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T h e I m p a c t  o f  Abstrac t  Idea s o n Discover y 

a n d C o m p r e h e n s i o n i n Scientifi c  D o m a i n s 

Shamus Regan (sregan@uic.edu) 
Stella n Ohisso n (stellan@uic.edu ) 

Departmen t  o f  Psycholog y 

The Universit y o f  Illinoi s a t  Chicag o 

100 7 Wes t  Harriso n Stree t  (M/ C 285 ) 

Chicago .  I L 60607 ,  U.S.A . 

Abstrac t 

The domain-specificity principle implies that domain-
specifi c  knowledg e i s th e mai n determinan t  o f  scientifi c 
discovery .  A n alternativ e vie w i s  tha t  scientist s mak e 
discoverie s b y assemblin g an d articulatin g abstrac t 
schemas .  I f  so ,  prio r  activatio n o f  th e relevan t  abstraction s 
shoul d facilitat e discover y an d comprehension .  Tw o i n 
vitr o studie s showe d tha t  abstrac t  informatio n ca n hav e a s 
much o r  large r  impac t  o n scientifi c  thinkin g a s domain -
specifi c  information . 

Abstraction and Discovery 

The stronges t  determinan t  o f  a  person' s performanc e o n a 

cognitiv e tas k i s hi s o r  he r  tas k relevan t  knowledge . 

Recently ,  cognitiv e scientist s hav e emphasize d domain -

specifi c  knowledge ,  i.e. ,  facts ,  principle s an d procedure s tha t 

appl y i n on e domai n bu t  ar e o f  limite d usefulnes s i n an y 

other .  Wha t  matter s whe n playin g ches s i s h o w much ,  an d 

what ,  th e playe r  know s abou t  th e gam e o f  ches s (Chamess , 

1989) ,  bu t  ches s knowledg e i s no t  ver y usefu l  outsid e tha t 

game;  whe n diagnosin g a  patient ,  wha t  matter s i s what ,  an d 

h o w much ,  th e physicia n know s abou t  th e relevan t  diseas e 

(Patel ,  Evan s &  Groen ,  1989) ,  bu t  knowledg e abou t  disease s 

i s no t  ver y helpfu l  i n non-medica l  tasks ;  an d s o on .  Th e 

domain-specificit y hypothesi s implie s tha t  th e facto r  tha t 

enable s a  scientis t  t o mak e a  discover y overlooke d b y other s 

i s hi s o r  he r  superio r  knowledg e o f  th e relevan t  facts . 

The domain-specificit y vie w contrast s wit h th e lon g 

standin g ide a tha t  huma n intelligenc e i s a  functio n o f  ou r 

abilit y t o reaso n wit h abstrac t  knowledge .  Philosopher s 

fro m Aristotl e t o Bertran d Russe l  hav e assume d tha t 

concept s lik e symmetry ,  subset ,  variation ,  probability ,  rat e 

of  change ,  complementarity ,  sequence ,  etc., .  confe r 

cognitiv e powe r  precisel y becaus e the y appl y acros s conten t 

domain s (Ohisso n &  Lehtinen ,  1997) .  Outsid e cognitiv e 

science ,  i t  i s  stil l  widel y assume d tha t  abstrac t  thinkin g 

play s a n essentia l  rol e i n comple x cognitiv e task s i n genera l 

and scientifi c  discover y i n particular . 

Most  scholarl y discussion s o f  abstractio n focu s o n th e 

questio n o f  h o w abstraction s ar e formed ,  bu t  th e questio n o f 

interes t  her e i s h o w a n abstraction ,  onc e formed ,  functions . 

O ne hypothesi s i s  tha t  a n abstrac t  concept ,  ide a o r  schem a 

can serv e a s a  templat e fo r  a  domain-specifi c on e (Ohisson , 

1993 ;  Schank ,  1986) .  B y articulatin g a  prio r  abstractio n vis -

k-vi s a  ne w situatio n o r  task ,  a  perso n ca n generat e a  nove l 

domain-specifi c  structur e (explanation ,  menta l  model , 

proble m solution )  fo r  tha t  situatio n o r  tas k (Ohisson , 

1992b) . 

