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Articulatin g a n I'^xplanator y S c h e m a : 

A Prel iminar y M o d e l  a n d Suppor t in g D a t a 

Stellan Ohisson (stellan@uic.edu) 
Joshu a Hemmeric h (joshh@uic.edu ) 

Departmen t  o f  Psycholog y 

The Universit y o f  Illinoi s a t  Chicag o 

1007 Wes t  Harriso n Su-ee t  (M/ C 285 ) 

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

Abstrac t 

The schema repertoire model claims that an explanation is 
constructe d b y selectin g an d articulatin g a  schema .  Novic e 
evolutionar y explanation s ar e analyze d t o identif y th e 
relevan t  schema s an d t o demonstrat e competitio n amon g 
schemas .  A n interventio n stud y show s tha t  a  newl y acquire d 
schema doe s no t  necessaril y wi n th e competitio n agains t 
previousl y acquire d schemas .  Th e differenc e betwee n 
schemas an d belief s i s emphasized . 

Explanation 

Explanatio n i s a  centra l  topi c i n th e cognitiv e sciences . 

Systemati c analysi s o f  wha t  i t  mean s t o explai n bega n wit h 

Hempel  an d Oppenheimer' s (1948 )  no w classica l  clai m tha t 

an explanatio n i s a  deductiv e argument ,  a  clai m tha t 

philosopher s hav e sinc e replace d wit h a n emphasi s o n 

semanti c model s (Thompson ,  1989 )  an d causa l  relation s 

(Salmon ,  1984) .  Artificia l  Intelligenc e researcher s realize d 

earl y tha t  exper t  system s ough t  t o explai n thei r  reasonin g 

t o user s (Clance y &  Shortliffe ,  1984 )  an d muc h researc h i n 

computationa l  Unguistic s i s  aime d a t  providin g compute r 

system s wit h suc h explanator y capabilitie s (e.g. ,  Moor e & 

Paris ,  1993) .  T o cognitiv e psychologists ,  explanatio n i s a n 

intellectua l  performanc e wit h measurabl e effect s o n learnin g 

(Chi ,  DeLeeuw ,  Chi u &  LaVancher ,  1994 )  an d a  clos e 

relatio n t o th e elusiv e concep t  o f  understandin g (Schank , 

1986) .  I n educationa l  research ,  th e abilit y t o construc t  a n 

explanatio n i s  ofte n use d a s a  criterio n o f  successfu l 

learning . 

I n spit e o f  th e effor t  allocate d t o th e topic ,  centra l 

question s abou t  explanatio n remai n withou t  widel y accepte d 

answers .  Wha t  i s a n explanation ? Wha t  ar e th e knowledg e 

structure s tha t  underpi n explanator y competence ? H o w ar c 

suc h structure s acquire d an d applied ? 

We propos e a  preliminar y mode l  o f  th e cognitiv e 

processe s involve d explanation .  Lik e th e prio r  formulatio n 

by Schan k (1986) ,  th e mode l  put s th e concep t  o f  a n 

explanatio n patter n a t  th e center .  Th e mode l  i s  a s ye t 

informal ,  bu t  make s qualitativ e predictions .  T w o corpor a o f 

students '  explanation s o f  biologica l  adaptation s ar e analyze d 

t o identif y thei r  explanator y schema s an d t o demonstrat e 

intra-individua l  competitio n amon g schemas .  T w o attempt s 

t o teac h th e Darwinia n explanatio n schem a sho w tha t 

successfu l  schem a acquisitio n doe s no t  hav e th e effec t  o n th e 

students '  explanation s tha t  ou r  commo n sens e concep t  o f 

learnin g woul d lea d u s t o expect . 

The Schema Repertoire Model 

Conside r  a n everyda y explanatio n questio n like ,  "Wh y i s 

fligh t  X  delayed?" ,  wher e X  i s  som e particula r  flight . 

Answer s tha t  com e t o min d includ e equipmen t  malfunction , 

bad weather ,  a  tard y pilot ,  delay s elsewher e i n th e ai r  traffi c 

system ,  airlin e managemen t  problem s an d s o on . 

