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Abstract 

A variation of the Raaijmaker and Shiffrin (1981) retrieval model is proposed to account for 
typica l  scrip t  generatio n data .  I n ou r  model ,  knowledg e i s represente d a s a n associativ e networ k 
wit h proposition s a s th e nodes .  A  contro l  proces s whic h utilize s tempora l  informatio n i n thes e 
proposition s supplement s th e probabilisti c  memor y retrieva l  proces s t o produc e ordere d retrieva l 
of  scripta l  events .  Simulation s ar e reporte d whic h provid e a  goo d qualitativ e fit  t o dat a collecte d 
fro m subject s i n bot h scrip t  generatio n an d fre e associatio n tasks .  Thes e result s suppor t  a  vie w 
of  memor y a s a n unorganize d knowledg e bas e rathe r  tha n a  stable ,  organize d structure . 

1. Scripts as Mental Structures 

Scripts are representations of simple stereotyped event sequences. As such, they are a 
subtyp e o f  frame s o r  schemata .  I n orde r  t o b e useful ,  knowledg e ha s t o b e organize d i n som e 
way,  an d scripts ,  a s wel l  a s frames ,  schemata ,  an d semanti c nets ,  provide d tha t  organizatio n 
(e.g .  Anderson ,  1980 ;  Graesser ,  1981 ;  Schank ,  1980 ;  Schan k &  Abelson ,  1977) .  Script s ar e 
claime d t o b e menta l  structures ,  an d psychologist s se t  ou t  t o demonstrat e th e psychologica l 
realit y o f  thes e structure s an d t o investigat e thei r  properties .  Bower ,  Black ,  &  Turne r  (1979 ) 
observe d a  hig h leve l  o f  agreemen t  whe n subject s wer e aske d t o lis t  th e characteristi c event s tha t 
the y though t  belonge d t o a  script ,  an d thei r  order . 

However ,  th e vie w tha t  script s ar e precompile d menta l  structure s wa s soo n challenge d 
fro m severa l  sides .  Computationally ,  fixe d menta l  structure s lik e script s turne d ou t  t o b e to o 
inflexibl e t o reall y serv e th e purpose s fo r  whic h the y wer e originall y designe d (va n Dij k & 
Kintsch ,  1983 ;  Schank ,  1982) .  I f  script s guid e retrieval ,  ho w clos e event s occu r  i n th e scrip t 
strucmr e shoul d determin e th e time  i t  t^e s t o retriev e on e event ,  give n th e other .  However ,  suc h 
distanc e effect s hav e no t  bee n observe d (  Haberland t  &  Bingham ,  1984 ;  Galambo s &  Rips , 
1982 ;  Bowe r  e t  al. ,  1979) .  A t  most ,  i t  appear s tha t  immediatel y succeedin g event s ar e retrieve d 
faste r  tha n event s farthe r  awa y (Bowe r  e t  al.) ,  bu t  tha t  argue s mor e fo r  a  loca l  relatio n lik e 
"next" ,  rathe r  tha n fo r  a  large r  scrip t  structure . 

For  thes e reasons ,  ther e ha s bee n a  genera l  mov e awa y fro m considerin g script s a s fixe d 
menta l  structures .  I n th e presen t  pape r  w e clai m tha t  knowledg e i s no t  pre-organize d i n term s o f 
script s an d schemata ,  bu t  tha t  suc h structure s ar e generate d fro m a n unorganize d associativ e ne t 
i n respons e t o a  specifi c  tas k deman d i n a  specifi c  context .  Onl y i n thi s wa y ca n th e flexibilit y 

1 Thi s researc h wa s supporte d b y gran t  numbe r  M H -  1587 2 fro m th e Nationa l  Institut e o f  Menta l 
Health .  I t  i s  publicatio n numbe r  87- 3 o f  th e Institu e o f  Cognitiv e Scienc e a t  th e Universit y o f 
Colorado ,  Boulder ,  C O 8030 9 
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and contex t  sensitivit y tha t  characteriz e huma n scrip t  us e b e achieved .  Here ,  w e shal l  sho w ho w 
a behavio r  tha t  ha s bee n take n a s prima-faci e evidenc e fo r  th e existenc e o f  script s a s menta l 
structure s ca n b e generate d fro m a  knowledg e bas e i n whic h ther e ar e n o pre-existin g globa l 
structure s lik e scripts .  Specifically ,  w e shal l  simulat e ho w peopl e g o abou t  listin g th e event s 
whic h constitut e c o m m o n scripta l  activities ,  suc h a s goin g t o a  grocer y store . 

