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A productio n syste m m o d e l  o f  m e m o r y fo r  spatia l  description s 
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School  o f  Psychology ,  Universit y  o f  Wales ,  Cardiff ,  P.O .  Bo x 901 ,  CF l  3YG ,  UK . 

Thorn Baguley (T.S.Baguley@lboro.ac.uk) 
Departmen t  o f  Human Sciences ,  Universit y  o f  Loughboroug h Loughborough ,  Leicestershire ,  LEl l  3TU ,  UK . 

Abstrac t 

When people read spatial descriptions they construct a 
menta l  model .  W h e n the y attemp t  t o remembe r  th e spatia l 
descriptio n the y ma y rel y o n memor y fo r  th e descriptio n 
itself ,  memor y fo r  th e constructe d model ,  and/o r  memor y 
fo r  th e operation s use d t o construc t  th e menta l  mode l  a n 
episodi c constructio n trac e (Payne ,  1993) .  Thi s pape r 
report s a n ACT- R simulatio n o f  thi s multiple -
representatio n accoun t  o f  memor y fo r  spatia l  descriptions . 
The simulatio n show s tha t  th e ide a o f  a  remembere d 
constructio n trac e ca n aris e naturall y fro m ACT-R' s 
treatmen t  o f  goal s a s declarativ e memor y elements .  Th e 
simulatio n capture s th e mos t  importan t  experimenta l  dat a 
i n favou r  o f  th e constructio n trac e hypothesis . 

Introduction 

M a ny author s hav e suggeste d tha t  comprehendin g linguisti c 
description s involve s th e constructio n o f  a  menta l  mode l  ;  a 
representatio n o f  th e describe d situatio n (Bowe r  &  Morrow , 
1990 ;  Bransford ,  Barclay ,  &  Franks ,  1972 ;  Johnson-Laird , 
1983 ;  Tversky ,  1991) .  I n Johnson-Laird' s theor y (whic h 
provide s th e startin g poin t  o f  th e curren t  research) ,  a  menta l 
model  i s  a n analo g representation ,  whic h share s th e structur e 
of  th e situatio n i t  represents . 

The menta l  m o d e !  theor y o f  comprehensio n ha s ha d a 
widesprea d influenc e i n tex t  comprehensio n an d reasonin g 
research .  On e o f  th e cleares t  illustration s o f  th e concep t  o f 
menta l  model s i s  provide d b y considerin g simpl e spatia l 
descriptions ,  suc h as : 

The vest is to the left of the shawl 
The blous e i s t o th e lef t  o f  th e ves t 
The coa t  i s belo w th e blous e 
The kil t  i s  t o th e righ t  o f  th e coa t 

Mani and Johnson-Laird (1982) asked subjects to read 
description s o f  thi s genera l  kind ,  an d the n judg e whethe r 
the y wer e consisten t  wit h a  diagra m o f  th e layou t  o f  objects . 
Later ,  th e sam e subject s wer e give n recognitio n test s fo r  th e 
descriptions .  Man i  an d Johnson-Lair d foun d tha t  subjects ' 
gis t  memor y (thei r  abilit y  t o distinguis h a  descriptio n o f  th e 
same layou t  o f  object s from  a  descriptio n o f  a  differen t 
layout )  wa s bette r  i f  th e origina l  spatia l  descriptio n wa s 
determinat e (i.e .  wa s consisten t  wit h onl y a  singl e 
configuratio n o f  objects ,  give n assumption s abou t  scal e an d 
symmetry ,  an d therefor e wit h a  singl e menta l  model) . 

However ,  subjects '  verbati m m e m o r y (thei r  abilit y t o 
distinguis h th e origina l  descriptio n from  a  configuration -
preservin g paraphrase )  wa s bette r  i f  th e descriptio n wa s 
indeterminat e (i.e .  consisten t  wit h tw o differen t 
configurations ,  an d therefor e tw o alternativ e menta l  models) . 