Severa l  observation s ar e pertinent .  First ,  becaus e w e ca n 

acces s thes e answer s i n th e absenc e o f  specific s (whic h 

flight?  when ? where?) ,  w e mus t  b e accessin g explanatio n 

type s instea d o f  particula r  explanations .  Second ,  eac h 

explanatio n typ e capture s a  prototypica l  genesi s fo r  flight 

delays .  Equipmen t  problems ,  ba d weather ,  etc .  signif y 

typica l  way s i n whic h a  flight  come s t o b e delayed .  Third , 

th e explanatio n type s ar e relativel y abstract .  T o explai n a 

particula r  flight  delay ,  on e mus t  suppl y th e specific s (whic h 

malfunction ? wha t  weather ? delay s where?) .  Fourth ,  ther e ar e 

multipl e explanatio n types ,  s o th e proces s o f  explainin g a 

particula r  dela y require s selectin g on e schem a ove r  others . 

Figur e 1  depict s a  mode l  tha t  incorporate s thes e 

observations .  Th e lon g horizonta l  lin e separate s th e 

observable s (belo w th e line )  fro m th e hypothesize d cognitiv e 

processe s (abov e th e line) .  Tim e run s fro m lef t  t o right , 

roughl y speaking .  Th e iconograph y i s o f  cours e arbitrary , 

but  th e claim s expresse d b y i t  ar e not . 

The centra l  claim ,  adopte d fro m Schan k (1986) ,  i s  tha t 

explanatio n type s ar e no t  onl y i n th e ey e o f  th e beholder . 

Explanation s fal l  int o type s becaus e the y ar e generate d from 

explanator y schema s i n th e knowledg e bas e o f  th e perso n 

doin g th e explaining .  Schema s ar e abstrac t  (Ohisson ,  1993 ; 

Ohisso n &  Lehtinen ,  1997) . 

The ellipse s i n th e middl e o f  Figur e 1  depic t  th e 

explainer' s repertoir e o f  schemas .  A  questio n activate s 

multipl e schemas ,  t o varyin g degrees .  A  secon d clai m o f  th e 

model  i s tha t  ther e i s a  proces s o f  selectio n amon g thos e 

schemas tha t  compet e fo r  contro l  o f  th e explanator y 

discours e (depicte d i n Figur e 1  a s a  repetitio n o f  th e outlin e 

of  th e winnin g schem a t o th e right.) 
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Figur e 1 :  A  mode l  o f  th e acquisition ,  selectio n an d articulatio n o f  a n explanator y schema . 

Becaus e a n explanator y schem a i s abstract ,  ther e mus t  als o 

be a  proces s schem a articulatio n (Ohlsson ,  1992 )  i n whic h 

th e winnin g schem a i s applie d t o generat e a  particula r 

explanatio n (depicte d b y th e uppe r  hashe d lin e t o th e right), 
whic h ma y o r  m a y no t  b e verbalize d (lowe r  hashe d line ) 

dependin g o n contex t  an d conditions . 

The articulatio n proces s construct s a  stor y conformin g t o 

th e typ e specifie d b y th e schem a abou t  th e even t  mentione d 

i n th e question .  T o tel l  a  delays-elsewher e stor y abou t  a 

fligh t  ou t  o f  Chicag o i s t o spel l  ou t  th e curren t  weathe r 

condition s i n anothe r  locale ,  th e connectio n betwee n tha t 

local e an d th e fligh t  (e.g. ,  th e aircraf t  i s  there )  an d th e 

consequence s o f  th e weathe r  condition s (e.g. ,  th e aircraf t 

canno t  tak e off) .  Differen t  delays-elsewher e storie s diffe r  i n 

locales ,  typ e o f  weather,  impac t  o n th e relevan t  fligh t  an d s o 

on.  T o articulat e th e delays-elsewher e schem a i s t o flus h i t 
out  wit h th e fact s abou t  a  particula r  targe t  event . 

The lef t  par t  o f  Figur e 1  depict s th e proces s o f  acquirin g a 

ne w schem a i n respons e t o instructiona l  input ,  mos t 

typicall y a n expositor y text .  Durin g reading ,  th e tex t  i s 

assimilate d t o prio r  knowledge ;  fo r  th e sak e o f  brevity ,  le t 

us conceptualiz e prio r  knowledg e a s consistin g o f  nothin g 

but  schemas .  Th e resul t  o f  assimilatio n i s the n a  ne w 

knowledg e structur e tha t  bot h instantiate s a n existin g 

schema an d represent s th e messag e o f  th e text .  (Lo w leve l 

readin g processe s ar e deliberatel y ignore d here. ) 

