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

Title
Representing Problem-Solving Episodes

Permalink
https://escholarship.org/uc/item/2s37v4fv

Journal
Proceedings of the Annual Meeting of the Cognitive Science Society, 3(0)

Authors
Farley, Arthur M.
McCarty, Oavid L.

Publication Date
1981
 
Peer reviewed

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

https://escholarship.org/uc/item/2s37v4fv
https://escholarship.org
http://www.cdlib.org/


Representin g Problem-Solvin g Episode s 

Arthu r  M.  Farle y 
and 

Oavi d L .  IcCart y ** 

ABSTRACT 

The understandin g o f  simple ,  narrativ e 
episode s i n whic h a  protagonis t  successfull y 
realize s a  goa l  throug h a  sequenc e o f  action s i s 
studied .  I n tw o experiments ,  subject s rate d th e 
acceptabilit y  o f  sentence s o f  th e for m "Th e 
protagonis t  doe s AC T J ^  i n orde r  tha t  th e 
protagonis t  coul d ACT 2" ,  wher e ACT 2  an d AC T } _ 
wer e action s fro m th e episode .  Rating s wer e 
predicte d b y (I.e. ,  inversel y relate d to )  distanc e 
withi n a  narrativ e representatio n whic h organize s 
action s int o sequence s (actio n chains )  reflectin g 
aspect s o f  th e problem-solvin g pla n employe d b y th e 
protagonist .  Subject s separate d actio n chain s tha t 
had bee n interleave d i n a  text .  Mishap , 
irrelevant ,  an d restorativ e action s wer e no t 
incorporate d directl y int o a n attemp t  structure . 
Correctiv e actions ,  undoin g th e il l  effect s o f 
mishaps ,  wer e Incorporated .  Furthe r  researc h i s 
suggested . 

I  INTRODUCTION 

The episode has been discussed as a major, 
cognitiv e constituen t  o f  narrativ e discours e (e.g. , 
Thorndyke ,  1977 ;  Rumelhart ,  1975 ,  1977 ;  Handle r  an d 
Johnson ,  1977) .  A n episod e encompasse s th e 
situation s an d action s occurrin g durin g a 
protagonist' s  effort s t o realiz e a  desire d goal . 
The goa l  may b e tha t  o f  performin g a  certai n actio n 
or  o f  establishin g a  desire d situation .  Tabl e 1 
present s a  gramma r  describin g a  representatio n fo r 
successfu l  problem-solvin g episodes .  Rul e 1  o f  th e 
grammar  indicate s tha t  a n episod e consist s o f  a 
proble m an d it s solution .  Rul e 2  indicate s tha t 
th e element s o f  a  proble m ar e a  situationa l 
context ,  a  triggerin g even t  givin g ris e t o a  goal , 
and th e goa l  Itself .  Th e triggerin g even t  i s 
eithe r  a n actio n take n b y th e protagonis t  o r  som e 
externa l  occurrenc e i n th e environmen t  (Rul e 4 ) . 

Rul e 6  state s 
I s represente d a s 
th e goal .  Rul e 7 
attemp t  generate s 
of  a n actio n o r  a n 
preactions .  Th e g 
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tha t  th e solutio n t o th e proble m 
one o r  mor e attempt s t o realiz e 
indicate s tha t  a  problem-solvin g 
an attemp t  structur e consistin g 

actio n precede d b y on e o r  mor e 
pal  action ,  tha t  directl y 
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subordinat e t o a n attempt ,  may itsel f  b e th e goa l 
or  may establis h th e goa l  situation .  A  preac t  io n 
of  a n actio n i s anothe r  actio n whic h establishe s 
one o r  mor e necessar y precondition s o f  tha t  action . 
Thes e precondition s ar e implici t  subgoal s o f  th e 
problem-solvin g activity .  Sinc e attentio n her e 
wil l  b e focuse d o n actio n interrelationships ,  thes e 
subgoa l  situation s ar e no t  explicitl y  represente d 
by th e grammar .  Finally ,  Rul e 8  state s tha t  a 
preactio n i s a n actio n o r  may b e recursivel y 
expande d int o a n actio n precede d b y on e o r  mor e 
preaction s o f  it s  own . 

