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A l p h a b e t  A r i t hme t i c a n d A C T - R : 

A repl y t o R a b i n o w i t z a n d G o l d b e r g 

J. Gregory Trafton 
Naval  Researc h Laboratory ,  Cod e 551 3 

Washington ,  D C 20375-533 7 
traftonCitd.nrl.navy.mi l 

I n t r o d u c t i o n 

How i s huma n knowledg e an d memor y organized ? Re -
cently ,  som e researcher s hav e suggeste d tha t  knowledg e 
i s eithe r  "active "  (e.g. ,  Rabinowit z &  Goldberg ,  i n press ) 
or  "inert "  (e.g. ,  Anderson ,  1993a) .  Theorist s wh o clai m 
tha t  declarativ e knowledg e i s activ e sugges t  tha t  mem-
or y i s activel y processed ,  symbo l  manipulatio n i s no t 
necessary ,  an d tha t  memor y i s organize d i n a n associa -
tiv e networ k wit h inhibitor y an d excitator y link s (Rabi -
nowit z k  Goldberg ,  i n press) .  Theorist s wh o clai m tha t 
declarativ e knowledg e i s inert ,  o r  passive ,  sugges t  tha t 
declarativ e knowledg e i s acte d upo n b y production s an d 
gain s strengt h b y bein g accesse d (Anderson ,  Conrad ,  & 
Corbett ,  1993) . 

Rabinowit z an d Goldber g (i n press )  hav e compare d 
and contraste d thes e tw o model s b y runnin g a  serie s o f 
experiment s usin g th e "alphabe t  arithmetic "  paradigm . 
Rabinowit z an d Goldber g (i n press )  presente d subject s 
wit h a  lette r  an d a  number .  Subject s ha d t o 'add '  th e 
number  t o th e lette r  t o generat e th e secon d letter .  Fo r 
example ,  fo r  th e proble m C  +  3  =? ,  subject s shoul d re -
spon d F . 

Rabinowit z an d Goldber g (i n press )  ha d tw o condi -
tions :  a  retrieva l  conditio n an d a  procedura l  condition . 
I n th e retrieva l  condition ,  subject s sa w a  smal l  se t  o f 
problem s o n whic h the y receive d extende d practice .  I n 
th e procedura l  condition ,  subject s sa w a  larg e numbe r 
of  problem s a  fe w times . 

Rabinowit z an d Goldber g (i n press )  foun d tha t  sub -
ject s i n th e retrieva l  conditio n memorize d th e problems , 
whil e subject s i n th e procedura l  conditio n use d a  "finge r 
counting "  procedur e t o arriv e a t  th e correc t  answer .  A t 
th e en d o f  th e acquisitio n stag e o f  th e experiment ,  sub -
ject s i n th e retrieva l  conditio n wer e faste r  tha n subject s 
i n th e procedura l  condition .  O n a  transfe r  task ,  how -
ever ,  subject s i n th e procedura l  conditio n wer e faste r 
tha n subject s i n th e retrieva l  condition . 

Rabinowit z an d Goldber g (i n press )  claime d tha t  thi s 
evidenc e wa s stron g suppor t  fo r  a  "retrieval "  mode l  o f 
knowledg e representatio n wher e declarativ e knowledg e i s 
active ,  no t  inert ,  a s Anderso n (1993b )  claims . 

To examin e thi s hypothesis ,  a  ver y simpl e mode l  o f 
alphabe t  arithmeti c wa s buil t  usin g A C T - R (Anderson , 
1993b) . 

Results 

As Figur e 1  shows ,  th e mode l  doe s a  goo d jo b o f  mod -
elin g th e actua l  dat a fo r  bot h th e retrieva l  an d proce -
dura l  conditions .  I n addition ,  th e A C T - R mode l  show s 

th e sam e patter n o f  result s o n th e posttes t  tha t  th e ac -
tua l  dat a does .  Th e A C T - R mode l  suggest s tha t  sub -
ject s ar e no t  onl y learnin g an d strengthenin g produc -
tions ,  bu t  als o strengthenin g th e association s betwee n 
declarativ e workin g memor y elements .  Th e mode l  sug -
gest s tha t  subject s i n th e retrieva l  conditio n di d memo-
riz e alphabe t  eirithmeti c facts ,  whil e th e subject s i n th e 
procedura l  conditio n gaine d mor e experienc e traversin g 
th e alphabe t  itself ,  thereb y strengthenin g th e pertinen t 
associations . 

D — Procedura l  Dat a 
O Retrieval Data 

—-O—- Procedural Model 

A— Retrieval Model 

Trial s 

Figure 1: Reaction times (approximated) from Rabi-
nowit z &  Goldber g an d mode l  dat a fro m A C T - R . 

In summary, ACT-R can successfully model the data 
presente d b y Rabinowit z an d Goldber g (i n press) .  Thi s 
model  suggest s tha t  th e association s betwee n memor y 
element s ar e critica l  i n thi s typ e o f  task . 
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