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Abstrac t 

Acquirin g powerfu l  abstraction s - -  i.e. ,  representation s tha t  enabl e on e t o reaso n abou t 
key aspect s o f  a  domai n i n a n economic a an d generi c for m -  shoul d b e a  primar y goa l 
of  learning .  Th e mos t  effectiv e mean s fo r  achievin g thi s goa l  i s  not .  w e argue ,  th e "top -
down"  approac h o f  traditiona l  curricul a wher e student s ar e firs t  presente d wit h a n 
abstraction ,  suc h a s F=ma .  an d the n wit h example s o f  ho w i t  applie s i n a  variet y o f 
contexts .  No r  d o w e advocat e th e "bottom-up "  approac h propose d b y situate d 
cognitio n theorists .  Instead ,  w e argu e fo r  a  "middle-ou t  approac h wher e student s ar e 
introduce d t o ne w domain s vi a intermediat e abstraction s i n th e for m o f  mechanisti c 
causa l  models .  Thes e model s serv e a s "conceptua l  eyeglasses "  tha t  unpac k causa l 
mechanism s implici t  i n abstraction s suc h a s F=ma .  Tne y ar e readil y mappabl e t o a 
vanet y o f  real-wori d context s sinc e thei r  object s an d operator s ar e generi c an d causal . 
Intermediat e abstraction s thu s giv e meanin g t o higher-orde r  abstraction s a s wel l  a s t o 
real-worl d situations ,  provid e a  lin k betwee n th e two ,  an d a  rout e t o understanding . 

P'oponent s o f  th e theor y o f  "situate d cognition "  argu e tha t  abstraction s ar e a n inherentl y 

ir̂ povenshe d an d iner t  knowledg e form ,  an d tha t  t o b e meaningful ,  knowledg e mus t  b e contextualize d i n 

real-worl d situations .  Th e followin g quotatio n exemplifie s thi s position :  " A situate d theor y o f  knowledg e 

challenge s th e widel y hel d belie f  tha t  th e abstractio n o f  knowledg e fro m situation s i s th e ke y t o 

transferability .  A n examinatio n o f  th e rol e o f  situation s i n structunn g knowledg e indicate s tha t  abstractio n 

and explicatio n provid e a n inherentl y impoverishe d an d ofte n misleadin g vie w o f  knowledge "  (Brown , 

Collins ,  &  Duguid ,  1989) . 

In this paper we support the contrary position: Real-worid situations are inherently complex and 

confusin g -  Th e ke y t o powerfu l  cognitio n lie s i n acquihn g knowledg e i n a n abstrac t  form ,  an d m 

understandin g th e for m an d utilit y  o f  abstraction .  Thi s positio n i s consisten t  wit h th e generall y accepte d 

vie w o f  mathematica l  an d scientifi c  knowledge ,  an d thi s perspectiv e i s implicitl y  embedde d withi n mos t 

existin g math ,  science ,  an d engineenn g curricula .  Th e failur e o f  man y o f  thes e curricula ,  w e argue ,  i s  no t 

due t o thi s belie f  i n th e importanc e o f  abstraction ,  rather ,  i t  i s  du e t o th e wa y i n whic h abstraction s ar e 

introduce d t o students .  I n thi s paper ,  w e wil l  argu e fo r  th e nee d t o star t  curncul a wit h "intermediat e 

abstractions "  i n th e for m o f  model s tha t  (1 )  ma p readil y t o real-worl d contexts ,  (2 )  ye t  posses s man y o f 

th e propertie s o f  higher-orde r  abstractions ,  an d (3 )  unpac k th e meanin g o f  higher-orde r  abstractions , 

thereb y providin g a .  bridg e t o acquinn g an d usin g suc h abstractions .  Thes e intermediat e abstraction s 
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serv e a s "conceptua l  eyeglasses "  tha t  enabl e student s t o mak e sens e ou t  o f  physica l  domain s an d 

mathematical formalisms. 

