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Proble m Space s i n Real-Worl d Science : 

W h at  ar e The y an d H o w D o Scientist s Searc h T h e m ? 

Lis a M .  Bake r  an d Kevi n Dunba r 
McGil l  Universit y Departmen t  o f  Psycholog y 

1205 Dr .  Penfiel d Avenu e 
Montreal ,  Quebe c H 3 A 1 B 1 Canad a 

lbak.er@ego.psych.mcgi l l .c a o r  d u n b a r @ e g o .  p s y c h ,  m c g i l l  .c a 

H ow d o scientist s think ,  reason ,  an d represen t  thei r 
knowledge ? W e hav e bee n investigatin g thes e question s i n a 
vanet y o f  simulate d scienc e an d real-worl d scienc e domain s 
over  th e las t  decad e (Bake r  &  Dunbar ,  i n preparation ; 
Dunbar ,  1993 ,  1995 ,  1996 ;  Klah r  &  Dunbar ,  1988) .  Havin g 
explore d scientifi c  thinkin g i n a  variet y o f  domains ,  w e an s 
no w abl e t o addres s th e issu e o f  th e type s o f  proble m space s 
tha t  contemporar y experimenta l  scientist s use .  I n thi s 
presentation ,  w e wil l  focu s o n th e proble m space s tha t 
scientist s i n immunolog y an d molecula r  biolog y us e whe n 
the y reaso n abou t  thei r  researc h a t  laborator y meeting s an d a t 
th e bench .  O n th e basi s o f  ou r  analyses ,  w e propos e tha t 
real-worl d scientist s represen t  an d conduc t  thei r  scienc e usin g 
thre e majo r  spaces :  a  Theor y Space ,  a n Experimen t  Space , 
and a  Dat a Space .  Her e w e wil l  specif y th e natur e o f  th e 
thre e spaces ,  th e criteri a fo r  identifyin g thes e spaces ,  an d 
discus s th e natur e o f  between -  an d within-spac e operations . 

The Three Spaces 

Theor y Space .  Thi s spac e include s specifi c  hypothese s abou t 
th e scientist' s  curren t  research ,  genera l  theorie s relatin g t o 
differen t  scientifi c  domains ,  an d theoretica l  framework s tha t 
guid e research . 
Experimen t  Space .  Thi s spac e consist s o f  th e knowledg e 
needed t o conduc t  Experiments .  Th e Experimen t  Spac e 
contain s a  numbe r  o f  differen t  type s o f  knowledg e suc h a s 
experimenta l  approaches ,  materials ,  procedure s an d controls . 
I n a  late r  sectio n o n th e interna l  structur e o f  space s w e wil l 
specif y ho w thes e differen t  aspect s o f  experimenta l 
knowledg e ar e related . 
Dat a Space .  Thi s spac e contain s scientists '  representation s o f 
th e outpu t  fro m experiments .  Th e Dat a Spac e consist s o f  th e 
scientists '  curren t  representatio n o f  thei r  dat a an d othe r 
scientists '  data .  Ou r  conceptio n o f  th e dat a spac e i s  ver y 
simila r  t o tha t  o f  Schun n an d Klahr' s (1995 )  "dat a 
representatio n space. "  Dat a i s represente d a s havin g certai n 
set s o f  feature s an d thi s representatio n ma y chang e a t  a  late r 
poin t  i n time . 

Criteria for Identifying Problem Spaces 

We use d tw o mai n criteri a t o identif y th e proble m space s 
tha t  scientist s wor k in .  First ,  whe n scientist s ar e searchin g 
withi n a  space ,  thei r  searc h ca n b e represente d a s a  choic e 
among specifi c  feature s usin g classi c domain-genera l  searc h 

heunstic s a s wel l  a s space-specifi c  heuristics .  Second ,  w e 
identifie d a  switc h t o anothe r  spac e whe n comple x reasonin g 
processe s wer e require d t o translat e fro m element s o f  on e 
spac e int o element s o f  another .  Whe n ther e ar e n o comple x 
translation s betwee n conceptua l  entities ,  w e classif y th e 
entitie s a s bein g i n th e sam e space .  W e wil l  elaborat e o n 
thes e criteri a i n a  late r  sectio n o n within -  an d between-spac e 
operations . 

