
UC Merced
Proceedings of the Annual Meeting of the Cognitive Science 
Society

Title
Predictive Encoding: Planning for Opportunities

Permalink
https://escholarship.org/uc/item/78k72018

Journal
Proceedings of the Annual Meeting of the Cognitive Science Society, 15(0)

Authors
Patalano, Andrea L
Seifert, Colleen M .
Hammond, Kristian J.

Publication Date
1993
 
Peer reviewed

eScholarship.org Powered by the California Digital Library
University of California

https://escholarship.org/uc/item/78k72018
https://escholarship.org
http://www.cdlib.org/


P r e d i c t i v e E n c o d i n g : 

P l a n n i n g f o r  O p p o r t u n i t i e s * 

A n d r e a L .  Patalan o a n d Collee n M .  Seifer t 
Departmen t  o f  Psycholog y 

Universit y o f  Michiga n 
330 Packar d Roa d 

Ann Arbor ,  M I  4810 4 
(313)763-000 8 

patalano(a)psycho.psych.lsa.umich.ed u 
seifert@um.cc.umich.ed u 

Kristian J. Hammond 
Departmen t  o f  Compute r  Scienc e 

The Universit y o f  Chicag o 
110 0 Eas t  58t h Stree t 
Chicago ,  I L 6063 7 

(312 )  702-157 1 
hammond<a)tartanis.uchicago.ed u 

Abstrac t 

Suspended goals are those that are postponed by an 
agen t  becaus e the y d o no t  fi t  int o th e agent' s current , 
ongoin g agend a o f  plans .  Recognizin g late r 
opportunitie s t o achiev e suspende d goal s i s  a n 
importan t  cognitiv e abilit y  becaus e i t  mean s tha t  on e 
ca n defe r  wor k o n a  goa l  unti l  on e i s i n a  bette r 
positio n t o achiev e th e goal .  Thi s pape r  focuse s o n 
when an d h o w suc h opportunitie s ar e recognize d i n 
everyda y plannin g situations .  Accordin g t o ou r 
accoun t  o f  th e phenomenon ,  suspende d goal s ar e 
associate d a t  th e tim e o f  encodin g wit h feature s o f  th e 
environmen t  i n whic h goa l  achievemen t  woul d likel y 
be possible .  Thi s proces s i s referre d t o a s predictiv e 
encoding .  Later ,  whe n thes e feature s ar e perceive d i n 
th e environmen t  throug h norma l  inferentia l 
processes ,  th e agen t  i s reminde d o f  suspende d goal s 
throug h feature s previousl y associate d wit h them ,  an d 
recognize s th e opportunit y t o achiev e th e goals .  Thi s 
approac h i s compare d wit h othe r  recen t  theorie s o f 
opportunisti c planning ,  an d empirica l  wor k i s 
presente d whic h support s predictiv e encodin g a s a n 
explanatio n fo r  opportunisti c plannin g behavior . 

Thi s wor k wa s supporte d b y th e Offic e o f  Nava l 
Researc h unde r  contrac t  N0014-85-K-01 0 t o th e 
Universit y o f  Chicag o an d contrac t  N(X)14-91-J-112 8 
t o th e Universit y o f  Michigan . 

In t roduct io n 

Consider the following example: 

On making breakfast for himself in the morning. 
Bob realize d tha t  h e wa s ou t  o f  orang e juice . 
Becaus e h e wa s lat e fo r  work ,  h e ha d n o tim e t o 
do anythin g abou t  it .  Later ,  o n hi s wa y hom e 
fro m work .  Bo b notice d tha t  h e wa s passin g a 
"Sto p an d Shop, "  an d recalle d tha t  h e neede d 
orang e juice .  Havin g time ,  h e stoppe d an d 
picke d u p a  quar t  an d the n continue d home . 

This example illustrates a rather mundane, everyday 
experience .  O n e i s ofte n reminde d o f  a n unrealize d 
goal  a t  th e moment  tha t  h e o r  sh e i s i n a n opportun e 
positio n t o achiev e it ,  jus t  a s Bo b wa s reminde d t o 
buy orang e juic e upo n drivin g pas t  a  grocer y store . 
However ,  fro m th e viewpoin t  o f  explainin g th e 
mechanism s involve d i n huma n cognition ,  Bob' s 
behavio r  suggest s th e intriguin g questio n o f  h o w 
suc h a  situatio n i s recognize d a s a n opportunit y t o 
achiev e a  previously-formulate d goal . 