Johnson-Lair d (1983 )  give s th e abov e patter n o f  fmding s 
prid e o f  plac e i n hi s  expositio n o f  th e theor y o f  menta l 
models .  H e explain s th e findings  b y assumin g tha t  m e m o r y 
fo r  a  spatia l  descriptio n ca n involv e th e proposition s o f  th e 
descriptio n o r  a  menta l  mode l  tha t  wa s constructe d i n orde r 
t o comprehen d th e description .  W h e n th e descriptio n i s 
determinate ,  i t  i s  easie r  t o construc t  a  menta l  model ,  whic h 
late r  support s gis t  memory .  W h e n th e descriptio n i s 
indeterminat e i t  i s  harde r  t o construc t  a  menta l  model ,  s o 
th e participan t  tend s t o remembe r  th e proposition s 
themselves ,  an d ca n thu s exhibi t  verbati m m e m o r y .  Menta l 
model s o f  thes e simpl e spatia l  description s ar e assume d t o 
be structura l  analogue s o f  th e describe d configurations . 
Johnson-Lair d (1983 )  describe s a  compute r  progra m fo r 
constructin g suc h model s from  th e spatia l  propositions ;  th e 
progra m encode s menta l  model s usin g a  simpl e 2 -
dimensiona l  array . 

Payn e (1993 )  reporte d difficult y i n replicatin g M a n i  & 
Johnson-Laird' s phenomenon ,  an d offere d a  n e w accoun t  o f 
th e long-ter m m e m o r y fo r  spatia l  descriptions .  H e accepte d 
tha t  participant s construc t  menta l  model s i n orde r  t o 
comprehen d th e descriptions ,  bu t  propose d tha t  the y 
remembere d no t  th e mode l  itself ,  bu t  th e proces s d " 
constructin g th e mode l  -  a n "episodi c constructio n trace. " 

Thus ,  i n th e cas e o f  th e descriptio n above ,  a  participan t 
migh t  remembe r  beginnin g th e constructio n o f  a  mode l  b y 
"placing "  a  ves t  t o th e lef t  o f  a  shawl ,  the n addin g th e blous e 
t o th e model ,  t o th e lef t  o f  th e vest ,  the n addin g th e coa t 
belo w th e blous e an d fmall y addin g th e kil t  t o th e righ t  o f 
th e coat .  Payn e extende d Johnson-Laird' s array-buildin g 
progra m t o m a k e thi s proposa l  explicit :  hi s progra m store d a 
lis t  o f  proposition s encodin g eac h array-buildin g step .  I n th e 
curren t  example ,  th e constructio n trac e woul d b e represente d 
as follows : 

[start vest shawl left] 
[blous e ves t  left ] 
[coa t  blous e below ] 
[kil t  coa t  righ t  ] 
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The ke y ide a i s  tha t  th e constructio n trac e preserve s 
whic h object s ar e use d t o star t  buildin g a  ne w model ,  and , 
thereafter ,  i t  distinguishe s th e object s tha t  ar e alread y i n th e 
mode!  fro m thos e tha t  ar e new .  (Fo r  indeterminat e 
description s th e trac e als o encode s th e natur e o f  th e 
indeterminacy ,  se e Payne ,  1993 ,  fo r  details. ) 

O ne o f  th e prediction s from  th e constructio n trac e accoun t 
i s tha t  participant s shoul d find  description s difficul t  t o 
recognis e i f  th e sentence s ar e reordere d betwee n presentatio n 
and test ,  eve n i f  th e participant s ar e tol d t o ignor e sentenc e 

order . 
T o se e this ,  conside r  a  re-orderin g o f  th e abov e 

description : 

The coat is below the blouse 

The kil t  i s  t o th e righ t  o f  th e coa t 
The blous e i s t o th e lef t  o f  th e ves t 
The ves t  i s t o th e lef t  o f  th e shaw l 

When the participant tries to build a model of this 
descriptio n the y mus t  begi n b y placin g th e coa t  an d th e 
blouse .  Th e constructio n trac e i s n o w a s follows : 

[start coat blouse below] 
[kil t  coa t  right ] 
[ves t  blous e right ] 
[shaw l  ves t  right ] 

This trace shares only a single element with the original 
trace ,  becaus e th e orde r  i n whic h object s ente r  th e mode l  ha s 
bee n disrupted .  If ,  t o recognis e descriptions ,  participant s 
construc t  a  mode l  an d compar e th e ne w constructio n trac e 
wit h a  remembere d trace ,  the n recognitio n o f  re-ordere d 
description s wil l  b e affected . 

Payn e (1993 )  reporte d tha t  re-orderin g di d indee d suppres s 
recognitio n memory .  Not e tha t  th e reordere d description s 
contai n exactl y th e sam e propositions ,  an d lea d t o exactl y 
th e sam e menta l  model ,  s o tha t  thi s resul t  i s  no t  readil y 
explaine d b y propositiona l  m e m o r y o r  b y memor y fo r  a 
menta l  model .  Recentl y Bagule y an d Payn e (submitted ) 
hav e provide d fluthe r  suppor t  fo r  th e episodi c constructio n 
trace ,  an d extende d th e re-orderin g phenomeno n t o tempora l 
descriptions .  I n addition ,  the y repor t  ne w argument s tha t 
th e menta l  mode l  itsel f  i s  als o remembered .  The y conclud e 
tha t  m e m o r y fo r  a  spatia l  descriptio n m a y contai n thre e 
separat e primar y level s o f  representatio n th e verba l 
propositions ,  th e menta l  model ,  an d th e episodi c 
constructio n trace . 

