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Atlanta ,  Georgi a 3033 2 

Lawrence W. Barsalou 
Departmen t  o f  Psycholog y 

Emory Universit y 
Atlanta .  Georgi a 3033 2 

1.  Istzodnctio n 

thi s pape r  present s som a psychologica l 
iaplication s o f  a n A I  mode l  o f  reconstructiv e 
Descry .  Psychologist s hav e characterixe d htnui n 
Deaor y a s reconstructiv e fo r  year s (e.g. ,  [1] , 
[6]) .  A I  siaulatio n o f  reconstuctio n goe s furthe r 
sinc e ccapute r  iaplenentatio n require s explici t 
specificatio n o f  processe s an d representations . 
The particula r  A I  mode l  v e conside r  her e i s Kolod -
ner  ' s  (5 ]  E-MOP base d model ,  iaplsaente d i n a  com -
pute r  progra m CYEDS.  Th e mode l  ha s thre e inter -
relate d components :  a  retrieva l  process ,  a n under -
lyin g memor y organization ,  an d processe s fo r 
developin g memor y organizatio n wit h th e encodin g o f 
new events .  Th e retrieva l  proces s va s designe d t o 
imitat e reconstructiv e retrieva l  strategie s obser -
ved i n people .  Th e moaor y organizatio n bot h sup -
port s an d cause s reconstructiv e retrieval .  Proces -
ses fo r  developin g msaor y organizatio n buil d ne v 
knowledg e structure s (i.e. ,  learn )  a s ne w event s 
ar e encoded .  Thes e ne w knowledg e structure s enabl e 
subsequen t  reconstructiv e retrieva l  o f  th e ne w 
events . 
One iaportanc reason such a model should be of 
interes t  Co psychologist s i s tha t  i t  make s claia a 
abou t  huma n memor y organizatio n an d processes . 
Thes e claia a ste m frc a th e proces s o f  simulatin g 
human reconstructiv e memory .  Becaus e Ch e availabl e 
model  wa s incoaplete ,  buildin g CTBOS require d fil -
lin g i t  i n i n o n th e baai s o f  intuition .  We no w 
as k whethe r  th e adde d assumption s tha t  fil l  hole s 
i n psychologica l  account s ar e psychologicall y 
valid . 

2 .  Ti M B-MOP modml 

2.1 Memory Orgaaixatioa 

A memory organization for reconstructive 
retrieva l  mus t  bot h suppor t  an d caus e reconstruc -
tion .  I t  mus t  generat e cluster s i n recall ,  locat e 
and develo p retrieva l  cues ,  caua e confusion s i n 
recal l  an d recognition ,  an d emulat e othe r  charac -
teristic s o f  huma n remembering .  Kolodner' s m^or y 
organizatio n use s conceptua l  categorie s calle d 
Episodi c Memor y Organizatio n Packets ,  o r  E-MDPs 
(simila r  Co Scbank' s m ? » [7] )  tha t  organiz e 
episode s i n memory .  A  centra l  assimiptio n i s tha t 
ther e i s on e E-(C P fo r  eac h typ e o f  activit y a 
perso n may b e involve d in ,  wher e typ e i s define d a s 
event s Cha t  achiev e a  simila r  goal .  Diplomat s ar e 
involve d i n "diplomati c meetings" ,  "diplomati c 
crips" ,  "negotiationa" ,  an d "stat e dinners" .  Eac h 
individua l  even t  i s store d i n Ch e E-MOP(s )  i t  fit s 
into . 

E-MDPs incorporate both episodic and generic 
memory (coi^nly ,  bu t  incorrectl y calle d semanti c 

The wor k o f  th e firs t  autho r  wa s partiall y  sup -
porte d b y NS F unde r  gran t  Ho .  IST-8116892 . 