I f  th e tex t  describe s a n explanator y schem a o r  theor y (a s i s 

th e cas e in ,  fo r  example ,  scienc e education) ,  the n tw o 

consequence s follow .  First ,  successfu l  comprehensio n 

shoul d produc e a  ne w explanator y schema ,  t o b e inserte d 

int o th e repertoir e an d s o b e subjec t  t o competitio n whe n a n 
explanatio n questio n i s encountered .  Second ,  th e prio r 

schema tha t  guide s th e assimilatio n o f  suc h a  tex t  mus t  b e 

mor e abstrac t  tha n th e schem a communicate d b y th e text . 

Finally ,  conside r  wha t  happen s whe n ther e i s n o prio r 

schema t o whic h th e tex t  ca n b e assimilated .  Eithe r  th e tex t 

i s  no t  understoo d properl y o r  els e a  ne w abstrac t  schem a i s 

constructe d durin g reading .  Th e mode l  claim s tha t  schem a 

constructio n i s no t  a  matte r  o f  inductio n bu t  o f  assemblin g 
prio r  schema s int o a  ne w configuratio n (Ohlsso n & 

Lehtinen ,  1997) .  Thi s proces s i s depicte d b y th e convergin g 

arrow s t o th e lef t  i n Figur e 1 . 

The schem a repertoir e mode l  i s a s ye t  to o informa l  t o 
generat e quantitativ e predictions .  However ,  i t  suggest s ne w 

ways t o analyz e dat a an d i t  doe s predic t  som e qualitativ e 

propertie s o f  explanations .  W e repor t  tw o empirica l  studie s 

of  novic e explanation s i n biolog y whic h illustrat e an d 

suppor t  thos e predictions . 
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A S c h e m a R e p e r t o i r e F o r  B i o l o g y 

Evolutionar y biolog y i s a  rich  sourc e o f  example s o f 

explanation s an d explanator y knowledge .  Th e basi c 

explanatio n questio n i n thi s domai n is ,  " W h y di d specie s X 

evolv e trai t  Y.' "  or ,  " H o w di d specie s X  acquir e trai t  Y?" .  I 

wil l  refe r  t o thi s a s th e phylogeneti c question .  Ther e an ; 

othe r  type s o f  questions ,  e.g. ,  " W h y i s specie s X  disuibute d 

geographicall y i n th e wa y i t  is?" ,  bu t  the y wil l  no t  b e deal t 

wit h i n thi s pape r  (se e Kitcher ,  1993 ,  fo r  a  discussio n o f 

questio n type s i n evolutionar y theory) .  Wha t  type s o f 

explanation s d o student s construc t  i n respons e t o th e 

phylogeneti c question ? Ou r  theor y miplie s tha t  thei r 

explanation s shoul d fal l  int o a  se t  o f  types ,  correspondin g t o 

schema s acquire d i n othe r  contexts . 

M e t h o d T w o group s o f  psycholog y students ,  5 0 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  Chicago ,  participate d i n retur n fo r  cours e credit . 

Th e tw o set s o f  explanation s the y generate d wil l  b e referred 

t o a s th e Pittsburg h corpu s an d th e Chicag o corpus . 

Th e participant s wer e give n sheet s o f  pape r  wit h a 

versio n o f  th e phylogeneti c questio n writte n acros s th e to p 

and aske d t o writ e dow n thei r  answers .  Th e Pittsburg h 

participant s wer e aske d w h y dinosaur s becam e s o larg e an d 

h o w bird s develope d flight ,  whil e th e Chicag o participant s 

wer e aske d thos e tw o questions ,  plu s h o w tiger s go t  thei r 

stripes .  Bot h group s wer e encourage d t o ignor e factua l  issue s 

(e.g. ,  th e cUmat e million s o f  year s ago )  an d t o inven t  a n 

explanatio n tha t  seeme d plausibl e t o themselves .  The y wer e 

give n n o hel p o r  instruction . 

Resul t s Th e answer s fel l  int o recognizabl e types , 

includin g th e followin g (paraphrase s o f  observe d 

explanation s i n parentheses) : 

(a )  Environmentalism .  Trait s develo p whe n th e 

environmen t  provide s a  deman d o r  a n opportunity . 