2. Scripts and Categories 

The approach taken here extends earlier work on generating conceptual categories to 
scripts .  Walke r  &  Kintsc h (1985 )  hav e modelle d thi s proces s b y makin g tw o crucia l 
assumptions . 

Firs t  o f  all ,  the y assume d tha t  knowledg e retrieva l  obey s th e sam e law s a s retrieva l  fro m 
episodi c memory .  I n particular .  Walke r  &  Kintsc h assume d tha t  th e automati c componen t  o f  th e 
retrieva l  proces s ca n b e describe d b y th e Raaijmaker s &  Shiffri n (1981 )  theory .  Give n a 
particula r  retrieva l  cue ,  thi s mode l  predict s wha t  wil l  b e retrieved ,  an d when .  O n th e othe r  hand , 
th e contro l  processe s whic h ar e necessar y t o pu t  togethe r  a n appropriat e retrieva l  cu e i n th e 
presen t  situatio n ar e outsid e th e Raaijmaker s &  Shiffiri n model ,  an d wil l  b e discusse d below . 

Secondly ,  Walke r  &  Kintsc h assume d tha t  th e retrieva l  proces s operate s o n a n associativ e 
net  i n whic h categorie s ar e no t  explicitl y  represented .  O f  course ,  ther e mus t  b e informatio n 
store d wit h eac h categor y member  tha t  identifie s i t  a s such .  I n th e simples t  cas e thi s migh t  b e a n 
associate d IS- A proposition . 

A mode l  o f  scrip t  generatio n wil l  b e outline d belo w whic h i s analogou s t o th e categor y 
generatio n mode l  o f  Walke r  &  Kintsch ,  excep t  tha t  i t  utilize s a  differen t  contro l  proces s t o 
reconstitut e exhauste d retrieva l  cues :  instea d o f  randoml y pickin g a n associate d nod e an d addin g 
i t  t o th e retrieva l  cue ,  loca l  informatio n abou t  wha t  come s nex t  i s used .  I n thi s wa y th e 
unproductiv e searc h phase s whic h ar e characteristi c o f  categor y retrieva l  ar e avoided ,  an d a n 
essentiall y  linea r  retrieva l  functio n i s obtained .  Furthermore ,  th e retrieva l  proces s doe s no t 
slowl y pete r  out ,  bu t  stop s whe n th e en d o f  th e chai n i s reached .  Befor e describin g thi s mode l  i n 
mor e detail ,  however ,  i t  i s  necessar y t o loo k mor e closel y a t  ho w peopl e generat e scripts ,  s o tha t 
we hav e a  mor e soli d dat a bas e wit h whic h t o compar e ou r  model . 

3. Generating Scripts: Experimental Results 

3. 1 Mgthp d 

Six subjects were asked to think aloud (Ericsson & Simon, 1984) as they pretended to tell a 
strange r  fro m anothe r  cultur e wha t  typicall y happen s i n th e followin g thre e situations :  gt>m ^  t o a 
restauran t  fo r  a  meal ,  goin g t o a  grocer y stor e t o bu y groceries ,  an d goin g t o a  doctor' s offic e fo r 
a checkup .  Thes e wer e th e sam e script s tha t  wer e use d b y Walke r  &  Kintsc h (1985) . 

3.2 ResyltS 

Each subject's protocol was divided into idea units, roughly corresponding to propositions 
i n th e sens e o f  va n Ehj k &  Kintsc h (1983).Thes e unit s wer e classifie d a s eithe r  scripta l  event s o r 
elaborations .  Event s wer e alway s singl e propositions ,  whil e elaboration s wer e sometime s mor e 
complex .  Fo r  example ,  th e even t  mak e a  lis t  wa s elaborate d wit h o f  wha t  yo u wan t  t o buy . 

Ther e wa s goo d agreemen t  amon g subject s abou t  th e event s the y though t  belonge d t o eac h 
of  th e thre e scripts .  Figur e 1  show s th e percentag e o f  al l  response s whic h wer e produce d b y 5 
or  6  subjects ,  3  o r  4  subjects ,  o r  b y onl y 1  o r  2  subjects .  Mor e tha n hal f  o f  al l  response s wer e 
give n b y a  majorit y o f  th e subjects .  Almos t  al l  item s wer e generate d i n thei r  natura l  order ;  onl y 
1 % o f  al l  response s wer e ou t  o f  order .  Figur e 2  show s th e cumulativ e numbe r  o f  scripta l  unit s 
as a  functio n o f  retrieva l  time  fo r  on e o f  ou r  subjects .  Th e importan t  point s t o notic e ar e firs t  tha t 
th e rat e a t  whic h a  scrip t  i s  generate d i s approximatel y constant .  Secondly ,  th e curv e i s relativel y 
smooth ,  i n contras t  t o th e sever e scallopin g observe d fo r  categor y namin g tasks . 
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Figure 1. Percent of events agreed upon by 6+5,4+3, and 2+1 subjects. 

