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A H Y B R I D M O D EL F O R C O N T R O L L I NG R E T R I E V A L O F E P I S O D E S 

Colleen M. Seifert 

UCSD and NPRDC 

A central problem for models of memory is the retrieval of episodes. Most 
model s assiom e retrieva l  i s  a n automati c proces s wher e a n inpu t  i s matche d t o th e 
content s o f  memory ,  an d a n episod e i s activate d base d o n similarity .  I f  ther e i s a 
hig h degre e o f  similarit y betwee n a n inpu t  an d a  peu-ticula r  case ,  an d bot h case s 
shar e littl e wit h othe r  case s i n memory ,  the n similarit y alon e ma y b e enoug h t o 
accoim t  fo r  th e spontaneou s retrieva l  o f  th e case .  However ,  whe n ther e ar e man y 
instance s tha t  overia p i n similarity ,  o r  whe n th e similaritie s ar e abstrac t  i n 
nature ,  i t  appear s tha t  predictin g retrieva l  base d o n similarit y measure s alon e i s 
quit e difficult .  Schan k (1982 )  argue s tha t  th e proces s o f  remindin g i s mediate d b y 
an abstrac t  knowledg e structur e use d t o vmderstan d th e origina l  even t  -  case s ar e 
activate d a s a  consequenc e o f  activatin g organizin g schema s tha t  captur e 
importan t  similarities .  I s similarit y alon e enoug h t o caus e th e automati c activatio n 
of  prio r  episodes ? I n th e nex t  sections ,  I  wil l  presen t  evidenc e fro m empirica l 
studie s abou t  th e condition s unde r  whic h suc h reminding s occur ;  specifically ,  tha t 
remindin g base d o n similarit y i s no t  a n automati c proces s bu t  involve s a  strategi c 
or  goal-base d function .  Th e sam e information ,  i n th e presenc e o f  differen t 
processin g goal s suc h a s explanatio n o r  planning ,  wil l  resul t  i n retrieva l  o f 
differen t  prio r  case s fro m memory .  I n orde r  t o accoim t  fo r  this ,  I  propos e a  hybri d 
model  o f  retrieva l  tha t  incorporate s bot h th e content-addressabl e characte r  o f 
distribute d memor y model s wit h th e controllin g influenc e o f  goal s i n processing .  I n 
th e model ,  goal s ac t  a s a  controllin g mechanis m t o focu s attentio n o n feature s tha t 
wil l  resul t  i n retrieva l  o f  relevan t  episodes . 
Experimental Evidence for Activation of Episodes 

The question of interest is whether memory organization (similarity) alone 
wil l  predic t  th e automati c activatio n o f  cases .  Leavin g asid e th e questio n o f 
consciou s awarenes s o f  th e resul t  o f  th e retrieval ,  w e ca n investigat e whethe r  th e 
memory organizatio n forme d a t  encodin g provide s connection s betwee n case s suc h 
tha t  activatin g on e cas e i n memor y wil l  resul t  i n th e activatio n o f  othe r  case s 
encode d wit h th e sam e organizin g structures .  Thi s activatio n ma y b e th e resul t  o f 
an automati c retrieva l  process ,  tha t  i s imcontrolle d an d non-optional ,  a s i n 
semanti c priming ,  o r  i t  ma y occu r  onl y vmde r  som e conditions ,  imde r  strategi c 
control . 
The basic paradigm involved presenting pairs of stories that either share or 
do no t  shar e th e orgamizin g knowledg e structure ,  an d the n testin g whethe r  th e 
similarity-base d memor y organizatio n tha t  result s cause s differen t  activatio n 
patterns .  I n th e studies ,  tim e t o answe r  a  questio n abou t  a  previousl y rea d stor y i s 
use d t o measur e th e accessibilit y  o f  th e stor y i n memory .  I f  th e tw o storie s ar e 
connecte d b y th e organizin g structur e i n memory ,  the n answerin g a  questio n fro m 
one stor y shoul d activat e th e othe r  stor y i n memory ,  resultin g i n faste r  response s 
t o a  questio n fro m tha t  story . 

