
Actio n Planning :  Routin e Comput in g Task s 

Suzanne M. Mannes & Walter Kintsch 

University of Colorado, Boulder 

The tasks we are concerned with here are routine operations involving a file and mail 
system .  Ou r  subject s ar e experience d compute r  users ,  fo r  w h o m suc h task s presen t  n o challenge . 
However ,  solution s fo r  thes e task s canno t  b e precompiled ,  becaus e whil e th e element s o f  eac h tas k 
may b e familiar ,  an d indee d overlearned ,  the y ar e ofte n pu t  togethe r  i n nove l  sequences .  I n othe r 
words ,  w e ar e no t  dealin g wit h fixe d script s whic h onl y nee d t o b e retrieve d fro m memory ,  bu t 
wit h plan s fo r  actio n tha t  ar e generate d apparentl y effortlessl y i n th e contex t  o f  eac h specifi c  task . 
The questio n addresse d her e i s ho w thes e plan s ar e generated . 

THEORETICAL BACKGROUND 
The proble m statemen t  fo r  eac h tas k i s a  piec e o f  discourse ,  usuall y a  sentenc e o r  tw o wit h 

whic h th e experimente r  instruct s th e subjec t  wha t  t o do .  (Mor e generally ,  on e ca n assum e tha t 
compute r  user s instruc t  themselve s i n simila r  wa y i n th e cours e o f  thei r  activities) .  Th e theor y o f 
discours e understanding ,  develope d i n a  quit e differen t  contex t  b y Kintsc h &  va n Dij k  (1978) ,  va n 
Dij k &  Kintsc h (1983) ,  an d Kintsc h (1988) ,  wil l  b e use d t o mode l  th e wa y i n whic h subject s 
comprehen d thi s discourse . 

We ar e intereste d i n ho w th e instructiona l  tex t  activate s th e knowledg e a  subjec t  ha s abou t 
th e task s involved ,  resultin g i n a  well-formulate d pla n fo r  action .  W e ar e no t  studyin g th e action s 
themselves :  thi s  i s probabl y bes t  don e withi n a  G O M S-  o r  CCT-lik e framewor k (Card ,  Moran ,  & 
Newell ,  1983 ,  Kiera s &  Poison ,  1985) .  Wha t  w e d o her e i s generat e th e G O A L statement ,  whic h 
i s require d t o activat e th e high-leve l  production s i n thes e models .  Onc e yo u hav e a  P L A N -  i n th e 
sens e discusse d belo w -  yo u ca n the n activat e a  sequenc e o f  production s fo r  executin g tha t  plan ,  i n 
th e manne r  describe d b y thes e models . 

Understandin g a n instructiona l  tex t  mean s comin g u p wit h a n appropriat e pla n fo r  action . 
The approac h w e tak e t o modellin g thi s proces s i s analogou s t o ou r  previou s wor k o n wor d 
arithmeti c (Kintsc h &  Greeno ,  1985) .  Understandin g a  wor d arithmeti c proble m mean s generatin g 
a menta l  representatio n o f  th e set s an d se t  relation s involved ,  o n th e basi s o f  whic h th e correc t 
computation s ca n b e performed .  Thi s i s achieve d b y activatin g bot h relevan t  genera l  worl d 
knowledg e an d specifi c  knowledg e abou t  arithmetic .  Analogously ,  i n th e presen t  case ,  w e nee d t o 
activat e knowledg e abou t  th e genera l  natur e o f  th e tas k w e wan t  t o perform ,  a s wel l  a s knowledg e 
about  th e specifi c  compute r  syste m o n whic h w e ar e working .  Thus ,  th e sam e genera l  theor y o f 
comprehensio n i s bein g applie d t o tw o differen t  domains . 

PROTOCOL ANALYSES 
Thre e experience d compute r  user s wer e give n th e followin g thre e task s wit h standar d 

think-alou d instructions : 

(a) Include an address that you know into a file on the computer. 

(b) You got a manuscript from someone and you want to edit it, making 
modifications ,  an d the n retur n i t  t o th e perso n yo u go t  i t  from . 

(c) You got a message from someone while in mail asking for a paragraph out of 
a manuscrip t  o f  your s t o b e sen t  t o them . 

