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C o p i n g wit h th e Complex i t y o f  Design : 

Avoid in g Conflict s an d Prioritizin g Constraint s 

Irvi n R .  Kat z 
Divisio n o f  Cognitiv e an d Instructiona l  Scienc e 

Educationa l  Testin g Servic e 
Princeton ,  N e w Jerse y 0854 1 

i k a t z @ r o s e d a l e . o r g 

Abstrac t 

Design is a complex cognitive task that pushes the limits 
of  huma n informatio n processing .  H o w d o exper t 
designer s handl e thi s complexity ? Professiona l  an d 
studen t  architect s solve d a  real-worl d diagra m constructio n 
tas k tha t  require d satisfyin g multiple ,  sometime s 
conflicting ,  constraint s t o achiev e a n acceptabl e design . 
Professionals '  initia l  design s wer e mor e consisten t  wit h 
tas k constraint s an d remaine d mor e consisten t  throughou t 
proble m solution .  Student s restructure d thei r  design s mor e 
ofte n i n thei r  unsuccessfu l  attempt s t o satisf y th e multipl e 
constraint s impose d b y th e task .  Analysi s o f  subjects ' 
verba l  an d actio n protocol s suggest s tha t  on e aspec t  o f 
professionals '  superio r  performanc e i s thei r  earl y recogni -
tio n o f  th e critica l  constraint s o n a  design .  Professional s 
handl e thes e constraint s befor e other s t o structur e th e 
remaining ,  mor e negotiable ,  constraints .  B y properl y 
orderin g constraints ,  professional s effectivel y minimiz e 
constrain t  conflicts .  A s conflic t  resolutio n ha s hig h 
processin g costs ,  constrain t  prioritizatio n ma y b e on e wa y 
tha t  professional s cop e wit h th e complexit y o f  design . 

Introduction 

Desig n i s a  comple x cognitiv e tas k tha t  pushe s th e limit s o f 
human informatio n processing .  A  desig n tas k ma y requir e 
satisfyin g multiple ,  sometime s conflicting ,  constraint s i n 
orde r  t o achiev e a n acceptabl e design .  Fo r  eac h desig n 
decision ,  designer s mus t  b e sur e no t  t o contradic t  previou s 
decisions—resolvin g suc h a  conflic t  ma y requir e extensiv e 
redesign .  H o w d o exper t  designer s mak e desig n decision s 
tha t  tak e int o accoun t  al l  necessar y information ? Thi s pape r 
describe s a n expert-novic e stud y investigatin g th e strategie s 
expert s us e t o cop e wit h th e complexit y o f  design . 

The architectura l  desig n proces s generall y consist s o f  thre e 
phases :  preliminar y design ,  refinement ,  an d detaile d desig n 
(Akin ,  1986) .  Preliminar y desig n involve s a n initia l 
exploratio n o f  th e desig n problem ,  resultin g i n a  genera l 
pla n tha t  i s embellishe d durin g late r  phases .  Result s o f 
preliminar y desig n ma y b e mor e reflectiv e o f  designers * 
intention s tha n ar e late r  phase s (Ervin ,  1990) .  Compare d 
wit h late r  phase s i n whic h designers '  decision s wil l  hav e 
narrowe d a  desig n problem ,  th e effect s o f  desig n complexit y 
shoul d b e cleares t  durin g preliminar y design .  Thi s 
investigatio n therefor e focuse s o n a  tas k tha t  fall s  withi n th e 
preliminar y desig n phas e o f  a  typica l  architectura l  projec t 

T h e B l o c k D i a g r a m T a s k 

Befor e beginnin g a  detaile d drawing ,  architect s ma y emplo y 
analysi s technique s i n whic h relativel y simpl e diagram s ar e 
constructe d t o explor e certai n aspect s o f  a n incomplet e 
desig n specificatio n suc h a s spatia l  o r  functiona l  constraint s 
(d e Vrie s &  Wagter ,  1990) .  Fo r  example ,  i n constructin g a 
bloc k diagram ,  a n architec t  arrange s a  se t  o f  rooms ^  (e.g. , 
th e lobb y an d custome r  servic e are a o f  a  bank )  ont o a 
buildin g site ,  specifyin g th e spatia l  arrangemen t  o f  room s a s 
wel l  a s th e building' s locatio n o n th e site . 

