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Evidenc e Agains t  th e Globa l  Spee d o f  Processin g Theor y o f  W o r k i n g M e m o r y 

Nelson Cowan (psNcowanfalsho\vmen[iissoun.edu) 
Departmen t  o f  Psycholotiy ,  Universit y  o f  Missouri ,  21 0 McAleste r  Hal l 

Columbia ,  M O 6521 1 U S A 

Introduct io n 

Severa l  theorist s hav e suggeste d tha t  a  smgle ,  globa l  spee d o f 
processin g explam s individua l  an d developmenta l  difference s 
i n workin g memor y (e.g. .  Fr y & .  Hale ,  1996 ;  Kai l  &  Park , 
1994 ;  Kai l  &  Salthouse ,  1994 ;  Salthouse ,  1996) .  1  propos e 
tha t  a  mor e comple x vie w mus t  b e taken .  Ther e ar e severa l 
differen t  processin g speed s tha t  ar e unrelate d t o on e another , 
bot h o f  whic h ar e nevertheles s relate d t o workin g memor y 
ability .  Moreover ,  on e o f  thes e processin g speed s i s affecte d 
by memor y load .  Thes e tw o separat e type s o f  speed s canno t 
be reduce d t o a  single ,  globa l  spee d o f  processing . 

Discussion of Evidence 

New evidence comes from the duration of responses in 
memory spa n task s administere d t o childre n rangin g fro m 4 
t o 1 2 year s old ,  an d youn g adults .  Usin g a  soun d wavefor m 
editor ,  a  fine-grained  analysi s ha s bee n obtained . 
Specifically ,  th e duratio n o f  word s an d silen t  pause s betwee n 
word s i n th e spoke n response s withi n spa n task s hav e bee n 
measure d (Cowan ,  1992 ;  Cowan ,  Kelle r  etal. ,  1994 ;  Cowan , 
Wood e t  al. ,  i n press) .  Thes e measurement s hav e bee n mad e 
onl y fo r  stimulu s list s tha t  wer e repeate d b y th e subjec t 
withou t  error . 

The duration s o f  word s i n th e memor y spa n tas k respons e 
ar e affecte d ver y littl e b y lis t  length ,  th e subject' s  age ,  o r  th e 
subject' s memor y spa n ability .  Onl y th e duration s o f  stimulu s 
word s affec t  the m However ,  th e duration s o f  inter-wor d 
pause s i n th e respons e ar e affecte d b y differen t  factors .  The y 
ar e unaffecte d b y stimulu s wor d lengt h bu t  ar e longe r  withi n 
response s t o longe r  lists ,  suggestin g tha t  subject s mus t  searc h 
throug h th e lis t  repeatedl y t o retriev e eac h wor d t o recal l 
next .  Fo r  list s o f  a  fixed  length ,  th e pause s ar e longe r  fo r 
younge r  an d les s capabl e subjects .  Thes e result s sugges t  tha t 
a memor y retrieva l  proces s (whic h i s no t  cover t  rehearsal . 
give n th e absenc e o f  wor d duratio n effect s i n pauses )  occur s 
betwee n word s i n th e response ,  i s  set-size-dependent ,  an d 
occur s mor e quickl y fo r  mor e capabl e subjects . 

For  convergin g evidence ,  w e als o hav e collecte d memor y 
searc h prob e reactio n time s i n adult s (Cowan ,  W o o d e t  al. ,  i n 
press )  usin g a  modificatio n o f  th e metho d o f  Sternber g (1966 ) 
tha t  ca n b e use d wit h adult s i n groups .  The y ar e give n a  fixed 
perio d t o searc h throug h a n arra y t o find  item s tha t  com e 
fro m th e memor y se t  an d circl e thos e items . 

We als o hav e examine d ho w quickl y subject s ca n repea t 
shor t  set s o f  word s a s a n estimat e o f  rehearsa l  rate s (se e 
Baddeley ,  1986 )  an d hav e develope d anothe r  tas k i n whic h 
rehearsa l  remain s cover t  an d subject s mak e a  mar k o n pape r 
t o reflec t  eac h rehearsa l  cycl e (Cowan ,  W o o d e t  al. ,  i n press) . 

Bot h retrieva l  rate s (indicate d b y inter-wor d pause s i n 
spa n tas k response s an d b y memor y searc h reactio n times ) 
and rehearsa l  rate s (indicate d b y rapi d speakin g an d cover t 
rehearsa l  rates )  ar e correlate d wit h span ,  generall y a t  abou t 

r  =  .4 .  Nevertheless ,  retrieva l  an d rehearsa l  rate s ar e 
completel y uncorrelate d wit h on e another ,  accountin g fo r 
non-overlappin g portion s o f  th e varianc e i n memor y span . 
For  example .  Cowan ,  W o o d e t  al .  (i n press )  foun d that ,  i n a 
sampl e o f  childre n rangin g fro m first  grad e throug h fifth 
grade ,  inter-wor d pause s an d rapi d speakin g rate s togethe r 
accounte d fo r  6 0 % o f  th e varianc e i n spa n an d 8 7 % o f  th e 
age-relate d varianc e i n span . 

Conclusion 

Thes e result s sugges t  tha t  ther e i s no t  jus t  a  single ,  globa l 
spee d o f  processing .  Retrieva l  rate s ar e highl y load-sensitiv e 
and ma y reflec t  th e capacit y o f  th e focu s o f  attention ,  wherea s 
rehearsa l  rate s ma y reflec t  th e spee d o f  automati c processin g 
i n a  phonologica l  loo p mechanism .  Th e tw o type s o f 
processin g rate s ar e no t  relate d t o on e anothe r  an d therefor e 
must  b e accounte d fo r  throug h separat e mechanisms . 
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