Their actions as well as their verbal protocols were recorded and analyzed by means of a method 
describe d i n detai l  i n Kintsc h &  Manne s (1987) .  Th e resultin g tempora l  sequence s o f  actio n 
plannin g statement s an d elaboration s provide d th e startin g poin t  fo r  ou r  analyses .  The y gav e u s 

97 



M A N N E S,  K I N T S C H 

some idea about the sort of knowledge that is activated when subjects perform these tasks, as well 
as abou t  th e sequenc e o f  planne d an d actua l  action s involved .  Tabl e 1  show s a  greatl y abbreviate d 
summary o f  th e verbalization s an d action s o f  Subjec t  1  performin g Tas k b . 

We not e th e evidenc e fo r  backwar d reasonin g i n Tabl e 1 ,  whic h i s typica l  fo r  thes e 
protocols .  I t  i s  th e anticipatio n o f  thing s t o com e whic h ofte n drive s curren t  actions .  I n Tabl e 1 , 
th e subjec t  recognize s tha t  i n orde r  t o b e abl e eventuall y t o sen d th e revise d file ,  sh e mus t  firs t  ente r 

th e mai l  syste m t o ge t  th e filet .  Ou r  theoretica l  goa l  wil l  b e t o simulat e th e sequenc e o f  planne d 

and actua l  actions ,  a s observe d i n ou r  dat a (bu t  no t  th e accompanyin g verbalizations) . 

THE MODEL 
The mai n component s o f  th e constructio n -  integratio n mode l  propose d b y Kintsc h (1988 ) 

ar e a  propositiona l  textbas e derive d fro m th e instructiona l  text ,  a n associativ e long-ter m memory ,  a 
knowledg e activatio n proces s b y mean s o f  whic h th e textbas e proposition s activat e informatio n 
fro m th e long-ter m memory ,  and ,  followin g thes e constructio n phases ,  a n integratio n proces s 
whic h select s wha t  fit s  together ,  an d deactivate s wha t  i s contextuall y irrelevant .  Furthermore , 
thes e processe s ar e cyclic ,  becaus e th e tex t  i s  processe d i n sentence-lik e unit s rathe r  tha n a s a 
whole ,  an d becaus e whe n som e actio n i s performed ,  th e stat e o f  th e worl d changes .  Thus , 
processin g i s repeate d unti l  th e desire d chang e i n th e stat e o f  th e worl d ha s bee n achieved ,  o r  unti l 

i t  fails . 

Long-term Memory 
Forty-tw o proposition s wer e take n fro m th e protocol s o f  subject s performin g th e thre e 

task s describe d abov e t o simulat e a  portio n o f  a  user' s long-ter m memor y network . 
Interconnection s i n thi s ne t  wer e compute d b y findin g al l  th e instance s wher e a  give n propositio n 
share d a n argumen t  wit h anothe r  proposition ,  an d wher e i t  wa s embedde d i n anothe r  proposition . 
Additiv e connectio n value s o f  . 5 wer e use d fo r  eac h cas e o f  argumen t  overla p o r  embedding .  A 
LIS P progra m compute s th e interconnectio n value s amon g al l  th e item s i n long-ter m memory , 
creatin g a  matri x o f  siz e n  x  n ,  calle d th e Connectivit y Matrix .  Thi s matri x approximate s a n 
associatio n matrix :  sinc e w e d o no t  kno w th e actua l  associativ e strength s amon g th e proposition s i n 
long-ter m memory ,  w e us e thi s crud e an d fallible ,  bu t  relativel y simpl e an d objectiv e metho d t o 
estimat e thes e values .  Th e secon d portio n o f  th e simulate d long-ter m memor y consist s o f  1 5 
P L A N S,  a s show n i n Tabl e 2 . 

Each pla n ha s thre e fields ,  a  pla n name ,  preconditions ,  an d outcomes .  Precondition s 
correspon d t o proposition s designatin g state s o f  th e worl d whic h mus t  b e fulfille d i n th e 
environmen t  fo r  th e pla n t o b e executable .  Outcome s correspon d t o proposition s whic h becom e 

Tabl e 1 .  Abbreviate d Protocol :  Subjec t  1 ,  Tas k b  (REVISE) . 