I n thi s experiment ,  subject s constructe d bloc k diagram s o n 
computer ,  usin g a  dual-scree n system .  On e scree n (calle d 
th e "workscreen" )  provide s a  sit e plan ,  a  se t  o f  block s 
representin g th e room s o f  th e building ,  an d tool s fo r 
constructin g tiie  desig n (simila r  t o a  computer-aide d desig n 
package) .  A  secon d scree n provide s backgroun d informatio n 
and desig n specification s fo r  Ui e task—th e graphi c an d tex t 
document s typicall y availabl e t o architect s fo r  constructin g a 
bloc k diagra m i n actua l  practice . 

Figur e 1  show s th e workscree n fro m on e subject' s 
partiall y  complete d bloc k diagram .  Initially ,  al l  th e block s 
ar e provide d a t  di e to p o f  th e screen ;  th e size s o f  th e block s 
represen t  th e relativ e squar e footag e o f  eac h room .  D o w n 
th e lef t  sid e o f  th e scree n ar e button s tha t  allow s subject s t o 
perfor m variou s desig n action s (e.g. ,  m o v e block ,  rotat e 
entir e curren t  design) .  Th e secon d scree n (no t  shown ) 
provide s a  menu-base d interfac e fo r  viewin g tas k document s 
one pag e at-a-time . 

The document s specif y th e spatia l  constraints ^  o n room s 
tha t  a n arrangemen t  o f  block s mus t  satisfy .  Constraint s 
includ e pair-wis e adjacencie s betwee n room s (e.g. ,  "Th e 
telle r  lin e mus t  b e immediatel y accessibl e b y th e ban k 
lobby" )  a s wel l  a s adjacencie s betwee n part s o f  th e sit e an d 
part s o f  th e building .  A n exampl e o f  th e latte r  constrain t  i s 
'Th e driv e u p telle r  windo w ma y b e locate d in...th e [staff ] 
workroom, "  whic h implie s tha t  th e workroo m mus t  b e 

Ŝtrictl y  speaking ,  i n additio n t o rooms ,  th e entitie s i n a 
bloc k diagra m ca n represen t  an y distinc t  are a o f  a  building . 
Architect s us e th e mor e inclusiv e ter m "functiona l  space, "  bu t 
fo r  brevit y w e refe r  t o al l  space s a s rooms . 

^Constraint s othe r  tha n spatia l  constraint s als o affec t  th e 
desig n o f  a  bloc k diagra m (e.g. ,  cost) .  However ,  i n th e analyze d 
task ,  th e majorit y o f  constraint s ar e spatial ,  an d reporte d result s 
p>ertai n onl y t o spatia l  constraints . 

485 

mailto:ikatz@rosedale.org


<g 
I 

<̂ :*' ^ 

Student s redesig n relativel y ofte n compare d 
wit h professionals ,  suggestin g tha t 
professional s avoi d constrain t  conflict s 
tha t  lea d t o redesign .  Finally ,  verba l 
protoco l  analyse s see k th e sourc e o f 
professionals '  succes s i n avoidin g redesig n 
whil e nevertheles s producin g design s tha t 
meet  th e tas k constraints . 

Method 

Subjects 

Eigh t  volunteer s wer e recruite d fro m th e 
student s an d facult y o f  th e Bosto n 
Architectura l  Cente r  (BAC) .  T w o ex -
perienc e group s wer e recruited :  (1 )  student s 
half-wa y throug h th e B A C progra m 
(equivalen t  o f  a  recen t  B.Arch .  graduate ) 
and (2 )  professiona l  architect s i n practic e 
at  leas t  1 0 year s (BA C facult y members) . 
Ther e wer e fou r  subject s pe r  group . 

Figur e 1 :  Sampl e workscree n fro m a  partia l  desig n 

immediatel y adjacen t  t o th e drive-u p telle r  lane s (wher e eve r 
th e designe r  decide s thes e lane s shoul d be) . 