Experiments with abstract thematic structures 

The materials chosen for the experiments (Seifert, McKoon, Abelson, and 
RatcUff ,  1985) ,  include d similaritie s base d o n th e type s o f  structure s eviden t  i n 
protocol s o f  natura l  remindings ;  namely ,  th e goa l  an d pla n interactio n tha t  occu r 
as goal s ar e pursued .  Fo r  example ,  th e adag e "closin g th e ba m doo r  befor e th e 
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hors e i s gone "  ca n b e characterize d a s a  plannin g failur e wher e X  know s a  pla n t o 
preven t  goa l  failvire ,  bu t  delay s executio n t o avoi d th e cos t  unti l  th e goa l  i s  failing ; 
then ,  th e pla n i s executed ,  bu t  fail s  becaus e i t  i s  no t  a  recover y pla n bu t  a 
preventio n pla n (Dyer ,  1983) .  I f  tw o storie s base d o n th e sam e them e ar e 
connecte d i n memory ,  respondin g t o a n ite m fro m on e shoul d spee d th e tim e t o 
respon d t o a n ite m fro m th e other ,  compare d t o wher e th e precedin g ite m refer s t o 
a stor y tha t  doe s no t  shar e th e sam e theme ,  an d therefor e shoul d hav e n o 
connectio n i n memor y betwee n th e tw o stories .  Th e result s showe d tha t  th e share d 
knowledg e structur e di d no t  affec t  th e eas e o f  acces s o f  th e episode s i n memory . 
However ,  i n a  secon d experimen t  w e instructe d th e subjec t  t o thin k abou t  th e 
them e a s the y read ,  an d t o rat e th e similarit y o f  th e stor y pai r  afte r  th e tes t  list . 
Thi s time ,  ther e wa s a  significan t  effec t  o f  themati c similarit y o n respons e times , 
i n tha t  response s wer e faste r  fo r  tes t  item s whe n th e stor y pai r  share d th e sam e 
themati c organizin g structure .  Th e onl y differenc e betwee n th e tw o experiment s 
was th e instructio n t o atten d t o similarity .  W e conclude ,  then ,  tha t  accessin g th e 
same schem a doe s no t  automaticall y connec t  tw o episode s i n memory ;  instead , 
some strategi c purpos e i s necessar y t o promot e activatio n o f  prio r  episodes .  Th e 
strategi c basi s fo r  th e abilit y  t o utiliz e connection s betwee n episode s ha s bee n 
replicate d i n othe r  experiment s (Seifert ,  McKoon ,  Abelson ,  an d Ratcliff ,  1985) . 

Experiments with content-based structures 

One question was whether the strategic result was specific to abstract 
structures ,  o r  woul d hol d tru e o f  mor e conten t  base d structures .  T o tes t  this ,  w e 
examine d th e effec t  o f  memor y organizatio n packet s (MOPs )  (Schank ,  1982 )  o n 
connection s betwee n case s (fo r  a  complet e description ,  se e McKoon ,  Ratcliff ,  an d 
Seifert ,  1988) .  Pair s o f  storie s wer e writte n t o instantiat e th e sam e M O P (suc h a s 
"goin g t o th e beach" )  bu t  withou t  overlappin g lexica l  item s i n th e descriptio n o f 
M OP actions .  I n th e experimenta l  procedure ,  subject s rea d a  lon g lis t  o f  stories , 
and then ,  afte r  readin g al l  th e stories ,  connection s fro m on e stor y t o anothe r  wer e 
measxare d b y primin g i n old/ne w recognitio n judgment s o f  phrase s fro m th e stories . 
Sinc e th e tes t  item s include d M O P information ,  an y activatio n effect s ma y b e du e 
t o connection s i n semanti c memory ,  an d no t  reflec t  an y activatio n fro m on e cas e t o 
anothe r  case .  I n a  secon d experiment ,  th e tes t  item s use d a s prime s containe d onl y 
informatio n tha t  refer s t o th e story-specifi c  representation .  Result s showe d primin g 
fro m on e stor y t o anothe r  stor y o f  th e sam e M O P whe n tes t  phrase s wer e relate d 
t o th e M O P;  however ,  whe n th e tes t  phrase s wer e story-specifi c  bu t  no t  relate d t o 
th e M O P,  ther e wa s n o evidenc e o f  priming .  On e wa y t o describ e th e result s o f 
thes e experiment s i s t o sa y tha t  subject s canno t  discriminat e whethe r  tw o 
MOP-relate d phrase s wer e fro m th e sam e o r  differen t  stories ;  fo r  example , 
"spreadin g ou t  he r  towe l  i n a  dr y place "  fro m on e beac h stor y an d "foun d a n empt y 
spac e fo r  he r  blanket "  fro m anothe r  beac h stor y ar e equall y goo d prime s fo r 
"slowl y stroUe d int o th e coo l  ocean" .  Th e result s a s a  whol e demonstrat e tha t  cas e 
t o cas e activatio n i s no t  a n automati c phenomeno n resultin g fro m connection s i n 
memory. 
A paradigm for intentional reminding 

