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The Interactio n Betwee n Workin g Memor y 
and Unit s o f  Procedura l  Knowledg e 

Thomas A .  Kanarsk i 
Donal d J .  Fos s 

Universit y o f  Texa s a t  Austi n 

Thi s stud y focuse s o n th e interactio n betwee n unit s o f  procedura l 
knowledg e an d workin g memory .  Evidenc e i s provide d supportin g th e 
concep t  tha t  procedura l  knowledg e i s store d i n memor y a s modula r  unit s 
ofte n referre d t o a s subroutines .  Th e pape r  als o give s evidenc e 
supportin g th e notio n tha t  mor e tha n on e workin g memor y exist s i n 
cognitiv e processing . 

To illustrate the idea of units or modules of procedural knowledge, 
conside r  a  perso n wh o mus t  eliminat e informatio n fro m a  compute r  dat a 
bas e system .  A  reasonabl e descriptio n o f  th e activit y wil l  brea k i t  int o 
a sequenc e o f  chunk s (menta l  o r  behaviora l  units )  tha t  var y i n 
complexit y an d duration .  Fo r  a  particula r  dat a bas e managemen t  system , 
calle d OMNI ,  on e suc h descriptio n is :  1 )  fin d th e information ;  2 ) 
mar k th e informatio n fo r  late r  elimination ;  3 )  el iminat e th e marke d 
information .  Thes e step s ca n b e though t  o f  a s labels .  "Fin d th e 
in fo rmat ion "  wou l d b e a n ident i f ie r  fo r  a  g rou p o r  packe t  o f 
instruction s t o ge t  th e appropriat e dat a displaye d o n th e CRT.  Fo r  th e 
purpose s o f  thi s paper ,  a  packe t  o f  instruction s i s calle d a  uni t  o r 
modul e o f  procedura l  knowledge . 

A module of procedural knowledge may use other units. In the 
example ,  th e "fin d th e information "  modul e ma y us e a  modul e calle d "GET ' 
(instruction s t o us e th e "GET "  comman d i n OMNI) .  I n turn ,  th e "GET " 
modul e ma y us e othe r  modules ,  whic h us e stil l  others ,  an d s o forth , 
unti l  specifi c  moto r  command s ar e issued .  Th e mor e genera l  module ,  "fin d 
th e information, "  deal s wit h a  pla n o f  action ,  th e leve l  a t  whic h thi s 
stud y focuses . 

WORKING MEMORY 

An assumption made in this study is that the units are processed in 
workin g memor y area s tha t  hol d instructio n group s fo r  processin g o n a 
temporar y basi s (Baddele y an d Hitch ,  1974) .  Thi s centralize d setu p 
greatl y reduce s processin g overhea d (Kanarski ,  1984) . 

Two subroutine retrieval models of working memory are considered 
i n thi s pape r  (Sternberg ,  Monsell ,  Knoll ,  an d Wright ,  1980) .  Fo r  a 
discussio n o f  ho w a  limited-capacit y mode l  (Baddele y an d Hitch ,  1974 ) 
and a  competitio n mode l  (Lashley ,  1951 ;  Wickelgren ,  1969 )  o f  workin g 
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memory woul d interac t  wit h unit s o f  knowledg e se e Kanarsk i  (1984) .  Th e 
firs t  subroutin e retrieva l  mode l  (SRM-1 )  load s module s o r  subroutine s 
int o workin g memor y a s needed .  Th e modul e i s processed ,  the n th e nex t 
modul e i s foun d an d loade d int o workin g memory .  SRM- 1 ha s bee n use d t o 
predic t  th e rapi d movemen t  sequenc e o f  speec h an d typin g a t  th e leve l  o f 
moto r  command s (Sternberg ,  e t  al. ,  1980) .  Th e dat a als o sugges t  tha t 
moto r  command module s ar e subjec t  t o eithe r  rapi d deca y o r  destructiv e 
reads . 