Whil e no t  a s time-intensiv e a s a  full-scal e desig n prob -
lem ,  bloc k diagra m constructio n nevertheles s share s man y 
feature s distinguishin g desig n problem s fro m mor e puzzle -
lik e problem-solvin g task s (Goe l  &  Pirolli ,  1991) .  Th e 
tas k i s relativel y ill-structured :  n o definitiv e serie s o f  step s 
wil l  necessaril y  resul t  i n a n acceptabl e design .  Proble m 
solvin g involve s finding  a  desig n tha t  satisfie s th e multipl e 
requirements ,  o r  constraints ,  specifie d i n th e tas k documents . 
Thus ,  alternativ e solution s ar e describe d i n term s o f 
betier/wors e design s rathe r  tha n correct/incorrect—th e issu e 
i s no t  whethe r  a  particula r  desig n wa s achieve d bu t  ho w wel l 
a desig n satisfie s th e requirement s o f  th e task .  Th e tas k 
specification s ar e ofte n implici t  and/o r  negotiable ;  a n impor -
tan t  par t  o f  desig n i s recognizin g an d trading-of f  conflictin g 
constraint s (Descott e &  Latombe ,  1985 ;  Gross ,  1987) . 

Constrain t  conflict s ar e a  sourc e o f  complexit y i n th e 
bloc k task .  A s a n example ,  assum e tha t  th e subjec t  ha s 
arrange d severa l  block s o n th e sit e an d intend s nex t  t o plac e 
th e "staf f  workroom "  block .  Th e tas k document s specif y 
tha t  th e workroo m mus t  b e immediatel y adjacen t  t o th e 
telle r  line .  I f  ther e ar e alread y othe r  block s surroundin g th e 
telle r  lin e (th e othe r  room s tha t  mus t  als o b e adjacen t  t o th e 
telle r  line )  suc h tha t  th e workroo m canno t  fit ,  the n thi s 
conflic t  mus t  someho w b e resolved—th e designe r  mus t 
rearrang e th e block s aroun d th e telle r  line .  O f  course , 
rearrangin g already-place d block s ma y lea d t o othe r 
constrain t  conflict s o r  ma y resul t  i n a  desig n tha t  violate s a 
previousl y satisfie d constraint . 

I n thi s report ,  I  compar e performanc e o f  professiona l 
architect s wit h architectur e students ,  seekin g th e uniqu e 
method s professional s us e t o cop e wit h th e complexit y o f 
design .  Analyse s o f  subjects '  design s firs t  establis h tha t 
professional s solv e th e bloc k tas k (a t  leas t  moderately )  bette r 
tha n d o students .  Th e nex t  se t  o f  analyse s demonstrat e tha t 

Material s an d desig n 

Al l  subject s wer e aske d t o creat e bloc k diagram s fo r  tw o 
"projects" :  a  librar y an d a  bank .  Th e limite d numbe r  o f 
subject s availabl e mad e a  counter-balance d desig n unfeasible , 
so al l  subject s wer e presente d wit h th e tw o task s i n th e sam e 
orde r  (library ,  the n bank) .  Thi s repor t  wil l  discus s result s 
pertainin g onl y t o th e ban k task . 

Procedures 

Subject s participate d individuall y i n session s lastin g 
approximatel y 2. 5 hr .  Eac h subjec t  receive d verba l 
instruction s an d practice d usin g th e compute r  syste m o n a 
demonstratio n problem .  Th e subjec t  the n complete d th e tw o 
task s o n his/he r  own ,  althoug h a n experimente r  wa s 
availabl e t o answe r  question s abou t  th e syste m o r  t o clarif y 
th e tas k materials . 

