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Understandin g Desig n 

Gerhard Fischer and Helnz-Dieter Boecl<er 
Researc h Grou p o n Man-Machin e Communicat io n 

Compute r  Scienc e Department ,  Universit y o f  Stuttgar t 

Abstrac t 

Design is concerned with how things ("artifacts") ought 
t o b e i n orde r  t o attai n goal s an d function .  T o gai n a 
deepe r  understandin g o f  th e natur e o f  design ,  w e hav e 
studie d desig n processe s i n severa l  differen t  domains ; 
softwar e engineering ,  creativ e writing ,  buildin g model s 
wit h technica l  kit s an d constructin g learnin g 
environments . 

1.  Tti e natur e o f  th e desig n proces s 

Designers try to shape the components of new 
structures .  I n genera l  th e designe r  i s facin g a n 
ill-structure d proble m i n a  semanticall y ric h domain . 
An emergin g desig n i s incorporate d i n a  se t  o f  interna l 
and externa l  memor y structure s (e g o n paper ,  i n 
compute r  memory ) .  Th e proble m solvin g proces s fo r 
thi s tas k ca n bes t  b e characterize d a s a  dialectica l 
informatio n gatherin g proces s switchin g bac k an d fort h 
betwee n creatin g an d understandin g subprocesses .  A t 
eac h stag e i n th e desig n process ,  th e partia l  desig n 
(reflecte d i n th e descriptiv e structures )  serve s a s a 
majo r  steppin g ston e an d a s a  stimulu s fo r  suggestin g 
what  shoul d b e don e nex t  (se e A L E X A N D ER 196 4 an d 
SIMON 1969) . 

Ther e i s n o doub t  tha t  ther e i s domai n specifi c 
desig n knowledge :  a n architec t  know s a  lo t  abou t 
buildin g material s an d ho w t o combin e them ,  a 
softwar e enginee r  know s man y basi c algorithm s an d 
ho w t o us e the m i n constructin g softwar e components . 
The mor e interestin g questio n i n researc h abou t  desig n 
i s whethe r  ther e i s als o som e genera l  desig n 
knowledge ,  whic h i s applicabl e i n man y differen t 
domains . 

2.  Universa l  concept s fo r  desig n processe s 

Crucial processes in creating a design are: 
1)  t o develo p a  languag e fo r  specifyin g goal s an d a 
set  o f  intermediat e concept s (e g i n th e cas e o f 
technica l  constructio n systems :  a  steerin g unit ,  a 
differential ) 
2)  t o dea l  wit h set s o f  possibl e world s (i e w e hav e 
t o conside r  desig n alternatives ) 
3)  t o incorporat e th e emergin g desig n i n a  se t  o f 
externa l  memor y structure s 
'i )  t o recor d th e relevan t  part s o f  th e desig n pat h 
(an d no t  onl y th e desig n product ) 
5)  t o creat e low-cos t  modifiabl e model s whic h hel p 
us t o replac e anticipatio n b y analysi s an d 
experimentatio n 

Understandin g (analysis )  o f  existin g design s i s relevan t 
fo r  th e followin g reason s (especiall y i f  w e regar d th e 
desig n primaril y a s a n erro r  correctin g process) : 

1)  i t  i s  a  prereguisit e fo r  modificatio n (whic h i s 
necessar y becaus e i t  i s  no t  possibl e fo r  th e designe r 
nor  fo r  th e potentia l  use r  t o forese e al l  o f  th e 
opportunitie s fo r  whic h a  comple x syste m i s used) . 
2)  th e insufficiencie s o f  existin g prototyp e model s 
hav e t o b e uncovered ;  th e surfac e manifestation s o f 
problem s hav e t o b e trace d bac k t o thei r  causes . 
3)  contemplatin g an d experimentin g wit h wha t  ha s 
bee n don e s o fa r  ca n stimulat e ne w ideas ,  n e w 
generalisations ,  ne w simplification s an d ne w use s fo r 
develope d parts .  N e w possibilitie s m a y becom e 
visibl e throug h perceptio n o f  unplanne d relationships . 