The ter m "suspende d goal "  (Schan k &  Abelson , 
1977 )  refer s t o a  goa l  tha t  canno t  b e fit  int o current , 
ongoin g plannin g activity ,  an d i s  postpone d rathe r 
tha n abandoned .  Bob' s buyin g orang e juic e wa s a 
suspende d goa l  becaus e i t  di d no t  fi t  int o th e curren t 
pla n o f  gettin g t o wor k o n time ,  bu t  wa s pu t  of f  t o b e 
pursue d a t  s o m e late r  point .  Recognizin g 
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opportunitie s t o achiev e suspende d goal s i s a n 
importan t  cognitiv e abilit y  becaus e i t  allow s on e t o 
defe r  wor k toward s a  goa l  unti l  on e i s i n bette r 
circumstance s t o achiev e th e goal .  I n othe r  words , 
suspendin g goal s allow s on e t o pla n 
opportunistically ,  creatin g th e mos t  efficien t  plan s 
and executio n schedul e fo r  realizin g a  se t  o f  goal s i n 
a dynami c environmen t 

H o w i s i t  tha t  importan t  goal s migh t  com e t o min d 
at  th e appropriat e times ? A  numbe r  o f  model s hav e 
been suggeste d t o accoun t  fcM *  opportunisti c behavior . 
Hayes-Rot h an d Hayes-Rot h (1979 )  offere d on e o f 
th e first  o f  suc h model s whic h wa s base d o n protocol s 
of  subject s engage d i n erran d planning .  Hayes-Rot h 
et  al.' s  compute r  model ,  base d o n a  blackboar d 
architectur e (Lesse r  e t  al. ,  1975) ,  incorporate d thei r 
observation s tha t  plannin g i s typifie d b y one' s abilit y 
t o shif t  betwee n plannin g strategie s a s unanticipate d 
opportunitie s ar e perceived .  Fo r  example ,  i n 
schedulin g a  se t  o f  errands ,  the y notice d tha t  planner s 
wer e abl e t o jum p bac k an d fort h betwee n orderin g 
errand s i n term s o f  location ,  an d orderin g the m i n 
term s o /  goa l  priority .  Thes e strategie s wer e 
represente d i n thei r  mode l  a s "specialists' '  tha t 
gathere d informatio n a t  variou s level s o f  abstraction , 
waitin g fo r  thei r  activado n condition s t o b e present . 
Unfortunately ,  Hayes-Rot h e t  al.' s  vie w o f 
opportunis m include s n o memor y componen t  Thei r 
subject s neithe r  neede d t o remembe r  thei r  goal s no r 
t o respon d t o unanticipate d execution-tim e 
opportunitie s t o achiev e them .  Al l  o f  th e goal s wer e 
made availabl e t o th e subject s throughou t  th e 
experiment .  A s such ,  thei r  mode l  wa s on e o f  h o w 
plan s ar e create d t o achiev e activ e goal s rathe r  tha n 
one o f  h o w goal s tha t  hav e bee n store d i n memor y 
ar e brough t  t o min d an d achieve d i n respons e t o 
execution-tim e opportunities . 

One mode l  o f  h o w goal s migh t  b e suspende d i n 
memory fo r  late r  executio n wa s develope d b y Marks , 
H a m m o n d,  &  Convers e (1989 )  an d implemente d i n 
T R U C K E R,  a  compute r  planner .  T R U C K E R ' S 
domai n i s a  UPS-lik e picku p an d deliver y tas k i n 
whic h ne w order s ar e receive d durin g th e cours e o f 
th e day' s execution .  It s tas k i s t o schedul e order s an d 
t o develo p route s fo r  it s  truck s t o follo w throug h 
town .  W h e n T R U C K ER receive s goal s tha t  i t  canno t 
immediatel y accomplish ,  th e goa l  become s 
"suspended "  an d i s adde d t o th e lis t  o f  pendin g goals . 
For  example ,  i f  i t  receive s a  reques t  t o pic k u p a 
packag e a t  th e Sear s Tower ,  bu t  n o truck s ar e nea r  th e 
Sear s Tower ,  th e goa l  wil l  b e adde d t o th e lis t  o f 
goal s tha t  nee d t o b e accomplished .  H o w doe s 
T R U C K ER late r  recogniz e opportunitie s t o achiev e 
th e suspende d goal ? A t  th e tim e o f  encodin g th e goa l 
of  goin g t o th e Sear s Tower ,  T R U C K ER connect s th e 
goal  wit h it s interna l  representatio n o f  th e Sear s 
Tower .  A s a  resul t  whe n a  truc k passe s th e Tower , 
it s  perceptua l  processin g o f  th e Towe r  automaticall y 

activate s th e goa l  o f  stoppin g a t  th e Towe r  an d 
retrievin g th e package .  I n thi s way ,  T R U C K ER 

provide s a  simpl e mode l  o f  opportunisti c memory . 
Unfortunately ,  thi s mode l  i s no t  complet e becaus e i t 
deal s onl y wit h goal s whos e executio n condition s ar e 
wel l  specified .  Th e goa l  o f  stoppin g a t  th e Sear s 
Tower  ca n onl y b e execute d whe n passin g th e Sear s 
Tower .  People ,  however ,  generall y hav e goal s tha t 
ca n b e achieve d i n multipl e ways .  Th e goa l  o f 
determinin g wha t  time  i t  is ,  fo r  example ,  ca n b e 
achieve d b y lookin g a t  a  clock ,  turnin g o n th e 
televisio n o r  radio ,  o r  callin g a n informatio n phon e 
number .  Th e mode l  instantiate d i n T R U C K ER doe s 
not  explai n h o w tiie  mor e comple x goal s face d b y 
peopl e woul d hav e t o b e encode d i n memor y s o tha t 
opportunitie s t o achiev e the m migh t  late r  b e 
recognized . 

