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Abstrac t 

Creativ e designer s ofte n se e solution s t o pendin g desig n prob -
lem s i n th e everyda y object s surroundin g them .  Thi s ca n ofte n 
lea d t o innovatio n an d insight ,  sometime s revealing  ne w func -
tion s an d purpose s fo r  commo n desig n piece s i n th e process . 
We ar e intereste d i n modelin g serendipitou s recognitio n o f  so -
lution s t o pendin g problem s i n th e contex t  o f  creativ e mechan -
ica l  design .  Thi s pape r  characterize s thi s ability ,  analyzin g 
observation s w e hav e mad e o f  it ,  an d placin g i t  i n th e contex t 
of  othe r  form s o f  recognition .  W e propos e a  computationa l 
model  t o captur e an d explor e serendipitou s recognitio n whic h 
i s base d o n idea s fro m reconstructive  dynami c memor y an d 
situatio n assessmen t  i n case-base d reasoning . 

Introduction 

W h en creativ e designer s hav e bee n deepl y engage d i n a  prob -
lem ,  the y ar e ofte n abl e t o recognize  solution s t o i t  i n thei r 
enviroimient ,  eve n i f  the y ar e no t  activel y workin g o n th e 
proble m a t  th e time .  Th e solution s recognize d m a y b e ob -
jects ,  behaviors ,  processes ,  technique s -  anythin g tha t  the y 
observ e o r  examine .  Thi s ca n ofte n lea d t o ke y insights , 
sometime s revealing  n e w fiinction s o r  purpose s fo r  c o m m o n 
desig n pieces .  Thi s pqie r  take s a  stq )  towar d understandin g 
thi s abilit y  b y focusin g o n th e serendipitou s recogniticH i  o f  06 -
ject s a s soluticxi s t o pendin g (possibl y suspended )  problem s 
durin g creativ e mechanica l  design . 

Serendipit y of t m play s a  significan t  rol e i n creativity .  It s 
accidaita l  natur e m a y see m t o pu t  i t  ou t  o f  reac h fo r  creatin g 
computer-base d desig n system s tha t  ca n tak e advantag e o f 
serendipity ,  o r  fo r  supportin g peopl e i n serendipitou s discov -
a y o f  solutions .  However ,  w e believ e tha t  bein g i n th e righ t 
plac e a t  th e righ t  tim e i s no t  th e difficul t  part ;  w e ca n pu t  a  de -
signe r  (huma n o r  computer-based )  int o a  rich  environmen t  o f 
stimul i  wher e "accidaits "  wil l  happen .  Th e creativit y come s 
i n th e prg)aratio n tha t  allow s recognitio n o f  a  solutio n whe n 
i t  i s  presei u (Seifert ,  e t  al. ,  1994) .  Thi s require s becomin g 
immerse d i n th e problem ,  redescribin g i t  an d viewin g i t  fro m 
multipl e perspectives ,  considering ,  comparing ,  an d critiquin g 
severa l  options ,  s o tha t  w h e n a  relevant  solutio n i s spotted , 
th e w a y i t  fit s  int o th e proble m ca n b e immediatel y discerned . 

T h e followin g ar e typica l  example s o f  serendipitou s recog -
nition .  The y occurre d durin g a  mechanica l  engineerin g ( M E ) 
desig n projec t  w e observe d i n whic h a  tea m o f  fou r  student s 
wer e t o desig n an d buil d a  devic e t o quickl y an d safel y trans -
por t  a s m a n y egg s a s possibl e fro m on e locatio n t o another . 
(Th e first  autho r  participate d a s a  m e m b er  o f  th e tea m i n orde r 
t o becom e inmierse d i n th e desig n issue s an d observ e a s m u c h 
of  th e desig n proces s a s possibl e i n a  natura l  setting. ) 

Our  first  exampl e ("bendin g springs" )  occurre d whil e ou r 
designer s wer e considerin g usin g a  sprin g launchin g devic e 
and wen t  t o a  h o m e improvemen t  stor e t o loo k int o materials . 
Whil e comparin g th e strength s o f  severa l  spring s b y com -
pressin g them ,  the y notice d tha t  th e spring s tende d t o bend . 
O ne designe r  wrappe d a  han d aroun d th e sprin g t o hol d i t 
straigh t  a s i t  wa s compresse d an d sai d th e spring s woul d eac h 
nee d t o b e enclose d i n a  tub e t o kee p the m fro m bending . 
Anothe r  adde d tha t  th e tub e woul d nee d t o b e collapsibl e (t o 
compres s wit h th e spring) .  Th e designer s coul d no t  thin k o f 
an existin g collapsibl e tub e an d di d no t  wan t  t o buil d on e du e 
t o tim e pressure .  The y gav e u p o n th e spring s an d starte d 
thinkin g abou t  eg g protection .  Durin g thei r  searc h fo r  pro -
tectio n material ,  the y walke d throug h th e bathroo m sectio n 
of  th e store ,  wher e the y sa w a  displa y o f  toile t  pape r  holders . 
The y immediatel y recognize d the m a s collapsibl e tube s whic h 
coul d b e use d t o suppor t  th e springs . 