Computer science has developed a set of well known 
(e g top-down ,  bottom-up ,  stepwis e refinement )  an d les s 
know n (e g us e o f  steppin g stones ,  progressiv e 
constraints ,  structure d growth ,  linguisti c uniformity , 
uniformit y o f  interaction ,  metadescription , 
context-sensitiv e descriptions ,  filters )  concept s o f 
design . 

3.  Technica l  constructio n system s an d system s fo r 
man-machin e communicatio n 

To gain a better understanding for an epistemology of 
design ,  w e hav e studie d desig n processe s i n severa l 
domains :  softwar e engineerin g (BOECKER,  FISCHE R 
and G U N Z E N H A E U S ER 1980) ,  creativ e writin g 
(F ISCHE R 1980) ,  technica l  constructio n system s 
(F ISCHE R an d B O E C K ER 1981 )  an d learnin g 
environment s (FISCHER ,  B R O WN an d B U R T ON 1978) . 
We hav e verifie d an d extende d th e basi c se t  o f 
though t  processe s underlyin g desig n an d th e 
organizatio n o f  thos e processe s whic h serv e a s 
guideline s fo r  th e implementatio n o f  desig n suppor t 
systems . 

In our own work we have chosen a specific technical 
constructio n system ,  namel y F ISCHERJECHNI K (FT) . 
F T ca n b e enjoye d b y "childre n o f  al l  ages" .  I t  allow s 
th e designe r  t o construc t  startin g wit h a  universa l 
buildin g bloc k -  ver y simpl e model s (e g a  car ,  a  cran e 
etc )  a s wel l  a s completel y functiona l  model s (e g a 
technicall y exac t  mode l  o f  a n assembl y lin e fo r  ca r 
manufacturers) .  F T i s no t  onl y a n excellen t  to y (i t 
gaine d th e "Osca r  d e Jouet "  i n 197 2 fo r  bein g electe d 
th e bes t  to y o f  th e year )  bu t  a  realisti c desig n too l 
whic h allow s t o buil d artifact s o f  comparabl e 
complexit y relativ e t o bi g softwar e systems . 
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F T i s a  goo d exampl e o f  a  desig n too l  tha t  ha s th e 
propert y "n o treshold ,  n o ceiling" :  eas y thing s ar e eas y 
t o d o an d difficul t  thing s ar e possibl e t o do .  Th e mos t 
importan t  featur e o f  F T i s probabl y th e mechanis m t o 
joi n individua l  buildin g block s (whic h i s unifor m an d 
universa l  an d ca n b e undon e i n al l  cases) .  I t  provide s 
th e basi s fo r  a n environmen t  whic h allo w u s t o stud y 
sophisticate d desig n processe s wit h grea t  similarit y t o 
softwar e engineering . 

The other major research area in our work for an 
epistemolog y o f  desig n ha s bee n th e desig n o f 
man-machin e communicatio n systems .  W e wil l  mak e 
us e o f  th e substantia l  computationa l  resource s a t  th e 
hardwar e leve l  (whic h wil l  becom e availabl e i n th e 
nea r  future )  t o creat e a  symbioti c environmen t  fo r 
m an an d machin e whic h combine s th e advantage s o f 
bot h t o cooperativel y solv e desig n task s whic h neithe r 
of  the m coul d solv e alone .  Th e mai n difficult y i n thi s 
domai n i s ou r  lac k o f  a  theor y whic h i s predictiv e 
enoug h t o provid e a  complet e se t  o f  desig n criteria . 
We tr y t o m a k e us e o f  th e knowledg e abou t  th e 
human informatio n processin g syste m (e g limite d STM, 
goo d visua l  chunkin g methods )  t o com e u p wit h som e 
principle s (e g consistenc y an d adequat e defaul t 
assumptions )  fo r  th e desig n o f  thes e systems .  Th e fe w 
derivation s w e ca n m a k e fro m thes e principles , 
however ,  immediatel y lea d t o seriou s desig n conflicts . 
To poin t  ou t  a  specifi c  example :  i f  w e wan t  t o delet e 
a fil e (ou t  o f  a  larg e se t  o f  successiv e versions) ,  th e 
defaul t  optio n shoul d b e t o delet e th e oldes t  versio n 
wherea s i f  w e prin t  o r  edi t  a  fil e th e defaul t  shoul d 
be th e newes t  version .  A t  th e surfac e leve l  thi s i s 
obviousl y a n inconsistency .  Onl y i f  th e use r  ha s a n 
explici t  conceptua l  mode l  o f  thes e processe s (e g abou t 
th e semantic s o f  "delete" ,  "print "  an d "edit" )  thi s 
seems t o b e th e obviou s way . 