A mode l  b y B i m b a u m an d Collin s (1984 )  doe s 
sugges t  a  mechanis m fo r  recognizin g multipl e 
execution-tim e opportunitie s t o achiev e previously -
suspende d goals .  Thei r  approac h view s goal s a s 
independen t  processin g entitie s tha t  hav e thei r  o w n 
inferentia l  power ,  simila r  t o "demons. "  Thus ,  whe n a 
goal  i s  suspende d i n memory ,  i t  act s a s a  processo r 
tha t  continue s t o examin e th e ongoin g flow  o f  object s 
and event s tha t  occur .  I f  circumstance s relevan t  t o it s 
satisfactio n arise ,  th e goa l  demo n recognize s it s 
potentia l  us e o f  thes e circumstance s an d become s 
activ e i n modifyin g th e curren t  pla n t o tak e advantag e 
of  th e opportunity .  A s evidenc e fo r  thei r  approach , 
B i m b a u m an d Collin s offe r  a  simpl e ye t  compellin g 
descriptio n o f  a  perso n tryin g t o obtai n bot h foo d an d 
wate r  i n th e wild .  I n th e example ,  th e perso n decide s 
t o suspen d th e goa l  o f  satisfyin g thirs t  whil e tryin g t o 
achiev e th e goa l  o f  satisfyin g hunger .  Whil e 
searchin g fo r  food ,  however ,  th e perso n jump s ove r  a 
stream ,  an d i s abl e t o recogniz e tha t  th e strea m 
afford s a n opportunit y t o satisf y on e suspende d goal . 
I f  anticipatio n wer e one' s onl y mean s o f  recognizin g 
opportunities ,  th e opportunit y t o obtai n wate r  woul d 
hav e bee n misse d b y th e planne r  i n thi s story .  Thus , 
B i m b a u m an d Collin s argu e tha t  th e suspende d goa l 
must  hav e th e abilit y  t o examin e di e curren t  situatio n 
and initiat e inferenc e t o tes t  it s  o w n relevance .  B y 
positin g independen t  agent s responsibl e fo r  eac h 
goal ,  the y provid e a  mechanis m fo r  goal-directe d 
inference . 

Thi s approac h t o opportunisti c behavio r  i s a n 
unlikel y explanatio n o f  huma n cognitiv e processe s 
simpl y becaus e o f  it s  computationa l  demands .  Give n 
th e numbe r  o f  stimul i  i n th e environmen t  a t  an y poin t 
i n time  an d th e numbe r  o f  goal s on e migh t  inten d t o 
resolve ,  i t  i s  no t  clea r  h o w goal s coul d activel y 
decid e o n th e relevanc e o f  eac h stimulu s i n relatio n t o 
eac h goal .  Th e proces s migh t  b e feasibl e i f  al l  goal s 
wer e a s simpl e a s "findin g wate r  i n th e wildemess, " 
and al l  feature s o f  th e environmen t  wer e a s obviou s 
as " a stream, "  wher e litU e inferencin g i s necessar y t o 
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recogniz e tha t  a  strea m i s a n exampl e o f  water . 
However ,  conside r  agai n th e exampl e o f  determinin g 

th e curren t  time .  On e coul d cal l  a n informatio n 
hodin e t o ge t  th e dme ,  tur n o n th e televisio n o r  radio , 

or  star t  th e car .  Non e o f  tiiese  objects ,  however ,  ar e 
obviousl > relate d t o findin g ou t  th e time .  A  demo n 
woul d hav t  t o d o a  grea t  dea l  o f  inferencin g t o 
determin e tha t  a  ca r  migh t  b e use d i n suc h a  plan . 

An additiona l  difficult y wit h th e Bimbau m an d 
Collin s mode l  i s  tha t  i t  assume s tha t  peopl e recogniz e 
al l  opportunitie s t o achiev e suspende d goals .  Whil e 
no previou s studie s hav e provide d contradictor y 
evidence ,  intuitio n an d persona l  experienc e sugges t 
tha t  w e ofte n mis s opportunitie s t o achiev e ou r  goals . 
I t  seem s tha t  an y mode l  tha t  c'aini s t o accoun t  fo r 
human behavio r  shoul d accoun :  fo r  misse d 
opportunitie s a s wel l  a s recognize d ones . 