Th e secMi d exampl e ("weighte d rubberbands" )  occurre d 
late r  i n th e design ,  afte r  th e designer s ha d decide d t o us e a 
cylindrica l  eg g carrie r  with  a  sprin g launc h device .  The y 
wer e workin g o n a  homewor k assignmen t  whic h involve d 
formalizin g th e tradeoff s betwea i  eg g capacity ,  weight,  an d 
lauTic h forc e a s a  multi-goa l  optimizatio n proble m t o hel p 
the m mak e th e bes t  choic e fo r  thes e variables .  The y wer e 
havin g troubl e an d wer e easil y distracte d fro m th e problem . 
O ne distractio n cam e fro m a  designe r  w h o describe d a  tric k 
involvin g a  movin g cylinde r  (coffe e can )  sh e ha d see n th e 
nigh t  befor e o n a  children' s scienc e T V sho w (Beakman' s 
World) .  Th e episod e showe d h o w t o m a k e a  coffe e ca n tha t 
rolle d bac k t o yo u whe n yo u rolle d i t  away .  Batterie s wer e 
tape d a s weight s t o rubberbands ,  strun g throug h th e cente r 
of  th e can .  Th e weight s cause d th e rubberband s t o becom e 
wound u p a s th e ca n rolled .  A s th e rubberband s unwound , 
the y cause d th e ca n t o rol l  bac k t o th e startin g locatio n Th e 
designer s discusse d whethe r  thi s coul d b e modifie d fo r  us e 
i n thei r  desig n (e.g. ,  win d th e mbberband s u p an d le t  thei r 
unwindin g launc h th e device) .  However ,  the y rejecte d th e 
desig n fo r  addin g to o m u c h weight ,  sinc e th e desig n tas k 
had stric t  weigh t  restrictiais .  The n the y wen t  bac k t o thei r 
homework .  Suddenly ,  on e designe r  suggeste d usin g th e egg s 
as weight s o n th e rubberbands .  Thi s alleviate d th e weigh t 
proble m becaus e th e weigh t  o f  th e egg s di d no t  coun t  int o th e 
restricte d weigh t  constraint . 

Ther e ar e thre e intriguin g characteristic s o f  thi s typ e o f 
recognition .  First ,  designer s ar e abl e t o recogniz e solution s 
t o problem s tha t  hav e akead y bee n suspended .  W e cal l  thi s 
serendipitou s recognition . 
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Second ,  the y ai e ofte n abl e t o recognize  object s a s solu -
tions ,  eve n thoug h thi s require s th e objec t  t o pla y a  rol e o r 
provid e a  functio n differen t  fro m it s usua l  rol e o r  function . 
I n ou r  bendin g spring s exanq>le ,  th e toile t  pape r  holde r  i s no t 
use d t o hol d a  pape r  roll ,  bu t  t o kee p a  sprin g fro m bendin g 
uponcompressiai .  I n th e weighte d rubberband s example ,  th e 
egg s no t  (Mil y pla y thei r  usua l  rol e o f  bein g cargo^assenger s 
i n th e eg g carrier ,  bu t  als o ar e use d i n a  nonstandar d wa y 
t o provid e weigh t  t o mak e th e device  move .  Thi s typ e o f 
recognitio n require s overcomin g functiona l  fixednes s (Maier , 
1931,1970 ;  Duncker ,  1945) . 

Third ,  th e solution s recognize d ar e no t  alway s standar d so -
luticxi s t o th e problem .  I n th e bendin g spring s example ,  th e 
proble m wa s ne w t o th e designer s an d di d no t  hav e standar d 
solutions .  I n th e weighte d rubberband s example ,  th e design -
er s recogniz e a  solutio n tha t  i s differen t  fro m th e existin g 
standar d solution s t o th e problem .  I n general ,  i f  a  proble m 
has standar d solution s (o r  one s tha t  ar e ̂ jparentl y  ̂ }plicable) , 
fixatio n o n thes e standar d solution s mus t  b e overcome . 

Thes e thre e characteristic s mak e thi s typ e o f  recognitio n 
mor e difficul t  t o mode l  tha n type s previousl y studied .  Sinc e 
th e solution s ar e nonstaixlaid ,  i t  i s  no t  addresse d b y objec t 
recognitio n wor k (e.g. ,  (Grimson ,  1990) )  whic h typicall y 
searche s a  scen e fo r  particula r  model s o f  existin g standar d 
solution s t o problems .  Th e typ e o f  recognitio n w e ar e inter -
este d i n require s model s o f  object s t o b e constructe d o n th e fly. 
Jorda n an d Shrage r  (1991 )  mode l  h o w people  selec t  object s 
fo r  a  nonstandar d use ,  base d o n whic h object' s physica l  prop -
ertie s relate  bes t  t o th e desire d fimction .  However ,  the y d o no t 
addres s h o w th e salien t  propertie s ar e derive d o r  determined . 

The opportunisti c natur e o f  serendipitou s recognitio n 
makes researc h o n predictiv e encodin g (Patalano ,  Seifert , 
& H a m m o n d,  1993 )  an d opportunis m (Hammond ,  1989 ; 
Mueller ,  1990 )  relevant  t o ou r  research .  However ,  the y ad -
dres s opportunis m i n plannin g situation s i n whic h ther e ar e 
standar d solution s t o th e problem s a t  hand .  Th e opportunitie s 
detecte d ar e thos e t o fvilfil l  suspende d goal s b y recognizin g 
tha t  a  standar d pla n fo r  the m ca n n o w b e resumed .  Ou r  recog -
nitio n involve s recognizin g object s tha t  ar e no t  th e standar d 
solution s t o th e pendin g problems . 

S o me importan t  issue s serendipitou s recognitio n raise s are : 
To wha t  exten t  doe s proble m an d solutionnee d t o b e describe d 
and elaborate d fo r  th e recognitio n t o tak e place ? H o w i s thi s 
descriptio n created ? H o w i s th e opportunit y t o solv e a  sus -
pende d proble m noticed ? Wha t  allow s th e relevan t  proble m 
contex t  t o b e recalle d whe n it s solutio n i s seen ? 