The terminal elements of our representation 
gramna r  ar e STATE,  ACTION ,  an d OCCURENCE.  Thes e 
element s ar e t o b e boun d t o informatio n element s 
fro m a  give n episod e tex t  durin g understandin g 
eithe r  b y instantiatio n o f  a  known ,  schemati c 
episod e representatio n o r  b y constructio n o f  a 
grammar-base d representation .  Thi s proces s 
correspond s t o explainin g protagonist' s  action s 
(Wilensky ,  1978) .  Th e attemp t  structur e generate d 
fo r  a  give n episod e represent s th e (intentional ) 
enablemen t  relation s existin g amon g action s o f  a 
protagonist' s  problem-solvin g activity . 

A give n actio n o f  a  tex t  may b e boun d t o 
severa l  ACTIO N element s i n th e attemp t  structure , 
establishin g necessar y precondition s fo r  mor e tha n 
one subsequen t  action .  Fo r  example ,  enterin g a 
roo m may enabl e acquisitio n o f  severa l  instrument s 
necessar y t o realiz e th e goa l  o f  a n episode . 
Furthermore ,  wha t  appear s a s on e sequenc e o f 
action s i n a n episod e tex t  ma y constitut e severa l 
subsequence s o f  actions ,  eac h establishin g 
differen t  necessar y precondition s o f  a  single , 
subsequen t  action .  Thi s i s demonstrate d i n Figur e 
1,  whic h present s a  problem-solvin g episod e an d 
associate d representation . 

Let an action chain be a sequence of actions 
whic h i s compute d fro m a n attemp t  structur e a s 
follows :  Begi n wit h a n actio n boun d t o a n ACTIO N 
elemen t  subordinat e t o a  PREACTION elemen t  havin g 
no subordinat e PREACTION elements ;  continu e th e 
sequenc e wit h action s boun d t o ACTIO N element s 
directl y subordinat e t o successive ,  paren t 
PREACTION elements ;  an d en d wit h th e goa l  action . 
For  example ,  th e actio n chain s o f  th e episod e 
presente d i n Figur e 1  ar e (5,6,7,11 )  an d 
(8,9,10,11) .  Le t  th e distanc e D(al,a2 )  betwee n 
action s a l  an d a 2 o f  a n attemp t  structur e equa l  th e 
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(positional )  inde x o f  a 2 action s a l  an d minu s th e 
inde x o f  a l  I n a  common actio n chai n o r  b e 
undefine d I f  the y ar e no t  element s o f  a  common 
chain .  Fo r  example ,  D(5,ll )  I s  2  I n th e episod e 
structur e o f  Figur e 1 ,  whil e D(10,8 )  equal s - 2 . 

When D(al,a2) Is positive, the extent to which 
al  enable s a 2 decrease s a s D(al,a2 )  increases . 
Thus ,  acceptabilit y  rating s o f  sentence s statin g 
suc h enablemen t  woul d b e predicte d t o decrease .  I f 
th e distanc e measur e i s les s tha n o r  equa l  t o zer o 
or  i f  th e tw o action s ar e no t  element s o f  a  common 
actio n chain ,  the n a l  doe s no t  enabl e a2 . 
Acceptabilit y  rating s shoul d b e uniforml y lo w fo r 
sentence s statin g suc h enablement .  We briefl y 
describ e tw o experiment s addressin g thes e 
predictions .  A  mor e complet e discussio n o f  th e 
experiment s an d result s i s presente d elsewher e 
(Farle y an d McCarty ,  1980) . 