We sugges t  tha t  opportunis m doe s no t  rt:ul t  fro m 
goal  demon s constantl y monitorin g th e world ; 
instead ,  w e argu e tha t  th e indexin g o f  susperde d 
goal s i n memor y provide s a  bette r  accoun t  o f  whe n 
opportunitie s wil l  b e recognize d durin g pla n 
executio n (Hammon d e t  al. ,  i n press) .  Accordin g t o 
thi s model ,  onl y norma l  inferentia l  processe s ar e use d 
t o monito r  th e world .  I n orde r  fo r  a n opportunit y t o 
achiev e a  goa l  t o b e recognized ,  th e goa l  mus t  b e 
store d i n memor y i n term s o f  feature s o f  th e 
environmen t  tha t  ar e normall y bein g monitored . 
Recognizin g a  strea m a s a n opportunit y t o achiev e 
th e goa l  o f  findin g wate r  i s  easil y explaine d b y thi s 
model ,  sinc e bot h th e goa l  an d th e stimulu s ar e 
describe d i n term s o f  th e sam e features .  I f  on e 
encode s a  goa l  a s "fin d water "  an d late r  identifie s a 
stimulu s i n th e environmen t  a s a  "strea m o f  water, "  a 
direc t  connectio n i s mad e betwee n th e objec t  an d th e 
goal ,  an d th e goa l  i s  brough t  t o mind .  What  i f  th e 
goal  wer e instea d "determinin g th e tim e o f  day? " 
Accordin g t o Bimbau m an d Collins ,  th e presenc e o f  a 
cloc k an d a  telephon e shoul d b e equall y likel y t o 
remin d on e o f  th e goal .  Ou r  theory ,  however , 
predict s tha t  whil e a  cloc k woul d likel y ordinaril y 
serv e a s a  reminder ,  a  telephon e woul d onl y serv e a s 
a reminde r  i f  on e ha d previousl y encode d th e goa l  i n 
term s o f  th e pla n "us e a  telephon e t o cal l  a n 
informatio n number. "  Otherwise ,  th e goa l  "ge t  time " 
and th e telephone ,  whic h migh t  b e identifie d a s 
"instrumen t  fo r  makin g phon e calls, "  woul d no t  b e 
linke d i n memor y an d n o remindin g woul d tak e 
place . 

Predictiv e encodin g stresse s th e importanc e o f 
encodin g blocke d goal s i n memor y i n suc h a  wa y tha t 
the y wil l  b e recalle d b y condition s favorabl e fo r  thei r 
solution .  I f  a  goa l  i s  t o b e recalle d a t  a n opportun e 
time,  th e feature s o f  situation s i n whic h goa l 
achievemen t  woul d b e possibl e mus t  b e anticipated , 
and th e suspende d goa l  mus t  b e indexe d i n memor y 
i n term s o f  thos e features .  Indexin g mean s 
"preparing "  connection s t o a  blocke d goa l  s o tha t  i t  i s 

likel y t o b e retrieve d whe n th e feature s o f  a  ne w 
situatio n matc h th e feature s associate d wit h th e goa l 
i n memory .  I n othe r  words ,  suspende d goal s 
recogniz e opportunit y b y waitin g fo r  the m i n th e 
"righ t  place "  i n memory ;  i f  thos e feature s associate d 

wit h th e goa l  ar e late r  activated ,  th e goa l  wil l  als o b e 
activated .  Thi s proces s o f  usin g memor y t o prepar e 
fo r  recognizin g late r  opportunitie s i s referre d t o a s 
predictiv e encodin g becaus e th e feature s tha t  indicat e 
th e relevanc e o f  a  pla n ar e anticipated ,  an d use d t o 
inde x th e pla n i n memory . 

The followin g stud y investigate s recognizin g 
opportunitie s i n huma n planning .  I t  contrast s th e 
predictiv e encodin g hypothesi s tha t  opportunitie s t o 
achiev e goal s wil l  onl y b e recognize d a t  executio n i f 
anticipate d durin g planning ,  wit h Bimbau m an d 
Collin' s "goal s a s agents "  predictio n tha t  al l 
opportunitie s t o achiev e goal s ar e equall y lik e t o b e 
recognize d regardles s o f  encodin g context .  Thes e 
contrastin g prediction s ar e teste d b y varyin g th e 
degre e t o whic h plan s t o achiev e pendin g goal s ar e 
anticipate d b y subjects ,  an d comparin g whethe r  o r 
not  recal l  cue s tha t  hav e bee n anticipate d i n th e 
contex t  o f  th e earlie r  plan s lea d t o mor e reminding s 
tha n unanticipate d cues .  Ou r  expectatio n i s tha t 
anticipate d cue s wil l  remin d subject s o f  thei r  goal s 
more ofte n tha n wil l  unanticipate d cues . 