GET INTO MAIL TO GET TO THE FILE 
S A VE M E S S A GE T O FIL E A S K S F O R FIL E N A M E 
EXI T M A I L 
EDI T FIL E I' D B E I N E M A CS W I T H M A N U S C R I PT FIL E 
EXI T EDITO R 
S E ND M A I L M E S S A GE A S K S W H O T O S E N D T O 

I t  Th e verba l  protocol s provid e othe r  instance s o f  thi s reasoning ,  e.g. : 
Firs t  I' d sen d m y metho d sectio n o f  th e paper .  I' d ge t  int o th e edito r  on e wa y o r  anothe r  an d -firs t 

I' d hav e t o loo k a t  th e pape r  yo u ar e talkin g about .  S o I  woul d hav e t o thin k throug h h o w I  store d 

tha t  i n m y director y structure.. .  S o I' d hav e t o thin k throug h h o w I  hav e organize d m y stuf f  an d 
g o fin d th e pape r  an d the n brin g i t  u p i n th e editor .  I' d rea d you r  lette r  an d the n I  wouldn' t  wan t  t o 

repl y righ t  away .  I' d wan t  t o g o u p -  yo u kno w -figur e ou t  wha t  wa s goin g on . 
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states of the environment as a consequence of executing a plan. Plan names are propositions, thus 
consistin g o f  a  predicat e an d a  numbe r  o f  arguments .  Set s o f  plans ,  calle d fields ,  ma y b e mutuall y 
exclusiv e (e.g .  th e fou r  way s t o sen d mai l  i n Tabl e 2) .  I n suc h fields ,  th e mos t  strongl y activate d 
pla n inhibit s th e othe r  members . 

Connection s betwee n th e proposition s i n th e long-ter m memor y ne t  an d th e plan s ar e 
compute d b y th e sam e algorith m base d o n argumen t  overla p an d embeddings ,  base d upo n th e pla n 
name only .  A n exceptio n mus t  b e made ,  however ,  fo r  certai n type s o f  propositio n whic h w e cal l 
R E Q U E S TS an d O U T C O M E S. 

Request s ar e th e imperativ e verb s tha t  ar e use d i n proble m statement s (requestin g th e use r 
t o d o somethin g -  edit ,  send ,  etc) .  Th e relationship s betwee n thes e verb s an d plan s ha s t o b e mor e 
precis e tha n th e on e afforde d b y argumen t  overlap :  eac h particula r  reques t  mus t  b e associate d 
directl y wit h a n appropriat e plan .  Thus ,  th e R E Q U E ST EDI T i s tie d t o th e pla n (EDI T FILE )  b y a 
valu e o f  4-1 ,  an d ha s 0  connectio n strength s wit h al l  othe r  plans .  Eac h O U T C O ME propositio n i s 
similarl y connecte d b y a  valu e o f  + 1 t o plan s tha t  produc e thi s outcome ,  b y a  valu e o f  - 1 t o plan s 
whic h produc e a n incompatibl e outcom e bu t  whic h includ e tas k relevan t  objects ,  an d b y a  valu e o f 
0 t o plan s whic h produc e irrelevan t  outcome s (becaus e the y dea l  wit h object s tha t  ar e no t  involve d 
i n th e tas k a t  hand) .  Onl y ultimat e goal s ar e connecte d i n thi s way :  othe r  plan s whic h nee d t o fir e 
befor e th e ultimat e pla n ca n b e accomplishe d mus t  b e contextuall y activate d throug h th e networ k a s 
a whole . 

T E X T B A S ES A N D S I T U A T I O N M O D E LS 
Fro m th e tex t  o f  a  proble m (suc h a s th e thre e task s mentione d above )  a  propositiona l 

textbas e i s derive d b y handcoding ,  i n th e manne r  o f  Kintsc h (1985) .  Eac h tex t  propositio n the n 
activate s tw o othe r  proposition s whic h ar e associate d wit h i t  i n th e long-ter m memor y net .  Thi s i s 
done b y computin g th e argumen t  overla p an d embeddin g relation s betwee n tha t  propositio n an d al l 
othe r  proposition s i n long-ter m memor y an d normalizin g thi s vecto r  (s o tha t  th e su m o f  al l 
interconnection s i s l).Th e resultin g connectio n strength s value s ca n the n b e treate d a s 
probabilities,an d tw o associate s o f  eac h proposition s ca n b e sample d wit h replacement . 