Since a strategic process appears to be involved in the activation of cases, a 
nex t  ste p wa s t o loo k a t  remindin g withi n a  strategy-base d task .  U p t o thi s point , 
i n orde r  t o kee p th e subjec t  tmawar e o f  th e inten t  o f  th e experiment ,  w e examine d 
activatio n rathe r  tha n consciou s reminding .  N o w tha t  th e activatio n appear s t o b e 
dependen t  upo n a  strategi c process ,  w e ca n examin e remindin g i n a  paradig m 
more simila r  t o natura l  remindings .  I n thes e experiment s (Seifert ,  McKoon , 
Abelson ,  an d Ratcliff ,  1985) ,  subject s wer e aske d t o stud y a  se t  o f  stories ,  the n t o 
rea d a  ne w se t  o f  storie s followe d b y tes t  item s fro m th e stud y set .  Th e tes t 
storie s ha d eithe r  th e sam e them e (a s describe d i n th e earlie r  experiments )  o r  a 
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different theme than the story that the target item was from. The results showed 
a significan t  facilitatio n effec t  fo r  sam e them e pairs .  A  tes t  stoi y appeare d t o 
activat e a  previou s stor y base d o n it s themati c similarity ,  resultin g i n respons e 
facilitation .  Subject s reporte d tha t  a s the y rea d th e tes t  stories ,  studie d storie s 
occasionall y "cam e t o mind" ;  i f  the y did ,  the y wer e a  goo d predicto r  o f  th e targe t 
item ,  an d s o th e remindin g wa s usefu l  informatio n t o th e task .  I t  seem s th e 
strategi c aspec t  o f  thi s tas k wa s tha t  th e purpos e o f  th e remindin g wa s buil t  int o 
i t  - -  usefulnes s i n predictin g th e tes t  ite m provide d a  functiona l  purpos e fo r  th e 
reminding .  Also ,  subject s wer e consciou s o f  th e reminding s an d thei r  utility ,  an d 
thi s ma y hav e encoiu-age d attentio n t o theme s an d th e resultin g remindings .  Thi s 
methodolog y wa s th e firs t  t o investigat e remindin g i n th e laboratory . 

Incorporating Goals in Reminding 

From the experiments presented above, I conclude that encoding a story does 
not  alway s activat e a  thematicall y simila r  stoi y unles s ther e i s als o presen t  a 
functiona l  o r  strategi c piurpos e fo r  th e reminding .  Thes e result s ar e reminiscen t  o f 
analogica l  transfe r  studie s (Gic k an d Holyoak ,  1983) ,  wher e transfe r  o f  a  stor y 
solutio n t o a  ne w proble m wa s infrequen t  imles s eithe r  instruction s o r  multipl e 
exampl e storie s wer e provided .  Th e similaritie s i n th e experiment s reporte d her e 
ar e mor e obviou s tha n thos e i n th e transfe r  literature ,  an d ye t  subject s wer e no t 
reminde d imles s encourage d b y th e strategi c natiu- e o f  th e task .  Intentio n appear s 
t o pla y a  bigge r  rol e i n retrieva l  tha n ma y hav e bee n assumed ,  becaus e withou t  i t 
th e retrieva l  doe s no t  occiu- .  Thi s strategi c aspec t  o f  retrieva l  point s ou t  th e 
importanc e o f  cognitiv e processin g goals ;  apparently ,  suc h goal s ma y ac t  a s a 
constrain t  o n retrieva l  i n tha t  activatio n occur s tha t  woul d no t  unde r  othe r 
circumstances .  I n thi s sense ,  cognitiv e goal s appea r  t o for m a  contex t  withi n whic h 
retrieva l  operates ,  an d th e natur e o f  thi s contex t  determine s wha t  reminding s 
occiu- .  Th e result s sugges t  that ,  a t  th e least ,  intentiona l  remindin g (Schank ,  1982 ) 
Dlay s a  muc h bigge r  rol e tha n previousl y indicated .  I  defin e intentiona l  ver y 
jroadly ,  a s no t  alway s consciousl y intended ,  bu t  a s a  bia s i n processing . 