T I M E 

Figur e 2 .  Numbe r  o f  grocer y stor e item s retrieve d b y a  singl e subjec t 
as a  functio n o f  tim e (plotte d i n 3 0 secon d intervals) . 

I n listenin g t o thes e protocols ,  on e i s struc k b y thei r  fluency .  Subject s alway s see m t o 
kno w wha t  t o sa y next ,  wit h littl e hesitation .  Ther e wa s apparentl y n o nee d fo r  a n extende d 
searc h fo r  a  ne w retrieva l  cue .  W e therefor e closel y inspecte d eac h protoco l  fo r  possibl e 
evidenc e a s t o th e natur e o f  th e retrieva l  cue s tha t  permitte d suc h smoot h transitio n fro m even t  t o 
event .  I n th e cours e o f  thes e analyse s w e arrive d a t  th e distinctio n betwee n scripta l  event s an d 
elaborations .  A s alread y mentioned ,  event s ar e single-propositio n units ,  expressin g a n actio n 
eithe r  b y th e mai n acto r  o r  b y som e othe r  participan t  (checkout-clerk ,  nurse ,  waiter )  whic h ca n 
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stan d o n thei r  own .  Tha t  is ,  event s wer e meaningful  b y themselves ,  an d di d no t  requir e 
referenc e t o som e othe r  uni t  fo r  thei r  interpretation .  Elaboration s o n th e othe r  hand ,  hav e t o b e 
interprete d i n th e contex t  o f  som e othe r  unit ,  usuall y a n event .  Th e even t  mak e a  lis t  wa s 
elaborate d b y o f  wha t  yo u wan t  t o buy .  Thus ,  elaboration s appea r  t o b e dependen t  o n events . 
Events ,  however ,  eithe r  follo w directi y previou s events ,  o r  ar e precede d b y explici t  tempora l 
connectives ,  suc h a s then ,  o r  afte r  that .  A  strikin g asymmetr y wa s note d i n thi s respect :  tempora l 
connective s wer e use d b y mos t  o r  al l  o f  th e subject s i n certai n places ,  whil e the y wer e rar e 
otherwise .  Fo r  instance ,  eac h subjec t  use d a  tempora l  marke r  (connective )  betwee n th e las t  ite m 
tha t  deal t  wit h preparatio n fo r  shoppin g an d enterin g th e stor e an d th e firs t  ite m tha t  deal t  wit h th e 
actua l  shopping .  Th e transitio n betwee n shoppin g an d checking-ou t  wa s similarl y marke d b y al l 
subjects ,  an d 5  o f  th e 6  subject s separate d checlung-ou t  an d leavin g th e stor e wit h a  tempora l 
marker .  Withi n eac h o f  thes e episodes ,  i n contrast ,  tempora l  connective s wer e rar e an d use d 
idiosyncratically .  Thus ,  explici t  tempora l  connective s appea r  t o segmen t  th e scrip t  int o separat e 
episode s whic h ar e crucia l  fo r  a n understandin g o f  ho w script s ca n b e generate d fro m a n 
associativ e knowledg e base .  Th e distributio n o f  thes e tempora l  marker s i s show n i n Figur e 3 . 

3.3 A Hvpothesis about Retrieval 

In Table 1 the events and elaborations for the grocery store script which were produced by 
our  subject s ar e shown ,  broke n dow n int o episode s a s suggeste d b y Figur e 3 .  Item s generate d 
by 5  o r  6  subject s ar e show n wit h asterisks ;  inferre d item s (th e episod e labels )  ar e show n i n 
brackets .  Th e reponse s mad e b y on e subjec t  ar e connecte d b y a  continuou s line ,  t o sho w thi s 
subject' s retrieva l  path . 