The contex t  fo r  goa l  presentatio n i n th e stud y i s a 
colleg e dormitor y room .  Th e subjec t  i s  aske d t o 
imagin e tha t  h e o r  sh e mus t  accomplis h a  numbe r  o f 
goal s i n th e dormitor y roo m i n a  limite d perio d o f 
time.  Th e goal s tha t  mus t  b e accomplished ,  whic h 
includ e re-hangin g a  falle n poster ,  retrievin g a n ite m 
fro m a  hig h shelf ,  an d removin g a  stuc k rin g from 
one' s finger ,  ar e intende d t o b e plausibl e fo r  suc h a 
setting ,  an d achievabl e wit h th e ai d o f  object s likel y 
t o b e foun d i n suc h a  setting .  Additionally ,  al l 
object s presente d t o subject s a s late r  retrieva l  cue s ar e 
object s tha t  migh t  b e foun d i n thi s setting . 

M e t h o d 

Subject s 

Subject s wer e 12 8 undergraduate s (6 5 me n an d 6 3 
women)  a t  th e Universit y o f  Michiga n wh o 
participate d i n partia l  fulfillmen t  o f  introductor y 
psycholog y cours e requirements .  Subject s wer e 
assigne d t o on e o f  thre e conditions :  No-Pla n i n whic h 
subject s rea d a  se t  o f  goals ,  Given-Pla n i n whic h 
subject s als o rea d a  suggeste d pla n fo r  achievin g a 
goal ,  o r  Generate-Pla n i n whic h subject s wer e 
allowe d t o anticipat e plan s fo r  achievin g goals . 
Subject s wer e ru n i n group s o f  ̂ p̂roximatel y twent y 
i n 5 0 minut e sessions . 
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Material s an d procedur e 

All subjects were given a test booklet to read and 
complete .  Th e bookle t  bega n wid i  a n instructio n 
shee t  i n whic h subject s wer e tol d tha t  the y woul d b e 
aske d t o imagin e themselve s i n th e followin g 
scenario : 

Imagine that you are visiting your best friend, 
Chris ,  i n he r  dormitor y room .  Afte r  chattin g 
wit h on e anothe r  fo r  a  while ,  yo u bot h hea r  a 
knoc k a t  th e door .  A  neighbo r  peek s he r  hea d i n 
and s u m m o n s Chri s t o atten d a  spur-of-the -
moment  hal l  meeting .  Chri s announce s she'l l  b e 
bac k soo n an d stroll s dow n th e hal l  t o se e what' s 

up. 

In the first few minutes that you are alone in 
Chris' s room ,  yo u realiz e tha t  thi s i s a  perfec t 
opportunit y fo r  yo u t o d o som e snoopin g around . 
Ther e ar e al l  kind s o f  thing s tha t  you' d lik e t o 
kno w abou t  you r  frien d Chris !  And ,  i f  yo u ar e 
carefu l  t o leav e n o sig n tha t  you'v e tampere d 
wit h anything ,  she'l l  neve r  fin d yo u out . 

Subjects were then told that they would be presented 
wit h a  se t  o f  goal s relate d t o th e scenario ,  wit h on e 
goal  bein g presente d o n eac h o f  th e subsequen t  page s 
of  th e workbook .  Th e instruction s mad e clea r  tha t 
subject s shoul d rea d an d mak e a  menta l  not e o f  eac h 
goal  sinc e the y woul d nee d t o retriev e th e goal s from 
memory a t  a  late r  dme .  Eac h goa l  wa s a  descriptio n 
of  somethin g that ,  hypothetically-speaking ,  neede d t o 
be accomplishe d b y th e subjec t  i n th e dor m roo m 
befor e th e occupan t  o f  th e roo m returned .  A n 
exampl e goa l  follows : 

You notice that Chris left her new college ring 
on he r  bureau .  Y o u tr y i t  o n you r  finge r  an d i t 
get s stuck .  Chri s wil l  kil l  yo u i f  sh e find s ou t 
tha t  yo u wer e s o careles s wit h he r  ne w piec e o f 
jewelry .  Y o u nee d t o ge t  th e ring  of f  befor e 
Chri s returns . 

All goals were tasks that could be accomplished 
usin g object s foun d i n a  typica l  dormitor y room .  Fcm* 
example ,  th e abov e goa l  migh t  b e accomplishe d b y 
rubbin g soa p aroun d th e rin g an d atten^tin g t o slid e 
th e ring  off .  Thi s segmen t  o f  th e bookle t  wil l  b e 
referre d t o a s th e goa l  learnin g phas e o f  th e 
experimen t 

Followin g goa l  learning ,  subject s wer e tol d t o 
imagin e tha t  a s the y continue d inspectin g th e dor m 
room ,  the y encountere d numerou s objects ,  som e o f 
whic h migh t  b e usefu l  t o the m i n achievin g thei r 
goals .  The y wer e tol d tha t  on e encountere d objec t 
woul d b e describe d o n eac h o f  th e subsequen t  page s 

of  th e workbook .  Subject s wer e instructe d t o rea d 
abou t  eac h objec t  and ,  i f  the y believe d th e objec t 
coul d b e use d t o achiev e a n earlie r  goal ,  t o recor d i n 

th e spac e provide d thei r  pla n fo r  h o w thi s coul d b e 

accomplished .  O n e objec t  descriptio n was :  "Th e onl y 
thin g yo u find  unde r  th e sin k i s a  ja r  o f  Vaseline .  I f 
yo u coul d us e th e Vaselin e i n a  pla n t o achiev e an y o f 
you r  goals ,  recor d th e plan(s )  below. " 