Thi s pjpe r  present s ou r  analysi s o f  th e processe s involve d 
i n serendipitou s recogniuon  o f  nonstandar d solutions .  Ou r 
hypothesi s i s tha t  recognition  arise s fro m interaction s be -
twee n tw o processes :  proble m evolutio n an d assimilatio n o f 
propose d idea s int o memory .  W e propos e a  computadona l 
model  o f  serendipitou s recognitio n base d (» i  thi s hypothe -
sis .  Ou r  mode l  draw s a n an d extend s idea s fro m reccaistriK -
tiv e dynami c m e m o r y (Schank ,  1982 ;  Kolodner ,  1983 )  an d 
case-base d reascxiin g (Kolodner ,  1993) ,  particularl y situatio n 
assessmen t  an d evaluatio n processes . 

Evolution and Assimilation 

A ke y activit y o f  designer s i s t o uxxierstand ,  refine,  elaborate , 
and re-define  th e problem .  The y vie w th e proble m from  multi -

pl e perspective s an d redescrib e i t  i n mor e familia r  terms .  Thi s 
process ,  whic h w e ca U proble m evolution ,  reveal s constraints , 
features ,  an d propertie s t o loo k fo r  i n propose d solutions .  A s 
desig n alternative s ar e propose d an d explored ,  the y ar e assim -
ilate d int o memory ;  the y ar e compare d an d organized ,  base d 
on th e criteri a an d feature s th e designe r  ha s becom e attune d t o 
throug h proble m evolution .  S o m e serendipitou s recognitio n 
m ay aris e from  assimilatio n activities . 

Proble m evolutio n i s drive n primaril y b y th e evaluatio n o f 
propose d ideas ,  which ,  i n additio n t o revealin g flaws  i n th e 
specificatio n (suc h a s CMitradiction s an d ambiguities) ,  gener -
ate s n e w criteria ,  constraints ,  an d preference s tha t  g o bey«i d 
thos e give n i n th e origina l  statemen t  o f  th e problem .  Assimi -
latio n itsel f  ca n pla y a  significan t  rol e i n evaluatio n b y drawin g 
attenticx i  t o feature s o f  propose d idea s tha t  ar e unusua l  o r  par -
ticularl y goo d o r  ba d compare d t o othe r  propose d ideas .  Thi s 
i n tur n ca n trigge r  a  complet e proble m reformulation .  So , 
whil e proble m evolutio n ca n "se t  vp "  th e reasone r  t o recog -
niz e solution s whe n the y ar e stumble d upon ,  th e recognitio n 
itsel f  ca n sometime s actuall y trigge r  a  proble m redescription . 
Thi s occurre d i n th e weighte d rubberband s example ,  whic h 
we analyz e i n dept h i n th e nex t  section . 

Thes e interactin g processe s fit  wel l  int o a  mode l  o f  dynami c 
memory an d case-base d reasoning .  A  ke y ide a underiyin g dy -
nami c memor y i s tha t  remembering ,  understanding ,  an d learn -
in g ar e al l  inextricabl y intertwined .  Th e abilit y  t o determin e 
wher e somethin g fits  i n wit h wha t  w e alread y k n o w (under -
standing )  i s a  ke y par t  o f  bein g abl e t o assimilat e object s i n 
our  enviraimen t  int o ou r  proble m solving .  Thi s m a y involv e 
a usefii l  reinterpretatio n o f  somethin g alread y i n memor y an d 
ca n resul t  i n a  ne w wa y o f  indexin g i t  i n memory . 

Th e proces s o f  elaboratin g an d redescribin g th e proble m 
specificatio n correspond s closel y t o th e proces s o f  situatio n 
assessmen t  i n case-base d reasoning :  redescribin g a  proble m 
situatio n i n th e vocabular y o f  problem s solve d i n th e pas t  (i.e. , 
th e indexin g vocabular y o f  th e reasoner' s memory) .  Thes e 
processe s facilitat e retrieva l  i n compensatin g fo r  th e fac t  tha t 
we m a y no t  b e abl e t o anticipat e h o w w e migh t  wan t  t o us e 
some piec e o f  knowledg e whe n w e ente r  i t  i n memory .  Situa -
tio n assessmen t  align s th e vocabularie s o f  th e curroi t  situatio n 
wit h tha t  o f  previou s problem s w e hav e encountered .  Also , 
by providin g severa l  differen t  way s o f  describin g a  proble m 
and wha t  woul d coun t  a s a  solution ,  i t  allow s enUrie s t o b e re-
interprete d i n th e contex t  o f  th e proble m an d serendipitousl y 
recognize d a s relevant  t o solvin g it . 

Researc h int o situatio n assessmen t  an d proble m reformu -
latio n (e.g. ,  i n C A S E Y (Koton ,  1988) ,  C Y R U S (Kolod -
ner ,  1983) ,  M I N S T R E L (Turner ,  1994) ,  B R A I N S T O R M ER 
(Jones ,  1992) ,  an d S T R A T A (Lowry ,  1987)) ,  sho w differen t 
ways thi s ca n b e done .  Also ,  Sycar a an d Navinchandr a (1989 ) 
hav e identifie d severa l  inde x transformatio n technique s rele -
van t  t o case-base d design .  W e ar e buildin g o n an d extendin g 
thes e ideas ,  explorin g i n particula r  h o w the y ca n b e synergis -
ticall y integrate d wit h evaluation ,  retrieval ,  adaptation ,  an d 
assiinilatio n processes . 

Analysis of Examples 

B e n d i n g Spring s 

For  th e designer s t o recogniz e th e toile t  pape r  holde r  a s a  solu -
tio n t o th e proble m o f  bendin g springs ,  the y neede d t o creat e a 
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descriptio n o f  wha t  solution s t o thi s proble m woul d loo k like . 
Thi s descriptio n evolve d a s the y though t  abou t  th e problem , 
prqjose d solution s t o it ,  an d critique d thes e solutions .  Her e 
i s a  close r  loo k a t  h o w thi s descriptio n evolved . 