We ar e n o w i n a  positio n t o stat e a  possibl e hypothesi s abou t  th e retrieva l  cue s whic h 
contro l  th e proces s o f  scrip t  generation .  Th e answe r  i s simpl e fo r  elaborations :  sinc e al l 
elaboration s ca n b e co-ordinate d wit h a  specifi c  event ,  w e assum e tha t  th e event s serv e a s thei r 
retrieva l  cue .  Fo r  th e event s themselves ,  w e propos e a  dua l  process :  som e event s ar e retrieve d 
vi a specifi c  tempora l  information ,  whil e other s ar e retrieve d associatively ,  muc h a s categor y 
members are .  Ou r  dat a sugges t  tha t  goal-directe d retrieva l  o n th e basi s o f  specifi c  tempora l  cues , 
suc h a s X  F O L L O WS Y  operate s a t  th e leve l  o f  episodes :  whe n enoug h informatio n withi n a n 
episod e ha s bee n generated ,  th e subjec t  doe s no t  searc h fo r  a  ne w retrieva l  cu e b y checkin g 
rando m associations ,  bu t  use s specifi c  tempora l  informatio n t o establis h a  ne w episod e cue . 
Thus ,  onc e th e subjec t  i s  don e wit h checking-out ,  th e knowledg e bas e i s searche d fo r  a 
propositio n A F T E R [ C H E C K - O U T,  $] ,  yieldin g A F T E R [ C H E C K - O U T,  L E A V I N G ] ,  an d 
L E A V I N G become s th e nex t  retrieva l  cue .  Th e episod e cu e itsel f  work s muc h lik e th e categor y 
cue i n th e categor y namin g task :  repeate d retrieva l  attempt s ar e mad e usin g thi s cu e i n conjunctio n 
wit h recend y retrieve d information .  Thus ,  within-episod e retrieva l  i s  locall y governed ,  an d stop s 
when a  certai n numbe r  o f  unsuccessfu l  retrieva l  event s hav e occurred .  A t  tha t  point ,  a  ne w 
episod e cu e i s generate d i n th e manne r  discusse d above .  Tempora l  informatio n availabl e i n th e 
loiowledg e bas e specifie s wha t  tha t  cu e ha s t o be ,  an d henc e a  lon g searc h i s superfluous ,  givin g 
th e scrip t  generatio n proces s it s characteristi c smoothnes s an d fluidity.  I n th e nex t  section ,  thi s 
hypothesi s abou t  ho w script s ar e generate d wil l  b e specifie d furthe r  t o th e poin t  wher e 
simulation s ca n b e performed .  Th e goa l  o f  thes e simulation s wil l  b e t o determin e whethe r 
simulate d scrip t  retrieva l  i s  a t  leas t  qualitativel y simila r  t o th e huma n data . 
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[PREPARATION]  T . 

G R O C E R Y S T O RE 

: TIME VISIT ' ' • SO THE STORE ISNT CROWDED 

[SHOWING]  T 

MAKE LIS T 

GO T O STORE 

PARK 

GO IN * 

GET CART* 

\ 

•  GET A  BASKET 

START AT ONE END 

^ GO DOWN AISLES 

V . 

OF WHAT YOU WANT T O BU Y 

IF FOOD SHOPPING OR MIGHT GET TOO MUCH 

HOWEVER YOU GET THERE. DRIVING OR WALKING 

IN FRONT OF STORE 

•>> THROUGH DOORS 

WHICH AR E BI G METAL CARTS 

IF YOU ARE GETTING LOTS 

POSSIBLY WIT H FRUI T 

IF YOU KNOW WHERE THING S AR E 

AISLES AR E DESIGNATED B Y NUMBERS 

START A T TOP OF LIS T 

LOOK IN DIRECTORY 

ASKSOMEONE 

GO THROUGH PRODUCE 

PICK LITTLE BAGS 

I 
PUT FTEMS I N BAGS 

CATEGORIES AR E LISTE D ABOVE 

POSSIBLY 

THEN THEY WEIGH THE M FOR YOU WHEN YOU CHECK OUT 

ACHi GO T O EACH SUBSECTION T O GET AN Y SORT OF FRESH MEAT 

GET LETTUCE ^ IF YOU NEED TT FOR SALAD ONE NIGHT 

GO T O DAIR Y ^  I F YOU NEED EGGS O R CHEESE 

NOTICE PRICE S 

Tabl e 1 .  Item s whic h subject s produce d i n respons e t o th e Grocer y Shoppin g cue .  Th e line s 
sho w on e subject' s pat h throug h th e network .  Se e tex t  fo r  furthe r  explanation . 
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^^.-<X )  T O FRONT 

[CHECKING OUT]  T * 

"^"^G O T O CHECK OUT 

TAKE OUT GROCERIES 

PUT BASKET U P 

THERE AR E MAGAZINE RACKS 

THERE'S A  CASHIE R 

MACHINE READS CODES 

SEE PRODUCTS OVER SCANNER EVERY ITE M HA S A  CODE 

'RIN G U P ITEM S 

SEE ITEM S DOWN BEL T 

PRICES AR E REGISTERED I N COMPUTER 

THERE'S A  S  ACKER THERE 

CLERK PUTS GROCERIES I N BAGS *  DEPENDING O N TH E NUMBER O F ITEM S 

[PAY/LEAVE ]  T  • 

CLERK PUTS BAGS I N CART 

CASHIER TELLS YOU THE AMOUNT * 

YOU TAKE WALLET OUT 

WRITE CHECK 

PAY • THE RIGH T AMOUNT YO U OWE 

GETCHANGE 

V . 