I I  EXPERIMENTS 

Experiment I used two different attempt 
structure s t o generat e fou r  episod e texts .  Th e 
attemp t  structur e fo r  one-chai n episode s consiste d 
of  a  singl e chai n containin g seve n actions .  Th e 
attemp t  structur e fo r  two-chai n episode s consiste d 
of  tw o actio n chain s eac h containin g fou r  actions ; 
eac h episod e containe d seve n action s a s th e goa l 
actio n wa s a  member  o f  bot h actio n chains .  A  firs t 
sentenc e relate d th e triggerin g even t  an d goa l  o f 
tli e episode ;  a  secon d provide d settin g Information . 
The rrfmalni-i g sentence s describe d th e sequenc e o f 
seve n action s performe d t o achiev e th e goal .  On e 
sentenc e i n th e activ e voic e wa s generate d fo r  eac h 
action .  Tw o surfac e version s o f  eac h two-chai n 
episod e wer e generated .  I n one ,  th e actio n chain s 
wer e interleave d I n th e text ;  a  sentenc e describin g 
an actio n i' l  on e actio n chai n wa s followe d b y a 
sentenc e fro m th e ot>ie r  chain .  I n th e other ,  th e 
actio n chain s wer e kep t  Intact ;  on e actio n chai n 
was coiapletel y describe d befor e action s fro m th e 
•jChe r  rfei-e  mentioned .  Figur e 1  I s on e o f  th e 
Intact ,  two-chai n episode s used .  Furthermore ,  tw o 
version s o f  eac h Intact-chal n tex t  wer e generated , 
differin g I n whic h actio n chai n occurre d first . 

A set of test sentences was prepared for each 
episod e accorJln g t o th e followin g genera l 
framework :  "{AcCion-1 }  I n orde r  tha t  {pronoun } 
coul d {verb-phras e o f  Acclon-2}." ,  wher e {Actlon-l } 
and {ActLon-2 }  wer e boun d t o sentence s describin g 
action s i n th e episod e an d th e {pronoun }  refL'rri; d 
t o th e protagonist .  I'o r  one-chai n episodes ,  th e 
sentence s differe d wit h respec t  t o distanc e I n th e 
attei;i,5 t  structure .  Al l  possibl e positiv e an d 7,i?r< ) 
distanc e tes t  sentence s wer e generated ;  sentence s 
wit h negativ e distance s o f  - 1 an d - 2 als o wer e 
generated .  Fo r  th e two-chai n episodes ,  al l 
positiv e distanc e sentence s wer e generate d suc h 
tha t  th e main-claus e actio n precede d th e o.irpose -
ciaus e actio n i n on e version .  Sontenrr̂ s differ.; d 
as t o whethe r  o r  no t  th e t-J o action s oi:C'irr»; d 
withi n tli e sam e actio n chain . 

Subjcrjts recei/e-l f yur episodes .;ich test 
sentence s an d ins t  rn c c  Lous ;  !;he y wer e informe d 
tha t  the y we- e Co mak e ar.-..f>ntab l  I  it y  rating s o f 

tes t  sentences .  Markin g th e spac e nex t  t o "NA " 
indicate d complet e unacceptablllt y  ( a ratin g o f  1 ) 
whil e th e spac e nex t  t o "A "  indicate d complet e 
acceptabilit y  ( a ratin g o f  7 ) .  Differen t  degree s 
of  acceptabilit y  coul d b e Indicate d b y markin g 
appropriat e space s betwee n th e tw o extremes . 
Subject s wer e Instructe d t o rea d carefull y eac h 
episod e an d wer e allowe d t o refe r  t o th e episod e 
whil e ratin g sentences .  Result s o f  Experimen t  1 
ar e presente d i n Tabl e 2 .  I n short ,  result s 
indicate d a  significan t  distanc e effect ,  wit h mos t 
pairwis e comparison s yieldin g significan t 
difference s i n predicte d directions . 