Th e ai m o f  thi s articl e i s  t o presen t  a  productio n syste m 
model  o f  thi s multiple-representatio n accoun t  o f  m e m o r y fo r 
descriptions .  Th e mode l  perform s th e task s o f 
comprehendin g an d late r  recognisin g verba l  descriptions , 
and i t  capture s th e re-orderin g phenomenon . 

An ACT-R model of the Episodic Construction 
Trac e ( A C T - E C T ) 

A C T - R (Anderson ,  1993 )  i s th e lates t  versio n o f  Anderson' s 
A C T famil y o f  cognitiv e architectures .  I n keepin g wit h th e 
other s i t  propose s tha t  a  productio n syste m operate s o n a 
declarativ e memory .  T o allo w modellin g o f  th e tim e cours e 

and stochasti c natur e o f  huma n behaviou r  A C T - R embodie s 

severa l  assumption s abou t  th e activatio n o f  element s i n 
declarativ e memory ,  h o w thes e chang e ove r  tim e an d ho w 

the y affec t  an d ar e affecte d b y processing .  Thes e 
assumption s ar e justifie d b y rationa l  analysis ,  s o tha t  the y 
wor k t o produc e a  syste m tha t  i s tune d t o th e statistic s o f  it s 
environment .  I n additio n t o activation-base d processing , 
A C T - R assume s tha t  production s ca n b e selecte d fo r  us e o n 
th e basi s o f  th e histor y o f  thei r  successe s an d failure s an d 
thei r  associate d costs . 

The explici t  divisio n o f  memor y int o procedura l  an d 
declarativ e memorie s i n A C T - R ,  an d th e earlie r  A C T s ,  ha s 
prove n particularl y usefu l  whe n memor y task s ar e modelle d 
(Anderson ,  1983 ,  1993) .  I n th e cas e o f  A C T - E C T i t  allow s 
a clea r  distinctio n betwee n over-learne d procedure s (i.e . 
thos e tha t  creat e an d interpre t  menta l  models )  an d transien t 
storag e (i.e .  th e propositions ,  model s an d constructio n 
traces) .  A C T - E C T contain s production s tha t  creat e menta l 
models ,  cop e wit h indeterminat e descriptions ,  discriminat e 
tru e statement s usin g a  remembere d mode l  an d recognis e 
previousl y comprehende d description s b y combinin g 
evidenc e from  th e remembere d propositions ,  menta l  mode l 
and constructio n trace . 

The ke y decision s tha t  mus t  b e mad e t o implemen t  th e 
Episodi c Constructio n Trac e (ECT )  hypothesi s i n A C T - R 
ar e a s follows :  H o w shoul d menta l  model s b e represented ? 
H o w shoul d th e E C T b e represente d a s a  by-produc t  o f  th e 
production s tha t  construc t  suc h menta l  models ? H o w 
shoul d recognitio n b e achieve d s o a s t o exploi t  remembere d 
propositions ,  menta l  model s an d th e E C T ? 

Representing mental models in ACT-ECT 

A menta l  mode l  i s  treate d a s a  distribute d dat a structure :  i t 
i s  represente d b y havin g a  workin g memor y elemen t  ( W M E ) 
correspondin g t o eac h objec t  i n th e model .  Eac h suc h 
W ME ha s slot s fo r  a  spatia l  x  an d y  co-ordinate .  Thi s 
capture s th e sourc e independenc e o f  menta l  model s i n tha t  i t 
allow s inference s abou t  th e relativ e position s o f  object s i n 
th e menta l  mode l  irrespectiv e o f  whethe r  th e relation s i n 
questio n hav e bee n explicitl y  note d o r  encode d i n 
propositiona l  form .  Thu s a  menta l  mode l  migh t  loo k lik e 
thi s (sentence s leadin g t o constructio n ar e show n o n right) : 

Objec t  1  ( x =  0 ,  y  =  0 ) 
Object2( x =  -l, y =  0 ) 
Object3( x =  0 ,  y  =  -l ) 
Object4( x =  -2 ,  y  =  0 ) 
Object5( x =  -l, y =  -l ) 

