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Pervasiv e Episodi c M e m o r y : 

E v i d e n c e f r o m a  Control-of-Attentio n P a r a d i g m 

Erik M. Altmann (altinann@ginu.edu) 

Wayne D .  Gra y (gray@gmu.edu ) 

H u m an Factor s &  Applie d Cognition ,  Georg e Maso n University , 

Fairfax ,  V A 2203 0 

Abst rac t 

Events appear to be represented distinctly in memory in 
larg e number s a t  a  fine  grain ,  eve n i n task s i n wiiic h 
memory retentio n i s no t  a  primar y performanc e measure .  I n 
Experimen t  1 ,  participant s classifie d characte r  string s i n 
sequence s governe d b y randomly-alternatin g instructions . 
Respons e time s wer e fastes t  nea r  th e star t  o f  a  sequence , 
slowe d graduall y throughou t  th e sequence ,  the n spe d u p 
agai n nea r  th e star t  o f  th e nex t  sequence .  Thi s speedu p an d 
gradua l  slowdow n wer e modele d i n th e ACT- R architectur e 
as a  combinatio n o f  primin g an d interferenc e effect s i n 
episodi c memory .  Th e mode l  correctl y predict s th e absenc e 
of  thes e effect s i n Experimen t  2 .  i n whic h th e instructio n 
must  b e inferre d fro m th e tria l  stimulu s an d henc e i s no t  a 
sourc e o f  priming .  Thes e findings  sugges t  (a )  tha t  episodi c 
encodin g i s a  pervasiv e sid e effec t  o f  cognitiv e 
performance ;  (b )  tha t  element s o f  episodi c memor y interac t 

throug h primin g an d interference—effect s traditionall y 

associate d wit h semanti c memory ;  an d (c )  tha t  brie f 
interruption s o f  tas k performanc e hav e mor e comple x 
effect s tha n previousl y documented . 

Introduction 

Episodi c m e m o r y ,  broadl y defined ,  i s  m e m o r y wit h a 

tempora l  o r  contextua l  aspect ,  a s distinc t  fro m a 

decontextualize d semanti c m e m o r y fo r  a  fac t  o r  concep t 

(Tulving ,  1983) .  Episodi c m e m o r y ha s bee n implicate d i n a 

broa d rang e o f  higher-leve l  cognitiv e tasks ,  includin g 

softwar e desig n (Jeffries ,  Turner ,  Poison ,  &  Atwood ,  1981) , 

navigatin g larg e amount s o f  externally-represente d 

informatio n (Altman n &  John ,  i n press) ,  learnin g interface s 

by exploratio n (Rieman ,  Young ,  &  H o w e s ,  1996) ,  discours e 

comprehensio n (Kintsch ,  1998) ,  an d i n genera l  th e efficien t 

searc h o f  proble m space s (Howes ,  1993) .  I n eac h o f  thes e 

examples ,  episodi c m e m o r y capture s a  histor y o f  event s tha t 

influence s tas k performance .  However ,  th e complexit y o f 

tas k performanc e i n suc h domain s make s th e natur e o f 

episodi c m e m o r y difficul t  t o assess .  W h a t  kind s o f  event s 

ar e store d i n memory ,  an d a t  wha t  tempora l  grain-size ? 

T o gai n contro l  ove r  suc h questions ,  researcher s hav e 

typicall y adopte d memory-oriente d paradigms ,  i n whic h 

performanc e i s measure d i n term s o f  succes s a t  recallin g o r 

recognizin g element s studie d i n a  particula r  contex t  (e.g. . 

Tulving ,  1983 ;  Logan ,  1988) .  However ,  suc h paradigm s 

ignor e th e interactio n o f  m e m o r y and  othe r  aspect s o f 

cognition .  Wha t  i s th e rol e an d natur e o f  episodi c memor y 

withi n a  wide r  cognitiv e framework ? 

Thi s pape r  examine s th e rol e o f  episodi c m e m o r y i n a 

paradig m otherwis e use d t o stud y th e contro l  o f  attentio n 

(Allport ,  Styles ,  &  Hsieh ,  1994 ;  Gopher ,  Greenshpan ,  & 

Armony ,  1996 ;  Roger s &  Monsell ,  1995) .  Th e paradig m 

require s participant s t o classif y simpl e stimul i  accordin g t o 

varyin g instructions ,  allowin g u s t o stud y th e rol e o f 

m e m o ry (fo r  th e curren t  instruction )  i n a  tas k wit h a 

decision-makin g componen t  (judgin g th e clas s o f  a  stimulu s 

accordin g t o th e curren t  instruction) .  I n Experimen t  1 , 

classificatio n o f  stimul i  wa s interrupte d a t  rando m time s 

wit h a  ne w instruction .  Thes e interruption s wer e foun d t o 

hav e comple x effect s o n subsequen t  trials ,  includin g a 

transien t  improvemen t  i n respons e tim e occurrin g soo n afte r 

an interruption .  W e describ e a  computationa l  cognitiv e 

model  tha t  account s fo r  thi s speedu p i n term s o f  primin g 

betwee n element s o f  episodi c memory .  F ro m th e mode l  w e 

predic t  tha t  thi s speedu p wil l  b e absen t  i n task s withou t 

distinc t  instructions .  Thi s predictio n i s  confirme d i n 

Experimen t  2 ,  i n whic h th e instructio n i s  implie d b y th e 

stimulu s an d i s no t  presente d separately . 