(Dolphin s neede d t o reac h foo d i n th e water ,  s o the y becam e 

aquatic. )  (b )  Survival .  Bot h th e relevan t  trai t  an d it s opposit e 

wer e onc e presen t  i n th e species ,  bu t  al l  member s withou t 

th e trai t  died .  (Ther e wer e onc e bot h larg e an d smal l 

dinosaurs ,  bu t  al l  th e smal l  one s wer e eaten. )  (c ) 

Creationism .  Animal s wer e create d b y a  deit y wit h th e 

characteristic s the y hav e today .  (Dinosaur s wer e create d larg e 

so a s t o flatte n th e Eart h i n preparatio n fo r  th e comin g o f 

humans. )  (d )  Trainin g (Lamarckianism) .  Trait s ar e cause d b y 

th e activit y o f  th e organism .  (Bird s flapped  thei r  proto-wing s 

unti l  the y gre w larg e enoug h t o suppor t  flight.)  (e ) 

Mutationism .  Th e trai t  suddenl y appeare d i n a  smal l  numbe r 

of  organisms .  (On e da y a  bir d wa s b o m wit h wings. )  (f ) 

Mentalism .  Animal s decide ,  discover ,  lear n o r  ar e taugh t 

n e w behavior s (traits?) .  ( A bir d discovere d tha t  i t  coul d fly 

and taugh t  it s  offspring. )  (g )  Crossbreeding .  Trait s aris e vi a 

interbreedin g betwee n species .  ( A blac k panthe r  an d a  tige r 

withou t  stripe s mate d an d produce d a  tige r  wit h stripes. )  (h ) 

Dissemination .  Organism s wit h th e trai t  graduall y increase d 

i n number s unti l  the y replace d thos e without .  (I n ever y 

generatio n ther e wer e mor e an d mor e tiger s wit h stripes. ) 

Once th e eigh t  explanatio n type s ha d bee n identified ,  th e 

dat a wer e analyze d b y tw o coders .  Th e coder s wer e give n a 

definitio n an d example s o f  eac h explanatio n type .  The y wen t 

throug h cycle s o f  codin g examples ,  discussin g disagreement s 

and codin g additiona l  example s unti l  8 5 % o f  thei r  code s wer e 

identical .  The y the n code d th e targe t  dat a se t  independentl y o f 

eac h other .  Th e first  autho r  arbiterc d an y disagreements .  Th e 

coder s wer e instructe d t o loo k fo r  expression s o f  th e eigh t 

explanatio n types ,  a s oppose d t o classif y eac h answe r  int o a 

singl e type .  Consequently ,  a n answe r  coul d b e score d a s 

providin g evidenc e fo r  mor e tha n on e type . 

The frequenc y o f  eac h explanatio n typ e i n eac h grou p i s 

show n i n Figur e 2 .  T o facilitat e compariso n betwee n th e 

tw o unequal-size d corpora ,  th e ra w frequencie s hav e bee n 

converte d t o proportions .  Tha t  is ,  a  valu e o f  .4 0 fo r 

explanatio n typ e X  i n corpu s Y  mean s tha t  4 0 % o f  th e 

explanation s i n corpu s Y  wer e code d a s expressin g idea s tha t 

ar e part s o f  explanatio n typ e X . 

c 
o 
c 
J2 
"a . 
X 
4) 
C 
o 

Pittsburg h corpu s 

Chicago corpus 

Env S u Cr e Ti a M u M e Cr o D i 

Explanation type 

Figure 2: Frequency of eight explanation types in two 

novic e corpora ,  expresse d a s proportion s o f  th e tota l  numbe r 

of  explanation s i n eac h corpus . 

Seven of the eight explanation types occurred in both 

groups .  (Ther e wer e n o disseminatio n explanation s i n th e 

Chicag o corpus. )  Th e explanatio n type s wer e applie d wit h 

varyin g frequency ,  bu t  ther e i s a  roug h correspondenc e 

betwee n th e tw o corpora .  Th e participant s regarded  th e 

environmen t  an d individua l  surviva l  a s ke y factor s i n 

evolutio n (a s d o biologists) .  Creationis m an d 

Lamarckianism-ofte n claime d t o b e th e mos t  c o m m o n idea s 

among biolog y novice s (Ferrar i  &  Chi ,  i n press ; 