One of the long range goals of our research is to 
construc t  computer-base d convivia l  tool s (ILLIC H 
1973) .  Thes e ar e tool s tha t  giv e th e use r  a s muc h 
contro l  a s possibl e s o tha t  h e ca n d o wha t  eve r  h e 
want s t o do .  W e conside r  Fischertechni k a  goo d 
exampl e o f  a  convivia l  too l  (e g compare d wit h a 
plasti c ca r  whic h ca n neve r  b e modified) . 

Our empirical research verified some of our intuitions, 
namel y 

1)  ther e exis t  commo n feature s fo r  desig n processe s 
i n differen t  domain s 
2)  desig n i s a n incrementa l  activity ;  a  partiall y 
complete d produc t  i s importan t  an d usefu l  t o gai n a 
deepe r  understandin g o f  th e problem ; 
3)  th e majo r  difficult y i n desig n task s i s no t  t o 
understan d th e intrinsi c semantic s o f  individua l 
buildin g block s bu t  t o predic t  ho w a n assemblag e o f 
suc h component s wil l  behav e 
4)  i t  i s  importan t  fo r  th e understandin g o f  a n 
artifac t  tha t  w e hav e acces s no t  onl y t o th e fina l 
produc t  bu t  t o th e importan t  part s o f  th e 
evolutionar y pat h whic h le d t o i t 
5)  th e languag e develope d i n Compute r  Scienc e an d 
specificall y I n A l  i s  adequat e fo r  th e descriptio n o f 
desig n processe s i n differen t  domains . 

H.  A  compute r  syste m t o suppor t  desig n processe s 

Many design problems (including social planning, VLSI 
design ,  softwar e engineering )  hav e demonstrate d t o u s 
tha t  ther e ar e inheren t  limitation s t o th e complexit y 
tha t  th e unaide d designe r  ca n contro l  i n an y situation . 
Our  syste m I N F O R M ca n bes t  b e describe d a s a n 
integrated ,  knowledge-base d desig n environmen t 
(primaril y use d fo r  softwar e creation ,  maintenanc e an d 
modification )  usin g multipl e window s t o provid e 
uniform ,  direc t  interactiv e facilitie s t o th e user .  We 
expec t  tha t  system s o f  thi s sor t  (se e als o GOLDSTEI N 
and B O B R O W,  1980 )  wil l  mak e majo r  contribution s t o 
cop e wit h th e problem s o f  constructin g larg e softwar e 
product s b y keepin g th e whol e programmin g proces s i n 
th e machin e (an d no t  onl y th e result )  an d b y allowin g 
t o exten d ou r  specificatio n technique s wit h 
prototyping . 

3. Conclusions 

Our goals doing this research were: to gain a better 
understandin g o f  desig n ( a cognitiv e scienc e task )  an d 
t o us e thi s understandin g t o buil d system s whic h supor t 
th e desig n proces s ( a cognitiv e engineerin g task) .  We 
believ e tha t  domai n independen t  desig n knowledg e an d 
skill s  exis t  an d tha t  desig n concept s ar e th e righ t 
vocabular y t o describ e complicate d processe s i n 
proble m solving ,  exper t  system s researc h an d softwar e 
engineering . 
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