag e 3 ,  fo r  th e almos t  entir e par t 
of  Page s 4  an d 5 ,  an d fo r  th e latte r  hal f  o f  Pag e 7 .  Durin g 
thes e periods ,  th e majo r  wa y i n whic h F-action s occurre d wa s 
t o associat e visuo-spatia l  feature s wit h functiona l  issues , 
althoug h F-action s coul d potentiall y  occu r  b y bein g 
suggeste d b y physica l  action s withou t  mediatio n o f  P -
actions .  Visuo-spatia l  informatio n perceivabl e from  sketche s 
became th e cue s fo r  associatio n o f  functiona l  information . 
Perceptio n o f  visuo-spatia l  informatio n itsel f  durin g thes e 
period s wa s induce d sometime s b y D-action s only ,  L-action s 
only ,  o r  both . 

The importan t  characteristi c tru e t o al l  th e thre e majo r 
occurrence s o f  a  F- P correlatio n i s tha t  i t  cam e afte r  a  P- L 
correlatio n ha d laste d fo r  a  while .  Thi s finding  tell s 
somethin g abou t  th e condition s an d way s i n whic h visuo -
spatia l  informatio n become s th e cue s fo r  association .  I t  wil l 
be discusse d i n mor e detai l  i n th e nex t  section .  Ther e wa s a 
page brea k from  Pag e 1  t o Pag e 2  befor e th e first  occurrenc e 
of  F- P correlation ,  an d a  brea k from  Pag e 3  t o Pag e 4  befor e 
it s secon d occurrence .  Thi s doe s not ,  however ,  weake n th e 
relationshi p betwee n a  F- P correlatio n an d th e precedin g P- L 
correlation ,  becaus e th e architec t  sketche d b y layin g a  shee t 
of  tracin g pape r  ove r  a  previou s pag e s o tha t  previou s 
depiction s wer e visible ,  e.g .  Pag e 2  ove r  Pag e 1 ,  Pag e 4  ove r 
Page 3 ,  an d Pag e 5  ove r  Pag e 3 . 

Discussion 

Our  analysi s ha s provide d th e followin g insight s int o th e 
role s o f  sketche s i n desig n processes .  First ,  sketche s serv e a s 
a representation ,  i.e .  externa l  memory ,  i n whic h t o leav e 
idea s a s visua l  tokens ,  s o tha t  the y ma y b e revisite d late r  fo r 
inspection .  Thi s i s supporte d b y th e negativ e correlatio n 
betwee n drawin g an d inspectio n excep t  i n th e phas e o f  spatia l 
arrangement ,  an d b y th e finding  tha t  perceptua l  action s ar e 
more likel y t o occu r  whe n depiction s ar e inspecte d late r  tha n 
whil e the y ar e bein g made . 

Second ,  thinkin g o f  non-visua l  functiona l  issue s i s centra l 
t o desig n activities .  Thi s i s supporte d b y th e finding  tha t 
ftinctional  action s becam e mor e an d mor e frequent  afte r  th e 
phas e o f  spatia l  arrangement .  An d importantly ,  sketche s pla y 
a rol e a s a  provide r  o f  visuo-spatia l  cue s fo r  associatio n o f 
functiona l  issues .  Th e meaningfu l  duratio n o f  period s o f  F- P 
correlation ,  especiall y i n th e phas e o f  functiona l  exploration , 
support s thi s interpretation . 