Samarapungava n &  Wiers ,  1997)~ar e no t  dominan t  i n thes e 

data .  I n th e Pittsburg h corpus ,  trainin g (Lamarckianism )  i s 

fourt h fro m th e to p i n frequency;  i n th e Chicag o corpus , 

seventh .  Ther e ar e othe r  non-Darwinia n explanatio n type s 

(e.g. ,  mutationism ,  mentalism ,  crossbreeding )  tha t  ar e a s 

frequent  o r  mor e frequent. 
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Evidenc e Fo r  S c h e m a Competitio n 

The schem a repertoir e mode l  claim s tha t  i n th e typicu l  cusc , 

a perso n i s i n possessio n o f  a  repertoir e o f  qualitativel y 

differen t  explanator y schema s whic h ar e mor e o r  les s 

relevan t  fo r  a  give n explanatio n question ,  an d tha t  thes e 

schemas compet e fo r  contro l  o f  th e answe r  t o th e question . 

I f  so ,  w e woul d expec t  singl e individual s t o giv e on e typ e o f 

explanatio n i n respons e t o questio n X  an d a  differen t  typ e i n 

respons e t o questio n Y . 

Singl e case s Compar e th e tw o followin g tw o answer s 

t o th e dinosau r  an d tige r  questions ,  produce d b y th e sam e 

studen t  i n th e sam e one-hou r  session : 

Dinosaurs who existed at the period of time had no 

competitio n fo r  foo d source ,  therefor e som e specie s o f 

dinosau r  wh o ea t  a s muc h foo d a s the y wan t  t o withou t 

any othe r  anima l  stoppin g it .  Thi s le d t o th e giganti c 

siz e o f  som e dinosaurs . 

[Chicag o corpus ,  S32 ,  Dinosau r  problem ] 

The tiger was originally all black. After thousand of 

years ,  th e blac k colo r  o f  th e tiger' s oute r  bod y bega n t o 

fad e an d continue d t o fad e fo r  generations .  Th e blac k 

fade d int o th e stripe s w e se e o n th e tige r  today . 

Generation s fro m now ,  w e m a y se e n o stripe s o n th e 

tiger .  [Chicag o corpus ,  S32 ,  Tige r  problem ] 

S32 explains the size of dinosaurs by referring to their 

eatin g habits .  However ,  th e explanatio n fo r  th e tiger' s strip e 

i s qualitativel y different :  I t  refer s t o a  natura l  tendenc y ( a 

typ e o f  explanatio n w e di d no t  ye t  cod e for )  an d i t  contain s 

no referenc e t o th e tiger' s behavior . 

A simila r  diversit y o f  explanation s i s  eviden t  i n th e 

followin g pai r  o f  explanation s fro m studen t  S55 : 

/ think that some species of dinosaurs became so 

giganti c becaus e o f  th e war m climate .  M a n y othe r 

animal s bac k the n wer e giganti c too .  I  thin k becaus e o f 
th e pleasan t  temperature s dinosaur s coul d develo p ver y 

well .  I t  wa s th e temperature ,  ver y col d temperature , 
tha t  caus e dinosaur s t o g o extinct .  Thei r  bodie s wer e 

mainl y dependen t  o f  high ,  w a r m temperatures . 

[Chicag o corpus ,  S55 ,  Dinosau r  problem ] 

/ would assume that the tiger got its black stripes from 

some kin d o f  biologica l  cros s betwee n lio n an d blac k 

panther .  Becaus e o f  th e geneti c combinatio n som e o f 

th e characteristic s o f  blac k panthe r  blende d wit h som e 

characteristic s o f  th e lion' s genes . 

[Chicag o corpus ,  S55 ,  Tige r  problem ] 

The first explanation is a pure environmentalist 

explanation ;  th e climat e wa s war m an d thi s apparentl y 

constitute s a n opportunit y t o gro w i n th e opinio n o f  thi s 

student ,  perhap s i n analog y wit h th e fas t  growt h o f  plant s i n 

war m climates .  Th e secon d explanatio n i s a  crossbreedin g 

explanatio n tha t  doe s no t  mentio n th e environment . 

