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Categorizin g Physic s Prob lem s 

Mitchel l  Rabinowit z (MRABINOWITZ@MARY.FORDHAM.EDU) 
Charle s Hoduli k (HODULIK@LOU.FORDHAM.EDU) 

Graduat e Schoo l  o f  Education ,  Fordha m Universit y 
113 W .  60t h Street ,  N e w York ,  N Y 1002 3 

Experts ,  withi n thei r  fiel d o f  expertise ,  perceiv e an d 
categoriz e problem s differentl y tha n novices .  Fo r 
example ,  Chi ,  Feltovich ,  an d Glase r  (1981 )  argue d tha t 
novice s represente d physic s problem s primaril y o n th e 
basi s o f  surfac e features ,  suc h a s th e angl e a t  whic h th e 
plan e i s incline d wit h respec t  t o th e horizontal .  Experts , 
on th e othe r  hand ,  represente d th e sam e problem s aroun d 
basi c law s o f  physics ,  suc h a s principle s o f  mechanics , 
conservatio n o f  energy ,  an d Newton' s law s o f  force .  Th e 
goal  o f  th e presen t  stud y wa s t o investigat e th e efficac y o f 
tw o method s t o ge t  novice s t o categoriz e physic s 
problem s alon g th e sam e dimension s a s experts . 

The rational e fo r  thi s stud y wa s derive d fro m a 
hypothesi s generate d b y Brook s (1978 )  an d Markma n 
(1989) .  Th e hypothesi s wa s tha t  fo r  simple ,  well-define d 
concepts ,  suc h a s a  square ,  peopl e woul d represen t  thes e 
concept s i n term s o f  abstrac t  definin g rules .  However ,  fo r 
more comple x concepts ,  a  person' s knowledg e i s  mor e 
likel y t o b e exemplar-base d rathe r  tha n base d o n definin g 
rules .  Tha t  is ,  peopl e memoriz e exemplar s o f  a  give n 
categor y rathe r  tha n a  se t  o f  definin g features .  Th e perso n 
coul d the n reaso n abou t  th e categor y b y comparin g ne w 
members t o familia r  ones .  Give n tha t  physic s problem s 
ar e example s o f  a n ill-define d categories ,  w e reasone d tha t 
exemplar-base d trainin g fo r  representin g physic s problem s 
woul d facilitat e th e acquisitio n o f  th e mor e abstrac t 
representationa l  mode l  tha n a  definitional-base d approach . 

Thus ,  i n thi s stud y w e aske d subject s t o sor t  a  se t  o f 
physic s problem s int o thre e differen t  group s 
correspondin g t o problem s tha t  primaril y relat e t o 
conservatio n o f  energy ,  Newton' s secon d law ,  an d 
conservatio n o f  momentum .  T w o differen t  type s o f 
trainin g condition s wer e provided .  I n th e definitiona l 
trainin g condition ,  subject s wer e provide d wit h a  shor t 
descriptio n o f  th e definin g feature s fo r  eac h o f  thes e type s 
of  problem s an d wer e aske d t o sor t  th e problem s int o th e 
relevan t  groups .  I n th e exempla r  trainin g group ,  subject s 
wer e tol d tha t  ther e wer e thre e physicist s an d eac h like d t o 
wor k o n a  specifi c  typ e o f  problem .  Subject s wer e aske d 
t o figure  ou t  whic h problem s eac h physicis t  like d t o wor k 
on.  Thi s essentiall y pu t  th e subject s int o a  guessin g 
mode an d a  paired-associat e tas k wher e th e subject s ha d 
t o memoriz e whic h proble m wen t  wit h whic h scientist . 
Althoug h th e subject s wer e no t  informed ,  th e first 
physicis t  like d conservatio n o f  energ y problems ,  th e 
second ,  problem s involvin g Newton' s secon d law ,  an d th e 
third ,  problem s illustratin g conservatio n o f  momentum . 
Thus ,  bot h group s wer e require d t o sor t  th e problem s i n 

th e identica l  way .  Fiftee n problem s wer e presented ;  5 
relate d t o eac h category . 

Afte r  subject s i n bot h trainin g group s me t  th e sortin g 
criterio n o f  2  successfu l  sortin g trial s fo r  al l  1 5 problems , 
the y wer e the n give n a  secon d sortin g tas k t o do .  Th e 
definitiona l  grou p wa s aske d t o continu e wha t  the y ha d 
don e previousl y wit h a  ne w se t  o f  problems .  Th e 
exempla r  grou p wa s no w give n th e definition s o f  th e thre e 
group s an d aske d t o sor t  th e problem s b y definition . 
Thus ,  fo r  thi s secon d sort ,  bot h group s wer e give n th e 
same problem s t o sor t  wit h th e sam e se t  o f  instructions . 
A thir d grou p o f  subject s (n o training )  wer e jus t  give n th e 
secon d sor t  tria l  wit h definitions .  Onc e again ,  al l  subject s 
sorte d unti l  the y reache d th e criteri a o f  tw o successfu l 
sortin g trials .  Presentatio n o f  th e problem s an d th e 
recordin g o f  th e dat a wer e controlle d b y a  HyperCar d 
program . 

Subjects .  Th e subject s i n th e stud y wer e 4 8 hig h 
schoo l  student s wh o wer e i n thei r  secon d yea r  o f  physic s 
study . 

Results .  Th e tw o trainin g group s significantl y diffwe d 
i n th e numbe r  o f  trial s require d t o reac h criterion ,  wit h 
subject s i n th e exempla r  conditio n requirin g fewe r  numbe r 
of  trial s (mea n =  6.9 )  tha n thos e give n definition s (7.9) . 
Thes e result s argu e tha t  th e categorizatio n tas k b y 
definition s wa s indee d difficul t  an d tha t  i t  wa s easie r  t o d o 
by rot e memor y tha n throug h featur e detection .  Fo r  th e 
secon d sortin g task ,  wher e everyon e ha d t o sor t  b y 
definitions ,  significan t  difference s betwee n th e thre e 
group s wer e observed .  Th e n o trainin g grou p require d a 
mean o f  8. 2 trial s t o reac h criterion ,  th e definitiona l  grou p 
require d a  mea n o f  6. 8 trial s an d th e exempla r  grou p 
require d a  mea n o f  5. 9 trials . 

Discussion .  Th e result s fro m thi s stud y supporte d 
Brooks '  hypothesi s tha t  categorizatio n o f  thes e ill-define d 
categoie s ar e bes t  acquire d throug h exemplar -  base d 
practice . 
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