A closer look at the plan-of-action level of processing suggests 
tha t  th e rapi d los s o f  informatio n i n workin g memor y ma y no t  b e 
efficient .  Unlik e moto r  movements ,  th e sam e modul e implementin g som e 
portio n o f  th e overal l  pla n i s ver y likel y t o b e repeated .  Usin g th e 
exampl e above ,  a  perso n findin g severa l  item s o f  informatio n i n th e dat a 
bas e whic h ar e t o b e delete d ma y repea t  th e sam e comman d sequenc e 
severa l  time s t o fin d al l  o f  th e items .  I n thi s case ,  i t  woul d b e mor e 
efficien t  t o chec k th e content s o f  workin g memor y an d determin e i f  the y 
ar e neede d fo r  th e nex t  roun d o f  processin g (Kanarski ,  1984) .  Thi s typ e 
of  workin g memor y wil l  b e referre d t o a s th e subroutin e retrieva l  mode l 
-  typ e 2  (SRM-2) .  Th e primar y differenc e betwee n th e tw o workin g memor y 
model s i s whethe r  informatio n i s subjec t  t o rapi d los s (a s i n SRM-1 )  o r 
no t  (a s i n SRM-2) . 

By having a person perform a task for which more than one method 
exists ,  i t  i s  possibl e t o behaviorall y differentiat e th e tw o workin g 
memory models .  Th e exampl e o f  eliminatin g informatio n fro m a  dat a bas e 
usin g th e OMNI  dat a bas e managemen t  syste m i s suc h a  task .  Th e 
appropriat e OMNI  command s ar e "GET "  (fin d th e informat ion) ,  "DELETE " 
(mar k th e informatio n fo r  late r  elimination) ,  an d "WEED"  (eliminat e th e 
informat ion) .  Suppos e th e use r  ha d severa l  item s o f  informatio n t o 
eliminat e fro m th e dat a base .  Th e use r  coul d "GET "  th e locatio n o f  eac h 
item ,  "DELETE "  (mark )  eac h item ,  an d the n "WEED"  al l  o f  th e items .  Thi s 
i s calle d a  shor t  cycl e metho d an d i s denote d b y GET /  DELETE /  WEED / . 
Alternatively ,  th e use r  coul d "GET "  on e ite m an d "DELETE "  (mark )  it . 
Thi s i s repeate d unti l  al l  o f  th e i tem s ar e foun d an d marked .  The n th e 
use r  coul d "WEED"  al l  o f  th e i tems .  Thi s i s calle d a  mediu m cycl e 
metho d an d i s represente d b y GET DELET E /  WEED / .  Usin g th e las t 
possibl e method ,  th e use r  coul d "GET "  on e item ,  "DELETE "  (mark )  it ,  an d 
the n "WEED"  it .  Thi s sequence ,  th e lon g cycl e method ,  i s repeate d fo r 

eac h item .  Thi s metho d i s denote d b y GET DELETE WEED / . 

Suppose that each OMNI command is represented as a module of 
procedura l  knowledg e i n th e user' s memory .  Afte r  processing ,  a  modul e 
i n th e SRM- 1 workin g memor y i s no t  availabl e fo r  furthe r  processing .  I f 
th e modul e i s t o b e use d again ,  i t  mus t  b e foun d an d loade d int o workin g 
memory.  I n term s o f  th e OMNI  task ,  th e tim e fo r  th e operato r  t o restar t 
a DELET E comman d i n th e shor t  cycl e metho d shoul d b e th e sam e a s th e 
tim e t o star t  th e DELETE command afte r  finishin g th e GET command i n bot h 
th e mediu m an d lon g cycl e methods . 
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I n a  SRM- 2 workin g memory ,  a  chec k I s mad e t o determin e i f  th e 
curren t  modul e i s require d fo r  furthe r  processing .  I f  i t  i s  no t  needed , 
th e prope r  modul e i s foun d an d loade d int o workin g memory .  I f  th e 
curren t  modxil e i s needed ,  processing  ca n simpl y b e restarted ,  bypassin g 
th e searc h an d loa d processes .  I n term s o f  th e OMNI  task ,  i t  shoul d b e 
faste r  t o restar t  th e DELETE command i n th e shor t  cycl e metho d tha n t o 
star t  th e DELETE command afte r  finishin g th e GET command i n eithe r  th e 
mediu m o r  lon g cycl e methods .  Also ,  th e t im e t o star t  th e DELET E 
command i n bot h th e mediu m an d lon g cycl e method s shoul d b e th e same . 
Bot h method s requir e tha t  a  ne w modul e (DELETE )  b e foun d an d loade d 
befor e processin g ca n continue . 