The Meaning of Abstraction 

If  on e look s u p th e wor d "abstraction "  i n th e dictionar y (Th e Secon d Colleg e Editio n o f  th e 

America n Heritag e Dictionary) ,  on e i s presente d wit h a  variet y o f  nuance s fo r  th e term : 

1. "Thought without reference to a specified instance". Abstract representations incorporate 
generi c object s an d operators .  Fo r  instance ,  the y reaso n abou t  force s bein g applie d t o 
objects ,  rathe r  tha n abou t  kick s bein g applie d t o balls .  Usin g suc h representations ,  on e ca n 

reaso n abou t  generic ,  abstrac t  case s rathe r  tha n abou t  specifi c  object s an d situations .  I n 

thi s way .  student s ca n evolv e knowledg e i n a  for m tha t  ca n b e mappe d ont o man y differen t 
situations .  Th e clai m (supporte d b y th e researc h o f  Basso k &  Holyoak ,  m press )  i s  tha t 

suc h genen c representation s facilitat e th e transfe r  o f  knowledg e t o multipl e contexts . 

2. "The concentrated essence of a larger whole' One interpretation of this nuance is that 
abstrac t  representation s typicall y attemp t  t o mode l  onl y certai n aspect s o f  a  domain.  Thi s i s 

particularl y tru e o f  abstractions ,  lik e F=m a an d V=IR ,  employe d i n scientifi c  disciplines . 
They enabl e on e t o achiev e a n econom y o f  though t  b y simplifyin g th e situatio n an d thereb y 

reducin g th e cognitiv e load .  Yet ,  i f  on e abstract s th e ke y propertie s o f  th e domain ,  powerfu l 
inference s ca n b e mad e fro m suc h economica l  simplifications .  Anothe r  interpretatio n o f  thi s 
nuanc e ha s t o d o wit h th e for m o f  th e representatio n itself .  Fo r  instance ,  V=I R i s a  mor e 
compac t  for m fo r  expressin g th e relationshi p betwee n voltage ,  current ,  an d resistanc e tha n 
i s a  dynamic ,  causa l  mode l  o f  electrica l  circui t  behavior .  Th e quantitativ e law ,  V=IR ,  take s 

les s spac e t o represen t  tha n th e causa l  model ,  an d ca n b e employe d i n algebraic , 
constraint-base d reasoning .  Thi s for m o f  reasoning ,  enable d b y th e for m i n whic h th e la w i s 
represented ,  allow s th e efficien t  generatio n o f  certai n inference s abou t  th e propertie s o f  an y 
give n circui t  (se e Whit e &  Frederiksen ,  1987) .  Thu s th e phras e "concentrate d essence "  ca n 
refe r  t o th e econom y o f  bot h th e conten t  an d th e for m o f  wha t  i s bein g represented . 

3. "Meaningless or difficult to understand". Many students have had the experience of being 
presente d wit h law s i n physic s clas s an d o f  findin g the m difficul t  t o comprehend .  Yet .  on e 
of  th e primar y goal s o f  learnin g i s t o acquir e suc h powerfu l  abstraction s tha t  appl y acros s a 
rang e o f  context s (i )  t o generat e explanation s an d (ii )  t o solv e man y differen t  type s o f 
problems .  I n thi s paper ,  w e argu e that ,  thes e abstraction s nee d no t  b e meaningles s o r 
difficul t  t o understand ,  i f  the y ar e introduce d vi a "intermediat e abstractions " 

E x a m p l e s o f  Intermediat e Abstract ion s 

Proponent s o f  th e theor y o f  situate d cognitio n argu e fo r  a  "bottom-up "  approac h t o education : 

Knowledg e structure s tha t  ar e widel y applicabl e (whic h the y ter m generalizations' )  shoul d b e graduall y 

induce d fro m exposur e t o man y real-worl d instance s (Brown ,  Collins ,  &  Duguid ,  1989) .  Thi s i s a 

viewpoin t  share d b y man y case-base d reasonin g proponent s (e.g. ,  Spiro .  Coulson ,  Feltovich ,  & 

Anderson ,  1989) .  Traditiona l  curricul a typicall y embod y a  mor e "top-down "  approac h t o education : 

Student s ar e firs t  presente d wit h genera l  principle s i n th e for m o f  abstrac t  formalisms ,  an d ar e the n give n 

example s o f  ho w th e principle s appl y i n real-worl d situations .  I n contras t  t o bot h o f  thes e viewpoints ,  w e 

argu e fo r  a  "middle-out "  approac h t o education .  Student s shoul d firs t  b e presente d wit h intermediat e 