Within a given episode, a protagonist may 
perfor m action s whic h ar e periphera l  t o goa l 
satisfaction .  Tw o type s o f  periphera l  action s ar e 
restorativ e an d irrelevan t  actions .  A  restorativ e 
actio n i s on e tha t  reestablishe s a  norma l  situatio n 
i n th e environmen t  disturbe d b y prio r  problem -
solving .  A n exampl e woul d b e closin g a  purs e afte r 
removin g ca r  key s o r  puttin g awa y a  too l  afte r 
usin g It .  A n Irrelevan t  actio n i s on e tha t  eithe r 
appear s t o hav e n o pragmati c utilit y  o r  t o b e 
relate d t o goal s externa l  t o tha t  o f  th e episode . 
An exampl e woul d b e smellin g a  ros e whil e mowin g 
th e law n o r  turnin g dow n th e ove n whil e washin g 
dishes .  A  protagonis t  ma y eve n perfor m a n actio n 
tha t  disrupt s progres s towar d th e goa l  o f  a n 
episod e an d the n mus t  recove r  fro m thi s setback .  A 
misha p i s a n actio n tha t  destroy s realizatio n o f  a 
situatio n create d b y prior ,  goal-directe d action s 
of  a n episode .  Correctiv e action s ar e action s tha t 
reestablis h th e situatio n existin g prio r  t o a 
mishap .  A n exampl e o f  a  misha p woul d b e droppin g a 
tool ,  whic h woul d elici t  th e correctiv e action s o f 
bendin g dow n an d pickin g u p th e tool . 
Peripheral actions and mishaps should not be 
Incorporate d Int o th e attemp t  structur e fo r  a  give n 
episode .  A s such ,  acceptabilit y  rating s o f  tes t 
sentence s Involvin g suc h action s shoul d b e low .  On 
th e othe r  hand ,  correctiv e action s shoul d b e 
Incorporate d a s element s o f  a  preactlo n subtre e o f 
(o r  episod e subordinat e to )  th e actio n enable d b y 
th e situatio n tlie y serv e t o reestablish .  A s such , 
correctiv e action s d o enabl e subsequen t  action s i n 
an actio n chain . 

Experimen t  2  wa s designe d t o tes t  th e abov e 
prediction s regardin g thes e fou r  type s o f  actions . 
Two ne w episode s containe d on e restorativ e an d on e 
Irrelevan t  action ;  a  thir d containe d on e misha p an d 
tw o associate d correctiv e actions .  Eac h episod e 
Involve d onl y on e actio n chai n excep t  fo r  th e 
secon d actio n chai n produce d b y th e tw o correctiv e 
action s o f  th e cliir d episode .  A  fourt h episod e wa s 
characterize d b y action s tha t  wer e lo w I n a  prior i 
associativity ,  wit h object s use d I n nove l  ways ; 
till s  episod e wil l  no t  b e discusse d here .  Material s 
and procedure s wer e a s I n th e firs t  experiment . 