Object 2 i s t o th e lef t  o f  Object l 

Object3 is below Objectl 
Object 4 i s t o th e lef t  o f  Object 2 
Object s i s t o th e lef t  o f  Object 3 

I f  th e questio n 'I s  Object s t o th e lef t  o f  Objectl? '  i s 
asked ;  the n th e answe r  i s compute d usin g th e co-ordinate s i n 
th e mode l  representation .  Her e i s a n exampl e o f  th e 
representatio n o f  a n object-in-a-model : 

ima g object s 
IS A 
Typ e 
X c o o r d 
Y coor d 
Model 

imagobjec t 
coa t 
0 
-1 
model 2 
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The us e o f  generate d identifier s facilitate s bot h multipl e 
menta l  model s from  th e sam e descriptio n an d menta l  model s 
generate d from  differen t  description s tha t  us e th e sam e 
objects .  Eac h Imagobjec t  als o contain s a  slo t  wit h a 
referenc e t o a  W M E o f  typ e model ;  eac h mode l  W M F,  i s 
generate d a t  run-tim e an d i s use d t o indicat e whic h 
imagobject s ar e i n th e sam e model .  I n theor y A C T - E C T 
coul d maintai n a n unrealisticall y larg e numbe r  o f  menta l 
models ;  howeve r  th e description s use d i n experiment s tha t 
hav e investigate d spatia l  menta l  model s d o no t  contai n th e 
multipl e indeterminac y necessar y fo r  thi s t o occur . 

Constructing mental models and 
r e m e m b e r i n g th e constructio n proces s 

To construc t  a  mode l  from a  propositiona l  representatio n i s 
relativel y straightforward .  Essentially ,  w e encode d Johnson -
Laird' s algorith m wit h a  se t  o f  productions .  Ther e ar e 
production s fo r  testin g whethe r  eithe r  o f  th e object s i s 
alread y i n a  model ;  fo r  creatin g a  ne w mode l  i f  neithe r  objec t 
is ;  fo r  addin g ne w object s t o model s (and ,  critically ,  fo r 
preparin g fo r  thi s b y transformin g proposition s a s necessar y 
so tha t  the y expres s th e relatio n betwee n th e ne w objec t  an d 
th e on e tha t  i s alread y i n th e model ,  instea d o f  th e othe r  wa y 
around.) .  Othe r  production s resolv e indeterminac y b y 
creatin g multipl e menta l  models . 

The mor e interestin g modellin g proble m i s ho w t o cod e 
thes e constructio n production s s o tha t  the y leav e a  trac e o f 
thei r  behaviou r  (th e episodi c constructio n trace )  tha t  ca n late r 
by use d i n recognition .  O n e rathe r  obviou s solutio n migh t 
be fo r  th e model-constructio n production s t o no t  onl y 
perfor m thei r  mai n function ,  bu t  t o includ e right-han d sid e 
clause s (i.e .  actions )  tha t  creat e a  specia l  typ e o f 
representatio n t o recor d wha t  th e productio n ha s jus t  don e 
(an d tha t  i s  late r  use d b y othe r  production s t o recognis e thi s 
process) .  Thi s ha s som e similarit y t o th e wa y th e analog y 
mechanis m work s i n recen t  version s o f  A C T - R ;  wher e a 
specia l  'dependency '  representatio n create d i n th e sam e wa y 
encode s informatio n abou t  wha t  th e syste m i s doin g fo r  us e 
i n late r  analog y making .  However ,  i n th e presen t  cas e suc h 
an additio n wa s fel t  t o b e arbitrar y an d unparsimonious . 
One ca n us e A C T - R a s a  programmin g languag e i n thi s 
way,  t o implemen t  th e E C T hypothesis ,  bu t  a  preferre d 
solutio n woul d b e t o us e A C T - R mor e a s a  cognitiv e 
theory .  Afte r  all ,  w h y shoul d thes e particula r  production s 
hav e thi s specia l  effec t  o n memory ? 