Broade r  v ie w Tabl e 1  show s quantitativ e evidenc e fo r 

belween-questio n shift s amon g explanatio n schemas .  W e 

identifie d al l  pair s o f  successiv e explanation s fo r  whic h bot h 

explanation s coul d b e classifie d i n on e o f  th e eigh t 

explanatio n type s liste d above .  Next ,  w e calculate d th e 

proportio n o f  suc h pair s i n whic h th e secon d explanatio n 

was o f  th e sam e typ e a s th e first .  Thi s quantit y i s  a n 

estimat e o f  th e conditiona l  probabilit y  tha t  a  studen t  answer s 

questio n N + 1 wit h a n explanatio n o f  typ e X ,  give n tha t  h e 

or  sh e answere d questio n N  wit h a n explanatio n o f  typ e X . 

As Tabl e 1  shows ,  th e probabilit y o f  switchin g betwee n 

explanatio n type s wa s .4 3 i n th e Pittsburg h sampl e an d .5 9 

i n th e Chicag o sample .  Hence ,  th e student s switche d 

explanatio n type s a s ofte n a s not .  Becaus e th e explanatio n 

type s ar e qualitativel y different ,  thes e dat a provid e n o 

suppor t  fo r  th e ide a tha t  student s operat e wit h consisten t 

explanator y frameworks  (Ferrar i  &  Chi ,  i n press ; 

Samarapungava n &  Wiers ,  1997 ;  Tami r  &  Zohar ,  1991) . 

Table 1. The probability that a student's answer to 

questio n N + 1 i s o f  th e sam e (o r  different )  typ e a s tha t 

student' s answe r  t o questio n N . 

Probabilit y 

Corpu s Same Differen t 

Pittsburg h 

Chicago 

.5 7 

.41 

.4 3 

.59 

Eve n stronge r  evidenc e fo r  schem a competitio n i s provide d 

by case s i n whic h a  singl e answe r  contain s withi n itsel f 

evidenc e o f  multipl e explanatio n types .  Th e followin g 
exampl e contain s a t  leas t  thre e distinc t  explanations : 

The stripes are just a variation of nature. They help the 
tige r  stan d ou t  fro m al l  th e rest .  It s als o a  warnin g 

signa l  fo r  othe r  animal s t o sta y away .  I t  coul d als o b e 

use d i n mating .  The y coul d us e thei r  stripe s t o sho w 

of f  fo r  th e women .  I t  als o coul d hav e bee n tha t  the y 

wer e a  geneti c defec t  tha t  go t  amplifie d an d staye d 
throug h th e years . 

[S9 ,  Chicag o corpus .  Tige r  problem ] 

This student thus proposed three qualitatively different 
explanations :  tha t  tige r  stripe s relat e tiger s t o othe r  species ; 

pla y a  rol e i n courtshi p an d mating ;  an d constitut e a  geneti c 

defect .  Ther e ar e n o transition s i n th e student' s text .  I t  i s a s 

i f  eac h schem a automaticall y too k ove r  a s soo n a s th e 

previou s on e ha d spen t  it s potentia l  t o contro l  verba l  output . 
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Acquir in g A  N e w S c h e m a 

A biologist' s  answe r  t o th e phylogeneli c questio n draw s 

upon five  distinc t  ideas :  (a )  Variation .  Th e member s o f  a 

specie s ar e no t  al l  aUke .  (b )  Selectivity .  Some specie s 

members ar e bette r  adapte d tha n others ,  (c )  Replicatio n rate . 

Bette r  adapte d member s repaxluc e more ,  (d )  Inheritance . 

Reproducin g member s o f  th e specie s pas s o n thei r  trait s t o 

th e nex t  generation ,  (e )  Accumulation .  Smal l  change s fro m 

generatio n t o generatio n eventuall y ad d u p t o a  larg e change . 

Kitche r  (1993 )  refer s  t o th e explanatio n schem a buil t  ou t  o f 

thes e fiv e idea s a s th e simpl e individua l  selectio n schem a (p . 

28) . 

The schem a repertoire  theor y make s a  counterintuitiv e 

predictio n abou t  wha t  a  student' s behavio r  shoul d loo k lik e 

afte r  acquirin g th e Darwinia n schema :  Ver y littl e shoul d 

change .  Th e reaso n i s tha t  ther e i s n o proces s i n th e mode l 

tha t  erase s ol d schemas .  Ne w schema s ar e adde d t o th e 

repertoire,  bu t  the y d o no t  replace  previousl y acquire d 

schemas .  Hence ,  contrar y  t o th e wishe s o f  a  hopefu l  teacher , 

ther e i s n o reaso n t o expec t  a  newl y acquire d schem a t o 

dominat e a  student' s explanator y discourse ,  eve n i f  tha t 

schema ha s bee n successfull y acquired .  Instead ,  th e ne w 

s c h e m a c o m p e t e s o n equa l  term s wit h al l  th e othe r  schema s 

i n th e repertoire,  w inn in g somet ime s an d loosin g 

some t imes .  H e n c e ,  th e acquisitio n o f  a  n e w explanatio n 

s c h e m a shoul d increas e th e diversit y o f  a  person' s 

explanations ,  bu t  no t  m a k e thei r  discours e confor m 

exclusivel y t o th e new l y acquire d schema . 