Alon g wit h th e final  design s produce d b y eac h subject , 
tw o type s o f  proces s dat a wer e collecte d a s subject s solve d 
th e tasks .  First ,  al l  subjec t  interaction s wer e automaticall y 
recorde d b y th e dat a collectio n system ,  producin g a n 
interactio n lo g fo r  eac h subject .  Th e log s contai n th e tim e 
and locatio n o f  eac h mous e click ,  wit h a  shor t  descriptio n o f 
th e click' s semantic s (e.g. ,  "Begi n adjus t  bloc k BL, "  "Clic k 
move icon") .  Thes e log s provid e detaile d chronometri c dat a 
on subjects '  solutio n processe s tha t  woul d b e otherwis e 
difficul t  t o obtain .  Second ,  hal f  o f  th e subject s ( 2 student s 
and 2  professionals )  provide d concurren t  verba l  protocol s (cf . 
Ericsso n &  Simon ,  1984 )  whil e solvin g th e tasks ;  subject s 
wer e instructe d no t  t o explai n thei r  reasoning ,  bu t  t o sa y 
alou d anythin g the y woul d normall y "say "  t o themselve s 
whil e generatin g a  design .  Durin g proble m solving ,  eac h 
subject' s workscree n wa s videotapeid ,  wit h verbalization s 
recorde d o n th e audi o trac k o f  th e videotape . 
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Experienc e Grou p 

Student s 
Professional s 

Tabl e 1 :  Percen t  o f  verbalization s i n eac h categor y 

Read Evaluate/Pla n Desig n Miscellaneou s 

18% 16 % 23 % 26 % 
21 % 33 % 19 % 27 % 

Non-tas k 
17 % 
0 % 

Result s 

General Results 

Overall ,  subject s spen t  a n averag e o f  4 1 mi n t o complet e th e 
task ,  wit h student s takin g 3 7 mi n an d professional s takin g 
43 min .  O n thei r  final  designs ,  professional s wer e slightl y 
mor e consisten t  wit h th e tas k constraint s ( 9 8 % 
consistency^ )  compare d wit h student s (88%) .  However , 
withi n th e first  2. 5 mi n o f  designing ,  professionals '  design s 
wer e consisten t  wit h 6 2 % o f  th e specifie d constraints , 
compare d wit h 3 1 % fo r  students '  designs .  Thi s differenc e i s 
partiall y  du e t o professionals '  quicke r  placemen t  o f  block s 
ont o th e sit e an d t o students '  violatio n o f  specifie d 
constraint s i n thei r  earl y designs . 

Effects of experience 

Professiona l  evidence d fewe r  constrain t  conflict s a s indicate d 
by thei r  relativ e lac k o f  redesign—block s wer e rarel y move d 
onc e placed .  Student s change d thei r  design s mor e often . 
W h en initiall y  placin g block s ont o th e site ,  a n indicatio n o f 
constrain t  conflict s woul d b e i f  th e inclusio n o f  a  ne w bloc k 
require s th e reshufflin g o f  already-place d blocks .  A n 
"interruption "  i s  define d a s an y rearrangemen t  o f  block s o n 
th e sit e whil e othe r  block s hav e stil l  no t  bee n placed .  Mor e 
interruption s indicat e tha t  subject s rearrange d par t  o f  thei r 
desig n t o accommodat e a  newl y place d block .  Al l 
professional s ha d on e interruptio n i n a n otherwis e 
straightforwar d placemen t  o f  block s ont o th e site .  I n 
contrast ,  3  o f  4  student s ha d mor e tha n on e interruptio n 
(X2(l)=4.8.p<.03) . 

Student s mad e change s t o thei r  desig n throughou t  proble m 
solvin g a s well .  Subjects '  interi m design s a t  2. 5 mi n 
interval s wer e individuall y scored .  A  "desig n change "  i s 
define d a s occurrin g whe n successiv e interi m design s diffe r 
i n whethe r  a  constrain t  i s  satisfie d o r  violate d (i.e. ,  a 
constrain t  i s  satisfie d a t  on e poin t  bu t  violate d i n th e 
subsequen t  desig n interval ,  o r  vice-versa) .  Professional s 
average d onl y 0.0 7 desig n change s pe r  minut e compare d 
wit h students '  averag e o f  0.1 9 change s pe r  minut e (desig n 
change s range d fro m 0  t o 0.3 0 pe r  minute) . 