WALKOUT 

GET HELP WITH BAGS 

CARRY BAGS OUT 

i 
LOAD CA R 

I F YOU'R E OL D O R JUS T LAZ Y 

GO HOME* 

Tabl e 1 .  (continued) . 
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4.  Generatin g Scripts :  A  Simulatio n 

Memory is an associative network with concepts and propositions as nodes. Nodes are 
relate d eithe r  positively ,  negatively ,  o r  no t  a t  all ,  wit h connection s rangin g fro m - 1 t o +1 . 
Mathematically ,  thi s networ k wil l  b e represente d b y a  matrix ,  K .  Th e row s (i )  an d column s (j ) 
of  thi s matri x represen t  th e node s o f  th e network ,  an d th e entrie s ( s n )  represen t  th e connectio n 

strength s betwee n th e nodes . 
A retrieva l  cu e consist s o f  on e o r  mor e node s o f  thi s network .  Eac h retrieva l  attemp t  wit h a 

particula r  retrieva l  cu e result s i n th e retrieva l  o f  a  singl e nod e fro m th e networ k (thoug h no t 
necessaril y  i n a n over t  response) .  Th e mode l  ca n b e concisel y statedi n term s o f  th e well-lmow n 
model  o f  memor y retrieva l  propose d b y Raaijmaker s &  Shiffri n (1981) .  Memor y i n thei r  model , 
i s  represente d a s a n associativ e net ,  an d th e retrieva l  proces s whic h the y describ e result s i n th e 
followin g equation . 

(1 )  Pr(J/ij,._k )  = 
i= l 

n k 

j=i i=i 

Suppos e tha t  node y ha s no w bee n retrieved .  I f  i t  ha s no t  alread y bee n retrieve d previously , 
i t  wil l  b e outpu t  a s a n over t  response .  A n unsuccessfu l  retrieva l  attemp t  occur s whe n th e 

retrieve d nod e duplicate s a n earlie r  retrieval. ^ 
The newl y retrieve d nod e i s adde d t o th e retrieva l  cue ,  whic h i s no w o f  siz e k + L I f  thi s 

number  exceed s som e max imu m valu e m ,  a n ol d elemen t  mus t  b e dropped .  W e assum e tha t  thi s 
wil l  b e th e mos t  recentl y adde d element .  Thus ,  th e natur e o f  tiie  retrieva l  cu e change s 
dynamicall y i n respons e t o loca l  effects ,  bu t  a t  th e sam e tim e retain s a  stabl e core . 

Fre e associatio n differ s fro m scrip t  generatio n onl y i n tha t  n o tempora l  cue s ar e use d t o 
guid e retrieval .  H  i s use d t o retriev e som e associat e whic h the n take s o n th e rol e /// .  Afte r  i t 

has becom e ineffective ,  som e othe r  associat e o f  H  take s it s  place .  Thus ,  w e obtai n cluster s o f 
relate d associates ,  wit h occasiona l  unpredictabl e jump s t o ne w ones . 

4.1 Simulating Qroggry ghppping 

In order to test the model outlined above, we attempted to simulate the generation of a 
grocery-shoppin g script .  Th e goa l  o f  thi s simulatio n wa s t o accoun t  qualitativel y fo r  th e dat a 
describe d i n Sectio n 3 .  Specifically ,  w e wante d t o se e whethe r  th e simulatio n yielde d a n outpu t 
comparabl e t o th e huma n dat a i n Tabl e 1 ,  an d whethe r  th e rat e wit h whic h i t  wa s produce d wa s 
constant ,  a s i n Figur e 2 .  Fo r  thi s purpose ,  a n associativ e knowledg e syste m containin g 
informatio n abou t  grocer y shoppin g ha d t o b e constructe d first . 

