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W hy S o m e Arithmeti c Fact s A r e Ha rde r  t o R e m e m b e r 

Charlott e F .  Manl y an d Kathry n T .  Spoeh r 
Cognitiv e an d Linguisti c Science s 

Brow n Universit y 
Providence .  R I  0291 2 

C h a r l o t t e _ M a n l y @ b r o w n . e d u 

A continuin g puzzl e withi n th e stud y o f  simpl e arithmeti c 
fac t  retrieva l  i s wh y som e fact s tak e longe r  t o retriev e tha n 
others .  Althoug h reactio n time s ma y reflec t  representationa l 
structur e o r  content—an d i t  i s th e large r  arithmeti c fact s 
whic h tak e longe r  t o retrieve—ou r  result s sugges t  tha t  thi s 
proble m siz e effec t  ma y b e du e t o mor e genera l  effect s o f 
memory underlyin g cognitiv e skill . 

I t  ha s bee n variousl y hypothesize d tha t  th e proble m siz e 
effec t  i n adult s i s du e t o relativ e fac t  frequenc y (larg e fact s 
ar e practice d les s often ;  Ashcraft ,  1987) ,  orde r  o f  acquisitio n 
(larg e problem s ar e learne d late r  an d suffe r  intrusion s fro m 
earl y problems ;  Campbel l  &  Graham ,  1985) ,  o r  initia l 
backu p strateg y (larg e problem s ar e mor e error-pron e wit h 
countin g strategies ;  Siegler ,  1988) .  T w o o f  thes e 
hypothese s assum e tha t  initia l  erro r  rate s durin g learnin g 
affec t  late r  retrieva l  times ,  eve n afte r  extensiv e practice . 

T wo experiment s use d alphaplicatio n facts ,  i n whic h 
rando m letter s replace d digit s i n a  non-base-1 0 arithmeti c 
table ,  t o tes t  th e abov e hypotheses .  I n on e experiment , 
whic h teste d th e relativ e frequency  an d strateg y hypotheses , 
subject s wer e familiarize d wit h countin g an d additio n i n th e 
domain ;  the n hal f  wer e coache d t o us e a  repeate d additio n 
strateg y whil e th e res t  use d a  mnemoni c strategy ,  an d al l 
wer e give n extensiv e practic e (4 0 trial s pe r  ite m fo r  hig h 
frequenc y items )  o n selecte d facts .  Despit e a n effec t  o f 
strateg y o n initia l  erro r  rates ,  ther e wa s n o significan t  effec t 
of  strateg y o n retrieva l  time s fo r  well-practice d items .  A 
secon d experiment ,  whic h teste d th e orde r  o f  acquisitio n 
hypothesi s an d use d n o strateg y coaching ,  foun d greate r 
initia l  erro r  rate s fo r  th e firs t  fac t  subse t  tha n th e second ,  bu t 
no significan t  difference s fo r  tes t  R T afte r  4 0 practic e trial s 
per  item .  Thu s i n neithe r  experimen t  ca n difference s i n 
initia l  erro r  rate s b e considere d a  predicto r  o f  significan t 
difference s i n RT . 

Of  thes e thre e hypotheses ,  suppor t  wa s obtaine d onl y fo r 
th e relativ e frequenc y hypothesis .  However ,  sinc e relativ e 
frequenc y an d tota l  practic e trial s wer e confounded ,  pos t  ho c 
analyse s wer e performed ;  thes e reveale d tha t  th e frequenc y 
effec t  wa s du e t o amoun t  o f  practice ,  no t  t o relativ e 
frequenc y durin g practice .  Thes e result s ar e consisten t  wit h 
Lx)ga n an d Klapp' s (1991 )  findings  tha t  th e developmen t  o f 
automaticit y depend s o n numbe r  o f  trial s pe r  item ,  no t  tota l 
number  o f  trials ,  se t  size ,  o r  numbe r  o f  sessions . 

Thes e result s sugges t  tha t  onc e direc t  retrieva l  ha s becom e 
th e primar y o r  onl y strategy ,  respons e tim e difference s 
indicat e difference s i n retrieva l  practice ,  no t  fac t 
representationa l  structur e o r  content .  Moreover ,  th e effec t  o f 
eari y error s o n late r  retrieva l  spee d seem s t o was h out ,  a t 
leas t  fo r  th e productio n task .  I t  i s a n ope n questio n whethe r 
othe r  less-practice d bu t  skill-relate d tasks ,  drawin g o n th e 

same representationa l  content ,  woul d b e mor e vulnerabl e t o 
earl y errors .  Result s fro m additiona l  task s i n thes e 
experiments—fac t  verificatio n an d numeri c compariso n o f 
pair s i n th e for m " a x  b "  an d "c " — suppor t  thi s speculatio n 
fo r  th e verificatio n tas k bu t  no t  numeri c comparison . 
Zbrodof f  an d Loga n (1990 )  conclude d tha t  arithmeti c fact s 
ar e treate d a s whole s rathe r  tha n a s one-wa y link s fro m 
proble m t o answer ;  thu s answe r  primin g o f  incorrec t  trial s 
may b e th e reaso n tha t  verificatio n i s vulnerabl e t o eari y 
error s whil e productio n an d numbe r  compariso n ar e not . 

Mor e generally ,  ou r  result s cas t  doub t  o n tw o kind s o f 
memory theories .  Semanti c memor y theorie s assum e tha t 
respons e time s reflec t  semanti c memor y structure ;  however , 
our  result s indicat e tha t  suc h a  simpl e measur e reflect s 
nothin g mor e tha n practice .  Additiona l  dat a tha t  w e hav e 
collecte d tes t  whethe r  RT-base d measure s o f  transfe r  ca n 
detec t  conceptua l  structur e sinc e same-tas k R T doe s not . 
Our  result s o n th e effec t  o f  relativ e frequenc y versu s tota l 
practic e als o see m t o contradic t  th e predictio n o f  strengt h 
theories .  Suc h a  theor y woul d scal e trial s pe r  proble m 
agains t  tota l  trial s t o yiel d a  strengt h proportiona l  t o relativ e 
proble m frequenc y an d fairl y insensitiv e (excep t  fo r 
proportio n o f  erro r  trials )  t o absolut e numbe r  o f  trials .  Ou r 
concurren t  compute r  simulatio n o f  differen t  memor y theorie s 
extend s thes e findings  int o th e theoretica l  domain . 
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