Tabl e 2 .  Lis t  o f  PLANS. 

Pla n Name 

(COPY TEXT FILE) 
(COPY FILE ) 
(READ FILE ) 
(EDI T FILE ) 

(FIND FILE) 
(SEND T X T F L M L ) 

(SEND TXT MAIL) 
(SEND T X T F L SYS ) 

(SEND TXT SYS) 
(COPY M E S S A G E) 
(READ M E S S A G E) 
(FIN D M E S S A G E) 
(SAV E M E S S A G E) 
(ENTER S Y S T E M) 
(ENTER MAIL ) 

Precondition s 

(@SYS) (IN FL DIR) 
(@SYS)  (I N F L DIR ) 
(@SYS)  (I N F L DIR ) 
(@SYS)  (I N T X T FL ) 
(I N F L DIR ) 
( © S Y S T E M) 
((a)ML)(INTXTFL ) 
(I N F L DIR)(I N M S G M L ) 
( @ M L)  (I N M S G M L ) 
(@SYS)  (I N T X T FL ) 
(I N F L DIR ) 
(@SYS) 
( @ M L)  (I N M S G M L ) 
( @ M L)  (I N M S G M L ) 
((5)ML ) 
( @ M L ) ( I N M S G M L) 
(@MAIL) 
( @ S Y S T E M) 

Outcome s 

(IN TXT FL) (IN FL DIR) 
(I N F L DIR ) 
(REA D FL ) 
(I N T X T FL )  (I N F L DIR ) 

(IN FL DIR) 
(RECV T X T ) 

(RECV TXT) 
(RECV T X T ) 

(RECV TXT) 
(I N T X T FL )  (I N F L DIR ) 
(READ M S G) 
(I N M S G M L ) 
(I N T X T FL )  (I N F L DIR ) 
(@SYS) 
( @ M L) 
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Once again, request proposirions require special treatment: they do not randomly activate associated 
knowledge ,  bu t  mus t  b e use d t o retriev e a n expecte d outcome .  Specifically ,  a  propositio n o f  th e 
for m ( R E Q U E ST X  (Y) )  togethe r  wit h ( O U T C O ME $ )  i s use d a s a  join t  retrieva l  cu e t o retriev e 
W ( Z)  -  th e outcom e o f  doin g X(Y )  whic h i s associate d t o bot h retrieva l  cues ,  a s i n Raaijmaker s & 
Shiffri n (1981 )  an d Kintsc h &  Manne s (1987) .  Thus ,  w e no w hav e tex t  propositions ,  plu s thei r 
associate s an d outcomes .  T o thes e w e ad d al l  1 5 plans :  whe n tryin g t o solv e a  proble m o f  th e typ e 
considere d here ,  al l  plan-knowledg e mus t  a t  leas t  hav e th e potentia l  t o b e activated . 

The interconnection s amon g th e node s i n th e resultin g matri x ar e compute d i n th e sam e wa y 
as i n th e origina l  long-ter m memor y matrix .  Ther e are ,  however ,  tw o furthe r  complications , 
concernin g th e relation s betwee n outcome s an d plans ,  an d amon g th e plan s themselves .  I f  al l  o f 
th e outcom e proposition s fo r  a  pla n alread y exis t  i n th e model s curren t  state ,  the y inhibi t  th e pla n 
tha t  produce s thes e outcomes .  Thus ,  i f  th e locatio n o f  FILE- X i s alread y known ,  th e pla n (FIN D 
FILE-X )  i s inhibited .  Expecte d outcome s o f  plans ,  o n th e othe r  hand ,  ar e connecte d t o othe r  plan s 
i n th e sam e wa y a s i n th e long-ter m memor y matrix ,  i.e .  the y activat e plan s tha t  produc e thes e 
outcomes ,  an d inhibi t  plan s tha t  produc e incompatibl e outcomes .  Plan s themselve s ar e 
interconnecte d b y a  causa l  chainin g mechanism .  Tha t  is ,  a  pla n tha t  require s preconditio n X 
activate s al l  plan s tha t  hav e X  a s a n outcome .  Thus ,  th e interconnection s amon g plan s represen t 
th e user' s knowledg e abou t  th e causa l  relation s i n th e system . 