'Generalizations ,  the y argu e (Brown ,  Collins ,  &  Duguid ,  1989) ,  diffe r  fro m abstraction s i n tha t  generalization s ar e analogou s t o 
fables ,  whereas ,  abstraction s ar e analogou s t o th e mora l  o f  th e fable . 
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abstractions ,  i n th e for m o f  dynami c causa l  models ,  tha t  shar e man y propertie s o f  bot h th e real-worl d an d 

of  higher-orde r  abstractions .  T o foste r  thei r  acquisition ,  thes e model s ca n b e mad e interactiv e an d 

articulat e b y embeddin g the m i n a  compute r  simulation .  W h e n internalize d b y student s i n th e for m o f  a 

menta l  model ,  the y enabl e student s t o (i )  interpre t  real-worl d situation s an d (ii )  giv e meanin g t o higher -

orde r  abstraction s lik e F=m a an d V=IR .  The y provid e a  mor e efficien t  an d effectiv e route ,  w e wil l  argue , 

t o understandin g an d utilizin g powerfu l  abstractions .  I n thi s sectio n w e presen t  thre e example s o f 

intermediat e abstractions :  on e fro m mathematics ,  on e fro m engineering ,  an d on e fro m physics . 

Example #1: Understanding place-value notation and arithmetic: The first illustration presents an 

abstractio n tha t  i s  intermediat e betwee n concret e situations ,  suc h a s workin g wit h Diene s blocks ,  an d 

higher-orde r  abstractions ,  suc h a s workin g wit h arabl e number s an d forma l  arithmetic .  I t  incorporate s a 

"bi n model "  fo r  representin g plac e valu e notatio n an d th e arithmeti c operation s o f  additio n an d 

subtraction .  W h e n embodie d i n a  compute r  system ,  thi s mode l  display s bin s o n th e screen :  a  one s bin ,  a 

ten s bin ,  a  hundred s bin ,  an d a  thousand s bi n (se e Figur e 1) .  Th e student s ca n giv e commands ,  suc h a s 

A DD 38 6 o r  S U B T R A CT 79 ,  an d th e progra m wil l  caus e th e appropriat e number s o f  icon s t o b e adde d o r 

subtracte d fro m th e appropriat e bin s i n a  manne r  analogou s t o th e standar d procedure s fo r  additio n an d 

subtraction .  W h e n a  bi n overflows ,  th e proces s o f  carryin g i s animated .  Similarly ,  whe n th e studen t  i s 

subtractin g an d ther e ar e no t  enoug h icon s i n th e appropnat e bin ,  th e mode l  visuall y portray s th e proces s 

of  borrowing .  Whil e doin g so .  th e compute r  explain s wha t  i t  i s  doin g an d wh y t o th e studen t  usin g 

compute r  generate d speech .  W h e n student s worke d wit h an d bega n t o assimilat e thi s model ,  w e foun d 

tha t  thei r  understandin g o f  plac e notatio n an d it s relationshi p t o th e processe s o f  additio n an d subtractio n 

improve d (Feurzei g &  White ,  1983) .  Onc e assimilated ,  th e mode l  wa s use d a s a  foundatio n fo r 

introducin g th e standar d arithmeti c procedure s tha t  operat e o n arabl e numbers ,  an d fo r  modellin g 

alternativ e real-worl d situations .  (Se e Resnic k &  Omanso n (1987 )  fo r  a  discussio n o f  Diene s block s a s a 

bridgin g abstractio n fo r  understandin g anthmetic. ) 
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Figur e 1 .  Th e bi n model . 
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Exampl e #2 :  Understandin g ho w electrica l  circuit s work :  Th e nex t  exampl e i s a  generi c mode l  o f  a 

transpor t  mechanis m tha t  represent s th e aggregat e behavio r  o f  particle s (se e Fredenkse n &  White ,  m 

press ;  Whit e &  Frederiksen ,  i n press) .  I t  i s  mor e abstrac t  tha n a  mode l  o f  th e movemen t  o f  individua l 

particles ,  an d les s abstrac t  tha n model s base d o n steady-stat e principle s suc h a s V=IR .  I n thi s model , 