Sources of expert performance 

Analyse s o f  th e subjects '  verba l  protocol s provide s furthe r 
insigh t  int o th e natur e o f  professionals *  problem-solvin g 
approach .  Fou r  subject s ( 2 student s an d 2  professionals ) 
provide d verba l  protocol s concurrentl y a s the y designed . 
Fiv e categorie s o f  verbalization s wer e identified :  (1 ) 
verbati m readin g o f  tas k documents ,  (2 )  comment s o n th e 

curren t  desig n o r  desig n intention s (i.e. ,  evaluativ e o r 
plannin g statements) ,  (3 )  comment s m a d e whil e performin g 
desig n action s (e.g. ,  th e motivatio n fo r  a n action) ,  (4 ) 
miscellaneou s task-relate d c o m m e n t s (e.g. ,  regardin g 
navigatio n a m o n g tas k documents) ,  an d (5 )  non-tas k 
comments .  Eac h verbalizatio n wa s assigne d t o on e o f  thes e 
five  categories .  T o contro l  fo r  subjects *  differin g tendenc y 
t o verbalize .  Tabl e 1  list s th e percen t  o f  al l  verbalizatio n 
tha t  fal l  int o eac h category . 

Th e difference s betwee n student s an d professional s focu s 
o n tw o categories :  Non-tas k an d Evaluate/Pla n statements . 
Onl y student s m a d e comment s unrelate d t o th e tas k (e.g. , 
comment s abou t  th e compute r  system) .  M o r e importantly , 
professional s generate d proportionall y twic e a s m a n y 
evaluativ e o r  plannin g statement s compare d wit h students . 

At  wha t  point s i n designin g d o thes e evaluativ e o r 
plannin g episode s occur ? W h e n subject s contemplat e thei r 
interi m designs ,  i t  i s  reasonabl e t o expec t  tha t  the y ar e no t 
performin g over t  desig n action s o n th e computer .  Tha t  is , 
betwee n tw o desig n actions ,  longe r  pause s m a y indicat e a 
subjec t  considerin g th e desig n o r  plannin g th e nex t  step s t o 
tak e befor e performin g a n action ;  shorte r  pause s m a y 
indicat e tha t  a n actio n di d no t  requir e prio r  contemplation . 
T o identif y th e point s a t  whic h plannin g o r  evaluatio n 
occur s fo r  eac h subject ,  a  ba r  grap h o f  th e pause s m a d e 
befor e eac h desig n actio n (on e ba r  pe r  desig n action )  wa s 
create d base d o n th e compute r  logs .  Th e lengt h o f  eac h ba r 
represent s th e amoun t  o f  tim e betwee n successiv e actions . 
Thus ,  th e grap h fo r  a  particula r  subjec t  m a y sho w th e degre e 
of  plannin g o r  evaluatio n o f  a  desig n an d wher e tha t 
thinkin g occur s ove r  th e cours e o f  completin g th e design . 
I n interpretin g th e graphs ,  th e stringen t  criterio n o f  6 0 se c 
pause s (o r  longer )  i s  take n a s a n indicatio n o f  plannin g o r 
evaluation . 

Consisten t  wit h th e verba l  protoco l  analysis ,  3  o f  th e 4 
professional s demonstrate d relativel y lon g contemplatio n 
throughou t  thei r  proble m solvin g (Figur e 2 a show s th e 
latenc y grap h fo r  on e professional) .  Onl y 1  o f  th e 4 
snident s showe d thi s pattern ;  th e remainin g student s showe d 
almos t  n o lon g pause s durin g thei r  desig n (Figur e 2 b show s 
on e student) . 

^T o achiev e a n objectiv e desig n score ,  w e enumerate d th e 1 7 
inter-roo m adjacenc y constraint s explicitl y  state d i n th e tas k 
documents .  Th e consistenc y o f  a  desig n i s th e percen t  o f  thes e 
constraint s satisfie d (i.e. ,  th e appropriat e room s ar e adjacent) . 

Figur e 2  (a) :  Latenc y grap h o f  a  professiona l 
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Figur e 2  (b) :  Latenc y grap h o f  a  studen t 

What happens during the long pauses? Do these pauses 
actuall y reflec t  evaluatio n o r  plannin g episodes ? Th e nex t 
sectio n present s informa l  "cas e studies "  o f  thre e subject s 
w ho evidence d th e patter n o f  lon g paus e episode s throughou t 
proble m solving . 

