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The stud y o f  skil l  acquisitio n ha s focuse d primaril y o n high -
leve l  cognitiv e mechanism s neede d t o acquir e an d adap t 
problem-solvin g knowledge .  However ,  man y skill s  als o 
involv e comple x low-leve l  processe s o f  visuall y encodin g 
relevan t  informatio n an d generatin g a n appropriat e response . 
Our  wor k use s a  low-leve l  analysi s o f  visua l  encodin g an d 
respons e dat a t o sho w tha t  th e acquisitio n an d adaptatio n o f 
encodin g an d respons e strategie s pla y a  significan t  rol e i n 
comple x skil l  acquisition .  I t  als o support s recen t  finding s 
concernin g th e importanc e o f  informatio n reductio n i n skil l 
acquisitio n (Haide r  &  Frensch ,  1996) . 

For  ou r  analysis ,  w e us e dat a fro m a  tas k wher e student s 
learne d an d use d equation s from  a  simplifie d textbook-lik e 
presentation .  I n th e experiment ,  subject s solve d simpl e 
physic s problem s usin g equation s an d example s t o guid e 
thei r  solutions ;  th e problem s resemble d simplifie d version s 
of  mor e comple x physic s problem s i n simila r  studie s (e.g. , 
Chi  &  VanLehn ,  1991) .  W e ar e primaril y intereste d i n th e 
skill s  neede d t o encod e th e equation ,  t o encod e value s fro m 
th e give n tes t  problem ,  an d t o generat e a  correc t  respons e 
base d o n th e equatio n an d values . 

Our  approac h t o analyzin g encodin g an d respons e 
strategie s make s heav y us e o f  eye-trackin g data .  Recen t 
researc h i n readin g comprehensio n (Jus t  &  Carpenter ,  1984) , 
wor d proble m comprehensio n (Hegarty ,  Mayer ,  &  Green , 
1992) ,  an d arithmeti c performanc e (Suppe s e t  al. ,  1982 )  ha s 
show n tha t  visua l  dat a ca n provid e man y insight s int o 
cognitiv e skills .  Thi s researc h ha s primaril y analyze d visua l 
dat a i n aggregate—fo r  example ,  th e numbe r  o f  fixations  i n a 
particula r  are a o r  th e numbe r  o f  re-reading s afte r  a n initia l 
reading .  Ou r  wor k examine s subjec t  behavio r  i n aggregat e 
as wel l  a s a t  th e leve l  o f  individua l  scannin g an d respons e 
protocols .  Suc h a  protoco l  analysi s i s analogou s t o verba l 
protoco l  analysi s commo n i n th e field,  an d ca n b e helpfu l  i n 
elucidatin g subjec t  strategie s whic h ma y b e subtl e o r  hidde n 
i n a n aggregat e analysis . 

The dat a analysi s illustrate s a t  leas t  tw o interestin g 
aspect s o f  subjec t  behavio r  i n th e task .  First ,  subject s 
adapte d thei r  encodin g strategie s bot h betwee n an d withi n 
block s o f  problem s t o produc e mor e efficien t  scannin g 
patterns .  Second ,  subject s use d domai n knowledg e t o 
specializ e thei r  encodin g an d respons e strategies .  Thes e 
result s als o sho w tha t  subject s ca n limi t  informatio n 
processin g t o relevan t  aspect s o f  th e task ,  demonstratin g th e 
importanc e o f  informatio n reductio n i n skil l  acquisition . 

Thes e result s hav e importan t  implication s fo r  genera l 
theorie s o f  cognition .  The y sugges t  tha t  suc h theorie s 
shoul d b e abl e t o acquir e an d adap t  low-leve l  skills ,  t o lear n 
ho w an d wha t  t o encod e base d o n presentatio n o f 
informatio n an d pas t  domai n knowledge ,  an d t o decid e 
whethe r  t o outpu t  th e respons e durin g o r  afte r  computation . 
The A C T - R theor y (Anderson ,  1993 )  seem s well-suite d t o 
addres s thes e challenges .  A C T - R allow s fo r  th e creatio n o f 
low-leve l  production-syste m model s tha t  ca n us e bot h visua l 
informatio n an d domai n knowledg e t o adap t  strategies .  W e 
ar e currentl y experimentin g wit h a n A C T - R mode l  o f  th e 
tas k t o ascertai n it s abilit y  t o accoun t  fo r  thes e data . 
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