Our  result s sugges t  tha t  fine-grain  event s ar e store d 

pervasivel y i n m e m o r y a s a  sid e effec t  o f  performance ,  eve n 

when retentio n o f  informatio n i n m e m o r y i s no t  itsel f  a 

performanc e measure .  Conversely ,  episodi c m e m o r y appear s 

t o influenc e cognitio n throug h primin g an d interference , 

effect s typicall y associate d wit h semanti c an d perceptua l 

m e m o ry (Tulving ,  1983 ;  Tulvin g &  Schacter ,  1990) . 

Experiment 1 

I n Experimen t  1 ,  participant s classifie d on e strin g o f  letter s 

per  trial ,  base d upo n a n instructio n appearin g a t  th e star t  o f 

tha t  sequenc e o f  trials .  O n eac h trial ,  th e strin g consiste d o f 

on e lette r  repeate d on e o r  mor e times .  T w o classificatio n 

task s wer e used .  Fo r  Groupsize ,  participant s judge d th e 

number  o f  element s i n th e strin g o f  letters .  Th e correc t 

respons e wa s lo w i f  Groupsiz e wa s fewe r  tha n five  (1 ,  2 ,  3 , 

4 )  an d hig h i f  i t  wa s greate r  tha n five  (6 ,  7 ,  8 ,  9) .  Fo r  Place . 

participant s judge d th e strin g a s lo w i f  th e constituen t  lette r 
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was nea r  th e beginnin g o f  th e alphabe t  (a ,  b ,  c ,  d )  an d hig h 

i f  i t  wa s nea r  th e en d o f  th e alphabe t  (w ,  x ,  y ,  z) .  Th e 

respons e t o a  tria l  cause d th e nex t  stimulu s t o b e displaye d 

immediately . 

Trial s occurre d i n block s o f  2 0 groupe d int o tw o sequence s 

or  runs .  Th e first  ru n wa s governe d b y a n instructio n 

appearin g a t  th e star t  o f  th e bloc k (th e star t  instruction) .  Th e 

first  ru n continue d unti l  a  secon d instructio n appeare d (th e 

interrup t  instruction) .  O n e interrup t  instructio n pe r  bloc k 

appeare d a t  a  randomly-selecte d poin t  nea r  th e middl e o f  th e 

bloc k (rangin g fro m afte r  tria l  7  t o afte r  tria l  13) . 

Participant s responde d t o a n instructio n b y pressin g th e 

spac e bar ,  afte r  whic h th e first  tria l  o f  th e followin g ru n wa s 

displaye d immediately .  A t  th e en d o f  th e block ,  participant s 

receive d latenc y an d erro r  feedbac k encouragin g the m t o wor k 

quickl y an d accurately .  Participant s complete d 19 2 block s 

each ,  o f  whic h th e first  1 6 wer e exclude d fro m analysi s t o 

facto r  ou t  learnin g effects .  Als o exclude d wer e trial s fallin g 

mor e tha n thre e standar d deviation s fro m th e mea n respons e 

tim e o f  eac h participant . 

O ne independen t  variabl e wa s th e Positio n o f  a  tria l 

withi n th e block .  Th e Baselin e leve l  o f  Positio n wa s th e 

mean o f  th e respons e time s fo r  th e fou r  trial s immediatel y 

befor e th e interrup t  instruction .  Th e / + /  an d 1+ 2 level s wer e 

respons e time s fo r  th e first  an d secon d trial s (respectively ) 

afte r  th e interrup t  instruction . 

A secon d independen t  variabl e wa s Instruction ,  meanin g 

th e kin d o f  instructio n presente d a t  interrupt .  Thi s variabl e 

manipulate d whic h tas k t o perfor m afte r  th e interrup t 

(Gopher ,  e t  al. ,  1996 )  an d serve d t o requir e attentio n t o th e 

interrupt .  O n e leve l  wa s Switch ,  meanin g tha t  th e interrup t 

and star t  instruction s wer e different .  A  bloc k wa s a  Switc h 

bloc k i f  th e star t  instructio n wa s Groupsiz e an d th e interrup t 

instructio n wa s Plac e o r  vic e versa .  Th e othe r  leve l  wa s 

Noswitch ,  meanin g tha t  th e star t  an d interrup t  instruction s 

wer e th e same .  Switc h an d Noswitc h block s wer e presente d 

randoml y withi n participants . 