Our  preferre d solutio n relie s o n th e propertie s o f  goa l 
handlin g i n A C T - R .  Goal s ar e represente d a s workin g 
memory element s ( W M E s )  tha t  shar e c o m m o n propertie s 
wit h othe r  W M Es (e.g .  th e menta l  models) .  O n e o f  th e 
propertie s o f  ACT-R ' s W M Es i s tha t  the y decay ,  s o ever y 
separat e W M E create d i n th e system' s pas t  wil l  hav e som e 
leve l  o f  activatio n (an d henc e retrievability )  howeve r 
minuscule .  Hence ,  al l  previou s goal s o f  th e syste m ar e 
maintaine d i n lon g ter m memor y (eventuall y decayin g t o 
oblivio n i f  the y ar e no t  reused )  an d m a y b e treate d a s dat a b y 
othe r  productions .  A  recor d o f  th e differen t  goal s create d b y 
th e productio n syste m therefor e provide s som e recor d o f  th e 
processin g done .  W h e n a  ne w menta l  mode l  need s t o b e 
created ,  a  goa l  mus t  b e se t  t o d o this ;  similarl y a  goa l  mus t 
be se t  t o rearrang e an d reproces s a  sentence .  Th e memor y f w 

thes e goal s ca n b e use d t o implemen t  th e constructio n trace . 
A C T - E CT recognise s processin g step s tha t  hav e bee n 
traverse d befor e b y comparin g th e recor d o f  previou s goal s 
wit h th e curren t  goals ,  removin g th e nee d fo r  a  dedicate d 
memory type . 

A n importan t  featur e o f  A C T - E C T tha t  enable s thi s 
scheme t o b e use d i s it s somewha t  unusua l  representatio n o f 
goals .  M a n y A C T - R model s us e distinc t  m e m o r y type s fo r 
differen t  type s o f  goal .  Suc h a  representatio n implie s n o 
specia l  similarit y betwee n differen t  type s o f  goal ;  fo r  instanc e 
th e goa l  t o rea d a  sentenc e migh t  b e n o mor e relate d t o a 
goa l  t o writ e tha t  sentenc e tha n t o th e representatio n o f  tha t 
sentence : 

Readthesentenc e 
IS A Rea d 
Objec t  Thesentenc e 

Write_the_sentence 
IS A Writ e 
Objec t  Thesentenc e 

Thesentence 
IS A Sentenc e 
Noun l  Te a 
Relatio n abov e 
Noun 2 Coffe e 

Fig I: Examples of common notation for two goals and a 
relate d memor y elemen t  i n A C T - R 

For example in Figure 1 we see three different working 
memory type s (Read ,  Writ e an d Sentenc e respectively) ,  an d 
al l  hav e on e over-lappin g elemen t  (i.e .  th e labe l 
Thesentence) .  Howeve r  i n A C T - E C T th e relationshi p 
betwee n step s involvin g processin g need s t o b e mad e 
explicit ,  s o thes e element s woul d instea d b e represente d a s 
show n i n Figur e 2 . 

Readthesentenc e 
IS A Goa l 
Actio n Rea d 
Objec t  Thesentenc e 

Writethesentence 
IS A Goa l 
Actio n Writ e 
Objec t  Thesentenc e 

Thesentence 
IS A Sentenc e 
N o un 1  Te a 
Relatio n Abov e 
Noun 2 Coffe e 

Fig 2: Alternative notation for elements in fig I as used by 
ACT-ECT 
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Henc e i n A C T - E C T al l  workin g m e m o r y element s tha t 
act  a s a  processin g goal ,  ar e o f  workin g memor y typ e 
'Goal' ;  thei r  natur e i s indicate d b y th e slo t  'Action' ,  wit h 
usuall y onl y on e othe r  slo t  needed ;  i.e .  th e 'Object '  th e 
actio n i s t o applie d to . 

Recognising processing steps 

Th e share d typ e o f  al l  processin g goal s i s importan t  t o th e 
recognitio n production s i n A C T - E C T .  Onl y thre e 
production s ar e required ;  on e tha t  recognise s proposition s 
see n befor e (recognisetext) ,  on e tha t  recognise s menta l 
model s constructe d befor e (recognisemodel) ,  an d th e final 
nove l  productio n tha t  recognise s th e processin g step s 
engage d i n previousl y (recogniseconstructiontrace) .  Th e 
syste m agen t  itself ,  a s implemente d i n A C T - E C T ,  doe s no t 

explicitl y  se t  a  goa l  t o recognis e a  model ,  i t  merel y set s 
goal s t o rea d a  test-phas e descriptio n an d creat e a  ne w mode l 
fro m thi s description .  Th e afore-mentione d production s 
matc h t o thes e processin g goal s i n wha t  amount s t o 
incidenta l  recognitio n (n o explici t  goa l  t o recognis e a 
descriptio n i s necessary) .  Th e recognitio n production s ar e 
sufficientl y preferre d i n th e conflic t  resolutio n proces s tha t 
the y wil l  alway s matc h first.  W h e n an y o f  th e thre e 
recognitio n production s fir e on e o f  thre e recognitio n 
variable s ar e incremented ;  processin g whe n 
recogniseconstructiontrac e fires ,  gis t  whe n 
recognisemode l  fires,  an d textreco g whe n recognisetex t 
fires.  Th e latte r  tw o production s ar e restricte d t o firing  onc e 
fo r  ever y propositio n processed ;  whils t 
recogniseconstructiontrac e ca n fir e onc e pe r  ne w syste m 
goal . 