METHODS 

The subjects were thirty undergraduates at the University of Texas 
at  Austi n selecte d fro m introductor y psycholog y course s an d thos e 
responding  t o a  newspape r  advertisement .  Al l  o f  th e subject s ha d littl e 
or  n o compute r  experienc e an d the y wer e al l  wer e abl e t o touc h typ e a t 
leas t  3 0 WPM.  Exper t  user s wer e no t  use d becaus e the y woul d hav e 
specialize d tas k strategie s tha t  woul d confoun d th e study . 

The subjects were tested individually. After a typing test, the 
subjec t  wa s give n a  modifie d versio n o f  th e OMNI  manua l  t o read .  Th e 
subjec t  wa s tol d no t  t o memoriz e th e manua l  sinc e i t  woul d b e availabl e 
durin g th e experiment .  Th e subjec t  the n attempte d seve n practic e tasks . 
Thes e coul d b e accomplishe d usin g onl y on e OMNI  command . 

The subject was then given seven experimental tasks. The tasks 
fel l  int o on e o f  thre e type s an d ther e wer e a t  leas t  tw o possibl e 
method s t o accomplis h eac h tas k type .  On e tas k wa s t o eliminat e fiv e 
item s fro m th e dat a base .  Th e method s ar e describe d earlie r  i n thi s 
paper .  Anothe r  tas k wa s t o ad d fiv e item s t o th e dat a bas e an d maintai n 
th e alphabetica l  orde r  o f  th e dat a base .  Th e command s ar e AD D (ad d a n 
ite m t o th e en d o f  th e dat a base )  an d ORDER (ge t  th e dat a bas e i n 
alphabetica l  order) .  Thi s tas k ha s a  shor t  cycl e metho d (AD D /  ORDER / ) 
and a  lon g cycl e metho d (AD D ORDER / ) .  Th e las t  tas k wa s t o chang e 
informatio n o f  fiv e item s i n th e dat a base .  Th e command s ar e GET (fin d 
th e item )  an d CHANGE (chang e informatio n i n th e item) .  Thi s tas k als o 
ha s a  shor t  cycl e metho d (GE T /  CHANGE / )  an d a  lon g cycl e metho d 
(GET CHANGE / ) . 

The instructions for each task stated how the task was to be 
accomplishe d withou t  explicitl y  statin g whic h command s wer e t o b e used . 
Thus ,  eac h subjec t  performe d eac h tas k typ e usin g th e short ,  medium ,  an d 
lon g cycl e methods .  Tha t  is ,  cycl e lengt h wa s th e within-subjec t 
variable .  Th e experimente r  di d no t  giv e th e subjec t  an y hel p unles s 
ther e wa s a n equipmen t  failur e o r  th e subjec t  deviate d fro m th e tas k 
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instructions .  Th e subject s wer e no t  tol d abou t  eithe r  th e experimenta l 
hypothesi s o r  whethe r  a  tas k wa s practic e o r  experimental . 

The subjects were randomly assigned to one of two groups depending 
on th e orde r  tha t  th e task s wer e presented .  Th e task s wer e interweave d 
as no t  t o hav e a  tas k o f  a  particula r  typ e follo w a  tas k o f  th e sam e 
type . 

The commands of interest were DELETE, ADD, and CHANGE. Each of 
thes e command s occure d i n onl y on e tas k typ e an d wer e use d th e sam e 
number  o f  time s i n eac h task .  Th e dependen t  measur e wa s th e mea n time s 
befor e th e third ,  fourth ,  an d fift h us e o f  a  comman d o f  interest .  Th e 
firs t  an d secon d t ime s wer e no t  use d becaus e pilo t  studie s indicate d 
tha t  ther e wer e larg e practic e effect s influencin g th e measure .  B y th e 
thir d us e o f  a  comman d wit h a  task ,  non e o f  th e subject s referre d t o 
eithe r  th e manua l  o r  th e tas k instructions . 