A result that supports this conclusion is that the low transfer rates from a 
stor y scenari o t o a  ne w proble m (Gic k an d Holyoak ,  1983 )  wer e increase d whe n th e 
contex t  wa s mad e congruen t  i n th e tw o case s ( K Holyoa k an d L .  Novik ,  persona l 
communication ,  Februar y 1988) .  Tha t  is ,  presentin g th e firs t  cas e a s a  proble m 
rathe r  tha n £i s a  "stor y understandin g task "  improve d th e spontaneou s applicatio n 
of  th e prio r  solutio n t o th e ne w problem .  Sinc e processin g goal s appea r  t o focu s 
attentio n withi n th e retrieva l  process ,  th e type s o f  goal s an d thei r  connection s t o 
feature s mus t  b e examined .  Situation s tha t  appea r  t o foste r  reminding s i n human s 
ar e function s lik e explanation ,  planning ,  argumentation ,  decisio n making ,  an d 
conversation .  Th e kind s o f  processin g goal s tha t  ma y b e involve d ca n b e describe d 
at  a  genera l  level ,  bu t  certainl y w e ca n discove r  mor e abou t  wha t  subtask s o f 
cognitio n ma y b e involve d (Chandrasekharan ,  1987) .  Fo r  example ,  th e understande r 
seeks ,  i n hi s processin g o f  ne w inpu t  i n conversation ,  t o b e reminde d o f  a  memor y 
tha t  relate s t o wha t  h e hear d an d provide s evidenc e fo r  th e poin t  o f  vie w h e 
wishe s t o defend .  Reminding s ca n serv e t o verif y you r  analysi s o f  episode , 
illustrat e wh y you r  reasonin g i s valid ,  justif y o r  suppor t  a  claim ,  giv e specifi c 
solutio n information ,  an d perhap s provid e a n analogy . 
A Distributed Model of Retrieval 

I have argued from experimental results that strategic purpose is important 
becaus e automati c processe s hk e retrieva l  ar e mediate d b y processin g goals .  H o w 
migh t  goal s b e incorporate d int o th e remindin g process ? Retrieva l  ca n b e modelle d 
as a  featur e spac e wit h encode d episodes ,  a s i n a  completio n networ k i n a  paralle l 
distribute d processin g mode l  o f  memoi y (McClellan d an d Rumelhart ,  1985) . 
Memory acces s i s determine d b y th e similarit y betwee n inpu t  feature s an d store d 
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patterns, where the process finds the activation pattern that bests fits the 
connectio n constraints .  Fo r  example ,  give n a n inpu t  suc h a s " a Professo r  forgo t  hi s 
compute r  password" ,  a  similarit y matc h ma y fin d a  particula r  episod e pattern ,  suc h 
as "Prof .  Jone s forgo t  hi s passwor d las t  week" ,  t o b e a  clos e enoug h matc h 
compare d t o othe r  pattern s i n memory .  I f  th e resul t  o f  th e matchin g proces s i s a 
set  o f  feature s correspondin g t o a  schema ,  th e retrieve d patter n migh t  b e "Absen t 
minde d Professor s forge t  things. "  Anothe r  possibilit y  i s  tha t  nothin g wil l  matc h 
wel l  enoug h fo r  a  stabl e patter n t o b e retrieved .  Thes e result s ca n b e 
characterize d i n term s o f  maximizin g goodnes s o f  fit :  a  goo d fi t  ma y b e a n episod e 
reminding ,  a n adequat e fi t  ma y a  b e a  generalization ,  an d a  lo w fi t  ma y mea n n o 
clos e matche s coul d b e retrieved . 
Rumelhart (1988) has proposed that the matching process can operate by 
relaxin g th e constraint s o n th e match ,  resultin g i n ansdog y i n case s wher e n o 
distinc t  patter n coul d b e retrieve d b y stric t  sinularit y t o th e inpu t  pattern .  Fo r 
example ,  i f  to o man y episode s shar e th e featur e set ,  o r  i f  som e o f  th e feature s ar e 
inconsisten t  wit h th e pattern s alread y encode d int o th e memory ,  the n n o episod e 
patter n coul d b e isolate d b y similarit y alone .  However ,  b y softenin g th e constraint s 
on th e match ,  som e o f  th e inpu t  feature s covd d b e utilize d a s "don' t  care " 
constraints ,  allowin g analogica l  matche s tha t  focu s o n som e feature s an d thro w ou t 
feature s tha t  ma y b e preventin g a  matc h fro m occurring .  Th e notio n i s t o releas e 
feature s b y allowin g th e networ k t o "tur n the m of f  progressivel y vmti l  a  bette r 
matc h i s found .  Rumelhart' s  proposa l  i s  t o fee d additiona l  inpu t  strengt h t o th e 
feature s differentizdly ,  an d allo w th e syste m t o fin d th e overal l  bes t  fi t  b y 
overridin g feature s wit h lo w value s tha t  conflict .  A  featur e i s throw n ou t  onl y i f 
doin g s o lead s t o bette r  fi t  tha n th e contributio n fro m tha t  featur e add s t o th e 
match .  Thi s relaxe d matc h proces s provide s a  mechanis m fo r  overridin g feature s 
tha t  ar e preventin g a  matc h (suc h a s contex t  information )  whil e givin g increase d 
importanc e t o feature s tha t  ma y b e helpfu l  i n analogica l  transfe r  t o othe r  episodes . 