Internal Structure of Problem Spaces 

Current-da y scientist s hav e comple x theories ,  desig n an d 
carr y ou t  elaborat e experiments ,  an d hav e multifacete d dat a 
t o interpret .  Ou r  analyse s indicat e tha t  eac h o f  th e thre e 
space s ha s a  complex ,  ofte n hierarchicall y organize d interna l 
structur e o f  elements .  Thes e element s d o no t  operat e a t  th e 
same "level "  bu t  ma y nevertheles s b e considere d par t  o f  th e 
same space .  I n orde r  t o clarif y th e natur e o f  th e interna l 
structur e o f  proble m spaces ,  w e wil l  provid e a n exampl e o f 
searc h i n th e Experimen t  Space . 

Our  exampl e i s take n fro m immunolog y wher e a  scientis t 
migh t  b e explorin g th e wa y i n whic h cell s sen d signal s t o 
each other .  Th e scientis t  ma y hav e decide d t o us e a 
"blocking "  approac h t o investigat e th e rol e o f  cytokine s i n 
cel l  productio n o f  growt h factors .  I n thi s scientist' s  are a o f 
research ,  ther e i s a n accepte d structur e fo r  blockin g 
experiments .  Thi s structur e ca n b e sai d t o provid e a  "frame " 
wit h certai n "slots. "  Fo r  example ,  havin g chose n th e 
blockin g approach ,  th e scientis t  know s tha t  th e experimen t 
wil l  involv e blockin g antibodie s mixe d wit h cell s i n culture . 
However ,  th e scientis t  stil l  ha s choice s t o mak e i n orde r  t o 
fill  i n differen t  slot s i n th e desig n o f  thi s experiment .  Fo r 
example ,  sh e mus t  specif y procedure s (ho w lon g t o incubat e 
th e cells?) ,  material s (whic h antibod y wil l  sh e use?) ,  an d 
contro l  condition s (wha t  antibod y an d cel l  control s shoul d 
she use?) . 

Withi n th e Experimen t  Space ,  experimenta l  approache s o r 
paradigm s ar e situate d highe r  tha n materials ,  procedures ,  an d 
control s i n a  hierarchy .  Thi s i s becaus e th e paradig m dictate s 
th e structur e o f  th e experiment .  T o th e exten t  tha t 
experimenta l  paradigm s an d feature s o f  experiment s operat e 
at  differen t  hierarchica l  levels ,  the y ca n b e referre d t o a s 
hierarchicall y organize d "subspaces "  o f  th e large r  Experimen t 
Space .  Th e subspace s consis t  o f  feature s o f  th e highe r  spac e 
tha t  hav e bee n unpacked . 
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W i t h i n -  a n d B e t w e e n - S p a c e O p e r a t i o n s 

We distinguis h betwee n thre e classe s o f  operations :  between -
space ,  between-subspace ,  an d within-space .  Between-spac e 
operation s involv e relatin g item s i n differen t  spaces ;  fo r 
example ,  relatin g dat a t o theor y o r  theor y t o experiments . 
Thes e operation s typicall y involv e comple x translations ,  a s 
when a  scientis t  translate s a  hypothesi s abou t  th e rol e o f 
cytokine s int o a  "blocking "  experiment .  Thus ,  whil e ther e i s 
a relationshi p betwee n th e curren t  hypothesi s an d th e curren t 
experiment ,  th e curren t  hypothesi s doe s no t  full y  determin e 
what  experiment s wil l  b e performe d (se e Bake r  &  Dunbar , 
1996) .  Between-spac e operation s mak e us e o f  wha t  migh t  b e 
calle d th e scientist' s  "menta l  toolkit "  o f  reasonin g strategies , 
suc h a s causa l  reasoning ,  induction ,  deduction ,  an d analogy . 