We predicte d tha t  th e interrup t  instructio n woul d generat e 

tw o kind s o f  cos t  (afte r  Gophe r  e t  al. ,  1996) .  Interrup t  cos t 

i s  th e performanc e penalt y du e simpl y t o interruptin g a  task , 

as measure d onc e th e tas k i s resumed .  Switc h cos t  i s  a n 

extr a penalt y o n Switc h block s du e t o resumin g a  differen t 

task .  W e predicte d tha t  interrup t  an d switc h cost s woul d b e 

localize d t o I+ l  (afte r  Roger s &  Monsell ,  1995) ,  an d henc e 

tha t  1+ 2 performanc e shoul d b e th e sam e a s Baseline . 

Th e dependen t  measur e wa s respons e tim e (RT) .  Twent y 

Georg e Maso n Universit y undergraduate s participate d i n th e 

stud y fo r  cours e credit . 

Results and Discussion 

We teste d ou r  prediction s wit h a  3x 2 A N O V A o n Positio n 

(Baseline ,  I+l ,  1+2 )  an d Instructio n (Switch ,  Noswitch) . 

Figur e 1  summarize s th e results . 

I  N o switc h •Switc h 

70 0 -

2 50 0 h 

T 

Baselin e I+ l 

Positio n 

1+2 

Figur e 1 :  Interrup t  an d switc h cost s o n I+ l  an d interrup t 

benefi t  o n 1+2 . 

Interrup t  cos t  wa s indicate d b y th e mai n effec t  o f  Position , 

F(2 ,  9939 )  =  803.0 ,  p  <  .001. '  T o identif y whic h position s 

wer e affected ,  w e applie d orthogona l  contrast s t o Baselin e 

(57 1 msec )  an d I+ l  (70 6 msec )  an d t o Baselin e an d 1+ 2 (54 1 

msec) .  Baselin e wa s faste r  tha n I+l ,  t  =  30.7 ,  p  <  .00001 , 

replicatin g Gophe r  e t  al .  (1996) .  Baselin e wa s slowe r  tha n 

1+2 ,  t  =-6.8 ,  p < . 0 0 0 0 1 . 

Switc h cos t  wa s indicate d b y th e Positio n x  Instructio n 

interaction ,  F(2 ,  9939 )  =  27.8 ,  p  <  .001 .  T o identif y whic h 

position s wer e affected ,  w e examine d simpl e effect s o f 

Instructio n a t  eac h leve l  o f  Position .  Ther e wa s n o effec t  a t 

Baseline ,  F(l ,  9939 )  =1 .1 ,  n.s. ,  a s on e woul d expec t  give n 

tha t  th e tas k switc h ha d no t  ye t  occurred .  O n 1+1 ,  Noswitc h 

(68 9 msec )  wa s faste r  tha n Switc h (74 4 msec) ,  F(I ,  9939 )  = 

71.6 ,  p  <  .01 ,  agai n replicatin g Gophe r  e t  al .  (1996) .  O n 

1+2 ther e wa s n o effec t  o f  Instruction ,  F(I ,  9939 )  =  1.7 ,  n.s . 

Thu s bot h switc h cos t  an d interrup t  cos t  wer e localize d t o 

1+1 ,  a s predicted . 

We di d no t  predic t  tha t  Baselin e woul d b e slowe r  tha n 1+2 . 

T o explor e thi s effect ,  w e looke d fo r  intertria l  trend s i n 

respons e time .  A  systemati c slowin g tren d withi n a  ru n 

woul d explai n h o w Baselin e (a t  th e en d o f  on e run )  coul d b e 

slowe r  tha n 1+ 2 (nea r  th e star t  o f  another) . 

Respons e time s fo r  th e first  throug h sevent h trial s i n a 

ru n ar e plotte d i n Figure s 2  an d 3 .  Figur e 2  show s trial s 

afte r  th e star t  instruction ,  an d Figur e 3  show s trial s afte r  th e 

'  Degree s o f  freedo m fo r  thi s desig n wer e calculate d a s 
follows .  Participan t  wa s treate d a s a n independen t  variabl e t o 
remov e between-participant s varianc e fro m th e erro r  ter m 
(Howell ,  1997) .  Bloc k wa s no t  treate d a s a n independen t 
variable ,  leavin g 8 8 observation s pe r  leve l  o f  Instructio n 
(Switch ,  Noswitch )  pe r  Participant .  Ther e wer e 50 1 outlyin g 
observations .  Tota l  d f  wer e compute d fro m Position , 
Instruction ,  Participant ,  an d observation s pe r  cell ,  minu s 
outliers :  ( 3 *  2  *  2 0 *  88 )  -  50 1 1  =  10058 .  Treatmen t  d f  wer e 
allocate d t o Positio n (2) ,  Instructio n (1) ,  Participan t  (19) , 
Positio n x  Instructio n (2) ,  Positio n x  Participan t  (38) , 
Instructio n x  Participan t  (19) ,  an d Instructio n x  Participan t  x 
Positio n (38) ,  leavin g 1005 8 -11 9 =  993 9 d f  fo r  th e erro r  term . 