ther e ar e object s tha t  contai n "stuff "  (wher e stuf f  ca n represent ,  fo r  instance ,  collection s o f  electricall y 

charge d particles) .  I f  tw o suc h object s ar e connecte d together ,  an d i f  the y contai n differen t  amount s o f 

stuff ,  the n stuf f  wil l  flo w fro m on e t o th e othe r  (se e Figur e 2) .  I n eac h tim e increment ,  th e flo w o f  stuf f 

betwee n adjacen t  object s depend s o n th e "stuf f  gradient "  (i.e. ,  th e differenc e i n th e amoun t  o f  stuff) .  Th e 

explanatio n fo r  wh y stuf f  flow s i s reductionisti c an d i s base d upo n th e motio n o f  particle s an d thei r 

interaction s (e.g. ,  attractio n &  repulsion) .  Th e aggregat e transpor t  mode l  provide s a n introductor y 

representatio n fo r  man y physica l  processe s suc h a s (1 )  th e distributio n o f  electrica l  charge ,  (2 )  th e 

diffusio n o f  gases ,  an d (3 )  th e flo w o f  heat .  I f  on e create s a  mode l  o f  a  physica l  syste m usin g thi s 

transpor t  process ,  suc h a s a  mode l  o f  a n electrica l  circuit ,  on e ca n se e ho w th e steady-stat e law s (suc h 

as Ohm' s la w an d Kirchhoff' s  laws )  ar e emergen t  propertie s o f  a  syste m tha t  incorporate s thi s proces s 

(se e Figur e 3) .  Th e mode l  thu s link s th e behavio r  o f  individua l  particle s wit h th e steady-stat e syste m 

equations .  I t  i s  interestin g t o conjectur e tha t  ther e ma y b e a  fe w suc h physical-proces s model s tha t  ca n 

potentiall y  pla y a  crucia l  rol e i n understandin g physica l  systems .  Thes e proces s model s ma y b e ke y 

becaus e (1 )  the y facilitat e th e understandin g o f  a  wid e rang e o f  systems ,  (2 )  the y ar e relativel y eas y t o 

interpre t  sinc e the y ca n b e explaine d i n term s o f  concept s an d processes ,  lik e attractio n an d repulsion , 

derive d fro m commo n experience s wit h th e every-da y world ,  an d (3 )  the y provid e a  mechanisti c origi n fo r 

th e steady-stat e law s tha t  ar e s o usefu l  i n predictin g th e behavio r  o f  physica l  systems . 

T I M E 

1 1 

^ 

stead y Stat e L a w s 

Transpor t  Mode l 

Heat  Distributio n o f  G a s 

Flo w Electri c Charg e Diffusio n 

Figur e 2 .  Th e transpor t  model . 
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Figur e 3 .  A n electrica l  circui t  wit h a  resisto r  a n d a  battery . 

At  s tead y state ,  curren t  flow s ar e equa l  a n d c h a r g e densitie s for m a  stabl e gradient . 

A 

X F =  m a 

D o t - i m p u l s e M o d e l 

Spaceshi p Rubbe r  bal l  Hocke y puc k 

+ Engin e +  Malle t  +  stic k 

Figur e 4 .  Th e dot-impuls e model . 

In the task displayed above, the student is controlling the motion of the large dot in order to make it 
navigat e th e trac k an d sto p o n th e targe t  X .  T h e smal l  dot s indicat e th e histor y o f  th e larg e dot' s motion , 
an d th e cros s a t  th e uppe r  lef t  indicate s th e larg e dot' s orthogona l  velocit y components . 
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Exampl e #3 :  Understandin g Newtonia n mechanics :  Thi s fina l  exampl e describe s a n intermediat e 

abstraction that has proven useful in helping middle school students understand force and motion (see 

Whit e &  Horwitz ,  1988 ;  White ;  1988) .  Whe n presente d wit h th e compute r  embodimen t  o f  thi s causa l 

model ,  student s engag e i n task s suc h a s attemptin g t o contro l  th e motio n o f  a n objec t  b y applyin g 

impulses to it via a joystick (see Figure 4). The students are not asked to think of this object as a 

spaceshi p wit h a  rocke t  engine ,  no r  a s a  billiar d bal l  controlle d b y a  stick .  Instea d the y ar e aske d t o thin k 

of  i t  a s a  generi c objec t  (whic h i s simpl y referre d t o a s th e "dot" )  bein g controlle d b y impulse s (i.e. ,  force s 

tha t  ac t  fo r  a  shor t  time) .  Th e students '  tas k i s t o determin e th e physica l  law s underlyin g thi s model . 