Fiftee n object s wer e presente d t o eac h subject ,  1 0 
of  whic h wer e intende d t o sugges t  a  pla n t o achiev e 
an earlie r  goal ,  an d 5  o f  whic h wer e intende d a s 
fillers.  T w o differen t  goal-relate d objec t  set s wer e 
used ,  wit h filler  object s th e sam e fo r  bot h sets .  Al l 
material s wer e pilo t  teste d o n a n independen t  grou p 
of  subject s i n a  non-memor y experimen t  t o ensur e 
tha t  presente d object s wer e see n a s component s o f 
reasonabl e plan s t o achiev e th e give n goals .  Thi s 
segment  o f  th e bookle t  wil l  b e referre d t o a s th e tes t 
phas e o f  th e experimen t 

The 3  condition s varie d i n term s o f  th e typ e o f 
processin g performe d o n th e goals .  Th e No-Fla n 
conditio n wa s intende d a s a  baselin e conditio n an d n o 
processin g o f  th e goal s wa s performe d beyon d wha t 
has alread y bee n described .  I n th e Given-Pla n 
condition ,  tes t  booklet s followe d th e sam e forma t 
wit h on e addition :  eac h goa l  descriptio n durin g goa l 
learnin g conclude d wit h a  sentenc e suggestin g a 
singl e pla n tha t  migh t  b e use d t o achiev e th e state d 
goal .  Fo r  example ,  appende d t o di e goa l  o f  removin g 
a rin g from  one' s finger  migh t  b e th e statement :  "Yo u 
thin k tha t  i f  onl y yo u ha d som e Vaseline ,  yo u migh t 
be abl e t o greas e you r  finger  an d slid e th e ring  off. " 
Hal f  o f  th e plan s see n b y eac h subjec t  suggeste d a n 
objec t  tha t  late r  appeare d i n th e tes t  phas e fo r  tha t 
subject .  Th e remainin g plan s suggeste d object s tha t 
wer e no t  late r  presented .  Thus ,  object s suggeste d 
durin g goa l  learnin g tha t  di d no t  correspon d t o 
object s presente d durin g testing ,  wer e draw n from  th e 
objec t  se t  tha t  wa s no t  use d i n th e tes t  phase . 

Finally ,  i n th e Generate-Pla n condition ,  unlik e th e 
Given-Pla n condition ,  n o plan s wer e suggeste d 
durin g goa l  learning .  Rather ,  i n additio n t o readin g 
abou t  eac h goal ,  subject s wer e instructe d t o generat e 
plan s o n thei r  o w n an d t o recor d the m i n th e spac e 
provide d o n eac h page .  Subject s wer e tol d t o acUier e 
t o th e followin g guidelines :  t o recor d plan s i n th e 
orde r  the y com e t o mind ,  t o b e specifi c  i n thei r  plans , 
and t o b e sur e t o recor d th e object s tha t  woul d b e 
neede d t o carr y ou t  eac h plan .  Additionally ,  the y 
wer e tol d t o generat e onl y realisti c plans ,  i.e .  thos e 
tha t  coul d b e execute d usin g object s commonl y foun d 
i n a  colleg e dormitcM y room . 

Resul t s 

In order to determine the effects of anticipating the 
pla n opportunities ,  al l  targe t  cue s wer e firs t 
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categorize d a s anticipate d o r  unanticipated .  I n th e 
No-Pla n condition ,  ai l  cue s wer e unanticipate d i n th e 
sens e tha t  the y wer e no t  presente d durin g goa l 
learning ,  whil e i n th e Given-Pla n condition ,  exactl y 
hal f  o f  th e targe t  cue s presente d t o eac h subjec t  wer e 
anticipate d ( S wer e anticipate d an d S  wer e 
unanticipated) .  I n th e Generate-Pla n condition , 
whethe r  o r  no t  a  cu e ha d bee n anticipate d wa s 
determine d b y comparin g eac h cu e t o th e goa l 
learnin g plan s generate d b y th e subjec t  fo r  th e 
intende d associate d goal .  I f  th e cu e wa s state d i n a 
pla n t o achiev e th e goal ,  i t  wa s code d a s anticipated . 
Otherwise ,  i t  wa s code d a s unanticipated .  Codin g 
was conservativ e i n th e sens e tha t  i f  a  subject -
generate d pla n coul d hav e bee n achieve d usin g a 
cue d object ,  bu t  th e pla n di d no t  specificall y mentio n 
tha t  object ,  th e cu e wa s code d a s bein g unanticipated . 
Acros s al l  subject s i n th e Generate-Pla n condition ,  a 
mean o f  3.2 2 cue s wer e anticipate d an d 6.7 8 cue s 
wer e unanticipated . 