4.1.1 The Knowledge Base. 
Sinc e merel y a  qualitativ e accoun t  i s  attempte d here ,  w e nee d no t  concer n ourselve s wit h al l 

th e knowledg e peopl e hav e abou t  grocer y shopping .  Instead ,  fiftee n typica l  item s fro m Tabl e 1 
wer e selecte d mor e o r  les s randoml y an d groupe d b y episodes .  I n addition ,  th e scrip t  heading , 
th e fou r  episod e heading s a s wel l  a s th e tempora l  marker s betwee n the m wer e include d i n th e 

2 In other cases this editing process must be more complex. E.g., in category naming a check 
needs t o b e mad e t o determin e whethe r  th e retrieve d nod e is ,  i n fact ,  a  categor y member . 
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knowledg e base .  Furthermore ,  fo r  eac h o f  th e 1 5 scripta l  event s plu s th e 5  heading s fre e 
association s wer e obtaine d fro m a  grou p o f  1 6 subjects .  Th e tw o mos t  frequentl y produce d 
association s fo r  eac h ite m wer e als o adde d t o th e knowledg e base .  Al l  th e item s i n th e 
knowledg e bas e thu s fa r  ar e relate d t o grocer y shopping .  T o mak e th e simulatio n mor e 
challenging ,  item s unrelate d t o th e grocer y scrip t  ar e needed ,  t o se e whethe r  o r  no t  th e retrieva l 
proces s suffer s interferenc e from  suc h items .  Therefore ,  a  closel y relate d scrip t  wa s selected ,  fo r 
whic h tiiree  o f  th e fou r  episode s overlapped .  Subject s wer e aske d t o provid e u s wit h a  shoe -
stor e script .  Thi s yielde d th e thre e episode s Entering ,  Shopping ,  an d Leaving .  I n additio n t o th e 
thre e episod e headings ,  fou r  o f  th e produce d scripta l  event s ar e associate d wit h bot h scripts .  I f 
th e tw o script s wil l  interfer e wit h eac h other ,  ther e i s certainl y opportunit y t o d o so .  Fo r  eac h o f 
th e shoe-stor e events ,  tw o high-frequenc y associate s wer e als o adde d t o th e knowledg e base . 
Ther e is ,  o f  course ,  i n th e knowledg e bas e n o distinctio n betwee n scripta l  events ,  episod e 
headers ,  o r  associates :  al l  ar e jus t  node s i n a  network ,  -  w e categoriz e the m i n thi s wa y onl y o n 
th e basi s o f  th e protocol s subject s generate . 

The tota l  matri x thu s constructe d ha d 6 3 row s an d column s -  a  tin y fragmen t  o f  a  huma n 
knowledg e system .  Th e 3,96 9 connectio n strength s s  \ \  i n thi s matri x wer e estimate d fro m 

actua l  scrip t  an d fre e associatio n data .  Onl y roug h estimate s wer e made :  Wheneve r  a  stimulu s 
elicite d th e sam e respons e i n 7 5 % o f  th e subjects ,  a  strengt h valu e o f  1  wa s used ;  response s 
give n b y fewe r  subject s wer e assigne d a  connectio n strengt h o f  .5 ;  an d response s whic h di d no t 
occu r  i n ou r  sampl e wer e give n a  strengt h o f  0 .  Al l  association s wer e assume d t o b e symmetric . 

I n addition ,  connection s wer e establishe d o n th e basi s o f  th e scrip t  dat a i n th e followin g 
way.  Th e scrip t  header s grocer y shoppin g an d sho e stor e wer e connecte d wit h a  strengt h o f  1  t o 
thei r  respectiv e episod e header s an d wit h a  valu e o f  . 5 t o th e scripta l  event s withi n eac h episode . 
The episod e header s wer e connecte d wit h a  strengt h o f  1  t o thei r  respectiv e scrip t  events . 
Finally ,  scrip t  event s withi n eac h episod e wer e connecte d t o eac h othe r  b y a  valu e o f  .5 . 
However ,  th e strength s o f  thes e connection s wer e no t  necessaril y  symmetric :  pickin g u p 
vegetable s an d goin g throug h th e aisle s ar e connecte d bot h ways ,  an d bot h ar e connecte d t o 
goin g t o th e check-ou t  counter ,  bu t  th e latte r  ha s n o strengt h connectin g i t  t o eithe r  o f  th e tw o 

forme r  nodes .  Thus ,  S(vegetables,aisles )  =  S(aisles,vegetables) '  bu t  S(aisles,checkout )  ̂  