Case studies 

Of  thre e professional s an d on e studen t  wit h longe r  pause s 
durin g proble m solving ,  verba l  protocol s wer e availabl e 
fro m al l  bu t  on e professional ,  allowin g u s t o observ e wha t 
sort s o f  verbalization s occurre d durin g thes e pauses . 
Althoug h ther e wer e sligh t  difference s i n th e tota l  numbe r  o f 
long-paus e episodes ,  professional s verbalize d directl y abou t 
thei r  desig n o n proportionall y mor e o f  th e long-paus e 
episode s compare d wit h th e studen t  (Tabl e 2) . 

Table 2: Character of verbalizations made during pauses of 
greate r  tha n on e minut e 

Subjec t No.  lon g 
pause s 

Pause s wit h 
evaluatio n 

% evaluativ e 
pause s 

Professiona l  A 
Professiona l  B 
Studen t 

6 
11 
6 

8 3 % 
7 2 % 
5 0 % 

For  th e student ,  longe r  pause s occurre d primaril y whil e 
readin g (o r  rereading )  on e o f  th e tas k documents .  Hal f  o f  th e 
episode s consiste d o f  readin g a  documen t  verbatim ,  withou t 
othe r  comments .  I n th e othe r  thre e episodes ,  th e subjec t 
commente d o n h o w h e planne d t o complet e hi s design , 
focusin g o n low-leve l  problem s wit h th e design ,  suc h a s th e 
relativ e positionin g o f  tw o rooms . 

Th e tw o professional s demonstrate d plannin g an d 
evaluativ e behavior s durin g thei r  long-paus e episodes . 
Earlie r  episode s reflecte d subjects '  initia l  readin g o f  th e tas k 
documents ,  bu t  no t  merel y a  verbati m readin g o f  th e 
documents .  O n e professiona l  verbalize d informatio n tha t 
went  beyon d th e informatio n i n th e document ,  drawin g 
implication s no t  explicitl y  state d i n th e documents .  Fo r 
example ,  afte r  readin g tha t  th e ban k mus t  fron t  o n a  su-ee t 
(i.e. ,  b e visibl e fro m th e street) ,  th e subjec t  note s "bu t  the y 
don' t  sa y whic h stree t  i t  ha s t o fron t  on. "  Th e subjec t  als o 
too k specia l  not e o f  th e requirement s fo r  vehicula r 
circulatio n (i.e. ,  specification s fo r  parkin g an d th e drive-u p 
telle r  window) ,  choosin g satisfactio n o f  thos e requirement s 
as a  primar y objectiv e o f  th e design .  Th e othe r  professiona l 
paraphrase d document s an d checke d th e documen t 
sj)ecification s wit h th e provide d sit e detail s  (e.g. ,  th e subjec t 
ofte n looke d bac k an d fort h betwee n th e tas k document s an d 
th e initia l  workscreen) .  Fo r  bot h subjects ,  othe r  long-paus e 

episode s occurre d whil e evaluatin g thei r  desig n a s a  whole , 
makin g sur e tha t  th e desig n satisfie s th e requirement s fo r 
vehicula r  circulatio n (e.g. ,  Professiona l  B  sayin g "w e driv e 
in...w e turn ,  a  har d turn...w e g o out "  whil e usin g hi s finge r 
10 trac e th e pat h o f  a n imagine d ca r  o n th e site) . 

Thes e cas e studie s sugges t  tha t  professional s investigat e 
th e tas k document s mor e closel y tha n d o students ,  eve n 
befor e beginnin g thei r  design .  Perhap s a s a  resul t  o f  thi s 
carefu l  reading ,  th e professional s identifie d a  ke y constrain t 
of  th e task :  th e locatio n o f  th e drive-u p telle r  lanes . 

