
UC Merced
Proceedings of the Annual Meeting of the Cognitive Science 
Society

Title
Building a theory of problem solving and scientific discovery: How big is N in N-space 
search?

Permalink
https://escholarship.org/uc/item/8999q29s

Journal
Proceedings of the Annual Meeting of the Cognitive Science Society, 18(0)

Author
Burns, Bruce D.

Publication Date
1996
 
Peer reviewed

eScholarship.org Powered by the California Digital Library
University of California

https://escholarship.org/uc/item/8999q29s
https://escholarship.org
http://www.cdlib.org/


Buildin g a  tlieor y o f  p r o b l e m solvin g a n d scientifi c  discovery : 

H o w bi g i s N  i n N -spac e search ? 

Bruc e D .  Burn s 
(Symposiu m Organizer ) 

Institu t  fu r  Psychologi c 
Universita t  Potsda m 
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The framewor k develope d b y Newel l  an d Simo n (1972 )  o f 
proble m solvin g a s a  searc h o f  a  proble m space ,  provide s 
cor e concept s (e.g. ,  representations ,  operators ,  heuristics , 
tas k analyses ,  etc. )  tha t  ar e use d b y man y researcher s 
studyin g comple x task s fro m th e poin t  o f  vie w o f  artificia l 
intelligence ,  psychology ,  Human-Compute r  Interaction ,  an d 
education .  However ,  i n recen t  year s som e researcher s hav e 
trie d t o pus h beyon d seein g task s a s searc h o f  a  singl e 
proble m space ,  an d hav e instea d suggeste d tha t  man y task s 
can b e bette r  treate d a s a  N-spac e search . 

Dual-space search 

The ide a tha t  ther e ma y b e mor e tha n on e typ e o f  proble m 
spac e originate d wit h Simo n an d Le a (1974) ,  wh o suggeste d 
tha t  proble m solvin g an d inductio n ca n b e unifie d withi n a 
dual-spac e searc h framework .  The y suggeste d tha t  proble m 
solvin g wa s searc h o f  a  singl e space ,  terme d "instanc e 
space" .  Thi s spac e consist s o f  wha t  i s normall y though t  o f 
as proble m space ,  tha t  is ,  instance s o f  state s o f  a  proble m 
(includin g th e goa l  state) .  Bu t  inductio n require d searc h o f  a 
qualitativel y differen t  typ e o f  space ,  "rul e space" .  Searc h o f 
rul e spac e require s th e formulatio n an d testin g o f  rule s tha t 
may gover n th e behavio r  o f  a  system .  However ,  rule-spac e 
searc h i s coordinate d wit h searc h o f  instanc e spac e i n tha t 
instance s allo w th e testin g o f  rule s an d provid e th e ra w 
materia l  fo r  formulatin g ne w rules .  I n thi s wa y inductio n 
and proble m solving ,  whic h hav e ofte n bee n treate d a s 
differen t  phenomena ,  ca n b e unifie d int o on e framework .  I n 
fact ,  th e sam e tas k coul d b e treate d b y a  solve r  a s eithe r  a 
searc h o f  a  singl e spac e o r  a  dual-space .  Eve n th e classi c 
Tower  o f  Hano i  proble m ca n b e treate d a s a  single-spac e 
search ,  find  a  sequenc e o f  move s leadin g t o th e goal ,  o r  a 
dual-spac e search ,  find  a  rul e fo r  transferrin g disk s fro m on e 
peg t o another . 

However ,  th e ide a o f  dual-spac e searc h receive d relativel y 
littl e attentio n unti l  Klah r  an d Dunba r  (1988 )  extende d i t  t o 
scientifi c  discover y wit h thei r  S D D S (Scientifi c  Discover y 
as Dua l  Search )  model .  Fo r  scientifi c  discover y the y 
conceptualize d searchin g rul e spac e a s searchin g th e spac e o f 
hypotheses ,  an d searchin g instanc e spac e a s searchin g th e 
spac e o f  experiments .  Klah r  an d Dunba r  foun d evidenc e tha t 

proble m solver s learne d mor e whe n the y teste d hypotheses . 
Vollmeyer ,  Burn s an d Holyoa k (1996 )  foun d suppor t  fo r 
dual-space s searc h theorie s b y showin g tha t  th e typ e o f  goal s 
subject s hav e ca n affec t  learning . 

N-space search 

I n recen t  years ,  bot h Klah r  (Schun n &  Klahr ,  1995 )  an d 
Dunbar  hav e fo r  empirica l  an d theoretica l  reason s suggeste d 
tha t  a  broa d rang e o f  task s ca n b e see n a s searc h o f  mor e 
tha n tw o conceptuall y differen t  spaces .  Proble m solvin g an d 
scientifi c  discover y ma y b e bette r  conceptualize d a s a  N -
spac e search ,  althoug h th e siz e o f  N  i s no t  clea r  an d ma y no t 
be fixed .  Vollmeye r  an d Burn s (1995 )  hav e presente d 
evidenc e fro m protocol s fo r  a  three-spac e search .  Critic s o f 
th e N-spac e framewor k hav e als o emerged .  Wolf ,  Beski n 
and Dietric h (1995 )  hav e argue d tha t  ther e i s n o nee d t o 
postulat e multipl e spaces ;  instead ,  onl y th e concept s 
propose d fo r  a  singl e spac e searc h nee d b e used . 

Give n tha t  a  numbe r  o f  group s ar e startin g t o propos e N -
spac e models ,  no w see m t o b e a n opportun e tim e t o brin g 
togethe r  differen t  proponent s an d critic s o f  thes e model s s o 
tha t  som e basi c question s ca n b e addressed .  I n particular : 
H ow stron g i s th e empirica l  evidenc e fo r  N-spac e models ? 
I s ther e a  theoretica l  nee d fo r  suc h models ? Wha t 
distinguishe s differen t  N-spac e models ? H o w ca n suc h 
model s b e tested ,  an d i n particular ,  wha t  criteri a shoul d b e 
used fo r  proposin g ne w spaces ? H o w bi g i s th e N  i n N -
spac e searc h an d ca n i t  vary ? 

I f  th e proble m space s framewor k ca n legitimatel y b e 
extende d int o N-spac e searc h models ,  thi s ma y deepe n ou r 
understandin g o f  proble m solvin g an d scientifi c  discovery . 
Such extension s ma y provid e a  wa y t o unif y divers e 
phenomena. 
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