^(checkout ,  aisles) -  Furthermore ,  th e backward s connection s betwee n episod e header s an d thei r 

scrip t  headers ,  a s wel l  a s betwee n scrip t  event s an d thei r  episod e headers ,  wer e mad e les s stron g 
(.5 )  tha n th e forwar d connection s betwee n thes e elements .  Thus ,  scripta l  event s ma y b e 
directional ,  (I t  i s  o f  cours e possibl e tha t  th e sam e ma y b e tru e fo r  association s i n general ,  bu t 
thi s possibilit y  wa s no t  explore d here. )  Th e tempora l  connective s -  B E G I N [ G R O C E R Y-
S H O P P I N G,  E N T E R ] ,  B E G I N [ S H O E - S H O P P I N G,  E N T E R ] ,  A F T E R [ E N T E R , 
S H O P P I N G ],  A F T E R [ S H O P P I N G,  C H E C K - O U T ] ,  A F T E R [ S H O P P I N G,  L E A V E ] , 
A F T E R [ C H E C K - O U T,  L E A V E ]  -  whic h ar e neede d t o contro l  th e retrieva l  proces s i n th e scrip t 
generatio n tas k ar e connecte d b y a  valu e o f  + 1 t o thei r  secon d argument ,  an d a  valu e o f  - 1 t o thei r 
first  argument .  Th e decisio n t o us e onl y th e value s 1  an d . 5 fo r  connectio n strength s i s bot h 
crud e an d arbitrary ,  bu t  b y restrictin g ourselve s t o suc h roug h approximation s w e hav e reduce d 
th e nee d fo r  subjectiv e judgments .  I t  shoul d als o b e note d tha t  precis e strengt h value s matte r 
relativel y litd e here :  I t  i s  th e ovCT-al l  patte m o f  connection s tha t  determine s th e results . 

4.1.2 Retrieval. 
Instea d o f  estimatin g th e parameter s o f  th e mode l  from  th e dat a an d tryin g t o fit  th e dat a 

quantitatively ,  al l  th e parameter s wer e specifie d a  priori. ^  Specifically ,  w e assum e tha t  th e 
retrieva l  cu e ha s thre e components ,  tw o stabl e (whic h woul d b e th e scrip t  heade r  an d a n episod e 

3 Whil e i t  woul d b e possibl e t o estimat e th e parameter s o f  th e retrieva l  mode l  statistically ,  a 
quantitativ e fit  woul d presum e a n adequat e simulatio n o f  th e knowledg e base ,  whic h i s beyon d ou r 
possibilitie s a t  present . 
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header )  an d th e thir d on e variabl e (th e las t  ite m retrieved) .  W e als o assum e L  =  3 ,  tha t  is ,  a 
retrieva l  cu e i s abandone d afte r  thre e successiv e retrieva l  failures .  Conside r  a  particula r 
simulatio n ru n wit h thi s model ,  then .  Wha t  w e observ e i s a n interpla y betwee n th e controlle d 
searc h fo r  a  ne w retrieva l  cue ,  an d th e automati c retrieva l  process .  Give n Grocer y Shopping ,  th e 
propositio n B E G I N [ G R O C E R Y - S H O P P I N G,  $ ]  i s  use d t o retriev e E N T E R vi a a  patter n 
matchin g process .  Thes e tw o node s the n for m th e firs t  retrieva l  cue ,  activatin g 7  node s i n th e 
syste m t o som e exten t  o r  other .  Enterin g Stor e i s selected .  I t  i s  produce d a s a  response ,  an d 
becomes th e thir d componen t  o f  th e retrieva l  cue .  Thi s modifie d cu e no w activate s fou r  othe r 
nodes ,  and ,  afte r  2  failure s (th e cu e retrieve s a  componen t  o f  itself) .  Gettin g a  Car t  i s  retrieved . 
Thi s no w replace s Enterin g Stor e a s a  componen t  o f  th e retrieva l  cue ,  whic h retrieves ,  afte r  on e 
faile d attempt ,  a  nod e whic h entere d th e networ k a s a n elaboratio n o f  Gettin g a  Cart :  i s  fun .  Th e 
ne w retrieva l  cu e activate s 5  nodes ,  3  o f  the m ne w ones ,  bu t  fail s  anyhow ,  becaus e th e same ,  ol d 
node i s retrieve d coincidentall y thre e time s i n a  row .  N o w th e contro l  proces s take s over ,  again : 
A memor y searc h i s mad e o n th e basi s o f  A F T E R [ E N T E R,  $] ,  whic h yield s S H O P P I N G a s th e 
ne w episod e cue ,  an d th e proces s onc e agai n shift s int o it s automati c retrieva l  mode .  Thi s 
interpla y continue s unti l  th e las t  episod e cu e i s exhausted .  I n th e simulatio n ru n unde r  discussio n 
here ,  a  tota l  o f  1 2 node s i s thu s retrieved ,  amon g the m 5  node s whic h w e hav e calle d -  o n th e 
basi s o f  th e dat a ou r  subject s ha d give n u s -  scripta l  events ;  th e res t  wer e episod e header s an d 
elaborations .  Th e dat a fro m thi s simulatio n ru n ar e show n i n Tabl e 2 .  Thi s networ k look s muc h 
lik e a n abbreviate d versio n o f  Tabl e 1 :  obviously ,  wha t  th e mode l  doe s i s quit e clos e t o wha t 
peopl e d o whe n the y generat e scripts .  Mos t  importantly ,  th e retrieva l  proces s staye d o n track : 
no intrusion s from  th e shoe-stor e domai n occurred ,  i n spit e o f  th e fac t  tha t  severa l  o f  th e item s 
produce d a s par t  o f  th e grocer y scrip t  wer e als o associate d wit h th e forme r  domain .  Secondly , 
th e item s wer e produce d i n th e correc t  order ,  whereve r  orde r  mattered ,  a s i n th e actua l  data . 