As th e designer s wer e comparin g th e strength s o f  variou s 
springs ,  on e designe r  compresse d th e spring s betwee n a  thum b 
and forefinge r  an d notice d tha t  th e sprin g bent ,  impose d lat -
era l  force s a t  th e endpoints ,  an d a  variabl e longitudina l  force . 
Thi s wa s judge d t o b e a  problem .  W e hypothesiz e tha t  thi s 
judgmen t  wa s m a d e base d o n a  violatio n o f  th e designers '  ex -
pectation s abou t  h o w th e sprin g woul d behav e an d reasonin g 
abou t  th e consequence s o f  th e actua l  behavio r  i n th e contex t 
of  thei r  propose d design . 

O ne designe r  wrappe d a  han d aroun d th e sprin g t o hol d 
i t  straigh t  a s i t  wa s compresse d an d sai d th e spring s woul d 
eac h nee d t o b e enclose d i n a  tub e t o kee p the m from  bending . 
Wrappin g a  han d aroun d somethin g t o mak e it s shap e confor m 
t o wha t  yo u wan t  i s a  standar d technique .  Th e subsequen t 
tub e proposa l  ca n b e th e resul t  o f  a  m e m o r y retrieval  base d 
on structura l  shap e similarity . 

Anothe r  designe r  adde d tha t  th e tub e woul d nee d t o b e 
collapsibl e (t o compres s wit h th e spring) .  Thi s adaptatio n 
m ay hav e bee n suggeste d a s a  resul t  o f  noticin g tha t  th e han d 
wrappe d aroun d th e sprin g hindere d th e compressio n o f  th e 
sprin g becaus e i t  wa s to o longitudinall y rigid.  Thi s coul d b e 
fixed  b y makin g th e tub e longitudinall y  flexible  (collapsible) . 

Weighting Rubberbands 

In the bending springs example, the designers derived a con-
cret e descriptio n o f  wha t  the y needed ,  whic h prime d the m t o 
recogniz e i t  w h e n the y sa w it .  I n ou r  secMi d exampl e (th e 
proble m o f  weightin g th e rubberband s insid e th e cylindrica l 
eg g carrier) ,  th e descriptio n o f  wha t  wa s neede d di d no t  fiill y 
evolv e befor e th e recognitio n (o f  egg s a s weights )  occurred . 
Rather ,  th e recognitio n itsel f  helpe d t o redescrib e th e problem . 

Th e origina l  design ,  i n whic h batterie s wer e use d a s 
weights ,  wa s rejecte d becaus e th e batterie s woul d ad d weigh t 
t o th e device .  TTiei r  proble m descriptio n -  "fin d somethin g t o 
act  a s a  weigh t  withou t  addin g weight "  -  wa s overconstrained . 
So th e proble m wa s abandcmed . 

The y wen t  bac k t o th e optimizatio n proble m the y wer e 
give n forhomeworic ,  whic h involve d thinkin g abou t  th e trade -
of f  betwee n launc h forc e an d eg g capacit y (th e mor e eggs , 
th e mor e forc e require d becaus e th e egg s woul d increas e th e 
weight) .  Considerin g th e egg s a s providin g weigh t  prompte d 
on e designe r  t o sugges t  th e cleve r  ide a o f  usin g th e egg s a s 
weight s o n th e rubberbands . 

O ur  hypothesi s i s tha t  th e designe r  sa w th e relevanc e o f 
th e egg s t o th e weightin g rubberband s proble m du e t o it s 
weigh t  property ,  whic h the y wer e focusin g o n i n th e home -
work .  Th e egg s wer e differen t  tha n th e previousl y propose d 
solutio n (batteries )  wit h respec t  t o th e weigh t  property ,  sinc e 
eg g weigh t  doe s no t  coun t  int o th e tota l  weigh t  limi t  o f  th e de -
vice .  (Th e proble m statemen t  explicitl y  restricte d th e "weigh t 
of  th e devic e (no t  includin g th e eggs)." )  Thi s differenc e wa s 
notice d an d se« i  t o b e a  ke y advantage .  I t  generate d a  refine -
ment  o f  th e proble m description .  Instea d o f  "provid e weight , 
withou t  addin g weight, "  i t  becam e "provid e weight ,  withou t 
addin g weigh t  tha t  count s towar d th e weigh t  limit. "  I t  i s  onl y 
by bringin g th e egg s int o focu s an d re-interpretin g the m from 

th e poin t  o f  vie w o f  thei r  weigh t  tha t  thi s othe r  proble m de -
scriptio n wa s created .  I f  th e designer s ha d redescribe d th e 
proble m i n thi s wa y t o begi n with ,  the y migh t  hav e immedi -
atel y recalle d egg s a s a  solutio n t o W s problem .  However ,  th e 
redescriptio n seem s t o hav e bee n th e resul t  o f  th e recognitio n 
rathe r  tha n a  prerequisit e o f  it . 

Modeling Implications 

A numbe r  o f  interestin g issue s aris e i n considerin g h o w t o 
model  th e proble m evolutio n an d assimilatio n occurrin g i n 
thes e tw o examples . 

1.  Experimentatio n play s a n importan t  rol e i n proble m evo -
lution .  It s result s ar e use d i n evaluatin g propose d design s an d 
i n suggestin g solution s an d adaptation s (e.g. ,  wr^pin g han d 
le d t o tub e suggestion ;  compressio n hindere d b y wrappe d 
han d le d t o th e "collapsible "  adaptation) .  Simulatin g o r  ac -
tuall y performin g thi s typ e o f  experimentatio n (e.g. ,  wit h a 
robot )  is ,  o f  course ,  outsid e th e scop e o f  ou r  modelin g efforts . 
But  w e ca n provid e th e result s o f  experimentatic m a s inpu t  t o 
our  computationa l  model . 