T o investigat e thi s prediction ,  w e conducte d a n 

interventio n study .  A s i n th e bas e lin e study ,  the  dat a 

collecte d consiste d o f  writte n answer s t o phylogeneti c 

questions .  T h e answer s wer e code d fo r  presenc e o r  absenc e o f 

th e fiv e Darwin ia n idea s describe d above .  (Th e codin g 

m e t h o d w a s th e s a m e a s i n th e bas e lin e study. )  Eac h 

explanatio n w a s assigne d a  scor e betwee n 0  (n o trac e o f  an y 

Darwin ia n ide a i n th e explanation )  an d 5  (al l  five  Darwinia n 

idea s ar e expresse d i n th e explanation) .  Thi s D a r w i n scor e i s 

a roug h m e a s u r e o f  h o w closel y a n explanatio n conform s t o 

th e Darwin ia n schema . 

M e t h o d T w o group s o f  student s wer e taugh t  the 

Darwin ia n explanatio n s c h e m a wit h t w o differen t 

instructiona l  me thods ,  (a )  Tex t  only .  T w e n t y undergraduat e 

psycholog y student s f ro m th e Universit y o f  Pittsburg h read 

a two-pag e expositio n o f  Darwin's '  theor y tha t  emphasize d 

th e five  idea s describe d above .  T h e y wer e give n n o othe r 

help ,  instructio n o r  preparation .  Afte r  reading ,  the y wer e 

aske d t o explai n th e siz e o f  th e dinosaur s an d th e tiger' s 

stripes ,  (b )  Tex t  plu s feedback .  T w e n t y psycholog y 

undergraduat e student s read  th e s a m e expositor y tex t  a s the 

student s i n th e tex t  onl y group .  T h e y the n answere d five 

phylogeneti c questions ,  pertainin g t o horses ,  tigers ,  ducks , 

pola r  bear s an d dinosaurs .  Afte r  eac h answer ,  the y receive d 

feedbac k i n th e f o r m o f  a n exper t  answe r  t o tha t  question . 

Tha t  is ,  th e participant s rea d a  phylogeneti c question ,  wrot e 

d o w n thei r  o w n answers ,  turne d th e pag e an d read  a 

Darwinia n answe r  t o tha t  s a m e question . 

R e s u l t s G ive n th e famousl y poo r  scienc e knowledg e o f 

U.S .  student s an d th e religiou s oppositio n t o th e theor y o f 

evolution ,  on e wou l d no t  expec t  y o u n g adult s i n th e U .  S . 

t o spontaneousl y generat e Darwinia n explanations .  T h e dat a 

confir m thi s sa d expectation .  Figur e 3  s h o w s th e frequency 

disU-ibutio n o f  Darw i n score s i n the  bas e lin e study .  (Th e 

Ch i cag o an d Pittsburg h corpor a wer e combine d i n thi s 

analysis. )  Fo r  eas e o f  compar ison ,  th e frequencie s displaye d 

i n Figur e 3  ar e expresse d a s proportion s o f  the  n u m b e r  o f 

explanation s produce d b y eac h group .  Tha t  is ,  a  valu e o f  .2 0 

fo r  a  Da rw i n scor e o f  2  i n stud y X  m e a n s tha t  2 0 % o f  th e 

explanation s produce d i n stud y X  containe d 2  ou t  o f  th e 5 

Darwinia n ideas . 

Wi thou t  instruction ,  zer o o n th e Da rw i n scal e w a s th e 

m o d al  value .  Approximatel y 3 5 % o f  th e explanation s i n th e 

bas e lin e grou p containe d n o trac e o f  th e five  Darwinia n 

ideas ,  an d a n additiona l  3 0 % expresse d n o m o r e tha n on e o f 

thos e ideas .  N o n e o f  th e 38 5 explanation s f ro m th e bas e lin e 

group s containe d trace s o f  al l  five  Darwinia n ideas . 