The results Indicated significant distance 
effect s fo r  al l  thre e stories .  Th e Dunca n tes t 
Indicate d th e followin g difference s amon g mean s b y 
distance ,  £  <  .01 :  fo r  th e restorative/irrelevan t 
stories ,  1  >  2  -  3  >  4  >  5  an d 1  > 2 > 3 = 4 > 5 ; 
fo r  th e intshap/correc t  Io n story,  1  2  >  3  >  A . 
Thes e result s ar e consisten t  wit h thos e o f 
fixporlraent  1 .  Furthe r  analyse s attempte d t o answe r 
whetlie r  mishaps ,  restorative .  Irrelevant ,  an d 
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correctiv e action s ar e incorporate d int o attemp t 
structures .  Tw o kind s o f  tes t  sentence s wer e 
examine d fo r  eac h actio n type .  I n one ,  th e 
critica l  action s ar e expresse d i n th e mai n clause , 
enablin g subsequen t  goal-directe d actions .  I n th e 
other ,  th e action s o f  interes t  occu r  i n th e purpos e 
clause ,  enable d b y prior ,  goal-directe d actions . 
Result s indicate d tha t  restorative ,  irrelevant ,  an d 
misha p action s ar e no t  represente d a s bein g enable d 
by goal-directe d actions ;  mea n acceptabilit y 
rating s fo r  suc h sentence s wer e consistentl y belo w 
2.0 .  Rating s wer e simila r  fo r  sentence s statin g 
enablemen t  b y misha p an d restorativ e actions .  Some 
irrelevan t  action s wer e understoo d t o weakl y enabl e 
subsequen t  goal-directe d actions ;  however ,  mea n 
rating s wer e stil l  belo w 3.0 .  A n in-dept h 
discussio n o f  thes e results ,  a s wel l  a s thos e fo r 
th e low-associativit y episode ,  ar e presente d 
elsewher e (Farle y an d McCarty ,  1980) . 
Results indicated that subjects understand 
correctiv e action s t o b e par t  o f  th e goal-directe d 
behavio r  o f  th e protagonist .  However ,  th e 
enablemen t  relatio n betwee n correctiv e an d 
subsequen t  goal-directe d action s wa s no t  a s stron g 
as th e relatio n betwee n th e origina l  goal-directe d 
action s an d th e same ,  subsequen t  goal-directe d 
actions .  Thi s effec t  may wel l  hav e bee n produce d 
by differin g level s o f  a  prior i  relationa l  densit y 
(Graesser ,  1978) .  I n ou r  episode ,  walkin g t o a 
bookcas e normall y i s mor e highl y associate d wit h 
dictionar y us e tha n i s bendin g dow n (t o pic k u p th e 
droppe d dictionary) .  Relationa l  densit y coul d als o 
accoun t  fo r  a n effec t  o f  episod e i n Experimen t  1 . 

Il l  CONCLUSION 

Results of both experiments were generally 
consisten t  wit h prediction s mad e i n accordanc e wit h 
th e attemp t  structure s describe d b y th e episod e 
grammar .  Th e strengt h o f  enablemen t  wa s inversel y 
relate d t o positiv e distance s withi n actio n chain s 
and no t  correlate d wit h surfac e (text )  distances . 
The actio n chain s compute d fro m th e grammatica l 
representation s closel y resembl e causa l  even t 
chain s describe d b y Schan k an d Abelso n (1977) . 
Result s obtaine d her e len d suppor t  t o Schan k an d 
Abelson-lik e proposals ,  a s d o recen t  result s o f 
Graesse r  (1981) .  We demonstrat e th e effectivenes s 
of  a n acceptabilit y  ratin g paradig m fo r  assessin g 
suc h structures .  Ou r  result s indicat e tha t  onl y 
goal-directe d action s ar e incorporate d int o attemp t 
structures .  T o stat e tha t  restorative,  irrelevant , 
and misha p action s ar e no t  incorporate d i s no t  t o 
say tha t  the y ar e no t  remembered .  I t  merel y say s 
tha t  suc h action s ar e no t  incorporate d int o a 
representatio n o f  enablemen t  relation s betwee n 
actions .  A n attemp t  structur e i s onl y par t  o f  a 
more comple x episod e representation . 

How els e may action s diffe r  cognitlvely ? Thi s 
questio n suggeste d a n experimenta l  paradig m i n 
whic h subject s rat e sentence s (actions )  a s t o thei r 
appropriatenes s fo r  inclusio n i n a n episod e 
summary,  followe d b y a n unexpecte d recal l  task . 
Result s o f  a n initia l  pilo t  stud y wer e a s follows : 
For  summar y inclusion ,  goal-directe d action s ar e 