2.  A s propose d solution s ar e generate d an d explore d (e.g. , 
by collectin g experimenta l  dat a abou t  them) ,  a n evaluatio n 
proces s notice s thei r  problem s (e.g. ,  constrain t  o r  expectatio n 
violations )  o r  goo d features .  N e w evaluativ e issue s emerg e 
tha t  g o beyon d th e state d constraint s o n th e problem .  Navin -
chandr a (1991 )  call s thi s criteri a emergence .  I n addition , 
constraint s i n genera l  (Bhatta ,  Goel ,  &  Prabhakar ,  1994 )  an d 
relativ e prioritie s amon g them ,  als o graduall y emerge .  Thi s 
emergenc e i s a  majo r  par t  o f  proble m evolution . 

3.  TTi e designer s i n ou r  example s generate d description s 
tha t  allowe d immediat e recognitio n o f  satisficin g solution s t o 
th e pendin g problems .  The y wer e concret e enoug h t o b e eas -
il y recognizabl e (fo r  m in imu m inferenc e a t  recognition-time ) 
but  abstrac t  enoug h t o b e satisfie d b y a  variet y o f  differen t 
objects .  The y referre d t o bot h structura l  (cylindrica l  s h j ^ , 
length ,  radius ,  o r  weight )  an d behaviora l  (lengt h varies )  prop -
ertie s o f  objects .  Matchin g thes e propertie s agains t  object s 
unde r  consideratio n sometime s require s drawin g o n knowl -
edg e abou t  th e objec t  (e.g. ,  wha t  configuration s o r  sh^je s i t 
ca n take ,  whethe r  i t  ca n stan d o n end ,  o r  whethe r  it s lengt h 
ca n vary) .  Thi s i n tur n require s tha t  th e objec t  bein g viewe d 
has bee n recognize d a s it s usua l  identit y (e.g. ,  toile t  pape r 
rol l  holder )  s o tha t  th e associate d stmctural ,  behavioral ,  an d 
fiinctiona l  knowledg e o f  th e objec t  ca n b e matche d agains t 
th e evolve d descriptio n o f  wha t  i s needed .  I n ou r  computa -
tiona l  model ,  th e inpu t  fro m th e environmen t  i s augmente d 
by th e equivalen t  o f  result s o f  standar d objec t  recogmtio n 
techniques ,  s o tha t  a n objec t  unde r  vie w ha s bot h it s curren t 
imagisti c feature s an d standar d knowledg e abou t  it s assume d 
stmcture ,  behavior ,  an d function . 

Computational Model 

Based o n ou r  analysi s  o f  thes e example s an d other s from  ou r 
explorator y stud y o f  th e M E desig n project ,  w e ar e construct -
in g a  computationa l  mode l  o f  serendipitou s recogmtion .  W e 
ar e implementin g thi s mode l  i n a  syste m calle d improv ise r 
(inventio n Modele d b y proble m Redescnption ,  observation , 
and evaluation ,  interactin g SERendipitously) . 

improviser' s propose d architectur e ha s a  proble m evolu -
tio n componen t  whic h i s modele d usin g situatio n assessmen t 
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procedure s co-routine d wit h evaluatio n techniques .  Th e out -
put  o f  thi s componen t  (i.e. ,  th e evolvin g specification )  feed s 
int o m e m o r y retrieva l  an d updat e processes. '  Retneva l  in -
terface s wit h a  librar y o f  desig n case s whic h models ,  i n part , 
long-ter m memory .  Th e specificatio n i s use d a s a  prob e t o 
recal l  relevan t  desig n case s (fo r  evaluation ,  elaboration ,  etc.) . 

M e m o ry updat e i s th e complemen t  o f  retneval .  I t  accumu -
late s desig n alternative s propose d (i.e. ,  thos e retrieved ,  elab -
orated ,  o r  viewe d direcd y i n th e externa l  environment )  int o a 
poo l  o f  desig n alternative s unde r  consideration .  I t  organize s 
and compare s th e alternative s wit h respec t  t o eac h other ,  alon g 
th e dimension s relevan t  t o th e proble m sjjecification .  Thi s i s 
use d t o mode l  th e assimilatio n process .  Recognitio n o f  a  solu -
tio n result s whe n a n alternativ e i s store d tha t  i s a  clos e matc h 
t o th e desire d solution . 

The dat a structur e holdin g th e se t  o f  desig n alternative s 
form s a n extensic m o f  th e long-ter m memory .  W e cal l  thi s 
extensio n th e proble m context .  I t  contain s th e se t  o f  explore d 
desig n alternative s an d th e relevan t  se t  o f  descriptor s fro m 
th e specification .  A s th e proble m specificatio n evolves ,  th e 
focu s change s o n th e relevan t  descriptor s t o b e use d fo r  or -
ganizin g alternative s i n th e m e m o r y (e.g. ,  shape ,  constructio n 
cost ,  persona l  safety) .  Fo r  comple x problems ,  wit h man y 
subproblems ,  ther e ar e severa l  subproble m contexts ,  whic h 
migh t  overiap ,  dependin g o n interaction s betwee n subprob -
lems .  W h e n a n alternativ e i s entere d int o memory ,  i t  i s  in -
terprete d wit h respec t  t o th e descriptor s i n th e subproble m 
context s t o find  th e bes t  place(s )  t o stor e th e alternative . 

The variou s subproble m context s ca n b e see n a s dynam -
icall y constructe d model s o f  desire d solutions ,  buil t  durin g 
proble m evolution .  Recognitio n o f  instance s o f  thes e model s 
occur s a s alternative s ar e entere d int o th e mos t  appropriat e 
context s throug h standar d m e m o r y updat e techniques . 