Thre e differen t  algorithm s fo r  calculatin g th e 
correspondenc e betwee n tw o menta l  model s wer e explore d i n 
A C T - E C T.  The y ar e essentiall y  ver y simila r  an d calculat e 
correspondenc e b y seein g i f  object s ar e i n th e sam e relativ e 
position s i n th e tw o models ;  th e algorithm s onl y var y i n 
h o w m a n y object s nee d t o b e i n th e sam e position s fo r 
recognitio n t o occur ,  wit h th e valu e i n bracket s indicatin g 
tha t  number .  Th e gist(5 )  algorith m onl y increment s gis t 
onc e al l  five  object s ar e i n place ;  gist(4 )  i s les s specifi c 
incrementin g gis t  w h e n an y 4  object s correspon d (no t  carin g 
abou t  th e fifth),  an d th e gist(3 )  algorith m i s th e mos t 
tolerant .  Thes e differen t  algorithm s allo w a  crud e exploratio n 
of  h o w specifi c  correspondenc e need s b e betwee n tw o menta l 
model s fo r  gis t  recognitio n t o occur . 

T h e us e o f  recognitio n informatio n i s no t  modelle d i n 
A C T - E C T.  Currently ,  A C T - E C T i s solel y concerne d wit h 
th e collectio n o f  recognitio n evidence .  A n issu e tha t  i s 
therefor e lef t  unresolve d her e i s h o w informatio n from  th e 
thre e differen t  recognitio n variable s shoul d b e combined .  I n 
th e example s belo w a  simpl e additiv e algorith m i s use d t o 
deriv e th e overal l  recognitio n scor e {Recogjevel) .  Detailin g 

th e us e o f  recognitio n informatio n ,  an d th e weightin g o f  th e 
thre e identifie d component s o f  recognition ,  woul d requir e th e 
additio n o f  furthe r  assumption s t o A C T - E C T . 

Simulation runs of the model 

Her e w e provid e tw o example s o f  th e mode l  processin g a n 
origina l  description ,  the n attemptin g t o recognis e targe t 
descriptions .  Th e first  o f  thes e example s wil l  us e a 
determinat e description ,  th e secon d wil l  exten d thi s t o a n 
indeterminat e description . 

Example 1: Determinate description 

The descriptio n originall y processe d b y th e mode l  was : 

[si] The vest is to the left of the shawl 
[s2 ]  Th e blous e i s t o th e lef t  o f  th e ves t 
[s3 ]  Th e coa t  i s belo w th e blous e 
[s4 ]  Th e kil t  i s  t o th e righ t  o f  th e coa t 

After creating the mental model associated with this 
description ,  A C T - E C T wa s the n give n thre e targe t 
description s t o recognise ;  original ,  re-ordere d an d inferable . 
The forme r  wa s a  repetitio n wit h th e sentence s i n th e sam e 
order ;  th e re-ordere d descriptio n wa s a  repetitio n bu t  i n orde r 
s3 ,  s 4 ,  s 2 ,  s i  ;  an d th e inferabl e descriptio n feature d non e 
of  th e origina l  sentence s bu t  wa s consisten t  wit h th e sam e 
menta l  model .  Th e value s o f  th e recognitio n variable s fo r 
thes e thre e 'conditions '  ar e show n i n tabl e 1 . 

The recogjeve l  value s i n tabl e 1  ar e th e su m o f  th e 
recognitio n score s compute d from  th e thre e kind s o f 
representatio n (usin g th e gist(3 )  versio n o f  th e model -
recognitio n process) .  Not e tha t  a )  th e re-ordere d descriptio n 
suffer s relativ e t o th e descriptio n i n th e origina l  orde r 
(processin g recognitio n valu e o f  2  versu s 5 ,  respectively) ; 
and b )  th e inferabl e descriptio n show s bette r  recognitio n tha n 
an unrelate d descriptio n (notiona l  recogjeve l  =  0  fo r  a n 
unrelate d description) ,  c )  Th e thre e gis t  algorithm s al l 
effectivel y giv e th e sam e resul t  i n thi s example ,  showin g n o 
variatio n betwee n conditions . 