Thi s hypothesi s i s  intuitivel y plausibl e bu t  empirica l 

researc h tend s t o suppor t  th e domain-specificit y view .  Ther e 

ar e numerou s studie s i n whic h th e participant s apparentl y 

faile d t o appl y a  relevan t  abstractio n i n wha t  w e a s observer s 

thin k i s th e obviou s wa y (e.g. ,  Chen ,  Yanowit z &  Daehler , 

1995) .  A  c o m m o n weaknes s o f  suc h studie s i s tha t  the y d o 

not  compar e th e effec t  o f  abstrac t  concepts ,  idea s o r  schema s 

wit h th e effec t  o f  domain-specifi c  ones .  A  secon d weaknes s 

fro m th e presen t  poin t  o f  vie w i s tha t  th e task s use d i n thos e 

studie s ten d t o b e unrelate d t o th e kind s o f  task s involve d i n 

scientifi c  reasonin g an d discovery . 

I n thi s pape r  w e repor t  tw o i n vitr o studie s o f  th e impac t 

of  abstraction s o n scientifi c  thinking .  First ,  w e compare d 

th e impac t  o f  domain-specifi c an d abstrac t  informatio n o n 

students '  performanc e o n a  laborator y versio n o f  th e 

discover y o f  th e structur e o f  D N A .  Second ,  w e compare d th e 

effect s o f  domain-specifi c an d abstrac t  informatio n o n 

students '  abilit y t o comprehen d th e theor y o f  biologica l 

evolution . 

Study 1: Discovering DNA 

James Watso n an d Franci s Cric k discovere d th e structur e o f 

D NA i n 1953 ,  afte r  severa l  month s o f  proble m solvin g 

(Olby ,  1974) .  Althoug h prio r  research  ha d identifie d th e si x 

type s o f  molecule s tha t  mad e u p D N A (sugar ,  phosphat e an d 

fou r  nucleotid e base s calle d adenine ,  thymine ,  guanin e an d 

cytosine) ,  i t  wa s no t  know n ho w thos e molecula r  buildin g 

block s fit  together . 

On thei r  pat h t o th e correc t  structure ,  Watso n an d Cric k 

identifie d th e followin g eigh t  propertie s o f  D N A :  (a )  Th e 

D NA molecul e i s a n elongate d structure ,  (b )  Th e D N A 

molecul e i s  symmetric ,  (c )  Th e D N A molecul e i s  hel d 

togethe r  b y tw o (rathe r  tha n on e o r  three )  sugar-phosphat e 

strands ,  so-calle d backbones ,  (d )  Du e t o asymmetrie s i n th e 

suga r  molecule ,  eac h backbon e ha s a  direction ;  th e tw o 

backbone s i n D N A ar e oriente d i n invers e directions ,  (e )  Th e 
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nucleotid e base s ar e locate d insid e th e D N A molecule ,  wit h 

th e tw o backbone s twirle d aroun d them ,  (f )  Th e backbone s 

ar e connecte d vi a pair s o f  nucleotid e bases ,  eac h pai r 

analogou s t o th e run g connectin g th e tw o side s o f  a  iaddci . 

(g )  Ever y bas e pai r  consist s o f  tw o differen t  molecules ,  (h ) 

Mor e precisely ,  eac h bas e pai r  i s  complementar y i n tha t 

adenin e i s alway s paire d wit h thymin e an d guanin e wit h 

cytosin e Th e first  tw o propertie s wer e suggeste d b y prio r 

researc h b y others .  Propertie s c  throug h h  wer e partia l 

insight s (Ohlsson ,  1992a )  tha t  Watso n an d Cric k ha d t o 

attai n o n th e pat h t o discovery . 

Watso n an d Crick' s mai n proble m solvin g metho d wa s t o 

buil d a  physica l  mode l  o f  th e D N A molecule .  The y 

manufacture d meta l  piece s tha t  represente d th e variou s 

molecule s an d trie d t o pu t  thes e togethe r  i n a  wa y tha t  wa s 

consisten t  wit h quantitativ e measure s (primaril y X-ra y data ) 

of  D N A a s wel l  a s wit h it s functio n a s carrie r  o f  geneti c 

information . 