T wo between-grou p measure s sugges t  tha t  thes e result s 
generaliz e t o th e remainin g subjects .  First ,  compare d wit h 
students ,  professional s spen t  (marginally )  mor e tim e 
betwee n th e star t  o f  th e tas k an d whe n the y bega n t o desig n 
(professionals :  62 6 sec ;  students :  35 0 sec ;  two-taile d /(6) = 
-2.28 ,  p<.01) .  Thi s resul t  i s consisten t  wit h th e notio n tha t 
student s merel y rea d throug h th e tas k documents ,  whil e 
professional s mor e carefull y conside r  th e constraint s 
specifie d i n eac h tas k documen t  befor e committin g t o a 
design .  Second ,  professionals '  earl y focu s o n drive-u p 
constraint s i s reveale d i n h o w quickl y th e bloc k containin g 
th e drive-u p window—th e staf f  work room—wa s place d ont o 
th e site .  Fo r  professionals ,  th e staf f  workroo m wa s alway s 
among th e firs t  block s placed ;  fo r  students ,  th e workroo m 
was alway s amon g th e las t  block s place d (perhap s becaus e 
th e staf f  workroo m wa s amon g th e las t  room s describe d i n 
th e tas k documents) .  Professional s incorporate d th e staf f 
workroo m int o thei r  design s within ,  o n average ,  1. 5 mi n o f 
placin g thei r  first  block .  I n contrast ,  student s place d th e 
workroo m o n averag e 6  mi n afte r  placin g th e first  bloc k 
(two-taile d /(6)=2.95,p<.03) . 

W hy d o professional s trea t  th e drive-u p lane s a s a  high -
priorit y constraint ? I n reux)spect ,  ther e ar e severa l  propertie s 
of  thi s constrain t  tha t  sugges t  it s importanc e fo r  th e ban k 
task .  First ,  becaus e o f  th e siz e o f  th e sit e an d locatio n o f 
nearb y su-eets ,  ther e ar e onl y a  fe w possibl e path s th e drive -
up lane s ca n reasonabl y take .  I n contrast ,  mos t  o f  th e roo m 
constraint s ar e define d relativ e t o othe r  rooms ,  no t  t o th e 
site .  A s a  result ,  a  particula r  room' s locatio n o n th e sit e i s 
quit e unconstraine d (a t  leas t  unti l  mor e room s ar e placed) . 
Thus ,  a t  th e beginnin g o f  a  desig n process ,  drive-u p lane s 
hav e fe w possibl e location s whil e eac h roo m ha s relativel y 
many possibl e locations .  Second ,  decision s abou t  th e drive -
up lane s ca n drasticall y affec t  th e building' s locatio n o n th e 
sit e an d eve n it s interna l  structur e (becaus e onl y certai n 
room s m a y contai n th e drive-u p telle r  window) .  Thus , 
professionals '  earl y attentio n t o th e drive-u p lane s ma y 
sufficientl y limi t  th e remainin g decision s suc h tha t  onl y 
acceptabl e design s ar e generated . 

Discussion 

Professional s rearrang e thei r  design s les s often ,  ye t  produc e 
superio r  design s compare d wit h students .  Whil e 
professional s desig n linearly ,  placin g room s ont o th e sit e 
wit h mino r  rearrangements ,  student s ofte n rearrang e thei r 
design s t o incorporat e eac h room .  Thes e result s ar e 
consisten t  wit h th e notio n tha t  professional s successfull y 
avoi d constrain t  conflicts ,  whic h migh t  forc e redesign . 

Th e result s sugges t  tha t  professional s avoi d consu-ain t 
conflict s throug h appropriatel y prioritizin g constraints . 
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Professional s identif y th e constraint s affectin g th e entir e 
desig n tas k (e.g. ,  accommodatio n o f  a  drive-u p telle r 
window) ,  focusin g o n thos e constraint s befor e attemptin g t o 
satisf y an y les s importan t  constraint s (suc h a s individua l 
rooms '  adjacencies) .  Student s d o no t  prioritiz e constraints ; 
thi s lac k ca n lea d t o conflict s becaus e t o incorporat e a  ne w 
constrain t  int o th e design ,  student s ma y nee d t o violat e 
previousl y satisfie d constraints . 