Example 2: Indeterminate description 

For  exampl e 2  th e origina l  indeterminat e descriptio n wa s a s 
follows : 

[si] The Vest is below the Blouse 
[s2 ]  Th e Blous e i s t o th e lef t  o f  th e Shaw l 
[s3 ]  Th e Ves t  i s belo w th e Ki h 
[s4 ]  Th e Coa t  i s  t o th e righ t  o f  th e Ves t 

Tabl e 1 :  Recognitio n value s recorde d b y A C T - E C T fo r  exampl e 1 

Recog leve l  Processin g Tex t  reco g Gis t  (3 )  Gis t  (4 )  Gis t  (5 ) 

Origina l  orde r 

Re-ordere d 

Inferabl e 

12 

9 

3 

5 

2 

0 

4 

4 

0 

2 

2 

2 
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Tabl e 2 :  Recognitio n value s recorde d b y A C T - E C T fo r  exampl e 2 ,  whe n bot h model s ar e abandone d afte r 
encounterin g indeterminac y 

Origina l  orde r 

Re-ordere d 

Inferabl e 

Foi l  (unrelated ) 

Reco g leve l 

14 

7 

7 

3 

Processin g 

6 

I 

3 

0 

Tex t reco E 

4 

4 

1 

1 

Gis t  (3 ) 

4 

2 

3 

2 

Gis t  (4 ) 

2 

0 

2 

0 

Gis t  (5 ) 

0 

0 

0 

0 

Tabl e 3 :  Recognitio n value s recorde d b y A C T - E C T fo r  exampl e 2 ,  whe n onl y on e mode l  i s maintaine d afte r 
encounterin g indeterminac y 

Origina l  orde r 

Re-ordere d 

Inferabl e 

Foi l  (unrelated ) 

Reco g leve l 

16 

11 

9 

3 

Processin g 

7 

3 

3 

0 

Tex t reco g 

4 

4 

1 

1 

Gis t  (3 ) 

5 

4 

5 

2 

Gis t  (4 ) 

3 

2 

4 

0 

Gis t  (5 ) 

1 

0 

2 

0 

Tabl e 4 :  Recognitio n value s recorde d b y A C T - E C T fo r  exampl e 2 ,  whe n al l  model s ar e maintaine d afte r 
encounterin g indeterminac y 

Origina l  orde r 

Re-ordere d 

Inferabl e 

Foi l  (unrelated ) 

Reco g leve l 

16 

12 

9 

3 

Processin g 

7 

3 

3 

0 

Tex t reco g 

4 

4 

1 

1 

Gis t  (3 ) 

5 

5 

5 

2 

Gis t  (4 ) 

3 

3 

4 

0 

Gis t  (5 ) 

1 

1 

2 

0 

Thi s descriptio n ca n resul t  i n tw o possibl e models : 
either : 

Blous e Shaw l 
Kil t 
Vest  Coa t 

or 
Ki h 
Blous e Shaw l 
Vest  Coa t 

The targe t  description s use d fo r  thi s simulatio n ru n 
include d a  repetitio n condition ,  a  re-ordere d conditio n (s4 , 
s3 ,  si ,  s2) ,  a n inferabl e conditio n an d a n unrelate d foi l 
condition .  Th e inferabl e an d th e foi l  description s share d a 
singl e sentenc e wit h th e origina l  descriptio n (s2) . 
I t  wa s necessar y t o conside r  th e differen t  possibl e strategie s 

adopte d b y participant s whe n indeterminac y wa s encountere d 
(i.e .  a t  s 3 above) .  Participant s ca n eithe r  choos e t o giv e u p 
menta l  mode l  creatio n altogether ,  continu e wit h onl y on e 
model  (th e first  computed ,  w e assume) ,  o r  maintai n bot h 
possibl e models ;  al l  o f  thes e possibilitie s wer e simulated , 
result s dependen t  o n th e differin g assumption s ar e presente d 
i n table s 2 ,  3  an d 4  respectively .  A s wit h th e determinat e 
description s w e find  A C T - E C T predictin g bette r  recognitio n 
fo r  th e targe t  description s presente d i n thei r  origina l  order ;  i f 
anythin g th e difference s ar e mor e pronounce d tha n for 
exampl e 1  du e t o th e extr a processin g involve d i n resolvin g 

th e impass e cause d b y a n indeterminac y (an d therefor e th e 
mor e distinctiv e constructio n trace) .  Not e tha t  w h e n bot h 
model s ar e abandone d the n th e sentence s followin g th e 
indeterminac y ar e no t  full y  processed ,  s o tha t  whils t  i n th e 
cas e ofth e originall y ordere d descriptio n th e sam e sentence s 
wil l  b e processed ;  th e re-ordere d descriptio n wil l  caus e th e 
processin g o f  sentence s no t  originall y processe d an d th e 
ignorin g o f  one s tha t  were ;  henc e th e larg e differenc e i n th e 
processin g valu e (se e tabl e 2.1) . 