I n searchin g th e spac e o f  possibl e structure s fo r  D N A , 

Watso n an d Cric k presumabl y dre w upo n thei r  prio r 

knowledge .  However ,  Watso n an d Cric k wer e not ,  i n fact , 

expert s i n th e relevan t  domain .  Watso n ha d recentl y bee n 

awarde d hi s Ph.D .  an d Cric k ha d ye t  t o b e awarde d his ; 

neithe r  ha d eve r  resolve d th e structur e o f  a  larg e biologica l 

molecule .  Furthermore ,  severa l  o f  thei r  insight s ha d n o basi s 

i n th e chemistr y o f  tha t  time .  I n particular ,  ther e wer e n o 

prio r  example s o f  doubl e helixes ,  no r  o f  molecule s hel d 

togethe r  b y complementar y bas e pairs .  A s on e woul d expect , 

th e solutio n wa s unfamiliar ;  tha t  i s  w h y it s attainmen t  wa s 

a majo r  scientifi c  advance .  Thes e observation s sugges t  tha t 
th e impac t  o f  domain-specifi c  knowledg e migh t  hav e bee n 

limited . 
A possibl e alternativ e i s tha t  Watso n an d Crick ,  whil e 

buildin g thei r  mode l  o f  D N A ,  dre w upo n abstrac t  concepts . 

Afte r  all ,  concept s lik e chain ,  symmetry ,  paralle l  sides , 

direction ,  inverse ,  pairing ,  unlik e pair s an d complementarit y 

must  hav e bee n i n th e conceptua l  repertoir e o f  thes e tw o 

well-educate d scientists .  Thi s vie w o f  th e origina l  discover y 

implie s tha t  prio r  activatio n o f  th e relevan t  abstraction s 

woul d hav e simplifie d th e discovery .  T o evaluat e thi s 

implication ,  w e conducte d wha t  Dunba r  (1995 )  call s a n i n 

vitr o stud y o f  th e discover y o f  D N A . 

Material s I n ou r  laborator y versio n o f  th e D N A 

problem ,  th e si x type s o f  molecule s (sugar ,  phosphate ,  fou r 

type s o f  nucleotides )  wer e modele d b y foa m boar d piece s o f 

differen t  shape s an d colors .  Th e piece s wer e shape d i n suc h a 

way tha t  the y fit  togethe r  i n accordanc e wit h th e possibl e 

chemica l  bond s betwee n th e correspondin g molecules .  Ther e 

wer e 3 2 pieces .  Th e tas k o f  puttin g thi s jigsa w puzzl e 

togethe r  closel y resemble s th e model-buildin g tas k tha t 

occupie d Watso n an d Cric k i n th e summe r  o f  '5 3 (Olby , 

1974) . 

To mak e th e tas k performanc e mor e practica l  an d easie r  t o 

record ,  w e reduce d th e targe t  structur e from a  doubl e heli x t o 

a ladder .  Thi s als o simplifie d th e proble m s o tha t  th e 

participant s coul d solv e i t  i n a  singl e sitting.(I n a  pilo t 

study ,  8 0 % o f  th e 3 0 participant s solve d i t  i n 5 0 minute s 

and th e media n tim e t o solutio n fo r  thos e w h o succeede d wa s 

26 mins .  8  sees. )  Notic e tha t  al l  eigh t  partia l  insight s 

describe d abov e hav e t o b e attaine d t o solv e thi s two -

dimensiona l  versio n o f  th e D N A problem . 

Becaus e m a n y participant s migh t  hav e encountere d th e 

D NA molecul e i n chemistr y courses ,  w e remove d th e 

proble m fro m it s chemica l  contex t  b y describin g th e puzzl e 

piece s a s finds  fro m a n archaeologica l  excavatio n o f  a 

fictitious  pre-Egyptia n civilization .  Th e student s wer e tol d 

tha t  th e piece s ha d bee n use d t o carr y message s fro m th e 

kin g t o th e village s throughou t  hi s land ,  an d tha t  the y ha d 

originall y bee n pu t  togethe r  i n suc h a  w a y tha t  th e message s 

coul d b e duplicate d wit h hig h accurac y b y blin d priests .  Th e 

students '  tas k wa s t o figure  ou t  th e origina l  arrangemen t  o f 

th e pieces . 