Methods of feature selection 

The softening of constraints could be accomplished in several ways. The 
particula r  implementatio n Rumelhar t  propose s i s t o dehve r  a  constan t  amoun t  o f 
activatio n t o eac h o f  th e features ;  th e lowe r  th e constant ,  th e mor e likel y tha t 
feature' s contributio n t o fi t  wi U b e les s usefu l  tha n throwin g i t  out ,  makin g i t 
easie r  fo r  th e syste m t o overrid e it .  Th e selectio n o f  whic h feature s t o assig n wha t 
value s t o i s centra l  t o th e solutio n o f  th e relaxe d match .  On e possibilit y  i s  t o 
selec t  th e value s assigne d t o eac h featur e a t  random ,  resultin g i n a  blin d focu s t o 
th e matc h process .  Thi s i s a  feasibl e method ,  bu t  w e woul d expec t  the n t o 
generat e a  lo t  o f  episod e reminding s wit h nonsensica l  similaritie s an d ignor e 
importan t  ones .  Fo r  example ,  fro m th e Professo r  example ,  w e migh t  retriv e a 
remindin g lik e "Jo e own s a  computer. "  Th e rando m selectio n proble m i s mor e 
impressiv e wit h mor e inpu t  feature s i n th e match ;  clearly ,  i t  woul d b e eas y t o 
recal l  episode s tha t  shar e feature s bu t  withou t  a  coheren t  similarit y -  a 
correlationa l  matc h bu t  no t  a  causa l  one .  I t  ma y b e tha t  huma n memor y operate s 
thi s way ,  bu t  i t  mos t  ofte n appear s tha t  reminding s resul t  fro m coheren t 
similarities . 
Another method of assigning values to the input features is to order all the 
feature s alon g a n abstractio n hierarch y (Rumelhart ,  1988) .  B y weakenin g 
constraint s o n concret e feature s first ,  an d the n progressin g t o abstrac t  feature s 
unt n reachin g a  match ,  greate r  weigh t  i s give n t o abstrac t  feature s an d mor e 
abstrac t  analogie s wil l  resul t  fro m th e relaxe d matc h process .  Thi s approac h 
certainl y seem s plausibl e give n th e result s fro m exampl e remindings ;  however , 
ther e £u: e severa l  problem s wit h a n intrinsi c orderin g o n featur e importance .  First , 
"abstract "  i s  har d t o define ,  a s eve n themati c pattern s lik e "closin g th e bar n doo r 
afte r  th e hors e ha s gone "  ca n hav e prett y contentfu l  feature s (i.e. ,  "to o late") . 
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Though generality can be defined in terms of how many instances are captured by 
a category ,  abstractnes s i s muc h mor e difficul t  t o defin e implementationally .  Fo r 
example ,  i s  "intelligent "  mor e abstrac t  tha n "independent" ? A  secon d proble m i s 
tha t  th e relativ e importanc e o f  feature s ma y chang e d)Tiamicall y o r  a s a  functio n 
of  interactio n o f  features .  I n choosin g a  car ,  color ,  siz e an d spee d ma y b e give n a 
particxila r  orderin g o f  importance ;  i n selectin g a  mod e o f  transportation ,  thes e 
same feature s ma y b e give n a  differen t  ordering .  Finally ,  a s pointe d ou t  b y dat a o n 
remindings ,  i t  i s  no t  alway s th e mos t  abstrac t  feature s tha t  ar e responsibl e fo r  a 
reminding ;  often ,  conten t  feature s pla y a  rol e i n th e similarit y tha t  i s  no t 
accoimte d fo r  b y a  stric t  abstractnes s metric .  O f  course ,  abstractnes s ma y pla y a 
rol e i n th e relaxe d matc h proces s despit e thes e problems ;  certainly ,  ther e seem s t o 
be a n implici t  notio n tha t  peopl e hav e abou t  wha t  type s o f  feature s ma y b e 
importan t  i n analogy . 