Figur e 4  show s th e result s o f  thre e independen t  simulatio n run s wit h th e grocer y script . 
Thes e simulatio n result s hav e th e sam e feature s a s th e dat a obtaine d from  th e individua l  subjec t  i n 
th e scrip t  generatio n tas k (Figur e 2) :  th e rat e a t  whic h scripta l  event s ar e produce d i s constant , 
ther e i s n o slowin g dow n toward s th e end ,  an d th e curve s ar e relativel y smooth ,  withou t  th e 
larg e scallop s whic h characteriz e categor y retrieval . 

4.1.3 Free Associations. 
Figur e 5  show s th e rat e a t  whic h fre e association s t o bot h grocer y stor e an d sho e stor e ar e 

produce d b y th e model .  T o arriv e a t  thi s figure,  a  differen t  contro l  proces s wa s assume d tha n fo r 
scrip t  generation ,  whic h doe s no t  involve s th e us e o f  tempora l  cues .  Give n th e scrip t  header ,  a n 
associate d ite m wa s produced .  Thes e tw o item s the n forme d th e firs t  retrieva l  cue .  A s th e thir d 
ite m wa s retrieve d i t  wa s adde d t o thi s retrieva l  cue ,  bu t  th e nex t  ite m retrieve d replace d it ,  an d s o 
on.  Afte r  thre e unsuccessfu l  retrieva l  attempts ,  thi s cu e wa s abandoned ,  an d th e proces s wa s 
starte d al l  ove r  agai n wit h th e scrip t  heade r  a s th e sol e componen t  o f  th e retrieva l  cue .  Onc e th e 
scrip t  heade r  itsel f  lea d t o thre e successiv e retrieva l  failures ,  th e whol e proces s stopped . 

The retrieva l  function s show n i n Figur e 5  ar e negativel y accelerate d an d somewha t 
scalloped .  The y loo k mor e lik e a  categor y namin g functio n tha n a  scrip t  generatio n function . 
Nevertheless ,  the y wer e generate d fro m th e sam e knowledg e base ,  b y th e sam e retrieva l  proces s 
as Figur e 4  -  onl y th e contro l  proces s wa s different .  Scripts ,  categories ,  an d associativ e 
structure s d o no t  reflec t  th e organizatio n o f  memory ;  rather ,  the y ar e generate d fro m a n 
unorganize d knowledg e bas e -  a n associativ e ne t  wit h onl y loca l  connection s betwee n concept s 
and propositions .  Structure s nee d no t  b e i n th e mind ;  the y ma y resul t  fro m particula r  kin d o f 
contro l  processe s -  tha t  i s  wha t  thi s mode l  suggests . 
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T E M P O R AL M A R K E RS 

SCRIPT HEADER AND 
EPISODE H E A D E RS 

E V E N TS E L A B O R A T I O NS 

G R O C E RY SHOPPIN G 

> ^ 
E N T ER 

S H O P P I NG 

\ C H E CK O U T 

1 

\ E A VE 

GO T O S T O RE 

PICK UP CART 
I S F U N 

MONEY 

G ET V E G E T A B L ES 

GO THROUGH AISLES 

NOTE PRICES 

P UT THING S O N B E L T 

R IN G U P PRICE S 

S C AN PRIC E C O DE 

CASHIER 

L O AD C A R 

W O R K ER HELP S 

Tabl e 2 .  Item s whic h th e mode l  retrieve d ove r  thre e run s i n respons e t o 
th e Grocer y Shoppin g cue .  Th e line s sho w th e resul t  o f  on e run . 
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Figure 4. Number of scriptal items retrieved by the mcxiel in three runs 

as a  functio n o f  time . 
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Figur e 5 .  Numbe r  o f  item s retrieve d b y th e mode l  i n a  fre e 
associatio n tas k a s a  functio n o f  time . 
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