Th e participant s wer e seate d a t  a  table .  Thei r  performance s 

wer e vide o tape d wit h a  camer a place d acros s an d slightl y 

abov e th e table . 

Desig n an d procedur e Th e 12 0 participant s wer e 

randoml y divide d int o seve n groups .  Al l  group s solve d th e 

problem ,  bu t  unde r  differen t  informatio n conditions . 

(a )  N o information .  Ther e wer e 3 0 participant s i n thi s 

group . 

(b )  Domain-embedde d information .  Thre e group s o f  1 5 

participant s eac h wer e give n hint s formulate d withi n th e 

contex t  o f  th e archaeologica l  cove r  story .  Th e 2-hin t  grou p 

receive d hint s abou t  propertie s a  an d b  only ,  th e 5-hin t 

grou p receive d hint s abou t  propertie s a  throug h e  an d th e 8 -
hin t  grou p abou t  al l  eigh t  propertie s o f  th e targe t  structure . 

A domain-specifi c  hin t  presente d on e o f  th e ke y concept s 

embedded withi n th e archaeologica l  cove r  story .  Fo r 

example ,  th e ide a o f  tw o paralle l  strand s wa s presente d b y 

sayin g tha t  ancien t  source s indicate d tha t  th e structur e 

"resemble d th e kingdo m itsel f  wit h it s tw o lon g an d straigh t 

easter n an d wester n borders. " 

(c )  Abstrac t  information .  Thre e group s o f  1 5 participant s 

eac h wer e give n 2 ,  5  o r  8  hint s formulate d abstractly .  I n a 

trainin g phase ,  th e experimente r  gav e th e participant s a 

statemen t  o f  th e abstraction ,  a  singl e exampl e tha t  di d no t 

belon g t o eithe r  chemistr y o r  t o th e archaeologica l  cove r 

stor y an d aske d the m t o generat e a n exampl e o f  thei r  o w n . 
For  example ,  fo r  th e ide a o f  tw o paralle l  strand s th e 

statemen t  wa s "thing s wit h tw o paralle l  parts" ,  th e exampl e 
was " a railroa d track "  an d th e instructio n wa s t o generat e 

anothe r  exampl e o f  somethin g tha t  ha s tw o paralle l  parts . 

Resul t s Th e mai n measur e derive d from  th e videotape s 

was th e overal l  tim e t o solv e th e problem .  Figur e 1  show s 

th e result .  Becaus e th e distributio n o f  solutio n time s wa s 

skewed ,  w e repor t  median s rathe r  tha n means .  Th e ope n 

point s sho w th e effec t  o f  th e domain-specifi c  hints . 

Participant s w h o receive d five  hint s di d bette r  tha n th e 

participant s w h o receive d tw o hints ,  bu t  th e 8-hin t  grou p di d 

not  d o bette r  tha n th e 5-hin t  group .  Th e differenc e betwee n 
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tw o an d eigh t  domain-specifi c  hint s i s 135 7 -  117 9 =  17 8 

seconds ,  o r  2  minute s 5 8 seconds .  Th e soli d point s sho w th e 

effec t  o f  th e abstrac t  hints .  Althoug h th e 2-hin t  abstrac t 

grou p wa s slowe r  tha n th e correspondin g domain-specifi c 

group ,  th e decreas e i n solutio n tim e wit h numbe r  o f  hint s i s 

mor e systematic .  Th e differenc e betwee n tw o an d eigh t 

abstrac t  hint s i s 167 7 -  105 0 =  62 7 seconds ,  o r  1 0 minute s 

and 2 7 seconds ,  a  hug e effec t  i n term s o f  th e reductio n i n th e 

cognitiv e processin g neede d t o reac h th e solution . 

200 0 

1500 -

w 
E 

'r .  1000 -

o 
5 0 0 -

Domain-specifi c 

Abstrac t 

1 

No o f  hint s 

Figur e 1 :  Th e media n tim e t o solutio n a s a  functio n o f  typ e 

of  hin t  an d nimibe r  o f  hints . 