A ke y par t  o f  thi s assimilatio n proces s i s noticin g "inter -
esting "  similaritie s o r  difference s betwee n alternative s bein g 
adde d t o som e context .  Fo r  instaiKe ,  i n th e weighte d rubber -
band s example ,  egg s wer e notice d t o b e differen t  tha n previ -
ous proposal s t o th e movin g cylinde r  proble m wit h respec t  t o 
th e weigh t  propert y -  on e o f  th e descriptor s i n th e proble m 
context s fo r  bot h th e homewor k assignmen t  an d th e movin g 
cylinde r  problem .  Knowin g tha t  th e weigh t  o f  egg s i s ex -
empt  fro m th e weigh t  restrictio n make s th e notice d differenc e 
interesting ;  i t  i s directl y relate d t o th e conflictin g weigh t  con -
straint ,  suggestin g tha t  thi s constrain t  shoul d b e re-evaluate d 
wit h th e egg s actin g a s weights .  Th e succes s o f  thi s evaluatio n 
subsequentl y cause s th e weigh t  constrain t  t o b e refined . 

A se t  o f  monitorin g procedure s ar e associate d wit h eac h 
proces s an d watc h fo r  opportunitie s fo r  furthe r  processin g t o 
occur .  Th e opportunitie s notice d ar e place d o n a n agenda , 
maintaine d an d accesse d b y strategi c contro l  heuristics . 

A Proposed Scenario 

Thi s sectio n give s a  scenari o o f  h o w improv ise r  wil l 
model  ou r  bendin g spring s example ,  onc e full y implemented . 
IMPROVISE R  start s wit h a  partia l  specificatio n whic h include s 
specification s fo r  eac h subproble m i n th e curren t  partitionin g 

'Thi s sectio n sketche s onl y th e mai n dat a flow  relationship s be -
twee n thes e processes ,  improvise r  ha s a  flexible,  opportunisti c 
blackboard-styl e architectur e whic h i s guide d b y explici t  strategi c 
contro l  mechanisms . 

of  th e proble m (launching ,  moving ,  stopping ,  an d protectin g 
th e eggs) .  Th e launc h subproble m specificatio n contain s a 
partia l  specificatio n fo r  a  sprin g launc h mechanism .  (I n th e 
following ,  "?? "  denote s incompletenesse s du e t o pendin g 
decisions;"... "  denote s part s o f  th e specificatio n no t  shown. ) 

<Spec : 
Subprob lem :  Launc h 

Pa r t s :  Spr ing ,  Bas e 
A t tached (Spr ing ,  Base ,  <po3 i t i on> ) 
Spr ing : 

k :  ?  ?  , ;  forc e constan t 
X:  ?  ?  , ,  sprin g displacemen t 

Launch-Force :  ( -  ( *  k  x) )  ; ;  Hooke'sla w 

Subproblem: Protect-Eggs ... 
Subprob lem :  Transpor t  .. . 
Subprob lem :  Sto p .. . 
.  .  . > 

Thi s specifie s tha t  th e launc h mechanis m shoul d consis t  o f 
tw o parts ,  attache d t o eac h othe r  i n a  particula r  configuratio n 
(give n i n <posi t ion>) .  Ther e i s a  pendin g decisio n a s t o 
di e choic e o f  sprin g strengt h (k )  an d h o w m u c h i t  shoul d b e 
compresse d (x )  t o achiev e a  certai n launc h force .  (Ther e ar e 
severa l  othe r  constraint s involvin g th e launch  forc e whic h ar e 
not  shown ,  suc h a s constramt s relatin g strikin g distanc e an d 
launc h forc e o r  relatin g th e typ e an d amoim t  o f  eg g protectio n 
materia l  wit h th e launc h forc e i t  mus t  cushioa ) 

IMPROVI  S E R  choose s t o wor k o n th e pendin g decisio n con -
cernin g sprin g strength. ^  I t  ask s a n oracl e t o perfor m a  trial -
and-erro r  experimen t  fo r  i t  t o hel p choos e a  sprin g fro m a  se t  o f 
springs .  Th e oracl e compare s severa l  spring s an d feed s bac k 
experimenta l  dat a t o improviser .  Th e dat a i s augmente d 
wit h causa l  informatio n abou t  h o w th e dat a resulte d fro m th e 
propertie s o f  th e partia l  design .  Th e oracl e report s tha t  th e 
sprin g bends ,  whic h cause s i t  t o exer t  a  weak ,  variabl e forc e 
i n th e directio n o f  it s axi s an d additiona l  force s o f  variabl e 
magnitud e an d direction . 

I n general ,  ther e m a y b e man y result s reporte d b y th e oracle . 
A n importan t  issu e w e ar e dealin g wit h i s h o w imp rov i se r 
direct s it s focu s o f  attentio n t o particula r  piece s o f  experimen -
ta l  data .  I n thi s case ,  th e focu s wa s o n th e launc h mechanis m 
and it s force ,  s o i t  i s natura l  tha t  improv ise r  woul d atten d 
t o fact s relate d t o force s fro m th e spring . 

improv ise r  notice s tha t  thes e result s ar e no t  wha t  i s ex -
pected .  I t  derive s thei r  consequence s base d o n causa l  con -
nection s betwee n constraint s i n th e specification .  Th e forc e 
alon g th e spring' s axi s i s weake r  tha n th e idea l  launc h forc e 
( f  =  - kx ) ,  whic h wil l  m a k e th e devic e m o v e slowe r  an d no t 
as fa r  a s desired .  Th e additiona l  force s i n variou s direction s 
m ay caus e a n inconsistent ,  unpredictabl e motion . 

improviser' s evaluatio n monitor s detec t  th e negativ e 
consequence s an d update  th e specificatio n t o prohibi t  thei r 
causes ,  specifyin g tha t  th e sprin g i n th e launch  mechanis m 
must  sta y sti-aight .  I n general ,  discoverin g th e constraint s t o 
add t o th e specificatio n whic h wil l  requir e o r  prohibi t  s o m e 
observe d featur e o f  a  devic e involve s reasonin g base d o n a 
causa l  mode l  o f  di e device  (Bhatta ,  Goel ,  &  Prabhakar ,  1994) . 