118 

Dry) .  Th e generi c componen t  consist s o f 
generalization a describin g mos t  o f  it s  member s 
(i.e. ,  som e member s may exhibi t  violation s o f  thes e 
"norms") .  Hos t  "diplomati c meetings "  discus s a n 
internationa l  contract ,  fo r  example ,  bu t  a 
particula r  meetin g migh t  b e calle d t o pla n a n 
internationa l  event .  A n E-MOP' s secon d componen t 
i s it s organizatio n o f  member  episodes .  Episode s 
ar e organize d base d o n ho w the y diffe r  fro m Ch e 
E-MOP's norms .  A n episod e i s indexe d an d retrieve d 
fro m a n E-MOP b y it s relevan t  differences .  When 
more tha n on e episod e ha s th e sam e difference ,  a 
new sub-MD P i s forme d base d o n thei r  similaritie s 
and differences .  Th e figur e belo w illustrate s thi s 
organization : 

'diplomati c meetings ' 

norms: the actor is Cyrus Vsnce 
(MOPl )  participant s ar e foreig n diplomat s 

topic s ar e internationa l  contract s 
participant s Calke d t o eac h othe r 
goa l  wa s t o resolv e dispute d contrac t diffs : / 
participant s 
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The norm s ar e feature s characteristi c o f 
diplomati c meetings .  Th e episode s ar e indexe d 
accordin g C o Chei r  similaricie s an d difference s i n 
Copi c an d participants .  Meeting s wit h Ch e sam e 
Copi c o r  participant s for m E-HOPs whos e norm s ar e 
ccnposa d o f  thei r  similarities .  Belo w thes e norms , 
a se t  o f  simila r  instance s ar e subsequentl y 
differentiate d b y thei r  difference s (i.e. ,  mappe d 
int o indices) .  CTRDS organize s E-MDPs i n thre e 
ways :  (1 )  hierarchically ,  a s jus t  described ;  (2 ) 
by causal ,  temporal ,  an d containmen t  relationship s 
betwee n normativ e features ;  (3 )  b y Ches e sam e 
relation s betwee n indices . 
2.2 Maintaining memory organisation over time 

th e 
Encodin g ne w episode s require s bot h retainin g 
ol d organizatio n t o som e exten t  an d accomodat -



in g i t  t o Ch e ne w input .  When a  ne w episod e i s 
indexe d identicall y t o a n ol d one ,  a  ne w E-MOP mus t 
be forme d t o subsum e them .  Tha t  is ,  E-MOP forma -
tio n i s triggere d b y "rounding "  [7] ,  whic h occur s 
when th e ne w episod e retrieve s th e othe r  simila r 
one .  Th e ne w E-MOP' a norm s ar e th e similaritie s 
betwee n th e tw o items ,  an d it s indice s ar e thei r 
differences .  Becaus e generalization s abou t  a  kin d 
of  even t  base d o n onl y tw o i t ^ s ma y b e inaccurate , 
subsequen t  episode s encode d wit h thi s E-MOP ar e 
use d t o refin e thes e norms .  I f  a  featur e no t  a 
nor m fo r  th e firs t  tw o episode s turn s ou t  t o b e 
normativ e fo r  mos t  others ,  wha t  wa s initiall y  a n 
inde x ca n becom e a  norm .  Similarly ,  i f  a  fals e 
generalizatio n wer e made ,  norm s fo r  th e firs t  tw o 
instance s ca n b e relegate d t o indices . 
2.3 Imtzirrml 
Retrieval cues are abstracted from requests to 
remember  a n event .  Suc h request s ca n b e partia l  o r 
complet e specification s o f  th e even t  t o b e 
retrieved .  A  reques t  specifie s a n E-MOP t o b e 
searche d an d whic h indice s withi n th e E-tO P ar e t o 
be traverse d t o fin d th e event .  A n importan t 
assumptio n i s tha t  a n E-MD P inde x canno t  b e traver -
sed unles s i t  i s  specified .  I n thi s way ,  retrieva l 
i s  directe d b y th e informatio n i n th e reques t  an d 
furthe r  informatio n tha t  ca n b e derive d fro m it . 
Since this process can fail in several ways, 
reconstructiv e strategie s ar e propose d t o dea l  wit h 
variou s type s o f  failure .  First ,  i f  th e informa -
tio n i n a  reques t  doe s no t  specif y a n E-HO P t o b e 
searched ,  the n on e o r  a  smal l  se t  o f  E-MOPs mus t  b e 
chosen .  Thi s proces s see s i f  an y o f  th e feature s 
state d i n th e reques t  hav e E-HOP s associate d wit h 
the m (i.e. ,  schem a triggering) . 