The DNA molecule poses a complex and unfamiliar 

searc h problem .  Figur e 1  suggest s tha t  th e eigh t  partia l 

insight s tha t  w e extracte d fro m th e historica l  recor d 

functione d a s heuristic s tha t  guide d th e searc h o f  ou r 

participants .  Th e hint s di d no t  nee d t o b e domain-specifi c  t o 

be helpful .  Indeed ,  th e effec t  o f  th e hint s i s large r  i n 

magnitud e an d mor e systemati c whe n th e hint s wer e 

formulate d abstractly .  Thi s resul t  i s  consisten t  wit h ou r 

explanatio n fo r  h o w Watso n an d Cric k coul d solv e a  majo r 

scientifi c  proble m withou t  superio r  domain-specifi c 

expertise :  Th e proble m i s solvabl e o n th e basi s o f  abstrac t 

concept s tha t  Watso n an d Cric k certainl y acquire d durin g 

thei r  intellectua l  training . 

Study 2: Comprehending Evolution 

The elementar y versio n o f  Darwin' s theor y o f  evolutio n 

explain s particula r  biologica l  adaptation s wit h five 

componen t  ideas :  variation ,  inheritance ,  survival , 

reproductio n rat e an d th e accumulatio n o f  smal l  change s ove r 

many generations .  Thi s biology-specifi c  schem a ca n b e 

articulate d vis-i-vi s a  particula r  adaptation .  ("Pola r  bear s 

var y i n th e thicknes s o f  thei r  furs ;  thicke r  fu r  enable s 

surviva l  i n a  col d climate ;  .. .  ;  ove r  time ,  the y evolve d 

thicke r  fur." )  Evolutionar y theor y ha s advance d beyon d 

Darwin ,  bu t  i n thi s pape r  w e conside r  hi s theor y i n it s 

origina l  version . 

Les s i s known ,  a t  th e leve l  o f  day-to-da y details ,  abou t 

ho w Darwi n hi t  upo n natura l  selectio n tha n ho w Watso n an d 

Cric k discovere d th e structur e o f  D N A ,  bu t  Darwin' s 

autobiograph y an d hi s notebook s hav e bee n interprete d t o 

impl y tha t  th e ide a o f  natura l  selectio n wa s discovere d vi a a n 

analog y wit h eithe r  th e Malthussia n theor y o f  populatio n 

growt h o r  wit h artificia l  selectio n i n anima l  breedin g 

(Gruber ,  1974 ;  Holyoa k &  Thagard ,  1995) . 

However ,  th e five  ke y concept s o f  th e origina l  theor y wer e 

not  themselve s novel ,  an d the y woul d certainl y hav e bee n 

know n b y Darwi n i n abstrac t  form .  Hence ,  a n alternativ e 

hypothesi s i s tha t  Darwi n assemble d thes e abstraction s int o 

a ne w absu-ac t  schem a an d constructe d th e biologica l  theor y 

by articulatin g tha t  schema .  Thi s hypothesi s implie s tha t 

prio r  activatio n o f  thos e abstraction s shoul d hav e mad e tha t 

schema easie r  t o consUuct . 

To evaluat e thi s implication ,  w e conducte d a  secon d i n 

vitr o stud y i n whic h student s encountere d biologica l 

evolution ,  no t  a s a  discover y proble m bu t  i n th e for m o f  a 

textboo k expositio n tha t  wa s 1- 2 page s lon g an d containe d 

one illustrativ e exampl e (th e nec k o f  th e giraffe) .  Pilo t 

studie s (Ohlsso n &  Bee ,  1991 )  ha d show n tha t  constructin g 

Darwinia n explanation s o n th e basi s o f  suc h a n expositio n 

i s a  challengin g intellectua l  tas k fo r  youn g adults .  W e 

compare d th e effect s o f  domain-specifi c  informatio n i n th e 

for m o f  exper t  feedbac k o n th e participants '  ow n 

explanation s wit h th e effect s o f  abstrac t  informatio n i n th e 

for m o f  trainin g intende d t o establis h a n abstrac t  variation -

and-selectio n schem a prio r  t o reading . 