They formulat e principle s suc h a s "wheneve r  yo u appl y a n impuls e t o th e dot ,  i t  change s it s speed" . 

Thes e qualitativ e law s for m th e foundatio n fo r  understandin g mor e abstrac t  law s suc h a s F=ma .  Further , 

th e generi c qualit y o f  th e students '  law s play s a  rol e i n enablin g the m t o transfe r  an d appl y th e principle s 

underlyin g thi s mode l  t o rea l  worl d context s (se e White ,  1988) . 

Properties of Intermediate Abstractions 

Thes e thre e example s o f  intermediat e abstraction s shar e som e commo n propertie s tha t  w e 

conjectur e ar e crucia l  t o thei r  succes s i n fosterin g understanding : 

1. Useful: They model and generate explanations relevant to key aspects of a domain. For 

instance ,  exampl e # 1 present s a  mode l  o f  plac e valu e notatio n an d it s implication s fo r  th e 

desig n o f  arithmeti c procedures .  Exampl e #2 ,  whe n instantiate d i n th e contex t  o f  electrica l 
circuits ,  present s a  mode l  fo r  th e concep t  o f  voltag e drop ,  an d fo r  ho w voltage s an d 
current s chang e whe n th e conductivit y o f  device s withi n circuit s change .  Exampl e # 3 
present s a  mode l  fo r  force s an d ho w the y affec t  th e motio n o f  objects .  Thes e model s thu s 

enabl e on e t o predict ,  envision ,  an d explai n th e behavio r  o f  systems .  The y ca n thereb y 
foste r  th e acquisitio n o f  difficul t  domai n concept s an d processe s tha t  ar e crucia l  t o domai n 
understanding . 

2. Transferable: The objects and actions in intermediate abstractions are represented in a 
decontextualize d for m - -  the y embod y generi c object s an d forces .  Fo r  instance ,  th e ten s 
ico n i n exampl e # 1 i s jus t  a  generi c ico n which ,  i n th e cours e o f  proble m solving ,  ca n b e 
instantiate d t o represen t  anythin g fro m te n jell y  bean s t o a  te n dolla r  bill .  Similarly ,  th e 

"stuff "  i n exampl e # 2 ca n b e though t  o f  a s generi c stuff ,  an d ca n b e instantiate d t o represen t 
anythin g fro m electrica l  charg e t o ga s molecules .  Further ,  th e "dot "  i n exampl e # 3 i s jus t  a 
generi c objec t  whic h ca n ma p ont o anythin g fro m a  spaceshi p t o a  hocke y puck . 
Presentin g generi c icons ,  operators ,  an d processe s migh t  pla y a  ke y rol e i n enablin g 
student s t o readil y ma p thes e intermediat e abstraction s t o differen t  real-worl d situations , 
and t o thereb y giv e higher-orde r  abstraction s meanin g i n man y contexts . 

3. Meaningful: Intermediate abstractions are meaningful and relatively easy to understand 
becaus e the y buil d o n intuitiv e notion s o f  causalit y an d mechanism .  The y pars e th e 

behavio r  o f  a  syste m int o a  sequenc e o f  discret e causa l  events ,  an d introduc e a  sens e o f 
mechanism .  Further ,  the y ar e grounde d i n primitiv e abstraction s (aki n t o diSessa' s (1983 ) 
phenomenologica l  primitives) .  Tha t  is ,  the y ar e constructe d fro m conceptua l  an d proces s 
abstractions ,  lik e resistanc e an d balancing ,  whic h student s derive d a s childre n fro m 
experience s wit h th e everyda y world .  Fo r  instance ,  i n exampl e #1 ,  addin g mor e object s 
cause s a  containe r  t o overflow .  I n exampl e #2 ,  a  chang e i n connectivit y o r  amoun t  o f  stuf f 