A second type of failure stems from E-(OPs 
bein g untraversabl e unles s thei r  indice s hav e bee n 
specified .  A  retrieva l  cu e may specif y feature s 
tha t  don' t  correspon d t o E-MOP indices .  Or ,  a 
retrieva l  cu e may b e s o genera l  tha t  i t  doean' t 
specif y enoug h feature s t o direc t  traversa l  proces -
ses t o a  uniqu e item .  I n tha t  case ,  plausibl e 
feature a correspondin g t o E-MOP indice s mus t  b e 
inferre d fro m th e give n retrieva l  cues .  A  "fleetin g 
wit h Menachi m Begin "  migh t  plausibl y hav e take n 
plac e i n Jerusalem .  Th e strategie s whic h mak e 
thes e inference s capitaliz e o n a n E-MOP' s norm a an d 
knowledg e abou t  plausibl e relationahip s betwee n 
differen t  even t  featurea .  Onc e suc h informatio n 
has bee n specified ,  th e correspondin g indice s ar e 
traversed .  Interestingly ,  bot h type s o f  strategie s 
mentione d s o fa r  ca n lea d t o retrieva l  confusion s 
and fals e starts . 
A third type of strategy derives from the 
relationship s betwee n event s i n memory .  Individua l 
event s refe r  t o othe r  event s the y ar e relate d to . 
I f  a n even t  relate d t o th e requeste d even t  ca n b e 
bette r  specified ,  th e relate d even t  ca n b e use d t o 
furthe r  specif y th e requste d one .  T o recal l  a 
particula r  museu m visit ,  fo r  example ,  on e migh t 
att^p t  t o recal l  th e tri p i t  wa s par t  of . 
3. Psychological Issues 
This model stems from observation* of how 
peopl e remoiber ,  an d wha t  the y forget .  Althoug h 
th e processe s an d organizatio n use d t o construc t  a 
complet e mode l  o f  reconstructio n sea a t o work ,  ar e 
the y reall y psychologicall y valid ? On e aapec t  o f 
th e mode l  tha t  ha s receive d empirica l  investigatio n 
t o a  larg e exten t  i s reconstructiv e retrieva l 
strategie s [81 .  Peopl e appea r  t o elaborat e upo n 
request s t o remembe r  i n man y o f  th e way s Ctio S 