Additionally ,  al l  tes t  cu e response s wer e code d i n 
term s o f  whethe r  o r  no t  th e cu e le d t o th e appropriat e 
goa l  reminding .  A  remindin g wa s score d wheneve r 
th e writte n respons e coul d b e uniquel y identifie d a s 
an intende d earlie r  goal .  O f  primar y interes t  wa s th e 
relativ e numbe r  o f  goa l  reminding s generate d i n 
respons e t o anticipate d versu s unanticipate d recal l 
cue s i n eac h o f  th e anticipatio n condition s (Given -
Pla n an d Generate-Pla n conditions) .  I n th e Given -
Pla n condition ,  a  mea n proportio n o f  .7 7 (S D =  .22 ) 
of  unanticipate d cue s le d t o appropriat e remindings , 
as di d .8 1 (S D =  .21 )  o f  th e anticipate d cues .  I n th e 
Generate-Pla n condition ,  proportion s o f  .7 4 (S D = 
2 3 )  an d .9 6 (S D =  .13 )  unanticipate d an d anticipate d 
cue s respectivel y lea d t o iq)propriat e remindings .  A 
2x 2 A N O V A reveale d a  mai n effec t  o f  anticipatio n 
( F (1 ,  83 )  -  27.21 ,  p  <  .001 )  acros s th e tw o 
condition s an d a n interactio n effec t  betwee n 
conditio n an d anticipatio n ( F (1 ,  83 )  »  12.87 ,  p  » 
.001) .  N o mai n effec t  o f  conditio n wa s foun d ( f  (1 , 
83 )  =  2.61 ,  p= .110 ) . 

Th e No-Pla n conditio n wa s ru n a s a  baselin e 
conditio n t o establis h th e mea n numbe r  o f  reminding s 
give n n o anticipation .  O n e migh t  imagin e tha t  a n 
increas e i n attentio n t o goal s durin g goa l  learnin g 
(du e t o additiona l  readin g o r  t o pla n generation ) 
woul d lea d t o bette r  memor y fo r  al l  o f  th e goal s an d 
thu s t o a n increas e i n reminding s eve n i n respons e t o 
unanticipate d cues .  Comparin g th e remindin g mean s 
fo r  unanticipate d cue s i n th e No-Pla n (.74 ,  S D =  .19) , 
Given-Pla n (.77) ,  an d Generate-Pla n (.74 )  conditions , 
i t  become s clea r  tha t  thi s wa s no t  th e cas e ( F (2,125 ) 
= .25 ,  p  =  .783) .  Tha t  is ,  n o difference s wer e foun d 
acros s th e 3  condition s i n term s o f  th e memorabilit y 
of  goal s i n respons e t o unanticipate d cues .  T o th e 
exten t  tha t  th e manipulation s influence d remindings , 
the y appeare d t o influenc e reminding s onl y fo r 
anticipate d cues ,  confirmin g tha t  i t  wa s anticipatio n 

of  th e specifi c  cue s an d no t  jus t  anticipatio n i n 
genera l  tha t  lea d t o increase d remindings . 

Discussio n 

The results illustrate that, as predicted, reminding is 
mor e likel y whe n a  cu e ha d bee n anticipate d tha n 
when i t  ha d not .  Thi s effec t  hel d acros s bot h 
anticipatio n conditions .  Th e stud y support s th e 
predictiv e encodin g hypothesi s an d suggest s tha t  th e 
reaso n subject s wer e mor e ofte n reminde d o f  goal s 
when face d wit h anticipate d cue s wa s becaus e the y 
had previousl y encode d eac h goa l  i n term s o f  th e 
associate d cue .  W h e n processin g th e cue ,  th e goa l 
came t o min d becaus e i t  ha d previousl y bee n 
associate d wit h th e cu e i n memory .  Thi s effec t  migh t 
be simila r  t o tha t  describe d b y Tulvin g an d hi s 
colleague s (Tulvin g &  Thomson ,  1973 )  a s encodin g 
specificit y whereb y h o w an d whe n a  memor y i s 
retrieve d depend s o n h o w i t  wa s stored .  Whil e 
Tulving' s wor k o n encodin g specificit y wa s primaril y 
performe d wit h wor d list s o f  paired-associates ,  th e 
concep t  o f  encodin g specificit y migh t  als o b e relevan t 
fo r  plan s an d goals . 