cause s stuf f  t o chang e location .  And ,  i n exampl e #3 ,  impulse s caus e change s i n objects ' 
velocities .  Al l  o f  thes e ar e eas y t o understand ,  an d lin k abstractions ,  lik e V=I R an d F=ma , 

t o mechanisti c causa l  phenomena .  Intermediat e abstraction s thu s provid e a  bridg e tha t 
give s meanin g t o higher-orde r  abstraction s (suc h a s arabl e number s an d arithmetic ,  steady -
stat e circui t  laws ,  an d Newton' s law s o f  motion) .  The y als o provid e a  causa l  theor y fo r 

interpretin g real-worl d situations . 
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Acquirin g Intermediat e Abstraction s 

Despit e th e fac t  tha t  intermediat e abstraction s incorporat e primitiv e abstractions ,  the y are , 

nonetheless ,  a  mor e abstrac t  an d sophisticate d knowledg e form .  The y includ e graphica l  representations , 

suc h a s th e cros s show n m Figur e 4  (whic h represent s th e orthogona l  velocit y component s o f  th e dot) , 

and principle s fo r  operatin g o n thos e representation s t o predic t  syste m behavior .  When reifie d i n a 

compute r  microworld ,  the y becom e forma l  model s whos e propertie s ca n b e discovere d an d debated . 

When students first interact with computer microworlds that embody these intermediate 

abstractions ,  the y typicall y induc e principle s tha t  ar e overl y situatio n specific .  Fo r  instance ,  whe n 

expose d t o th e dot-impuls e mode l  o f  exampl e #3 ,  the y formulat e rule s suc h a s "I f  th e do t  i s  movin g t o th e 

righ t  a t  on e uni t  o f  spee d an d yo u wan t  i t  t o stop ,  appl y a n impuls e t o th e left" .  I n orde r  t o hel p student s 

t o internaliz e thes e model s m a  mor e usefu l  form ,  instructiona l  technique s nee d t o b e develope d tha t 

cente r  aroun d interactin g wit h th e microworlds .  Fo r  instance ,  i n researc h wit h th e dot-impuls e mode l  (se e 

Whit e &  HoHA/itz ,  1988) ,  w e develope d technique s tha t  includ e gettin g student s t o evaluat e alternativ e 

law s propose d fo r  th e microworld .  Th e law s var y i n correctness ,  generality ,  an d parsimon y i n orde r  t o 

foste r  discussion s abou t  th e propertie s o f  a  goo d scientifi c  law .  Suc h technique s hel p student s t o evolv e 

menta l  model s m a  generall y applicabl e form .  The y als o foste r  a n awarenes s abou t  th e for m o f  scientifi c 

knowledge .  Onl y afte r  student s hav e assimilate d th e intermediat e abstractio n ar e the y aske d t o conside r 

it s  applicatio n t o real-worl d situations ;  Doe s i t  appl y i n a  give n contex t  an d i s i t  useful ? And ,  onl y afte r 

the y hav e internalize d th e mode l  d o the y us e i t  t o deriv e higher-orde r  abstractions .  Th e mode l  thu s form s 

th e "conceptua l  eyeglasses "  fo r  interpretin g bot h th e real-worl d an d higher-orde r  abstractions . 

Conclusions 

Intermediat e abstractions ,  w e hav e argued ,  ca n enabl e student s t o understan d physica l  domain s 

and mathematica l  formalisms .  The y provid e a  mediu m fo r  explorin g th e for m an d utilit y  o f  abstractions : 

What  ar e models ,  ho w d o the y evolve ,  an d wh y ar e the y useful ? Th e challeng e fo r  cognitiv e scientist s 

and instructiona l  designer s i s (1 )  t o determin e th e propertie s tha t  effectiv e intermediat e abstraction s mus t 

possess ,  (2 )  t o creat e model s tha t  posses s thes e properties ,  an d (3 )  t o devis e interestin g project s fo r 

student s tha t  requir e th e acquisitio n an d us e o f  thes e models .  Suc h project s coul d includ e designin g 

electrica l  circuits ,  o r  constructin g a  theor y o f  forc e an d motion .  Thus ,  intermediat e abstractions ,  whe n 

appropriatel y designe d an d embodie d a s interactiv e articulat e microworlds ,  ca n provid e tool s no t  onl y fo r 

developin g understanding ,  bu t  als o fo r  introducin g student s t o th e practice s o f  engineerin g an d scientifi c 

inquiry . 