does .  Nevertheless ,  man y issue s remai n untouche d 
or  a t  leas t  requir e furthe r  attention .  Ho w doe s 
th e organizatio n o f  a  se t  o f  event s constrai n th e 
manner  i n whic h peopl e elaborat e o n retrieva l  cues ? 
That  is ,  t o wha t  exten t  ar e suc h strategie s 
content-dependent ? D o peopl e us e th e elaboratio n 
strategie s use d b y CYBDS? D o the y us e others ? 
What  strategie a ar e use d mos t  often ,  i n wha t  order , 
and fo r  wha t  reason ? Simila r  t o th e content -
dependenc e issu e i s th e context-dependence  issue . 
To wha t  exten t  i s elaboratio n affecte d b y 
imiMdiatel y previou a searche s fo r  othe r  events ? 
fo r  th e sam e event ? Give n retrieva l  failur e whil e 
searchin g a n organize d se t  o f  events ,  ho w d o peopl e 
selec t  ne w part s o f  th e organizatio n fo r  search ? 
How doe s a  retrieva l  acces s chang e organization ? 
How sensitiv e i s retrieva l  t o incorrectl y specifie d 
cues ? I s th e mode l  to o dependen t  o n correctness ? 
Perhaps the most central issues the model 
raise s are :  Ho w ar e event s organize d i n memory ? 
And ho w doe s thi s organizatio n chang e ove r  time ? 
cnn S assume s tha t  event s ar e th e fundamenta l 
organizin g unit s i n memory .  I s thi s tru e o f  huma n 
memory? I f  not ,  the n wha t  ar e th e fundamenta l 
units ? Ther e may b e severa l  type s o f  organizin g 
principles .  Other s t o b e considere d are :  locatio n 
(e.g. ,  a  loca l  restauran t  o r  bar) ;  tim e (e.g. , 
Christmas ,  summer) ;  participant s (e.g. ,  Nixon ,  a 
spouse ,  a  clos e friend) ? I f  ther e ar e severa l  way s 
event s ar e organized ,  wha t  determine s whic h wil l 
appl y t o a  give n se t  o f  events ? Th e conten t  o f  th e 
events ? Th e goa l  th e organizatio n wil l  serve ? 
Perhap s severa l  organization s simultaneousl y exis t 
ove r  a  se t  o f  events . 
A related issue concerns kaowing what 
feature(s )  shoul d b e use d t o discriminat e tw o 
episode s sorte d t o th e sam e E-MOP.  Ther e ma y b e 
numerou s feature s tha t  distinguis h tw o events ,  bu t 
onl y thos e tha t  wil l  b e usefu l  i n th e late r  evolu -
tio n o f  generi c knowledg e shoul d b e chose n fo r 
indexing .  Ho w ca n suc h feature s b e chosen ? 
Anothe r  relate d iasu a i s ho w man y indice s ar e grow n 
eac h tim e remindin g occurs .  Anothe r  centra l  issu e 
concern s B-MOP construction .  I s a  ne w E-MOP 
constructe d ever y tim e someon e i s reminde d o f  a n 
ol d even t  b y a  curren t  one ? T o wha t  exten t  i a 
generi c structur e automaticall y acquire d fro m an d 
impose d o n events ? Or  i s consciou s attentio n 
necessar y t o abstrac t  normativ e informatio n fro m 
previou s events ,  organiz e i t  int o E-MDPs ,  an d appl y 
i t  t o ne w eventa ? Human dat a may b e informativ e o n 
thes e points . 

In the proposed memory organization, MOPs and 
thei r  sub-MOP s for m hierarchie s i n whic h conmo n 
propertie s ar e store d onc e a t  th e highes t  possibl e 
poin t  i n th e hierarchy .  Thi s econom y o f  storag e 
parallel s wha t  psychologist s cal l  "cognitiv e 
economy "  [2] .  T o date ,  i t  appear s tha t  th e 
organizatio n o f  semanti c memor y (i.e. ,  lexica l 
meaning )  violate s cognitiv e econom y [31 .  Bu t  t o 
what  exten t  i s thi s violatio n tru e o f  othe r  type s 
of  generi c knowledge ? Doe s huma n organizatio n o f 
event s reflec t  cognitiv e economy ? O r  d o peopl e 
hav e muc h looser ,  les s integrate d an d non-inclusiv e 
organization s fo r  events ? 

An important aspect of E-MOPs is that they 
combin e "episodic "  an d "generic "  maaories .  Thi s 
implie s tha t  episodi c an d generi c memor y ar e no t 
separat e entitie s bu t  ar e intimatel y connected .  I f 
chi s i s so ,  wha t  exactl y i s th e connection ? When 
does episodi c informatio n (e.g. ,  E-MOP indices ) 
become generi c (e.g. ,  E-MOP norm s o r  fram e 
information) ? When an d ho w doe s generi c informa -
tio n becom e confuse d wit h episodi c informatio n t o 
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genarat e confusiona ? I n E-tOPa ,  bot h happe n a s 
generalizacion a ar e refine d an d corrected . 