RESULTS 

Three ANOVAs were performed, one for each command of interest. If 
th e las t  thre e time s t o th e nex t  us e o f  a  command coul d no t  b e properl y 
extracted ,  tha t  subject' s dat a wer e throw n ou t  fo r  tha t  comman d only . 
Thi s occurre d onc e i n eac h analysis . 

In each ANOVA, the time to the next use of the command in the short 
cycl e metho d wa s significantl y les s tha n tha t  t im e i n th e lon g cycl e 
metho d (se e Tabl e 1) . 

TASK 

ADD 

CHANGE 

DELETE 

CYCLE LENGTH 

SHORT 
LONG 

SHORT 
LONG 

SHORT 
MEDIUM 
LONG 

MEAN TIM E T O 
THE 

OF 
NEXT US E 
COMMAND 

(SECONDS) 

2.6 5 
3.3 4 

3.8 0 
4.8 8 

3.5 0 
4.4 5 
4.2 4 

TABLE 1 

5.8 6 

DF 

1,2 7 <  .0 5 

12.2 7 1,2 7 <  .0 5 

6.6 5 1,5 4 <  .0 5 
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The orde r  mai n effect s an d th e orde r  b y cycl e lengt h interaction s wer e 
no t  significan t  i n an y o f  th e analyses .  A  planne d compariso n showe d 
tha t  th e tim e t o th e nex t  comman d i n th e shor t  cycl e metho d o f  th e 
DELETE tas k wa s significantl y les s tha n bot h th e mediu m an d long  cycl e 
method s ( F =  13.70 ,  p  <  .05) .  Also ,  th e mediu m an d lon g cycl e metho d 
time s wer e no t  significantl y differen t  ( F <  1.0) . 

DISCUSSION 

The data clearly support the subroutine retrieval model in which 
th e content s o f  workin g memor y ar e no t  subjec t  t o rapi d los s (SRM-2) . 
The faste r  time s t o star t  command s o f  interes t  i n th e shor t  cycl e 
method s ove r  th e long  cycl e method s indicat e tha t  th e curren t  content s 
of  workin g memor y ar e checked .  I f  th e matc h i s successful ,  a s i t  woul d 
be i n a  shor t  cycl e method ,  processin g th e curren t  content s simpl y 
recurs .  I f  th e matc h i s no t  successful ,  a s i n th e mediu m an d lon g cycl e 
methods ,  th e prope r  modul e mus t  b e foun d an d loade d int o workin g memor y 
befor e processin g ca n continue . 

SRM-2 also predicted that there would be no difference in the times 
t o th e nex t  us e o f  th e DELETE command betwee n th e mediu m an d long  cycl e 
methods .  I n bot h cases ,  th e DELET E modul e wa s no t  i n workin g memory . 
The sam e amoun t  o f  t ime ,  o n th e average ,  wa s spen t  searchin g fo r  an d 
loadin g th e modul e i n bot h o f  th e methods . 

The assumption that procedural knowledge is packaged into modules 
simplif ie s computationa l  theorie s o f  cognition .  Th e result s o f  thi s 
stud y wer e als o predicte d unde r  thi s assumption .  Fo r  a  discussio n o f  ho w 
non-modula r  procedura l  knowledg e interact s wit h workin g memor y se e 
Kanarsk i  (1984) . 

The data from this study and from Sternberg, et al. (1980) suggest 
tha t  ther e exis t  a t  leas t  tw o workin g memories .  On e I s responsibl e fo r 
processin g moto r  command modules .  Thi s workin g memor y act s lik e SRM-1 , 
tha t  is ,  ther e i s a  rapi d los s o f  informatio n t o preven t  i t  fro m 
interferin g wit h ne w informatio n comin g int o workin g memory .  Th e othe r 
workin g memor y processe s informatio n a t  th e plan-of-actlo n level .  Thi s 
workin g memor y retain s dat a fo r  possibl e continue d processing .  Tha t 
ther e ma y b e two ,  possibl y more ,  workin g memorie s tha t  hav e differen t 
propertie s i s no t  unreasonable .  Considerin g th e tremendou s replicatio n 
of  neura l  structure s an d localizatio n o f  functio n i n th e brain ,  man y 
workin g memor y areas ,  eac h wit h specialize d processin g capbllities ,  ar e 
certainl y possibl e (Rosenzwei g an d Leiman ,  1982) . 
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