I n contras t  t o between-spac e operations ,  between-subspac e 
operation s d o no t  involv e comple x translatio n processes . 
Rather ,  a  choic e a t  on e leve l  o f  a  within-spac e hierarch y 
directl y determine s feature s i n th e subordinat e subspace .  I n 
our  example ,  th e decisio n t o us e a  "blocking "  experimenta l 
paradig m determine d th e structur e o f  th e experimen t  an d 
what  slot s woul d nee d t o b e fille d in . 

Within-subspac e operation s ar e th e type s o f  operation s 
tha t  hav e bee n emphasize d i n model s o f  heunsti c searc h 
withi n a  proble m space .  Within-spac e operation s ar e aiine d 
at  searchin g th e curren t  spac e an d makin g choice s amon g 
element s i n th e space .  Fo r  example .  Bake r  an d Dunba r 
(1996 )  specif y th e comple x criteri a use d t o searc h th e 
Experimen t  Space . 

Why N of Spaces is not Constant 

Differen t  researchers '  multispac e model s hav e emphasize d th e 
importanc e o f  differen t  space s an d hav e eve n argue d fo r 
differen t  number s o f  spaces .  I t  i s no t  surprisin g tha t  differen t 
researcher s arriv e a t  differen t  value s fo r  th e N  i n "N-spac e 
search. "  becaus e researcher s ar e studyin g differen t  tas k 
environments .  Newel l  (1989 )  ha s argue d tha t  human s 
construc t  proble m space s i n orde r  t o solv e particula r 
problems .  Further ,  Newel l  pointe d ou t  tha t  i n studyin g 
differen t  task s researcher s woul d b e abl e t o identif y differen t 
spaces .  Followin g thi s analysis ,  w e argu e tha t  a t  leas t  som e 
of  th e difference s betwee n th e differen t  number s o f  proble m 
space s i s du e t o th e tas k demand s o f  th e differen t  task s tha t 
researcher s hav e used .  Thus ,  w e se e th e existenc e o f  variou s 
space s a s arisin g fro m th e interactio n o f  th e huma n 
cognitiv e architectur e an d th e particula r  tas k environmen t 
unde r  consideration . 

I n th e cas e o f  real-worl d science ,  w e woul d eve n g o on e 
ste p furthe r  an d argu e tha t  th e thre e space s w e hav e identifie d 
hav e bee n establishe d an d stabilize d i n par t  throug h th e 
socia l  interaction s tha t  g o o n i n thi s tas k environment . 
Garro d &  Dohert y (1994 )  hav e show n ho w communicatio n 
betwee n subject s performin g a  tas k ca n resul t  i n task -
specifi c  terminolog y bein g generate d an d stabilized . 
Similarly ,  w e argu e tha t  scientist s stabiliz e th e Theor y 
Space ,  Experimen t  Space ,  an d Dat a Spac e b y referrin g 
among themselve s t o element s o f  thes e space s a s bein g o f 
differen t  kinds .  Ther e ar e man y possibl e way s scienc e coul d 
be an d ha s bee n done ;  fo r  instance ,  scienc e ca n b e 

observationa l  rathe r  tha n experimental .  Th e thre e space s tha t 
we hav e identifie d ar e a  produc t  o f  bot h th e tas k environmen t 
and th e representationa l  practice s o f  th e genera l  scientifi c 
community . 

Give n tha t  w e allo w a  rol e fo r  bot h tas k demand s an d th e 
socia l  structur e o f  science ,  w e expec t  tha t  bot h th e numbe r 
and type s o f  proble m space s tha t  scientist s us e ca n chang e 
dependin g o n th e tas k environment s an d socia l  practice s o f 
science .  Whil e acknowledgin g th e role s o f  thes e tw o 
constraint s o n th e generatio n o f  proble m spaces ,  w e argu e 
tha t  th e three-spac e mode l  o f  scientifi c  thinkin g bes t 
characterize s "real-worl d current-da y experimenta l  science. " 
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