43 



interrup t  instruction. ^  Bot h figure s sho w a n initia l  speedu p 

betwee n th e firs t  an d secon d trials ,  reflectin g recover y fro m 

processin g th e instruction .  Thi s speedu p i s followe d b y a 

linea r  slowin g trend ,  t  =  12. 8 an d 10.1 ,  respectively ,  p  < 

.00001. ^  W e refe r  t o thi s speedu p an d subsequen t  slowdow n 

as within-ru n slowing . 

Z 60 0 

Positio n 

Figur e 2 :  Empirica l  respons e time s fo r  trial s i n th e 1s t 

throug h 7t h position s afte r  th e star t  instruction . 

••—Empirica l Simulate d 

90 0 -

80 0 -

u-)  v o r -
+ +  + 

Positio n 

Figure 3: Empirical and simulated response times for 

trial s i n th e 1s t  throug h 7t h position s afte r  th e 

interrup t  instruction . 

The semanti c conten t  o f  th e instructio n apparentl y playe d 

no rol e i n within-ru n slowing .  Ther e wa s n o Positio n x 

Instructio n interaction ,  F(5 ,  20861 )  =  1.2 ,  n.s. ,  meanin g 

tha t  th e effec t  occurre d regardles s o f  whethe r  th e interrup t 

presente d a  ne w tas k o r  presente d th e ol d tas k ove r  again . 

The even t  o f  instructio n processin g alone ,  independen t  o f 

semanti c content ,  generate d a  benefi t  o n 1+ 2 tha t  attenuate d 

graduall y acros s th e res t  o f  th e run . 

^  Respons e time s fo r  position s 1  throug h 7  wer e 713 ,  524 , 
535 ,  550 ,  556 ,  562 ,  an d 56 8 msec ,  an d fo r  I+ l  throug h 1+ 7 wer e 
703 ,  542 ,  549 ,  561 ,  571 ,  575 ,  an d 57 7 msec . 

^  t-value s reflec t  a  significan t  linea r  ter m i n a n orthogona l 
polynomia l  contras t  applie d t o th e secon d throug h sevent h 
trial s afte r  th e star t  ( 2 throug h 7 )  an d interrup t  (1+ 2 throug h 1+7 ) 
instructions .  N o higher-orde r  term s approache d significance . 

A M o d e l  o f  W i t h i n - R u n S l o w i n g 

To accoun t  fo r  within-ru n slowin g w e constructe d a  mode l 

usin g th e activatio n mechanis m o f  th e A C T - R cognitiv e 

architectur e (Anderso n &  Lebî re ,  1998) .  Thi s mechanis m 

has bee n use d t o accoun t  fo r  a  variet y o f  primin g an d 

interferenc e effect s i n semanti c memor y (e.g. ,  Anderso n & 

Lebidre ,  1998) .  Applyin g i t  t o anothe r  phenomeno n help s 

validat e th e mechanis m an d link s a  variet y o f  phenomen a i n 

a relationshi p o f  mutua l  constrain t  (Newell ,  1990) .  Belo w 

we describ e ke y aspect s o f  th e activatio n mechanis m an d 

additiona l  assumption s i n ou r  mode l  abou t  th e encodin g o f 

event s i n memory . 

A C T - R i s a  productio n syste m wit h a  long-ter m 

procedura l  memor y containin g production s an d a  long-ter m 

declarativ e memor y ( D M )  containin g chunks .  Chunk s ca n b e 

linke d t o othe r  chunks ,  allowin g fo r  structure d declarativ e 

representations .  A C T - R als o implement s a  mechanis m fo r 

focusin g interna l  attention :  Th e goa l  chun k i s a  privilege d 

chunk ,  selecte d b y productions ,  tha t  i n tur n control s th e 

selectio n o f  productions .  I n eac h cycl e o f  operation ,  A C T - R 

select s on e productio n tha t  matche s th e goa l  chunk .  Th e 

remainin g condition s o f  thi s productio n ar e matche d agains t 

D M.  I f  D M contain s chunk s tha t  matc h al l  th e conditions , 

thos e chunk s ar e retrieve d fro m D M ,  boun d t o th e 

production ,  an d th e productio n fired.  Th e action s o f  a 

productio n ca n modify ,  remove ,  o r  replac e th e goa l  chunk . 