I n thi s manner ,  a  connectivit y matri x o f  siz e n  x  n  i s obtaine d fo r  eac h text ,  correspondin g 
t o th e origina l  m tex t  proposition s an d t o th e (n-m )  associates ,  outcomes ,  an d plan s tha t  hav e bee n 
adde d t o th e text .  A n initia l  activatio n vecto r  wit h n  element s i s the n constructed ,  wit h activatio n 
value s 1/ m fo r  th e m origina l  tex t  proposition s an d 0  fo r  everythin g else .  Thi s vecto r  i s the n 
repeatedl y postmultiplie d wit h th e connectivit y matrix ,  an d renormalize d afte r  eac h multiplication , 
t o comput e th e sprea d o f  activatio n amon g th e element s o f  th e vector .  Whe n th e activatio n vecto r 
reache s a n arbitrar y criterion ,  suc h a s a n averag e chang e afte r  a  multiplicatio n o f  les s tha n .0001 , 
th e activatio n patter n i s considere d t o reflec t  th e stabl e situatio n mode l  forme d b y th e user ,  give n 
th e particula r  tas k an d th e knowledg e assume d here . 

I n term s o f  th e va n Dij k &  Kintsc h (1983 )  model ,  w e hav e starte d wit h a  smal l  textbase , 
whic h activate d bot h relevan t  an d irrelevan t  knowledge .  W e the n use d a n integratio n proces s t o 
deactivat e th e irrelevan t  knowledg e tha t  ha d bee n introduced ,  thu s arrivin g a t  a  situatio n mode l  tha t 
correspond s t o th e user' s understandin g o f  th e situatio n an d th e tas k t o b e performed . 

Plans and Action 
Plan s en d u p a t  differen t  level s o f  activatio n i n th e situatio n model .  W e postulat e a n 

executiv e proces s tha t  check s th e pla n wit h th e highes t  activatio n leve l  an d execute s i t  i f  it s 
precondition s ar e satisfied .  I f  the y ar e not ,  i t  goe s t o th e nex t  highl y activate d plan ,  an d s o on .  I f 
th e pla n execute d ha s a s it s outcom e th e expecte d outcom e (whic h wa s retrieve d fro m th e long-ter m 
memory b y mean s o f  th e origina l  request) ,  th e proble m i s solved .  I f  not ,  th e consequence s o f  th e 
pla n tha t  wa s execute d ar e adde d t o th e situatio n model ,  an d th e integratio n proces s i s restarted , 
resultin g i n a  ne w patter n o f  pla n activation .  Thi s proces s i s repeate d unti l  th e desire d outcom e 
result s (o r  i s  stoppe d whe n i t  goe s hopelessl y awry) . 