I n term s o f  informatio n processin g costs ,  handlin g 
consu-ain t  conflict s ca n b e expensive .  Resolutio n ma y 
involv e backtrackin g (replacin g part s o f  th e desig n wit h 
alternatives) ,  whic h i n tur n ma y lea d t o furthe r  constrain t 
conflicts ;  witnes s th e greate r  numbe r  o f  desig n change s mad e 
by students .  Thi s recursiv e descen t  m a y creat e memor y 
overloa d a s mor e an d mor e conflictin g constraint s ar e 
discovere d an d nee d t o b e resolved .  Thus ,  avoidin g 
constrain t  conflict s shoul d reduc e th e processin g demand s o f 
a desig n task . 

I f  ther e i s a  clea r  orderin g o f  constrain t  priorit y (e.g. ,  i t  i s 
acceptabl e fo r  som e constraint s t o b e satisfie d les s tha n 
optimall y whil e othe r  constraint s ar e no t  negotiable) , 
addressin g constraint s i n tha t  orde r  shoul d minimiz e 
conflict s (parses ,  1990 ;  Mackworth ,  1987) .  W h e n eac h ne w 
constrain t  i s  considere d (e.g. ,  b y placin g a  bloc k o n th e 
site) ,  th e previou s constraint s wil l  al l  b e o f  greate r  o r  equa l 
importance .  Mos t  conflict s wil l  therefor e hav e a  clea r 
"winner"—th e already-satisfie d constraints .  I n th e curren t 
task ,  professional s atten d t o thos e constraint s wit h limite d 
alternativ e solutions ,  postponin g th e constraint s wit h wide r 
possibilities . 

H ow d o expert s recogniz e th e critica l  constraint s o f  a  task ? 
Othe r  researcher s hav e note d experts '  abilit y  t o trea t  provide d 
constraint s differentl y tha n constraint s impose d o n th e tas k 
by th e exper t  (Darses ,  1990 ;  Eastman ,  1970) .  However ,  al l 
of  th e constraint s discusse d i n thi s wor k wer e explicitl y 
provide d i n th e tas k documents ,  ye t  professional s someho w 
kne w whic h constraint s t o focu s o n constraint s befor e 
others .  Thes e critica l  constraint s wer e no t  explicitl y 
identifie d i n th e text ,  s o ho w di d professional s detec t  them ? 
Ther e ar e a t  leas t  tw o possibl e explanations .  First , 
professional s ma y recogniz e certai n type s o f  constraint s a s 
likel y candidate s fo r  earl y consideration .  Professional s ma y 
know ,  fo r  example ,  tha t  constraint s involvin g th e sit e 
typicall y driv e th e remainin g design .  Thi s knowledg e ma y 
eve n b e mor e specific :  professional s ma y kno w tha t  drive-u p 
windo w consideration s ar e importan t  fo r  a  bank ,  whil e 
lightin g i s importan t  fo r  a  library ,  fo r  example .  Second , 
professional s m a y focu s o n thos e constraint s tha t  ar e 
unusua l  o r  no i  recognized .  A  bloc k diagra m tas k typicall y 
specifie s roo m adjacencies ;  th e detail s o f  wha t  room s ar e 
availabl e an d h o w the y relat e t o on e anothe r  would ,  o f 
course ,  chang e fo r  differen t  bloc k diagra m tasks .  Similarly , 
desig n task s ma y hav e variou s uniqu e constraints ,  suc h a s 
specification s o f  parkin g o r  drive-u p lanes .  Professional s 
may focu s o n thos e constraint s tha t  diffe r  fro m tas k t o tas k 
and ar e dependen t  o n th e specifi c  buildin g bein g designed . 
Thus ,  professionals '  earl y focu s o n th e drive-u p lane s ma y 
reflec t  tha t  constraint' s  uniquenes s rathe r  tha n professionals ' 
explici t  recognitio n tha t  i t  i s a  critica l  constraint . 

By properl y orderin g constraints—b y attemptin g t o satisf y 
thos e constraint s wit h fewe r  alternative s first—professionals 
effectivel y minimiz e constrain t  conflicts .  Reductio n o f 
unnecessar y conflict s free s professional s t o atten d t o th e 
most  challengin g aspect s o f  a  desig n task—satisfyin g 
constraint s o f  equall y hig h priority .  Thus ,  constrain t 
prioritizatio n ma y b e on e wa y tha t  professional s cop e wit h 
th e complexit y o f  design . 
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