Controlling retrieval with goals 

However, an alternative proposal is to use the context of the cxurent goals 
bein g pursue d a s a  metho d o f  weightin g feature s fo r  a  match .  Remindings ,  I  claim , 
hav e mor e t o d o wit h wha t  th e perso n i s attendin g t o tha n t o an y a  prior i  notion s 
abou t  abstractness .  I t  i s  thes e processin g goal s tha t  provid e mor e weigh t  t o 
particula r  feature s an d allo w other s t o disappea r  fro m a  match .  I  propos e tha t 
goal s pla y a  rol e i n retrieva l  b y affectin g wha t  feature s ar e attende d t o mos t  i n a 
similarit y matc h process .  Particxila r  featiore s o f  th e cas e wil l  b e attende d t o base d 
upo n th e cognitiv e goal s operatin g a t  th e time . 
Here's an example of how goals may act to select features to attend to: 

Input: Teletradc has a "no smoking" policy which means, in effect, that 
ever y sectio n i s a  smokin g section .  Th e rul e i s disregarde d ofte n enough , 
by peopl e seate d i n variou s sections ,  tha t  n o sectio n ca n b e guarantee d t o 
be smoke-free .  Yo u argu e tha t  th e management  shoul d allo w smokin g i n som e 
sections ,  i f  onl y t o b e sur e tha t  som e section s ca n actuall y b e non-smoking . 

Suppose that you are engaged in an argument about your comment. Your 
goal  i s  t o buttres s yoxo r  clai m that ,  basically ,  contro l  i s  bette r  tha n abolishmen t 
when disobedienc e i s common .  Supportin g you r  clai m involve s retrievin g anothe r 
instanc e wit h thi s pattern ;  base d o n th e abstrac t  characterizatio n o f  th e claim ,  a n 
analogou s situatio n i s recalled .  Yo u ma y b e reminded ,  o n thi s basis ,  o f  th e 
legalizatio n o f  heroi n i n England .  Tha t  cas e support s th e clai m b y identifyin g a 
circimistanc e wher e contro l  o f  heroi n us e ha d fewe r  ba d effect s o n non-participant s 
tha n th e outrigh t  bannin g o f  th e substance . 
Suppose instead that your goal is to plan a way to get yoiu- assertion 
implemented .  I n orde r  t o ge t  you r  solutio n effected ,  yo u hav e t o figure  ou t  a  wa y 
t o ge t  th e authorit y involved ,  Teletrack ,  t o recogniz e tha t  thei r  contro l  proble m i s 
wors e no w tha n i t  wo\il d b e imde r  th e smokin g sectio n plan .  Plannin g fo r 
implementin g you r  solutio n select s proble m feature s tha t  ar e relevan t  t o th e 
management  o f  th e policy .  Yo u ma y b e reminded ,  o n thi s basis ,  o f  th e pe t  polic y i n 
studen t  housing .  Pet s wer e banned ,  bu t  the n man y student s go t  pet s an d brok e th e 
rule s mor e an d mor e brazenly ,  causin g quit e a  bi t  o f  disturbance .  I n a n attemp t  t o 
manage th e effect s o f  th e pets ,  th e managemen t  mad e severa l  building s "n o pets " 
and le t  th e pe t  owner s congregat e i n th e others .  Thi s sugges t  a  pla n fo r  th e 
smokin g policy :  a t  Teletrack ,  smok e a s muc h a s possible ,  an d encourag e other s to , 
i n a  wa y tha t  exacerbate s th e proble m fo r  th e management .  The y wil l  b e mor e 
likel y the n t o se e th e benefi t  o f  contro l  rathe r  tha n prohibition . 
Even if the plan does not seem a like good one, the point here is that the 
processin g tha t  goe s o n prio r  t o a  remindin g ma y b e muc h mor e involve d tha n 
simpl y encodin g inpu t  fact s int o a  singl e representation .  Instead ,  th e feature s tha t 