T h e distribution s fo r  th e t w o interventio n group s ar e ver y 

different .  A  D a r w i n scor e o f  five  i s th e m o s t  frequen t  value . 

O v er  hal f  th e explanation s contai n eithe r  fou r  o r  fiv e 

Darwinia n ideas ,  whil e les s the n 1 0 % hav e zer o suc h ideas . 

I n short ,  th e intervention s worke d i n the  sens e tha t  the y 

increase d th e smdents '  us e o f  th e targe t  ideas . 
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Figure 3: Frequency distributions for the number of 

Darwinia n idea s pe r  explanatio n (rang e 0-5 )  i n eac h o f  fou r 

studies .  Th e frequencies  ar e expresse d a s proportion s o f  th e 

tota l  numbe r  o f  explanation s produce d i n eac h study . 
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It  i s  correc t  bu t  misleadin g t o summariz e Figur e 3  b y 

sayin g tha t  th e student s learne d somethin g abou t 

Darwinism .  Th e schem a repertoir e theor y warn s tha t  th e 

acquisitio n o f  th e Darwinia n schem a doe s no t  caus e prior , 

non-Darwinia n schema s t o disappear .  Figur e 4  show s tha t 

thi s warnin g i s indee d warranted .  I n thi s analysis ,  w e aske d 

how man y differen t  explanatio n type s eac h participan t  use d 

i n eac h o f  th e thre e studies .  Onc e again ,  w e sho w th e entir e 

distribution s instea d o f  th e merel y th e mean s an d w e hav e 

converte d frequencie s t o proportio n fo r  eas e o f  comparison . 
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Figur e 4 .  Th e frequency  distributio n o f  participant s wh o 

used N  o f  th e 8  explanatio n type s ( N =  0 ,  1 ,  ... ,  8) , 

expresse d a s th e proportio n o f  al l  participant s i n eac h study . 

The result is clear: Successful acquisition of the 

Darwinia n schem a di d no t  lowe r  th e tendenc y t o us e th e 

eigh t  non-Darwinia n explanatio n types .  Thi s i s wha t  th e 
schema repertoir e theor y predicts .  Ther e ar e n o processe s tha t 

eras e prio r  schemas ,  an d ther e i s n o guarante e tha t  a  newl y 

schema wil l  wi n ove r  th e prio r  one s o n ever y relevan t 

explanatio n question .  Henc e successfu l  schem a acquisitio n 
wil l  no t  necessaril y affec t  a  student' s explanations . 

Discussion 

The theor y presente d her e differ s from  alternativ e theorie s b y 

insistin g o n th e distinctio n betwee n schema s an d belief s o r 

explanator y frameworks  (Ferrar i  &  Chi ,  i n press ; 
Samarapungava n &  Wiers ,  1997 ;  Tami r  &  Zohar ,  1991) .  I t 

i s  highl y unlikel y tha t  th e explanation s w e nscorde d 

expresse d entrenche d belief s o r  consisten t  frameworks.  Th e 

participant s i n ou r  studie s ha d probabl y neve r  though t  abou t 

how thi s o r  tha t  anima l  acquire d such-and-suc h a  trait .  The y 

made u p thei r  answer s i n respons e t o ou r  question s b y 

articulatin g schema s acquire d i n othe r  contexts . 

Where di d thes e schema s com e from ? Conside r 

crossbreeding .  Man y student s hav e com e acros s th e concep t 

of  crossbreedin g i n th e contex t  o f  anima l  breeding .  Also , 

crossbreedin g i s onl y a  specialize d versio n o f  a  ye t  mor e 

abstrac t  schem a o f  blendin g o r  mixing :  Combin e X  an d Y 

and yo u ge t  somethin g tha t  i s intermediat e betwee n X  an d 

Y.  Th e latte r  schem a applie s t o colors ,  spices ,  decoratin g 

style s an d man y othe r  everyda y phenomena .  Similarly ,  th e 

trainin g schem a (Lamarckianism )  i s strongl y presen t  i n 

everyda y culture :  Exercis e an d you r  limb s wil l  gro w bigger . 

The origin s o f  th e othe r  schema s i n everyda y experienc e i s 

no mor e mysterious . 
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