A C T - R make s prediction s base d o n th e latenc y o f 

matchin g an d firin g a  production .  Latenc y i s determine d i n 

par t  b y th e activatio n o f  chunk s retrieve d durin g th e matc h 

proces s (th e highe r  th e activation ,  th e lowe r  th e latenc y t o 

retriev e a  chun k fro m D M ) .  Activatio n i s th e su m o f  tw o 

terms :  baselin e activation ,  whic h belong s t o a  chun k 

independen t  o f  an y othe r  knowledg e i n th e system ,  an d 

whic h wil l  no t  concer n u s here ;  an d sourc e activation ,  th e 

produc t  o f  goa l  activatio n an d associativ e strength . 

Goal  activatio n capture s th e notio n tha t  knowledg e i n th e 

focu s o f  attentio n prime s relate d knowledge .  Thi s i s 

implemente d a s activatio n emanatin g fro m th e goa l  chun k 

and spreadin g ou t  throug h chunk s t o whic h i t  i s  linked .  I f 

th e goa l  chun k i s linke d t o chun k A  an d chun k A  i s linke d 

t o chun k B ,  chun k A  conduct s goa l  activatio n t o chun k B . 

Associativ e strengt h capture s th e notio n tha t  th e retrieva l 

of  on e memor y elemen t  ma y predic t  th e nee d t o retriev e 

another .  I n term s o f  a  tas k lik e cue d recall ,  th e ide a i s tha t 

th e mor e target s ar e associate d wit h a  cue ,  th e les s th e 

presenc e o f  th e cu e predict s th e nee d t o retriev e an y on e 

targe t  (Anderso n &  Matessa ,  i n press ;  Anderson ,  Reder ,  & 

Lebiere ,  1996 ;  Lovett ,  Reder ,  &  Lebî re ,  1997) .  Th e 

associativ e strengt h betwee n chun k A  an d anothe r  chun k B 

i s a  functio n o f  ho w man y chunk s i n tota l  ar e linke d t o A . 

The mor e chunk s ar e linke d t o A  (th e greate r  th e "fan "  ou t  o f 

A ) ,  th e les s th e associativ e strengt h betwee n A  an d an y o f 

them ,  includin g B . 

A ke y additiona l  assumptio n w e mak e i n ou r  mode l  i s tha t 

of  pervasiv e episodi c memory ,  unde r  whic h ever y task -
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relate d even t  (i.e. ,  ever y instructio n an d trial )  i s  encode d 

distinctl y i n D M .  Thi s i s  i n th e spiri t  o f  Logan' s (1988 ) 

instanc e theory ,  whic h posit s a  uniqu e trac e fo r  ever y 

exposur e t o a  stimulus .  I t  als o ha s fac e validit y compare d t o 

th e alternative :  W e r e th e mode l  t o reus e previously-allocate d 

m e m o ry t o encod e a  n e w event ,  the n som e ol d even t  woul d 

be forgotte n literall y withou t  a  trace .  Withou t  additiona l 

mechanism s tha t  choos e whic h element s t o delete ,  forgettin g 

by deletio n implie s indiscriminat e reus e an d henc e complet e 

episodi c amnesia . 

Pervasiv e episodi c m e m o r y require s tha t  th e mode l  kee p 

trac k o f  whic h instructio n an d tria l  ar e curren t  a m o n g th e 

m a ny i n D M .  Th e curren t  instructio n i s  distinguishe d b y 

bein g linke d t o th e goa l  chunk .  Thi s ha s th e sid e benefi t  o f 

makin g th e curren t  instructio n immediatel y availabl e fo r 

othe r  uses .  I n particular ,  th e curren t  instructio n i s availabl e 

t o lin k t o eac h n e w stimulu s a s th e stimulu s i s  encoded . 

Linkin g th e instructio n t o th e stimulu s make s i t  faste r  fo r 

th e classificatio n proces s t o retriev e th e stimulu s fo r 

processin g afte r  th e stimulu s ha s bee n encoded,' *  becaus e 

activatio n spread s fro m th e goa l  chun k throug h th e 

instructio n chun k t o th e stimulu s chunk . 

As th e ru n progresse s an d mor e stimulu s chunk s ar e 

linke d t o th e curren t  instruction ,  associativ e strengt h 

betwee n instructio n an d al l  stimul i  decreases .  Thi s reduce s 

th e sourc e activatio n flowin g throug h th e instructio n chun k 

t o eac h ne w stimulu s chunk ,  accountin g fo r  th e apparen t 

trial-by-tria l  slowdown .  I t  als o account s fo r  th e releas e o f 

slowin g whe n a  n e w instructio n i s  processed .  Th e ne w 

instructio n replace s it s predecesso r  i n th e goa l  chunk ,  an d 

becaus e initiall y  i t  ha s n o associate d stimuli ,  it s  strengt h o f 

associatio n wit h stimul i  earl y i n a  ru n wil l  b e high . 