Surprisingly ,  th e result s o f  thi s stud y als o showe d 
tha t  th e differenc e i n proportio n o f  reminding s i n 
respons e t o anticipate d versu s unanticipate d cue s wa s 
greate r  whe n subject s generate d thei r  o w n plan s tha n 
w h en plan s wer e generate d fo r  them .  O n e 
explanatio n fo r  th e interactio n i s tha t  generatin g a 
pla n onesel f  lead s t o a  stronge r  memor y associatio n 
betwee n th e pla n an d th e goa l  tha n woul d b e create d 
by one' s simpl y readin g abou t  a  plan .  Give n tha t 
subject s wer e instructe d onl y o f  th e importanc e o f 
attendin g t o eac h goa l  (bu t  no t  o f  attendin g t o 
associate d plans )  i n th e Given-Pla n condition ,  i t  i s 
possibl e tha t  weake r  association s wer e forme d 
betwee n th e pla n an d th e goa l  i n thi s condition . 
Unfortunately ,  a  secon d differenc e betwee n th e tw o 
condition s wa s tha t  i n th e Given-Pla n condition ,  th e 
experimen t  determine d whic h plan s woul d b e 
anticipated ,  whil e i n th e Generate-Pla n condition , 
subject s determine d whic h plan s the y woul d conside r 
i n advance .  Whil e thi s limit s th e conclusion s tha t  ca n 
be drawn ,  i t  motivate s futur e investigatio n t o 
distinguis h th e exten t  t o whic h subject-generatio n o f 
plan s versu s degre e o f  encodin g o f  plan s (whethe r 
the y b e subject-generate d o r  not )  i s  primaril y 
responsibl e fo r  facilitatin g th e recognitio n o f 
opportunities . 

An additiona l  consideratio n raise d b y di e stud y i s 
th e exten t  t o whic h retrieva l  cue s sugges t  plan s t o 
achiev e particula r  goals .  I n thi s study ,  whil e al l 
objec t  cue s give n t o subject s wer e component s o f 
reasonabl e plan s t o achiev e goals ,  som e clearl y 
suggeste d prio r  goal s mor e tha n di d others .  Fo r 
example ,  conside r  th e object s "thumbtack "  an d 
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"gumball "  a s component s o f  plan s t o achiev e th e goa l 
"re-han g falle n poster. "  I n processin g "thumbtack, " 
th e functio n "ca n b e use d t o han g paper s t o a  board " 
woul d likel y com e t o min d quickly .  Fo r  "gumball, " 
on th e odie r  hand ,  di e functio n "ca n b e chewed " 
migh t  b e mos t  salient .  Give n a  thumbtack ,  drawin g 
di e inference s neede d t o ge t  fro m "ca n b e use d t o 
hang pape r  t o a  board "  t o "us e no w t o han g poste r  t o 
di e wall "  woul d b e rathe r  straightforwar d fo r  mos t 
people .  However ,  give n a  gumball ,  gettin g from  "ca n 
be chewed "  t o "us e no w t o han g poste r  t o wall " 
woul d requir e tha t  a  grea t  man y mor e inference s b e 
made (i.e. ,  tha t  g u m ca n b e chewed ,  dia t  chewe d gu m 
i s sticky ,  an d dia t  stick y materia l  ca n b e use d t o re -
hang dormitor y roo m posters) .  I t  i s  plausibl e Uia t  di e 
degre e t o whic h anticipatio n influence s remindin g 
depend s o n th e natur e o f  di e inferenc e dia t  mus t  b e 
made i n orde r  t o recogniz e th e relationshi p betwee n a 
cue an d a  goal .  I n othe r  words ,  whe n a  cu e direcd y 
suggest s a  goal ,  rehearsa l  migh t  hav e les s o f  a n effec t 
on reminding .  However ,  whe n th e pat h betwee n a 
pla n an d a  goa l  i s  les s direct ,  rehearsa l  migh t  pla y a 
much greate r  role . 

Predictiv e encodin g a s a  theor y i s importan t 
becaus e i t  suggest s tha t  ho w peopl e encod e goal -
relate d informatio n i s extremel y importan t  t o thei r 
bein g abl e t o recogniz e opportunitie s t o achiev e 
goals .  Ou r  curren t  researc h i n bot h artificia l 
intelligenc e an d psycholog y i s directe d toward s 
resolvin g som e o f  th e theoretica l  controversie s 
surroundin g th e mechanism s underlyin g opportunisti c 
behavior ,  an d t o developin g a  deepe r  understandin g 
of  ho w an d whe n opportunitie s ar e recognize d an d 
take n advantag e o f  i n everyda y planning . 
Recognizin g opportunitie s i s a n importan t  componen t 
of  achievin g goal s i n a  dynami c worl d becaus e w e ar e 
ofte n unawar e o f  al l  o f  th e feature s o f  th e 
environment ,  an d thu s canno t  rel y o n implementin g 
eve n carefully-constructe d plan s a s a  mean s o f 
achievin g al l  o f  ou r  goals .  Radier ,  w e mus t  no t  onl y 
be abl e t o tak e advantag e o f  opportunitie s whe n die y 
arise ,  bu t  w e mus t  als o us e thi s ne w informatio n t o 
hel p u s predic t  an d pla n fo r  futur e opportunities . 
Predictiv e encodin g suggest s on e mechanis m b y 
whic h opportunisti c plannin g ma y occur . 
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