Third ,  th e finding  tha t  a  perio d o f  F- P correlatio n wa s 
alway s precede d b y a  perio d o f  P- L correlation s provide s a n 
importan t  insight .  W e interpre t  th e perio d o f  P- L correlatio n 
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as a  preparatio n fo r  functiona l  thoughts .  I n thi s period , 
designer s creat e basi c element s o f  sketches ,  an d kee p 
perceivin g visuo-spatia l  informatio n withou t  necessaril y 
frequen t  thought s abou t  functiona l  issues .  Onl y afte r  a 
preparatio n o f  thi s sor t  doe s th e entir e se t  o f  visuo-spatia l 
feature s becom e "ripe "  fo r  cuein g functiona l  issues .  Thi s 
interpretatio n i s supporte d b y th e findin g tha t  ther e wa s a 
tim e dela y i n hi s desig n proces s befor e functiona l  action s 
bega n t o occu r  frequently ,  too .  Thes e sugges t  tha t  sketche s 
serv e a s somethin g mor e tha n jus t  a  provide r  o f  visuo-spatia l 
cues .  Cognitiv e interactio n wit h sketches ,  i.e .  makin g 
depictions ,  inspectin g an d perceiving ,  enable s designer s t o 
determin e whe n t o thin k o f  functiona l  issue s an d how .  Pu t 
differently ,  sketche s serv e a s a  physica l  settin g i n whic h 
desig n thought s ar e constructe d o n th e fl y i n a  situate d way . 
Thi s coincide s wit h th e recentl y prevailin g vie w (e.g .  Agr e 
& Chapman ,  1987 ;  Kirsh ,  1995 )  tha t  peopl e ac t  no t  jus t  i n 
goal-oriente d o r  knowledge-intensiv e ways ,  bu t  mor e ofte n i n 
respons e t o visuo-spatia l  feature s o f  th e physica l  settin g the y 
ar e in . 

Future Work 

Althoug h ou r  finding s sugges t  tha t  desig n thought s occu r  i n 
respons e t o visuo-spatia l  feature s onl y afte r  certai n 
condition s ar e satisfied ,  w e hav e no t  ye t  identifie d precisel y 
what  thos e condition s are .  Wha t  sort s o f  visuo-spatia l 
feature s d o designer s ten d t o us e fo r  cuein g functiona l  issues ? 
I s ther e an y pattern s indicatin g tha t  particula r  visuo-spatia l 
cue s ar e associate d wit h particula r  functiona l  issues ? 

Further ,  i s  designin g i n a  situate d wa y b y respondin g t o 
visuo-spatia l  feature s i n sketche s a n acquire d skil l  tha t  onl y 
exper t  designer s ca n enjoy ? I f  so ,  wha t  sort s o f  visuo-spatia l 
feature s d o expert s ten d t o b e sensitiv e to ? Wha t  sort s o f 
expertis e ar e neede d fo r  usin g sketche s i n a n effectiv e way ? 
Thes e ar e th e issue s t o b e addresse d i n future . 

Conclusion 

Th e purpose  o f  thi s stud y wa s t o explor e th e role s o f  desig n 
sketche s i n earl y conceptua l  desig n processes .  Conductin g 
protoco l  analysis ,  w e empiricall y examine d th e cognitiv e 
processe s o f  a  practisin g architect .  Ou r  examinatio n centere d 
aroun d th e way s i n whic h h e cognitivel y interacte d wit h hi s 
o wn sketches .  Ou r  codin g scheme ,  especiall y it s 
classificatio n o f  desig n action s int o physical ,  perceptual , 
functiona l  an d conceptua l  levels ,  wa s suitabl e fo r  thi s aim . 
Observin g th e frequencie s o f  an d th e correlation s betwee n 
action s belongin g t o th e lowe r  thre e level s ha s le d u s t o th e 
followin g insights ,  althoug h th e generalit y o f  thes e insight s 
i s stil l  a n ope n questio n du e t o th e lac k o f  extensiv e numbe r 
of  subjects .  First ,  sketche s serv e a s a n externa l  memor y i n 
whic h t o leav e idea s fo r  late r  inspection .  Second ,  sketche s 
serv e a s a  provide r  o f  visua l  cue s fo r  associatio n o f 
functiona l  issues .  Third ,  mos t  importantly ,  sketche s serv e a s 
a physica l  settin g i n whic h functiona l  thought s ar e 
constructe d o n th e fl y i n a  situate d way . 
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