Figur e 2  plot s ou r  simulate d dat a agains t  th e empirica l 

dat a fro m Experimen t  1 .  Betwee n I+ l  an d 1+ 2 bot h slope s 

ar e negative ,  indicatin g recover y fro m interrup t  cost .  Th e 

crossin g line s reflec t  a  work-in-progres s accoun t  o f  interrup t 

and switc h cost s (Altmann ,  Gray ,  Lipp s &  Trickett , 

submitted) .  Betwee n 1+ 2 an d 1+7 ,  th e simulate d an d 

empirica l  dat a hav e th e sam e upwar d slope ,  meanin g tha t  th e 

model  capture s within-ru n slowing .  T h e ga p betwee n th e 

curve s i n thi s interva l  reflect s ou r  focu s o n a  qualitativ e fi t 

achieve d wit h a  m i n i m u m o f  paramete r  optimization .  Thi s 

qualitativ e fi t  i s  sufficien t  t o m a k e a  zero-paramete r 

predictio n concernin g within-ru n slowing ,  describe d next . 

Expe r imen t  2 

The Experimen t  1  mode l  make s a  predictio n abou t  th e effec t 

of  maintainin g a n instructio n i n th e focu s o f  attention .  Th e 

curren t  instructio n wa s linke d t o eac h n e w stimulu s t o 

ensur e correc t  performance ,  resultin g i n instructiona l 

primin g o f  eac h n e w stimulus .  I f  th e instructio n ha d t o b e 

inferre d fro m th e stimulus ,  the n th e lin k betwee n instructio n 

and stimulu s woul d hav e t o b e mad e ane w fo r  ever y trial . 

Ther e woul d b e n o sourc e o f  instructiona l  priming ,  an d 

henc e n o opportunit y fo r  th e subsequen t  interferenc e a m o n g 

trial s tha t  account s fo r  within-ru n slowing . 

Experimen t  2  allowe d u s t o tes t  thi s prediction .  Stimul i 

consiste d o f  individua l  character s appearin g o n th e compute r 

scree n on e a t  a  time .  I f  th e stimulu s wa s a  digi t  (1 ,  2 ,  3 ,  4 , 

5,  6 ,  7 ,  8) ,  th e tas k wa s t o judg e i t  a s od d o r  even .  I f  th e 

stimulu s wa s a  lette r  (G ,  K ,  M ,  R ,  A ,  E ,  I ,  U ) ,  th e tas k wa s 

t o judg e i t  a s consonan t  o r  vowel .  Trial s occurre d i n run s o f 

digit s alternatin g wit h run s o f  letters ,  wit h th e lengt h o f  a 

ru n rangin g fro m on e t o fou r  trials .  Fo r  example ,  th e 

sequenc e o f  trial s 2 4 3 G K 6 R A K M contain s run s o f  thre e 

digits ,  tw o letters ,  on e digit ,  an d fou r  letters .  Ther e wa s n o 

instructio n intervenin g betwee n runs ,  meanin g tha t  th e tas k 

coul d chang e immediatel y fro m on e tria l  t o th e next . 

Participant s complete d 6 0 block s o f  4 0 trials ,  o f  whic h 1 8 

block s wer e exclude d fro m analysis. *  T h e independen t 

variabl e wa s Positio n withi n a  ru n (1 ,  2 ,  3 ,  4 ) ,  whic h differ s 

fro m Positio n i n Experimen t  1  i n tha t  n o interrup t  separate s 

differen t  Positions .  Al l  trial s i n a  bloc k wer e contiguous , 

wit h tas k switche s indicate d b y stimulu s typ e rathe r  tha n b y 

instruction s inserte d betwee n trials .  Thu s run s ar e define d b y 

stimulu s typ e alone ,  an d b y definitio n Positio n 1  i s  alway s 

th e first  tria l  afte r  a  tas k switch .  T h e dependen t  measur e wa s 

respons e time .  Te n Georg e M a s o n Universit y undergraduate s 

participate d i n th e stud y fo r  cours e credit . 

Th e Experimen t  1  mode l  wa s change d t o d o th e 

Experimen t  2  task .  T h e change s reflec t  th e nee d t o infe r  tas k 

fro m stimulu s an d th e absenc e o f  distinc t  instructio n events . 

On eac h trial ,  th e n e w mode l  encode s th e stimulu s first  an d 

the n retrieve s th e appropriat e tas k fro m m e m o r y .  Ther e i s n o 

separat e instructio n chun k t o lin k t o th e stimulu s a s th e 

stimulu s i s  encoded ,  an d therefor e n o sourc e o f  primin g 

w h en th e stimulu s i s retrieve d b y th e classificatio n process . 

Quantitativ e parameter s wer e th e sam e fo r  bot h models. * 

''  W e assum e tha t  retrieva l  o f  th e stimulu s fro m D M afte r  i t  i s 
encode d i s a  necessar y precurso r  t o classifyin g it .  ACT- R 
provide s a  mechanism ,  know n a s paramete r  passing ,  tha t  woul d 
allo w thi s t o occu r  b y bypassin g D M ,  bu t  thi s mechanis m ha s 
no clea r  theoretica l  o r  empirica l  justificatio n an d ma y 
overpredic t  th e reliabilit y  o f  certai n memor y operations .  Thu s 
paramete r  passin g wa s no t  use d i n ou r  model . 