Th e superio r  recognitio n fo r  th e Inferabl e conditio n ove r 
th e foi l  conditio n (eac h o f  whic h hav e on e c o m m o n sentenc e 
wit h th e original )  i s  als o illustrate d unde r  al l  thre e 
indeterminac y copin g strategies .  A n importan t  differenc e 
from  exampl e 1  i s variatio n i n th e result s from  th e differen t 
gis t  recognitio n algorithms .  W h e n bot h model s ar e 
abandone d the n n o model s eve r  hav e 5  object s in ,  s o th e 
gist(5 )  algorith m wil l  no t  registe r  (se e tabl e 2.1) .  T h e 
gist(5 )  algorith m i s als o ver y sensitiv e t o indeterminacie s 
tha t  occu r  onc e al l  object s ar e i n th e model ;  i.e .  w h e n th e 
indeterminac y i s cause d b y th e sentenc e presente d last ,  a s i n 
th e gis t  conditio n above .  Anothe r  poin t  t o not e i s tha t  th e 
gist(3 )  algorith m throw s u p spuriou s occurrence s o f  gis t 
recognition ;  notabl y i n th e cas e ofth e foi l  above .  Th e foi l  i s 
designe d s o th e menta l  mode l  generate d doe s no t 
correspon d t o tha t  derive d from  th e origina l  descriptio n (i.e . 
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gis t  recognitio n shoul d b e zero) ;  bu t  th e sam e object s ar e 
used an d coincidenta l  arrangement s o f  thre e object s ar e 
boun d t o occu r  whe n dealin g wit h indeterminacie s (a s tw o 
model s generate d from  th e foi l  ar e compare d t o th e tw o 
model s generate d from  th e original) . 

Discussion 

The episodi c constructio n trac e ha s bee n propose d a s a n 
accoun t  o f  memor y fo r  spatia l  description s (Payne ,  1993 ; 
Bagule y an d Payne ,  submitted) .  Th e accoun t  draw s o n 
Johnson-Laird' s theor y o f  menta l  models ,  an d i s consisten t 
wit h a  processin g vie w o f  memor y (Crowder ,  1993 ;  Kolers , 
1973 ;  Morris ,  Bransford ,  &  Franks ,  1977 ;  Weldo n & 
Roediger ,  1987) . 

One o f  ou r  goal s i n thi s projec t  wa s t o bette r  integrat e th e 
episodi c constructio n trac e wit h othe r  aspect s o f  cognitiv e 
processin g an d memory .  A n attractiv e wa y t o attemp t  suc h 
an integratio n i s t o embe d th e theor y i n a  cognitiv e 
architecture ,  an d t o thi s en d w e hav e implemente d th e 
theor y i n ACT- R (Anderson ,  1993) . 

Interestingly ,  th e episodi c constructio n trac e doe s no t 
itsel f  requir e an y specia l  encoding ,  instea d i t  arise s naturall y 
from  ACT-R' s treatmen t  o f  goals .  Becaus e ol d goal s ar e 
automaticall y availabl e a s element s o f  declarativ e memory , 
al l  tha t  i s  require d i s tha t  th e production s tha t  contro l 
recognitio n attemp t  t o matc h previou s processin g goal s wit h 
curren t  processin g goals .  Thi s ver y nea t  dovetailin g 
betwee n th e episodi c constructio n trac e theor y an d ACT- R 
i s t o ou r  mind s a  nove l  sourc e o f  evidenc e i n suppor t  o f  bot h 
theories . 

The ACT- R simulatio n tha t  use s thes e principle s 
successfull y predict s th e mos t  salien t  experimenta l  data .  I n 
futur e wor k w e pla n t o compar e th e simulation' s prediction s 
t o othe r  aspect s o f  th e experimenta l  data .  W e hop e th e 
model  wil l  allo w u s t o furthe r  explor e th e interactio n o f  th e 
episodi c constructio n trac e theor y wit h pre-existin g 
quantitativ e theorie s o f  recognitio n memor y a s embodie d i n 
ACT-R. 
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