T H R EE E X A M P L ES 
The result s o f  a  simulatio n wit h thi s mode l  o f  th e thre e problem s show n abov e ar e partiall y 
depicte d i n Tabl e 3 .  Onl y th e plan s actuall y considere d b y th e executiv e proces s ar e shown , 
togethe r  wit h ranking s indicatin g thei r  relativ e activatio n values .  Fo r  th e I N C L U D E problem ,  th e 
(EDI T FILE-LETTER )  pla n receive s th e highes t  activatio n valu e i n th e firs t  round .  I t  canno t  b e 
execute d becaus e on e o f  it s  precondition s i s no t  fulfilled :  th e locatio n o f  FILE-LETTE R i s 
unknown .  Therefore ,  th e second-ranke d pla n i s considered .  Thi s happen s t o b e (FIN D FILE -
L E T T E R ) ,  i t  i s  executed ,  an d result s i n th e additio n o f  th e propositio n ( K N O W FILE-LETTE R 
L O C A T I O N)  t o th e situatio n model .  Afte r  a  ne w integratio n phase ,  th e (EDI T FILE-LETTER ) 
pla n agai n i s th e mos t  highl y activate d one .  I t  i s  no w possibl e t o execut e thi s plan ,  whic h provide s 
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the desired outcome (IN TEXT-ADDRESS FILE-LETTER), completing the problem. The 
REVISE exampl e i s segmente d int o tw o component s b y th e linguisti c cu e an d then :  suc h tempora l 
connective s ten d t o b e use d a s signal s o f  episod e boundaries ,  an d henc e a s segmentatio n cue s 
(Kintsc h &  Mannes ,  1987) .  Th e reques t  whic h i s acte d upo n firs t  i s  t o revis e th e manuscript :  th e 
model  want s t o EDIT ,  bu t  canno t  d o it ,  s o it s execute s th e nex t  highes t  plan ,  whic h result s i n a 
ne w propositio n characterizin g th e stat e o f  th e system ,  ( K N O W F I L E - M A N U S C R I P T 
LOCATION).  Afte r  a  ne w integratio n process ,  EDI T i s stil l  a t  th e top ,  bu t  no w i t  i s  possibl e t o 
execut e thi s plan .  A s a  result ,  th e proposition s (I N T E X T - M A N U S C R I PT F ILE-MANUSCRIPT ) 
& ( K N O W FILE-MANUSCRIP T L O C A T I O N )  ge t  adde d t o th e textbase ,  th e reques t  t o revis e i s 
dropped ,  an d th e reques t  t o sen d i t  i s  substituted .  Th e integratio n proces s select s th e pla n (SEN D 
T E X T - M A N U S C R I PT F ILE-MANUSCRIP T @ S Y S T E M ),  al l  o f  it s  precondition s ar e met ,  th e 
pla n i s execute d an d th e proble m i s solved .  Th e S E N D proble m i s somewha t  mor e comple x an d 
require s fiv e construction-integratio n cycle s befor e th e solutio n i s arrive d at .  Fro m th e ver y 
beginning ,  th e mode l  want s t o S E N D,  bu t  i s  unabl e t o d o so .  Al l  i t  ca n d o i n th e firs t  cycl e i s t o 
leav e th e M A I L system .  I n th e nex t  cycle ,  i t  manage s t o locat e th e fil e i t  needs ,  s o tha t  i t  ca n cop y 
th e t o b e sen t  tex t  int o a  FILE-TEXT .  However ,  i n orde r  t o sen d thi s file ,  i t  want s first  t o re-ente r 
th e mai l  system ,  becaus e i t  prefer s t o repl y t o th e messag e i t  received ,  rathe r  tha n sendin g a  ne w 
one a s i n REVISE . 

CASE-BASED REASONING 
I n th e simulation s describe d above ,  th e progra m use d onl y it s genera l  knowledg e abou t 

plan s i n arrivin g a t  solutions .  Wha t  woul d happen ,  however ,  i f  thes e problems ,  o r  simila r  ones , 
wer e presente d fo r  a  secon d time ? Althoug h w e don' t  hav e an y direc t  empirica l  evidenc e a s yet ,  w e 
woul d expec t  t o se e example s o f  case-base d reasoning .  I t  appear s plausibl e tha t  th e to-be -
comprehende d tex t  woul d remin d subject s o f  havin g solve d thi s problem ,  o r  a  simila r  one ,  before . 
Ther e ar e man y way s i n whic h a  case-base d reasonin g capabilit y  coul d b e adde d t o th e presen t 
simulation .  A s a n initia l  exploration ,  w e decide d t o mak e som e simpl e assumption s abou t  memor y 
fo r  a n episode .  Specifically ,  w e assume d tha t  wha t  woul d b e remembere d fro m a n episod e woul d 
be th e thre e mos t  highl y activate d tex t  propositions ,  togethe r  wit h th e plan s tha t  wer e execute d i n 
performin g th e task .  Thus ,  fou r  cases ,  eac h consistin g o f  th e thre e proposition s an d th e 
correspondin g plans ,  wer e adde d t o ou r  long-ter m memory .  (Ther e wer e fou r  cases ,  becaus e th e 
Revis e proble m consiste d o f  tw o episodes) .  Th e thre e problem s wer e the n re-run .  I n eac h 
instance ,  th e tex t  proposition s activate d th e appropriat e earlie r  case ,  an d sometime s eve n othe r 
cases .  Thus ,  th e Revis e tex t  reminde d th e syste m no t  onl y o f  th e earlie r  Revis e episodes ,  bu t  als o 
of  th e Sen d episode ,  whic h als o involve d a  tex t  an d fil e calle d manuscript .  I n th e comprehensio n 
network ,  eac h cas e wa s connecte d onl y t o th e plan s tha t  wer e actuall y execute d i n thi s episode . 
Not  surprisingly ,  thi s ha d th e effec t  o f  furthe r  strengthenin g thes e plans ,  an d al l  problem s wer e 
solve d correctly ,  a s before .  Substantia l  portion s o f  th e activatio n o f  eac h plan ,  however ,  derive d 
fro m it s connectio n t o earlie r  episodes :  betwee n 4 0 % an d 5 2 % o f  th e tota l  activatio n o f  non -
ultimat e plan s (i.e .  plan s tha t  ha d t o b e execute d befor e th e ultimat e goa l  coul d b e achieved )  wa s 
acquire d fro m reminding s o f  previou s cases .  Fo r  ultimat e plans ,  thi s proportio n wa s lower , 
rangin g betwee n 2 0 % an d 29% .  Thus ,  case s helpe d particularl y i n th e earl y par t  o f  th e 
comprehensio n process ,  whil e th e las t  ste p i s wel l  define d b y th e tex t  anyway . 
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Tabl e 3 .  Trace s o f  solution s t o th e INCLUDE ,  REVISE ,  an d SEN D tasks . 