^How this decision is chosen, and, in general, how improviser' s 
sequenc e o f  step s i s controlle d i s a n interestin g modelin g issue . 
HowevCT,  i t  i s  no t  th e subjec t  o f  thi s paper ,  bu t  se e (Kolodne r  & 
Wills ,  1993 ;  Will s  &  Kolodner ,  1994) . 
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A standar d metho d o f  forcin g a  smal l  objec t  t o maintai n a 
desire d shap e i s b y holdin g i t  i n tha t  sh^) e wit h you r  hand . 
iMPROvisE R ask s th e oracl e t o d o thi s an d th e oracl e reports 
tha t  thi s cause s th e sprin g t o sta y straight . 

IMPROVISER evaluate s th e results ,  judge s th e sprin g stay -
in g straigh t  a s positive ,  an d update s th e specificatio n wit h 
th e characteristic s o f  th e wrappe d han d tha t  ar e responsible . 
Thi s specificatio n i s use d t o retriev e a  standar d desig n objec t 
(rigid-tobe )  t o provid e thos e characteristics . 

<Spec : 
Subproblem :  Launc h 

Partes :  Spring ,  Base ,  RIGID-TUB E 
Attached(Spr ing ,  Base ,  <position> ) 
ENCLOSED(SPRING,  RIGID-TUBE ) 
Rigid-Tube : 

SOLIDITY :  HOLLOW 
RADIUS:  ( + RADIUS(SPRING )  DELTA ) 
LENGTH:  ( -  LENGTH(SPRING)  SM-DELTA) 
SHAPE:  CYLINDRICA L 
LENGTH-VARIABILITY :  CONSTANT 
RADIUS-VARIABILITY :  CONSTANT 

.  .  . > 

Further ejqjerimental data from the oracle reveals that the 
rigi d tub e hinder s compressio n o f  th e spring ,  causin g th e 
sprin g displacemen t  limi t  t o b e muc h smalle r  tha n expected . 

ORACLE: 
Length-Variabi l i ty :  Constan t 

Causin g 
; ;  sprin g displacemen t  i s limite d b y tub e lengt h 

Actual-x(Spring )  < = Rest-Length(Spring ) 
-  Length(Rigid-Tube ) 

Causin g 
;;.. .  muc h les s tha n idea l  displacemen t 

Actual-x(Spring )  «  Max-x(Spring ) 

IMPROVISER detects the undesirable limit on spring dis-
placemoi t  an d derive s th e ccxisequence s tha t  th e launc h forc e 
wil l  b e weake r  tha n i s idea l  ( f  =  -)cx) ,  whic h wil l  affec t 
devic e spee d an d strikin g distance . 

IMPROVISER reason s abou t  th e cause s o f  th e hindranc e an d 
update s th e specificatio n t o requir e th e tub e t o b e collapsibl e 
(i.e. ,  allo w it s lengt h t o vary) .  I n othe r  words ,  improvise r 
refine s th e rigidity  criterio n t o wha t  i s reall y neede d -  th e 
radiu s t o remai n constan t  (lateral-rigidity )  an d th e lengt h t o 
var y Oongjtudina l  flexibility).  Thi s require s gettin g mor e 
detaile d causa l  knowledg e (no t  shown )  fro m th e oracl e abou t 
what  cause s th e sprin g t o sta y straight ,  t o mak e sur e i t  won' t 
hur t  t o var y th e lengt h 

<Spec : 
Subproblem :  Launc h 

Parts :  Spring ,  Base , 
Rigid-Tube : 

Rigid-Tub e 

LENGTH-VARIABILITY : 
Radius-Variabi l i ty : 

VARIES 
Constan t 

. > 

Usin g thi s specificatio n a s a  prob e t o memory ,  im p r o v i  s  e r 
trie s t o recal l  a  devic e tha t  satisfie s thi s specification .  Th e 
retrieva l  fails . 

Sir^ e n o viabl e option s ar e found ,  improvise r  suspend s 
wor k o n th e launc h subproble m an d switche s t o a  differen t 
subproblem :  ho w t o protec t  th e eggs . 

<Spec : 
Subproblem :  Protect-Egg s 

Parts :  Cushioning-Materia l 
Cushioning-Material : 

Pressure-Resistance :  Sof t 
.  .  . > 

While looking for objects that satisfied this description, a 
toile t  pape r  holde r  i s  observe d throug h a n oracle .  Th e obser -
vatio n i s a  mi x o f  imag e feature s an d knowledg e abou t  th e 
holder ,  onc e i t  ha s bee n identifie d throug h objec t  recognition . 

EXTERNAL OBSERVATION:  TP H 
Structura l  propert ies : 

Parts :  Cylinder s C I  an d C2 ,  Sprin g S 
Associated-Part :  Wall-Fixtur e 
Fits-Inside(CI ,  C2 ) 
C I :  Solidity :  Hollo w 

Length :  1/2(Rest-Length(S)).. . 
C2:  Solidity :  Hollo w 

Length :  1/2(Rest-Length(S)).. . 
Compositio n o f  Cylinder s (C1C2 ) 

Solidity :  Hollo w 
Length :  Length(S )  +  Delta 3 
Shape :  Cylindrica l  .. . 

S:  Rest-Lengt h >  Width(Wall-Fixture )  . .  . 
Enclosed(S ,  C1C2 ) 

Behaviora l  properties : 
States :  Steady ,  Squeeze ,  Rest . 
Steady :  ; ;  btw n side s o f  wal l  fixture 

Length(S )  <  Rest-Length(S ) 
x(S )  =  Length(S )  -  Rest-Length(S ) 
Force-Btwn-Endpts :  ( -  ( *  )c(S )  x(S)) ) 
Length(C1C2 )  =  Width(Wall-Fixture).. . 