Desig n an d procedur e Th e participant s answere d 

evolutionar y explanatio n question s unde r  thre e differen t 

informatio n conditions . 

(a )  N o information .  Fift y undergraduat e psycholog y 

student s fro m th e Universit y o f  Pittsburg h an d 9 5 fro m th e 

Universit y o f  Illinoi s a t  Chicag o wer e aske d question s o f  th e 

form ,  " H o w di d X  evolv e Y ? "  bu t  the y wer e no t  give n an y 

for m o f  preparation ,  instructio n o r  help .  Thes e tw o bas e lin e 

group s wil l  b e reporte d separately . 

(b )  Domain-specifi c  information .  Th e 2 0 participant s i n 

thi s grou p rea d a n expositor y tex t  tha t  state d Darwin' s 

theor y an d demonstrate d ho w i t  ca n b e applie d t o explai n th e 

lon g nec k o f  th e giraffe .  The y the n answere d a  serie s o f 

question s o f  th e form ,  " H o w di d X  evolv e Y ? "  (e.g. .  H o w 

di d pola r  bear s evolv e thic k fur?) .  The y wer e give n feedbac k 

i n th e for m o f  exper t  answers .  Fo r  eac h question ,  th e 

participant s firs t  wrot e dow n thei r  o w n answe r  an d the n 

turne d th e pag e an d read  a n exper t  Darwinia n answe r  t o tha t 

question .  Th e dat a fro m th e group s a  an d b  ar e analyze d i n 

more detai l  i n Ohlsso n an d Hemmeric h (1999) . 

(c )  Abstrac t  information .  Th e 3 8 participant s i n thi s grou p 

wer e give n pair s o f  descriptiv e text s fro m othe r  domain s 

tha n biolog y an d wer e aske d t o stat e wha t  th e tw o text s i n 

eac h pai r  ha d i n common .  Eac h tex t  pai r  wa s designe d t o 
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instantiat e on e o f  th e five  Darwinia n idea s mentione d abov e 

or  som e combinatio n o f  them .  Th e las t  pai r  i n th e trainin g 

sequenc e instantiate d th e complet e Darwinia n schema . 

Result s Th e participants '  writte n explanation s wer e 

code d i n tw o ways :  First ,  al l  explanation s wer e aKici l  wit h 

respec t  t o whic h o f  th e fiv e Darwinia n idea s tha i  wer e 

expresse d i n th e explanation .  Thi s Darwi n scor e varie d 

betwee n 0  an d 5 .  Second ,  al l  explanation s wer e code d wit h 

respec t  t o eigh t  type s o f  non-Darwinia n explanatio n type s 

tha t  w e ha d identifie d i n a  pilo t  stud y (Ohlsso n &  Bee , 

1991) ;  thes e explanatio n type s ar e describe d elsewher e i n 

thi s volum e (Ohlsso n &  Hemmerich ,  1999) .  Thi s 

misconceptio n scor e varie d betwee n 0  an d 8 .  Bot h 

dimension s wer e score d b y tw o independen t  coders . 

Figur e 2  show s th e resul t  i n term s o f  a  two-dimensiona l 

outcom e space .  Th e mea n Darwi n scor e i s plotte d o n th e 

vertica l  axis ,  th e mea n misconceptio n scor e o n th e 

horizonta l  axis .  Th e fou r  dat a point s represen t  th e fou r 

group s o f  subjects .  Th e tw o bas e lin e studie s ar e show n 

separately ,  withi n th e ring . 
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Figure 2: The results of four groups, displayed in a two-

dimensiona l  outcom e space . 