Acknowledgements 

Thi s researc h wa s funde d b y th e Arm y Researc h Institut e unde r  contrac t  MND-90387C0545 ,  an d 

by th e Nationa l  Scienc e Foundatio n unde r  grant s DPE-840028 0 an d SED-8012481 .  Th e autho r  i s 

gratefu l  t o Alla n Collin s an d Joh n Fredenkse n fo r  thei r  comment s o n a  draf t  o f  thi s paper . 

978 



Refe rence s 

Bassok ,  M .  &  Holyoak ,  K .  (i n press) .  Interdomai n transfe r  betwee n isonnorphi c topic s i n algebr a 

and physics .  Th e Journa l  o f  Experimenta l  Psychology :  Learning ,  Memory ,  an d Cognition) . 

Brown, J., Collins, A., & Duguid, P. (1989). Situated Cognition and the Culture of Learning. BBN 

Repor t  No .  6886 ,  BB N Laboratories ,  Cambridge ,  Massachusetts . 

diSessa, A. (1983). Phenomenology and the evolution of intuition. In D. Centner & A. Stevens 

(Eds.) ,  Menta l  Models ,  Hillsdale ,  NJ :  Lawrenc e Eribaum . 

Feurzeig, W., & White, B. (1983). Development of an Articulate Instructional System for Teaching 

Ahthmeti c Procedures .  BB N Repor t  No .  5484 ,  BB N Laboratories ,  Cambridge ,  Massachusetts . 

Frederiksen, J., & White, B. (in press). Mental models and understanding: A problem for science 

education .  I n N e w Direction s i n Educationa l  Technology .  E .  Scanlo n &  T .  O'She a (Eds) .  N e w York : 

Springe r  Verlag . 

Resnick, L., & Omanson, S. (1987). Learning to understand arithmetic, in Glaser, R. (Ed.). 

Advance s i n Instructiona l  Psycholog y (Vol .  3) .  Hillsdale ,  NJ :  Eribaum . 

Spiro, R., Coulson, R., Feltovich, P., & Anderson, D. (1988). Cognitive flexibility theory: Advanced 

knowledg e acquisitio n i n ill-structure d domains .  I n th e Proceeding s o f  th e Tent h Annua l  Meetin g o f  th e 

Cognitiv e Scienc e Society .  Hillsdale ,  NJ :  Eribaum . 

White, B., & Frederiksen, J. (in press). Causal models as intelligent learning environments for 

scienc e an d engineerin g education .  Applie d Artificia l  Intelligence . 

White, B., & Frederiksen, J. (1987). Causal Model Progressions as a Foundation for Intelligent 

Learnin g Environments .  Repor t  No .  6686 ,  BB N Laboratories ,  Cambridge ,  Massachusetts .  T o appea r  i n 

Artificia l  Intelligence . 

White, B., & Honwitz, P (1988). Computer microworlds and conceptual change: A new approach 

t o scienc e education .  I n Improvin g Learning :  Ne w Perspectives .  P  Ramsde n (Ed.) ,  Koga n Page , 

London . 

White, B. (1988). ThinkerTools: Causal Models, Conceptual Change, and Science Education. 

Repor t  No .  6873 ,  BB N Laboratories ,  Cambridge ,  Massachusetts .  T o appea r  i n Cognitio n an d Instruction . 