735 



SEIFERT 

play a larger role in retrieval may be ones that are tied to particular processing 
goal s activ e a t  th e moment .  Fro m this ,  w e coul d expec t  tha t  retrieva l  o f  th e ne w 
episode s late r  woul d depen d o n a  congruenc y o f  cognitiv e purpose.Fo r  model s 
wher e onl y on e processin g goa l  i s  eve r  present ,  th e goal s ma y b e implicitl y 
encode d i n th e proces s mode l  an d memor y representation ,  compromisin g th e abilit y 
t o mak e claim s abou t  ho w case s ar e utilize d i n general . 

The "goodness" of an analogy depends on what you are interested in; 
therefor e th e relevanc e o f  feature s change s dynamicall y a s a  resul t  o f  th e goal s o f 
a system .  Th e goal s ma y b e modelle d a s connection s t o th e inpu t  feature s tha t 
"gate "  th e activatio n o f  th e features ,  i n term s o f  multiplicativ e influence s o n th e 
strengt h o f  th e inpu t  feature s (a s i n Hinton' s multiplicativ e Unks) .  Th e goa l 
influenc e ca n tur n dow n irrelevan t  an d tur n u p relevan t  feature s i n th e match , 
resultin g i n th e feature s relevan t  t o th e goa l  bein g th e focu s o f  th e relaxe d match . 
The reaso n fo r  th e separatio n o f  th e goa l  Unk s t o th e feature s fro m th e inpu t  lin e 
architectur e i s t o allo w th e sam e goal s t o functio n autonomousl y t o th e retrieva l 
process ,  sinc e the y wil l  gils o affec t  othe r  subprocesse s beside s retrieval .  Task s lik e 
creatin g a n explanatio n o r  learnin g ca n als o b e affecte d b y th e ciirren t  processin g 
goals .  Whil e th e implementatio n o f  a n abstractnes s metri c throug h inpu t  lin e 
activatio n ma y b e possible ,  tha t  informatio n ha s t o b e determine d ove r  main y 
differen t  processin g context s - -  th e abstractnes s o f  feature s ma y b e learne d ove r 
many differen t  tasks .  Th e gatin g connection s fro m goal s wil l  provid e activatio n 
base d o n informatio n abou t  wha t  i s relevan t  i n th e curren t  processin g context , 
whic h change s dependin g o n th e goal s o f  th e system .  Thus ,  th e tw o type s o f 
informatio n abou t  featur e importanc e ca n b e incorporate d int o th e sam e networ k 
model . 