Squeez e :  ; ;  bein g compresse d 
Length(C1C2 )  <  Width(Wall-Fixture ) 
Length(ClC2 )  > = Max(Length(CI) , 

Length(C2) )  .. . 
Re St :  ; ;  outsid e wal l  fixture 

Length(C1C2 )  >  Width(Wall-Fixture ) 
Length(S )  =  Rest-Length(S). . . 

Functiona l  properties : 
Use:  Hol d pape r  rol l 

The most relevant problem context is retrieved, indexed by 
descriptor s tha t  ar e relevan t  t o solvin g it s pendin g proble m 
(e.g. ,  siz e an d cylindrica l  sh^) e o f  tube ,  sprin g enclose d i n 
tube) .  Th e contex t  contain s th e descriptor s give n i n th e speci -
fication  fo r  th e problem ,  th e opticxi s tha t  hav e bee n proposed , 
and th e degre e t o whic h eac h matche s th e descriptors .  I n 
thi s case ,  th e proble m contex t  associate d wit h th e launc h sub -
proble m i s retrieve d an d th e pape r  holde r  i s  assimilate d int o 
it ,  base d o n th e structural ,  imagisti c propertie s o f  th e pape r 
holde r  an d th e knowledg e associate d wit h i t  Durin g thi s as -
similation ,  IMPROVISE R mus t  chec k whethe r  th e tub e lengt h 
can var y b y referrin g t o th e behaviora l  knowledg e associate d 
wit h th e pape r  holde r  t o se e i f  th e lengt h o f  th e compositio n 
of  cylinder s (C1C2 )  change s ove r  th e states . 

A monito r  o f  th e assimilatio n proces s notice s tha t  th e pa -
per  holde r  fits  th e subproble m specificatio n bette r  tha n an y 
previou s option ,  particulari y wit h respec t  t o variabl e length . 

The result s o f  thi s proces s ar e 1 )  a  proble m specificatio n tha t 
has bee n elaborate d (wit h th e CMistrain t  tha t  th e sprin g mus t 
be enclose d i n a  tube )  an d refine d (wit h finer-grain  constraint s 
on th e rigidity  propertie s o f  th e tube) ,  an d 2 )  ne w knowledg e 
learne d abou t  th e function s o f  a  commo n objec t  (i.e. ,  a  toile t 
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paper  holde r  ha s a  new ,  additiona l  functio n o f  keq)in g it s 
interna l  sprin g straight) . 

Status and Open Issues 

Our  syste m currentl y contain s implemente d procedure s fo r  as -
similatio n o f  alternative s int o a  singl e proble m context ,  evalu -
atio n base d o n specificatio n constraints ,  an d standar d memor y 
indexin g an d retrieval ,  a s wel l  a s dat a structure s representing 
th e cas e library ,  proble m contexts ,  th e evolvin g proble m spec -
ification ,  an d th e opportunit y agenda .  Simpl e monitor s sur -
roundin g th e assimilatio n proces s hav e bee n implemented ,  bu t 
more ar e neede d fo r  thi s an d th e othe r  processes .  W e currentl y 
do no t  hav e a  genera l  mode l  fo r  wha t  make s som e differenc e 
or  similarit y tha t  i s  notice d "interesting. "  W e ar e intrigue d b y 
th e fac t  tha t  object s ca n b e notice d a s bein g interestin g an d 
relevan t  t o a  perxlin g proble m befor e thei r  relevance  t o th e 
proble m i s fiill y  understood . 

As w e exten d improvise r  t o handl e multipl e proble m 
contexts ,  w e nee d t o dea l  wit h issue s abou t  ho w t o maintai n 
them.  Fo r  example ,  ho w d o the y decay ? Wha t  influence s 
whic h one s ar e activ e (e.g. ,  recency ,  interactio n betwea i  th e 
problems) ? H o w d o the y chang e a s related  problem s ar e 
worke d on ? H o w doe s knowledg e o f  functiona l  propertie s o f 
an objec t  inhibi t  th e retrieva l  o f  a  relevan t  proble m caitex t  i n 
whic h th e objec t  ca n b e use d i n a  ne w way .  (Thi s i s importan t 
i n modelin g functiona l  fixedness. ) 

More wor k i s als o neede d t o identif y an d defin e situatio n 
assessmen t  procedures ,  elaboratio n techniques ,  an d strategi c 
contro l  heuristics .  W e ar e als o startin g t o understan d ho w cri -
teria ,  constraints ,  preferences ,  etc. ,  emerg e durin g evaluation , 
but  mor e effor t  i s  neede d i n modelin g thi s emergence . 

Our  intentic m i n buildin g improvise r  i s no t  t o automat e 
design ,  bu t  t o tes t  ou r  hypothese s abou t  th e cognitio n o f  cre -
ativ e design .  A s w e increas e ou r  understandin g o f  creativ e 
processes ,  w e wil l  b e bette r  abl e t o answe r  th e questio n ho w 
best  t o assis t  himia n designers .  Thi s ma y includ e 1 )  aidin g 
th e formalization ,  reformulation ,  an d refinemen t  o f  specifi -
cation s (Reubenstei n &  Waters ,  1991 ;  Johnson ,  Benner ,  & 
Harris ,  1993) ,  2 )  bringin g u p evaluariv e issue s (Domeshe k & 
Kolodner ,  1993) ,  3 )  retrievin g pendin g proble m context s t o 
hel p recogniz e th e applicabilit y  o f  solutions ,  o r  4 )  proposin g 
new contro l  strategies . 
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