*  Th e first  8  block s pe r  participan t  wer e exclude d fro m 
analysi s t o facto r  ou t  learnin g effects ,  matchin g th e 32 0 initia l 
trial s exclude d pe r  participan t  i n Experimen t  1  (1 6 block s *  2 0 
trial s pe r  block) .  Als o exclude d wer e 1 0 block s intersperse d pe r 
sessio n i n whic h run s o f  lengt h fiv e wer e include d t o inhibi t 
learnin g o f  th e max imu m ru n length .  I n th e retaine d blocks , 
trial s fallin g mor e tha n thre e standar d deviation s fro m eac h 
participant' s mea n R T wer e agai n exclude d a s outliers . 

*  Bot h model s use d th e defaul t  globa l  paramete r  value s 
supplie d wit h ACT- R 4.0b3 ,  excep t  fo r  latenc y facto r  (F=0. 5 
rathe r  tha n th e defaul t  F=1.0 )  an d goa l  activatio n (W=0. 5 rathe r 
tha n th e defaul t  W=1.0) . 
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Our  prediction s base d o n th e mode l  ar e show n i n Figur e 4 . 

Th e ke y predictio n i s th e absenc e o f  within-ru n slowing , 

indicate d b y equa l  simulate d R T fo r  Position s 2  throug h 4 . 

A secon d predictio n i s o f  switc h cost ,  indicate d b y elevate d 

R T o n Positio n 1 .  Thi s follow s fro m th e nee d t o infe r  th e 

tas k fro m th e stimulu s (e.g. ,  th e odd/eve n tas k woul d b e 

inferre d fro m a  digit) .  I n th e model ,  eac h chun k representin g 

a stimulu s identit y i s linke d t o th e appropriat e tas k chunk . 

On a  give n trial ,  th e mode l  first  encode s th e stimulu s b y 

retrievin g it s identit y fro m D M .  Th e mode l  the n retrieve s 

th e appropriat e task ,  t o perfor m th e tas k o n th e stimulus . 

On th e followin g trial ,  th e stimulu s i s encode d mor e quickl y 

i f  i t  implie s th e sam e task .  Th e goa l  chun k i s stil l  linke d t o 

tha t  tas k fro m th e previou s trial ,  makin g th e tas k a  condui t 

fo r  goa l  activatio n t o sprea d t o th e stimulu s identity .  Thu s 

what  other s characteriz e a s switc h cos t  (Roger s &  Monsell , 

1995 ;  Allpor t  e t  al. ,  1994 )  i s i n ou r  vie w a  benefi t  du e t o 

primin g w h e n consecutiv e task s ar e th e same . 

•  Empirica l -Simulate d 

a 60 0 

8.  50 0 

Positio n 

Figur e 4 :  Empirica l  an d simulate d respons e time s fo r 

trial s i n th e 1s t  throug h 4t h position s afte r  a  tas k switch . 

Results 

Th e empirica l  dat a ar e als o show n i n Figur e 4. '  Th e effec t  o f 

Positio n wa s significant .  F(3 ,  16522 )  =  184.9 ,  p  <  .001. * 

Orthogona l  contrast s performe d betwee n eac h Positio n an d 

th e mea n o f  th e subsequen t  Position s showe d Positio n 1 

slowe r  tha n th e mea n o f  Position s 2  throug h 4 ,  t  =  22.8 ,  p 

< .00001 .  Thi s confirm s th e predictio n o f  switc h cost .  Th e 

tw o remainin g contrast s wer e no t  significant ,  - 1 <  t  <  1 , 

confirmin g th e predicte d absenc e o f  within-ru n slowing . 

'  Empirica l  mean s fo r  Position s 1  throug h 4  wer e 754 ,  647 , 
641 ,  an d 64 9 msec . 

*  Degree s o f  freedo m wer e calculate d a s follows .  Participan t 
was agai n treate d a s a n independen t  variable .  Fo r  eac h 
participan t  ther e wer e 672 .  504 ,  336 ,  an d 16 8 observation s fo r 
Position s 1  t o 4 ,  respectively ,  i n th e 4 2 block s include d i n th e 
analysis .  A m o n g thes e wer e 23 8 outlyin g observations .  Tota l 
df  wer e compute d fro m Participant ,  Position ,  an d observation s 
per  Participan t  pe r  leve l  o f  Position ,  minu s outliers :  1 0 *  (67 2 
+ 50 4 +  33 6 +  168 )  -  23 8 1  =  16561 .  Treatmen t  d f  wer e 
allocate d t o Participan t  (9) ,  Positio n (3) ,  an d Participan t  x 
Positio n (27) ,  leavin g 1656 1 -  3 9 =  1652 2 d f  fo r  th e erro r  term . 