There are two main observations. First, both abstract and 

domain-specifi c  informatio n increase d th e us e o f  th e five 

Darwinia n idea s i n th e participants '  explanations ,  compare d 

t o th e tw o no-informatio n groups .  Th e abstrac t  informatio n 

(whic h di d no t  provid e an y knowledg e abou t  biology )  ha d a s 

stron g a n effec t  o n th e participants '  tendenc y t o us e 

Darwinia n idea s i n thei r  explanafion s a s di d th e domain -

specifi c  feedback .  Second ,  th e tw o type s o f  informatio n ha d 

qualitativel y differen t  effect s whe n viewe d throug h th e len s 

of  th e misconceptio n scale .  Th e domain-specifi c  informatio n 

increase d th e participant s tendenc y t o us e th e eigh t  non -

Darwinia n idea s (e.g. ,  crossbreeding )  tha t  w e ha d identifie d 

i n pilo t  work .  Th e abstrac t  informatio n di d no t  hav e thi s 

effect . 

Thes e result s ar e consisten t  wit h th e hypothesi s tha t 

human beings ,  Mr .  Darwi n included ,  ca n construc t  th e 

Darwinia n theor y b y assemblin g a  smal l  grou p o f  abstrac t 

concept s int o a  ne w configuratio n an d the n articulatin g tha t 

configuratio n vis-̂ -vi s biologica l  evolution . 

Discussion 

The cognitiv e processe s involve d i n discovery ,  proble m 

solving ,  tex t  comprehension ,  explanatio n an d othe r 

cognitiv e performance s mus t  dra w upo n prio r  knowledge ; 

ther e i s n o othe r  resourc e fo r  dealin g wit h a  situatio n o r  a 

task .  Th e issu e i s h o w prio r  knowledg e shoul d b e conceived . 

Ther e i s n o doub t  tha t  tas k relevan t  knowledg e impact s o n 

th e performanc e o f  a  task ;  thi s i s mer e c o m m o n sense . 

However ,  th e domain-specifi c  knowledg e principl e migh t 

not  b e th e whol e stor y abou t  h o w peopl e accomplis h 

unfamilia r  tasks .  I n tw o studies ,  w e showe d tha t  domain -

specifi c  informatio n ha d a  measurabl e impac t  o n subsequen t 

tas k performance ,  bu t  s o di d abstrac t  informatio n tha t  ha d n o 

relatio n t o th e targe t  domain .  Informatio n tha t  aime d t o 

activat e certai n abstrac t  idea s i n th e participants '  head s 

produce d a s large ,  o r  larger ,  effect s o n subsequen t  proble m 

solvin g an d comprehensio n a s di d domain-specifi c  o r 

domain-embedde d information . 

Thes e findings  ar e consisten t  wit h th e ide a tha t  prio r 

knowledg e shoul d b e conceptuahze d a s a  repertoir e o f 

previousl y acquire d structure s (categories ,  schemas , 

strategies ,  rules ,  etc. )  a t  differen t  level s o f  abstraction .  W h e n 

a perso n encounter s a n unfamiha r  task ,  domain-specifi c 

knowledg e structure s ar e unhkel y t o hav e a  hig h leve l  o f  fit 

(o r  els e th e tas k i s no t  unfamilia r  afte r  all) .  I n suc h cases , 

peopl e respon d t o th e tas k b y articulatin g th e best-fittin g 

abstraction ,  o r  assemblin g a  ne w abstractio n which ,  i n turn , 

i s articulate d (Ohlsson ,  1993 ;  Ohlsso n &  Lehtinen ,  1997) . 

I n bot h studies ,  th e effect s o f  bot h domain-specifi c  an d 
abstrac t  informatio n wer e smal l  i n magnitude .  Thi s i s t o b e 

expecte d wit h short-ter m interventions .  Futiu- e wor k shoul d 

compar e th e effect s o f  trainin g tha t  extend s ove r  longe r 

period s o f  time .  Anothe r  limitatio n i s tha t  althoug h th e 

quantitativ e measure s verif y tha t  th e informatio n ha d a n 

effect ,  the y tel l  u s littl e abou t  h o w i t  worked .  Futur e wor k 

wil l  us e mor e detaile d dat a suc h a s think-alou d protocol s t o 

elucidat e th e assembl y an d articulatio n o f  abstractions . 