Extensions to Learning 

Cognitive goals may affect other processes besides retrieval, operating to 
provid e a  contex t  fo r  saHenc y o f  featvires .  Th e tendenc y t o trea t  a U featvire s a s 
equal ,  withou t  regar d t o ho w particula r  featiu-e s ma y b e attende d t o i n certai n 
cognitiv e contexts ,  i s  a  majo r  proble m i n model s o f  learning .  Fo r  example , 
distribute d model s o f  learnin g a s a  clas s conside r  al l  feature s presen t  a s 
potentiall y eqxoaU y importan t  t o th e rul e bein g learned .  Consequently ,  i t  take s 
many trial s t o determin e whic h feature s ar e actuall y predictiv e rathe r  tha n 
occurrin g occasionally .  Thi s approac h hurt s learnin g rate s i n tw o ways ;  first ,  i t 
may hur t  mathematicall y i n th e learnin g algorithm s t o includ e s o man y feature s 
tha t  tak e man y trial s t o b e rule d out ;  an d second ,  i t  ignore s informatio n availabl e 
i n utilizin g a  prior i  notion s o f  wha t  feature s ar e likel y t o b e relate d t o th e rule . 
In a learning system, treating all features equally will mean a lot of effort 
spen t  o n feature s tha t  hav e n o importanc e t o th e rul e learned .  Wit h th e additio n 
of  a  mechanis m t o selec t  th e feature s mos t  likel y t o b e relevan t  t o th e rule ,  on e 
ca n sav e tim e b y focusin g o n feature s tha t  wil l  pa y of f  mor e quickly .  Fo r  example , 
th e curren t  stat e o f  th e networ k ca n provid e a  focu s o n particula r  inpu t  feature s 
base d o n wha t  feature s hav e bee n g^ve n highe r  weight s i n previou s learning . 
Consequently ,  b y utilizin g prio r  knowledge ,  on e ca n shu t  of f  feature s tha t  aren' t  a 
prior i  relevan t  t o learning .  O f  course ,  a s I  hav e bee n arguin g i n thi s paper ,  thi s i s 
not  enoug h whe n th e sam e networ k serve s othe r  tasks .  Whic h feature s ar e 
relevan t  i n a  domai n can' t  b e se t  i n a n a  prior i  wa y tha t  wil l  b e tru e acros s al l 
learnin g contexts .  On e need s a  mechanis m t o affec t  th e attentio n a t  th e node s 
dependin g upo n th e processin g context .  Th e goal s ca n affec t  whic h feature s ar e 
attende d t o b y interactin g i n a  multiplicativ e fashio n wit h activatio n o n th e inpu t 
nodes .  Thi s metho d ca n incorporat e change s i n relevanc e du e t o th e particula r 
goal s bein g pursued . 
A particular method to control learning might be to focus on input values 
whic h hav e smal l  outgoin g weights ,  i n a  sens e bettin g tha t  th e informatio n t o b e 
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learned will have to do with the features already shown to be relevant in previous 
learning .  O f  course ,  whe n th e sam e networ k i s use d fo r  othe r  tasks ,  the n a  gatin g 
metho d wil l  b e require d a s propose d fo r  th e retrieva l  model ,  t o allo w th e curren t 
syste m goal s t o directl y impac t  whic h feature s sir e attende d to .  Thi s proble m o f 
selectin g feature s t o atten d t o i n learnin g ha s begu n t o receiv e som e interes t 
recently .  M .  Moze r  (persona l  communication ,  Marc h 1988 )  ha s begu n studyin g th e 
proble m usin g a  bootstrappin g learnin g procedur e tha t  attenuate s inpu t  value s 
wit h smal l  weights .  Th e result s ar e suggestive :  wit h nois y inputs ,  th e networ k 
decide s t o ignor e th e nois e input s befor e solvin g th e mapping ,  an d i n th e cas e o f 
redundan t  inputs ,  th e attentiona l  mechanis m select s on e an d shut s ou t  th e 
rediindan t  feature . 

It seems that people often have notions of what features may be important 
t o learnin g i n a  partictila r  domain .  Fo r  example ,  i n learnin g a  ne w vide o game ,  th e 
action s effectiv e i n killin g enemie s ten d t o b e predictabl e fro m common-sens e 
notion s o f  physica l  causaUt y (e.g. ,  yo u hav e t o b e i n a  linea r  positio n wit h th e 
targe t  fo r  a  sho t  t o hi t  it) .  T o th e exten t  tha t  th e actua l  gam e mechanic s violat e 
thes e notions ,  the y ma y b e increasingl y har d fo r  peopl e t o learn .  I n fact ,  th e les s 
fac e validit y t o th e rule ,  th e mor e ofte n peopl e ma y fa U t o perceiv e it s presenc e 
among th e possibl e factors .  Thi s i s a  drawbac k t o th e proces s o f  usin g defaul t 
expectation s fo r  th e relevanc y o f  features ;  however ,  i t  ma y b e mor e tha n 
compensate d fo r  b y th e abilit y  t o qxiickl y detec t  th e operatio n o f  mor e obviou s 
factors .  B y attendin g t o th e seemingl y relate d features ,  th e learnin g proces s ma y 
be "smartene d up "  an d spe d up ,  a t  th e cos t  o f  discoverin g nonintuitiv e o r  nove l 
connection s i n th e data .  Withi n huma n system s a t  least ,  th e gai n fro m attentio n i n 
spee d o f  learnin g ma y mor e tha n mak e u p fo r  missin g coimterintuitiv e o r  vmusua l 
patterns .  Utilizin g cognitiv e goal s t o affec t  th e attentio n pai d t o featvire s base d 
upon thei r  inferabl e connection s seem s a  promisin g approac h fo r  model s o f 
learnin g a s wel l  a s retrieval .  I  thin k th e combinatio n o f  networ k strength s (conten t 
addressing )  an d a  controllin g mechanis m (attentio n base d o n goal s o r  previou s 
learning )  i s a  promisin g metho d t o "smsuî n up "  th e behavio r  o f  network s i n 
retrieva l  an d spee d u p th e learnin g process . 
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