G e n e r a l  D i s c u s s i o n 

Evidenc e fro m Experimen t  1  suggest s tha t  processin g a n 

instructio n presente d durin g a n interrup t  induce s a n 

improvemen t  i n respons e tim e soo n afte r  tas k resumption . 

Thi s improvemen t  attenuate s graduall y bu t  recur s soo n afte r 

th e followin g instruction .  Thi s patter n o f  effects ,  whic h w e 

refe r  t o a s within-ru n slowing ,  seem s t o b e independen t  o f 

th e instruction' s meaning . 

We accoun t  fo r  within-ru n slowin g b y assumin g tha t  task -

relate d event s ar e encode d pervasivel y i n memory ,  suc h tha t 

ever y instructio n an d stimulu s encountere d durin g th e 

sessio n leave s a  distinc t  trace .  I n th e contex t  o f  ACT-R' s 

activatio n mechanism ,  thes e distinc t  trace s o r  chunk s 

explai n within-ru n slowin g a s a n effec t  o f  primin g an d 

interference .  Th e curren t  instructio n prime s retrieva l  o f  th e 

stimulu s i n preparatio n fo r  processin g th e curren t  trial .  Th e 

margina l  primin g effec t  decrease s a s th e instructio n become s 

les s strongl y associate d wit h an y particula r  stimulus ,  a  kin d 

of  interferenc e tha t  i s  release d a s soo n a s th e nex t  instructio n 

i s full y  encoded .  Ou r  mode l  predict s th e absenc e o f  within -

ru n slowin g whe n performanc e doe s no t  requir e a n 

instructio n t o b e retaine d i n th e focu s o f  attention .  Thi s 

predictio n wa s confirme d i n Experimen t  2 ,  supportin g ou r 

model  i n genera l  an d ou r  assumptio n o f  pervasiv e episodi c 

memory i n particular . 

We conclud e tha t  event s m a y b e store d i n memor y i n larg e 

number s a t  a  fine  grain ,  eve n i n task s wher e thi s i s no t 

logicall y necessar y fo r  successfu l  performance.  Thi s 

suggest s tha t  episodi c m e m o r y o f  thi s kin d m a y influenc e 

othe r  cognitiv e task s a s well .  Convergin g evidenc e come s 

fro m a  mode l  o f  memor y fo r  attentio n event s develope d fro m 

observation s o f  real-wori d proble m solvin g (Altmann , 

Larkin .  &  John ,  1995 ;  Altman n &  John ,  i n press) .  Th e 

domain ,  data ,  an d underlyin g cognitiv e architectur e fo r  tha t 

model  wer e quit e differen t  fro m thos e fo r  th e curren t  model , 

but  th e implie d grain-siz e a t  whic h informatio n i s store d 

(roughl y tw o trace s pe r  second )  i s quit e similar . 

The presen t  researc h contribute s t o th e debat e ove r  th e 

distinctio n betwee n episodi c an d semanti c memory .  Tulvin g 

(1983 )  ha s maintaine d tha t  "primin g effect s ar e mediate d by , 

and reflec t  th e operation s of ,  a  syste m othe r  tha n episodi c 

memory. "  Contrar y t o thi s view ,  w e hav e show n tha t 

primin g flow s fro m encode d events :  Within-ru n slowin g 

occur s eve n i f  th e interrup t  instructio n say s simpl y t o 

continu e th e sam e task ,  implyin g tha t  th e episodi c an d no t 

th e semanti c representatio n o f  th e instructio n cause s th e 

effect .  I n addition ,  w e hav e show n tha t  primin g an d 

interferenc e effect s i n episodi c an d semanti c m e m o r y ca n b e 

accounte d fo r  b y th e sam e underlyin g mechanisms .  Th e 

emergenc e o f  suc h functiona l  symmetrie s bear s ou t  th e 

promis e o f  studyin g phenomen a i n contex t  (Newell ,  1973 ) 

and o f  usin g cognitiv e architecture s t o unif y phenomen a 

wit h existin g theor y (Newell ,  1990) . 

Wit h respec t  t o huma n factor s psychology ,  ou r  dat a sho w 

tha t  brie f  interruption s hav e mor e comple x effect s o n 
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performanc e tha n previou s studie s document .  I n additio n t o 

immediat e interrup t  an d switc h cost s (Gopher ,  e t  al. ,  1996 ; 

Roger s &  Monsell .  1995 ;  Allport ,  e t  al. .  1994) .  ther e ar e 

delaye d effect s tha t  includ e a n interrup t  benefi t  unde r  certai n 

circumstances .  Whethe r  tas k environment s ca n b e designe d 

t o exploi t  th e apparen t  influenc e o f  episodi c memor y o n 

performanc e i s a  questio n t o addres s i n futur e studies . 
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