much preferre d ove r  action s no t  specifi c  t o th e 
goa l  o f  a n episode ;  withi n th e clas s o f  goal -
directe d actions ,  instrumenta l  action s ar e rate d 
highe r  tha n movemen t  actions ,  whic h ar e preferre d 
ove r  correctiv e actions .  A s fo r  immediat e recall , 
goal-directe d action s yiel d a  patter n simila r  t o 
tha t  fo r  summarizatio n ratings .  However ,  misha p 
and irrelevan t  action s ar e recalle d a s wel l  as ,  i f 
not  bette r  than ,  goal-directe d actions .  Th e latte r 
resul t  suggest s tha t  suc h actions ,  thoug h no t 
incorporate d int o th e attempt  structure ,  ar e i n a 
more inclusiv e episod e representation .  Suc h 
action s ca n b e considere d potentiall y  importan t  i n 
determinin g Inten t  o f  a  narrative .  Researc h 
confirmin g pilo t  stud y result s i s needed . 
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Tabl e 1 
Tabl e 2 

An Episod e Representatio n Granuna r 

Rule 1: Episode -> Problem Solution 
Rul e 2 :  Proble m - > Situatio n Even t  Goa l 
Rul e 3 :  Situatio n - > STATE* 
Rul e 4 :  Even t  - > ACTIO N |  OCCURENCE 
Rul e 5 :  Goa l  - > STATE |  ACTIO N 
Rul e 6 :  Solutio n - > Attempt * 
Rul e 7 :  Attemp t  - > ACTIO N |  (Preaction *  ACTION) 
Rul e 8 :  Preactio n - > ACTIO N |  (Preaction *  ACTION) 

* Indicates one or more occurences of the 
associate d element . 
I  Indicate s alternativ e elements . 

Bob ha d recentl y receive d a  not e fro m a  frien d (1 ) 
and wante d t o sen d hir a a  lette r  (2) .  He wa s i n a 
pos t  offic e (3 )  an d ha d hi s friend' s addres s o n a n 
inde x car d i n hi s shir t  pocke t  (4) .  Bo b wen t  t o a 
posta l  cler k (5) .  The n li e bough t  a  stam p (6) . 
N'ex t  Ro b pu t  th e stam p u n th e lette r  (7) ,  The n h e 
unhattone d hi s shir t  pocke t  (8) .  He too k ou t  th e 
inde x c.-tt d (9) .  The n h e copie d th e addres s ont o 
th e envelop e (10) .  "laally ,  Bo b ra.iiLed  th e lette r 
( U ) . 

Episod e 

JOHN 
MARY 

Mean Acceptabilit y  Rating s 

One-chai n Episode s 
Distanc e 

- 2 - 1 

1.4 5 
1.1 1 

1.2 6 
1.2 0 

0 

1.55 
1.6 9 

JOHN 
MARY 

Episod e 

BOB 
FLO 

BOB 
FLO 

6.2 2 
6.1 9 

1 

1.8 0 
1.5 9 

5.7 2 
5.0 0 

4,9 7 
4.7 8 

Two-chai n Epi s 
Distanc e 

Same 
1 2 

6.4 8 
6.4 3 

4.9 9 
4.8 1 

Differen t 
2 3 

1.6 0 1.7 3 
1.9 6 

4.7 9 
3.9 7 

odes 

3 

4.6 5 
3.7 5 

4 

1.7 2 

4.2 7 
4.0 8 

5 

2.1 0 
1.2 6 

4.6 3 
4.3 3 

Episod e 

Proble m 

SiCiiarLo n Ev-en t  Oo.i l 

STATi- :  si'Ar̂ :  occuremci- :  actco m 

Solutio n 

Attemp t 

(3 )  (4 )  (1 ) (2 ) 

ACTION Preactio n Preactio n 

/  \ 
Preactio n ACTLOM Preactio n ACTIO N 

(7) / \ (10) 

Preactio n AtiriOf l  Predictio n ACTIO N 
I  I 

(6 )  (9 ) 

ACTION ACl'lON 

I  ' 
(5 )  (8 ) 

t'lJiire 1 An F.<;tmple Rpisode ind its Represeitat ion 
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