There are a number or topics not covered in 
th e origina l  oode l  whic h ar e nonethelea a importan t 
t o a  theor y o f  huma n memor y organizatio n an d 
retrieval .  On e suc h iasu e concern s th e role s o f 
automati c versu s consciou s processe s tha t  encod e 
informatio n int o memory .  Temporal ,  spatial ,  an d 
frequenc y informatio n appea r  t o b e automaticall y 
acquire d — eve n withou t  Vmovin g the y ar e doin g it , 
peopl e encod e thes e fundamenta l  aspect s o f  event s 
[41 .  I n contrast ,  th e acquisitio n o f  conten t 
informatio n ofte n seem s t o depen d mor e o n th e us e 
of  consciou s attention .  When suc h informatio n 
doesn' t  receiv e attention ,  th e informatio n l a no t 
acquired .  Ho w d o thes e tw o type s o f  processe s 
interac t  t o stor e events ? Consciou s attentio n may 
be responsibl e fo r  th e construction ,  organization , 
and reorganizatio n o f  generi c structure ,  sinc e i t 
usuall y contain a conten t  information .  Automati c 
processe s may b e responsibl e fo r  th e strengthenin g 
of  generi c knowledg e an d th e integratio n o f  spatia l 
and tempora l  iaformatio n int o it .  Findin g 
algorithm s fo r  thes e latte r  phenomen a an d interfac -
in g the m wit h content-oriente d processe s appear s t o 
be a n interestin g problem . 
A related issue is the role of similarity 
among events .  Thi s facto r  ca n facilitat e people' s 
memory performanc e o n som e occasion s an d interfer e 
wit h i t  o n others .  Observin g suc h phenomen a i n 
people' s memor y fo r  event a may furthe r  constrai n 
th e wa y i n whic h w e vie w generi c knowledg e o f 
event s an d it s  us *  durin g retrieval .  I n E-tOPs , 
when a  propert y doesn' t  correlat e wit h othe r 
events ,  a n inde x i s se t  u p differentiatin g th e 
even t  wit h th e devian t  propert y fro m othe r  event s 
i n th e E-MOF.  Correlatio n an d differentiatio n pla y 
th e rol e o f  keepin g event s suitabl y accessible .  A n 
even t  lAic h confont s t o th e norm s o f  a n E-MOP wil l 
not  b e eaail y accessibl e becaus e i t  won' t  hav e man y 
indice a differentiatin g it .  O n th e othe r  hand , 
event a whic h hav e differentiatin g feature a wil l  b e 
accessibl e i f  thos e feature s ar e specifie d i n o r 
derive d fro m a  retrieva l  cue .  What  i a th e rol e o f 
similarit y an d differentiatio n i n people' s 
memories ? What  i s th e actua l  effec t  the y hav e o n 
memory' s organization ? 
Analogy ia another area not covered in the 
origina l  model .  CTBUS doe s no t  addres s th e migra -

tio n o f  generi c informatio n fro m ol d E-HOPs t o ne w 
ones .  Generi c knowledg e associate d wit h a , 
particula r  E-lO P migh t  b e uaeful ,  however ,  i n 
creatin g a  ae w relate d E-HD F o r  i n understandin f 
somethin g i n a  simila r  E-MOP.  T o wha t  exten t  doe a 
"generic "  structur e generaliz e fro m on e se t  o f 
event a t o another ? Mua t  a  completel y ne w structur e 
be buil t  fo r  eac h ne w se t  o r  doe s transfe r  occur ? 
Vfha t  procedure s trsnsfe r  th e structur e o f  a n ol d 
E-MOP t o a  ne w one ? Ho w ca n knowledg e i n on e E-MOP 
(e.g. ,  fo r  Vance )  b e uae d t o understan d somethin g 
abou t  a  relate d referen t  (e.g. ,  Haig) 7 
4. Pature Dlreetiona 
We are currently designing experiments that we 
hope wil l  hel p answe r  th e question s above .  Th e 
experimants ,  n o doubt ,  wil l  rais e additiona l 
queationa .  A a a  join t  Artificia l  Intelligenc e an d 
Psycholog y project ,  w e wil l  addres s thes e question s 
i n th e sam e wa y w e hav e foun d i t  profitabl e t o 
conside r  thei r  ancestor s --b y buildin g compute r 
prograa s an d b y collectin g huma n data . 
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