1 EDI T 

t 
2 FIN D 

r 

1 EDI T 

1 EDI T 

t 
2 FIN D 

1 S E N D 

(FIL E L O G ) 

(FIL E L O G ) 

1 EDI T (I N T E X T FILE )  &  (FIL E L O G ) 

1 S E N D 

• 
2 G 0 P Y 

t 
3 E N T E R ( @ S Y S) 

f 
1 S E N D 

2 G O RY 

3 FIN D 

1 S E N D 

2 G O RY 

1 S E N D 

2 E N T E R 

1 S E N D 

(FIL E L O G ) 

(@MAIL) 
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CONCLUSIONS AND FURTHER DEVELOPMENTS 
The mcxler s abilit y  t o simulat e th e comprehensio n processe s fo r  th e thre e task s considere d 

her e i s promising ,  thoug h o f  cours e hardl y conclusive .  W e nee d t o expan d th e siz e o f  ou r  long -
ter m memory ,  th e numbe r  o f  pla n alternatives ,  an d th e rang e o f  problem s considered ,  an d se e ho w 
th e presen t  mode l  wil l  perform .  W e nee d t o explor e mor e systematicall y tha n w e hav e don e s o fa r 
th e paramete r  value s use d i n thi s simulation .  (Basically ,  w e chos e th e firs t  combinatio n o f  value s 
tha t  worke d fo r  th e presen t  simulation) .  W e nee d t o explor e variou s way s o f  makin g ou r 
simulatio n mor e elegan t  an d efficien t  (e.g .  i t  ma y no t  b e necessar y t o introduc e a  separat e executiv e 
componen t  t o chec k whethe r  plan s ar e executable ,  etc.) .  Equall y importantly ,  w e nee d t o fin d a 
way i n whic h th e detail s o f  th e mode l  prediction s ca n b e evaluate d agains t  empirica l  protocols .  Al l 
we hav e don e s o far ,  i s  t o not e a  generall y satisfactor y overal l  correspondence . 

I n spit e o f  th e fac t  tha t  thi s wor k i s a s ye t  quit e incomplete ,  ou r  progres s s o fa r  warrant s 
some optimism .  Fro m th e standpoin t  o f  proble m solvin g work ,  wha t  w e hav e don e i s no t 
spectacular :  w e d o a  means-end ,  backwar d proble m solvin g tha t  probabl y woul d no t  hav e 
challenge d th e Genera l  Proble m Solver .  However ,  w e d o thi s withi n a  framewor k o f  a  genera l 
theor y o f  discours e comprehension .  W e ar e no t  proposin g a  mode l  o f  proble m solvin g i n th e 
computin g domai n d e nov o bu t  merel y adap t  a  comprehensio n mode l  t o thi s domai n b y 
representin g th e domai n knowledg e a s plans .  Shoul d w e b e abl e t o wor k ou t  an d tes t  mor e full y 
th e mode l  sketche d here ,  w e pla n t o us e th e mode l  t o explor e th e questio n ho w novic e user s wh o 
do no t  hav e th e kin d o f  knowledg e upo n whic h behavio r  i s  base d i n ou r  simulation s ca n b e helpe d 
t o perfor m routin e computin g tasks . 
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