979 



L e a r n i n g F r o m E x a m p l e s :  T h e E f f e c t  o f 

Different Conceptual Roles 
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Many studies of category learning have emphasized a single role of the concept that is 
learne d -namely ,  th e concep t  a s a  mechanis m fo r  classifyin g object s an d discriminatin g the m fro m 
members o f  othe r  categories .  Recently ,  researcher s hav e note d tha t  concept s hav e man y purpose s 
beside s classification-prediction ,  communication ,  explanation ,  goa l  attainment ,  an d s o on .  Thi s 
pape r  present s a  stud y tha t  varie d th e role s o f  concept s durin g a  classificatio n learnin g task . 
Specifically ,  on e grou p o f  subject s (th e discriminatio n group )  wa s give n standar d instruction s t o 
lear n abou t  pair s o f  categories .  A  secon d grou p o f  subject s (th e goa l  group )  wa s give n thes e 
instruction s bu t  als o informe d abou t  th e function s o f  th e categories .  Th e result s o f  th e stud y 
sugges t  tha t  th e tw o group s forme d differen t  concepts ,  eve n thoug h the y sa w th e sam e example s o f 
th e categories .  Th e concept s o f  th e discriminatio n grou p wer e base d o n thos e feature s i n th e 
example s tha t  ha d predictiv e value-feature s wit h hig h cu e an d categor y validity .  I n contrast ,  th e 
concept s o f  th e goa l  grou p wer e base d o n predictiv e feature s an d feature s tha t  wer e importan t  t o th e 
functio n o f  th e categor y (calle d "core "  features) .  Relativ e t o th e discriminatio n group ,  th e goa l 
grou p place d les s emphasi s o n predictiveness .  Th e result s ar e discusse d i n term s o f  thei r 
implication s fo r  standar d classificatio n task s i n psycholog y an d explanation-base d an d similarity -
base d approache s i n machin e learning . 

INTRODUCTION 

In many category learning tasks, the experimenter presents examples of two or more categories, 
and subject s lear n concept s tha t  allo w the m t o discriminat e member s o f  on e categor y fro m thos e o f 
others .  Thes e task s provid e insigh t  int o th e genera l  natur e o f  people' s concept s (e.g. ,  Reed ,  1972 ; 
Rosch ,  Simpson ,  &  Miller ,  1976 ;  Medin ,  Wattenmaker ,  &  Michalski ,  1987 ;  Nosofsky ,  Clark ,  & 
Shin ,  1989).Thi s paradig m i s simila r  t o th e similarity-base d learnin g paradig m i n machin e 
learning .  I n similarity-base d learning ,  a  progra m examine s a  numbe r  o f  example s o f  differen t 
categorie s an d create s generalize d description s (concepts )  o f  thos e categories .  Th e description s 
enabl e th e progra m t o identif y ne w categor y member s (se e Dietteric h &  Michalski ,  1983 ;  Fishe r  & 
Langley ,  1985 ,  fo r  overview s o f  thes e systems) . 

There are at least two problems with this approach, however. First, it focuses people and programs 
on formin g concept s tha t  emphasiz e onl y on e o f  man y role s tha t  concept s ca n hav e (i.e. , 
classificatio n o r  discrimination) .  Th e importanc e o f  th e concep t  i s fo r  accuratel y classifyin g 
categor y members .  However ,  concept s mus t  represen t  informatio n abou t  a  categor y othe r  tha n tha t 
use d t o identif y  it s members .  Otherwise ,  wh y hav e concepts ? I n th e rea l  world ,  peopl e don' t  fom i 
concept s solel y t o us e the m t o identif y objects .  Objec t  classificatio n i s jus t  on e o f  man y role s o f  a 
concept .  Othe r  role s o f  concept s includ e usin g the m t o attai n goals ,  construc t  explanations ,  mak e 
predictions ,  an d s o o n (Schank ,  Collins ,  &  Hunter ,  1986 ;  Matheus ,  Rendell ,  Medin ,  & 
Goldstone ,  1989) .  Second ,  th e approac h focuse s peopl e an d program s o n formin g concept s tha t 
ar e base d onl y o n informatio n tha t  i s explici t  i n th e trainin g example s (bu t  se e Step p &  Michalski , 
1986) .  A s a  result ,  i t  ignore s th e effec t  o f  backgroun d knowledg e o n concep t  formation .  I n th e rea l 
world ,  peopl e inductivel y lea m abou t  categorie s b y integratin g backgroun d knowledg e wit h th e 
informatio n provide d i n th e examples .  Som e o f  thi s backgroun d knowledg e include s people' s 
basic ,  commo n sens e theorie s o f  th e worl d (Murph y &  Medin ,  1985 ;  Medi n &  Wattenmaker , 
1986 ;  Murph y &  Wisniewski ,  i n press ;  Pazzan i  &  Schulenburg ,  1989) . 
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