I n summary ,  peopl e i n genera l  an d scientist s i n particula r 

canno t  operat e o n th e basi s o f  domain-specifi c  knowledg e 

vis-̂ -vi s a  tas k fo r  whic h the y lac k suc h knowledge .  Th e 

fac t  tha t  w e ca n solv e a n unfamilia r  problem ,  understan d a n 

unfamilia r  text ,  explai n a n unfamilia r  phenomeno n an d 

make unexpecte d discoverie s i s du e t o th e fac t  tha t  w e ca n 

operat e wit h abstractions .  Theorie s o f  huma n cognitio n tha t 

ignor e thi s fac t  ar e incomplete . 

593 



R e f e r e n c e s 

Charness ,  N .  (1989) .  Expertis e i n ches s an d bridge .  I n D . 

Klah r  &  K .  Kotovsk y (Eds.) ,  Comple x informatio n 

processin g {pp .  183-208) .  Hillsdale ,  NJ :  Erlbaum . 

Chen,  Z. .  Yanowitz ,  K.L. ,  &  Daehler ,  M . W ,  (1995) . 

Constraint s o n accessin g abstrac t  sourc e information : 

Instantiatio n o f  principle s facilitate s children' s analogica l 

transfer .  Journa l  of  Educationa l  Psychology ,  87(3) .  445 -

454 . 

Dunbar ,  K .  (1995) .  H o w scientist s reall y reason :  Scientifi c 

reasonin g i n real-worl d laboratories .  I n R.J .  Sternber g & 

J.E .  Davidso n (Eds.) ,  Th e natur e of  insigh t  (pp .  365-395) . 

Cambridge ,  Massachusetts :  M I T Press . 

Gruber ,  H .  E .  (1974) .  Danvi n o n man .  Chicago ,  IL : 

Universit y o f  Chicag o Press . 

Holyoak ,  K. ,  &  Thagard ,  P .  (1995) .  Menta l  leaps . 

Cambridge ,  M A :  M I T Press . 

Ohlsson .  S .  (1992a )  Informatio n processin g explanation s o f 

insigh t  an d related  phenomena .  I n M .  Kean e an d K . 

Gilhooly ,  (Eds.) ,  Advance s i n th e Psycholog y o f 

Thinkin g (Vol .  1 ,  pp .  1-44 )  London ,  U K :  Harvester -

Wheatsheaf . 

Ohlsson ,  S .  (1992b) .  Th e cognitiv e skil l  o f  theor y 

articulation :  A  neglecte d aspec t  o f  scienc e education ? 

Scienc e &  Education ,  7 ,  181-192 . 

Ohlsson ,  S .  (1993) .  Abstrac t  schemas .  Educationa l 

Psychologist ,  28 ,  51-66 . 

Ohlsson ,  S .  &  Bee ,  N .  (1991) .  Youn g adults '  understandin g 

of  evolutionar y explanations :  Preliminar y observation s 

(Technica l  report ,  November) .  Pittsburgh ,  PA :  Learnin g 

Researc h an d Developmen t  Cente r 

Ohlsson ,  S. ,  &  Hemmerich ,  J .  (1999) .  Articulatin g a n 

explanatio n schema :  A  preliminar y mode l  an d supportin g 

data .  Proceeding s o f  th e 21s t  Annua l  Meetin g of  th e 

Cognitiv e Scienc e Society ,  Vancouver ,  Canada ,  Augus t 

19-21 ,  1999 . 

Ohlsson ,  S .  &  Lehtinen ,  E .  (1997) .  Abstractio n an d th e 

acquisitio n o f  comple x ideas .  Internationa l  Journa l  o f 

Educationa l  Research ,  27 ,  37-48 . 

Olby ,  R .  (1974) .  Th e pat h t o th e doubl e helix :  Th e 

discover y o f  D N A .  Seattle ,  Washington :  Universit y o f 

Washingto n Press . 

Patel ,  v. ,  Evans ,  D. ,  &  Groen ,  G .  (1989) .  Biomedica l 

knowledg e an d clinica l  reasoning .  I n D .  Evan s &  V .  Pate l 

(Eds.) ,  Cognitiv e scienc e i n medicin e (pp .  57-112) . 

Cambridge ,  M A :  M I T Press . 

Schank ,  R .  C .  (1986) .  Explanatio n patterns .  Hillsdale ,  NJ : 

Erlbaum . 

594 


	cogsci_1999_590-594



