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Abstract 

The problem of manually modifying the lexicon appears with any natural language processing 
compute r  program .  Ideally ,  a  progra m shoul d b e abl e t o acquir e ne w lexica l  entrie s fro m context ,  th e 
way peopl e learn .  W e addres s th e proble m o f  acquirin g entir e phrases ,  specificall y figurative  phrases , 
throug h augmentin g a  phrasa l  lexicon .  W e sho w tha t  idiosyncrati c behavio r  o f  certai n phrase s ca n b e en -
code d i n th e lexico n onl y b y modelin g th e learnin g process .  W e als o sho w ho w metapho r  mapping s ar e 
acquire d throug h parsing .  Th e acquisitio n o f  nove l  figurative  phrases ,  encountere d i n context ,  involve s 
thre e problems :  First ,  sinc e al l  th e constituent s o f  th e phras e ar e known ,  th e existenc e o f  a  nove l  phras e 
needs t o b e detected .  Second ,  th e scop e an d th e generalit y o f  th e linguisti c patter n o f  th e ne w phras e 
needs t o b e determined .  Third ,  th e meanin g o f  th e phras e need s t o b e extracte d fro m th e context .  Ou r 
model  i s  base d o n secon d languag e speakers '  behavio r  an d observatio n o f  thei r  errors .  W e hav e designe d 
and implemente d a  progra m calle d RIN A whic h receive s ne w figurative  phrase s i n contex t  an d throug h 
th e applicatio n o f  a  sequenc e o f  failure-drive n rules ,  create s an d refine s bot h th e pattern s an d th e con -
cept s whic h hol d syntacti c an d semanti c informatio n abou t  phrases . 

1. Introduction 

The lexical approach to language processing [Becker75, Searle79, Bre8nan82, Pawley83, 
Fillmore84 ]  emphasize s th e rol e o f  th e lexico n a s a  knowledg e source .  Rathe r  tha n maintainin g a  singl e 
"generic "  lexica l  entr y fo r  eac h wor d e.g. ,  t&k« ,  th e lexico n contain s man y phrases ,  e.g. ,  tkk *  on .  t̂ k * 
t o th « § t f f ,  tak « t o itiaaiBg .  t»k « oTir .  etc .  Thi s approac h prove s effectiv e i n parsin g an d i n 
generatio n (Wilensky84) .  Howeve r  a  hug e lexico n mus t  b e acquired ,  whic h canno t  b e don e manually , 
especiall y whe n considerin g subtl e phras e meaning s an d idiosyncrati c behavio r  o f  phrases .  Moreover ,  w e 
sho w i n thi s pape r  tha t  ther e ar e phrase s whos e behavio r  ca n b e capture d an d encode d i n th e lexico n 
onl y b y modelin g th e acquisitio n process .  Therefore ,  fo r  phrase-base d program s t o communicat e 
effectivel y i n natura l  languag e the y mus t  b e abl e t o augmen t  thei r  ow n lexicon ,  b y simulatin g huma n 
learning .  Th e progra m RIN A [ZernikSS ]  whic h i s use d a s a n experimenta l  model ,  simulate s a  secon d 
languag e speake r  learnin g ne w phrases . 

Learning Figurative Phrasea 

Within language learning, our task domaia is verb-phrase acquisition. The modeled phenomenon 
i s describe d i n th e dialogue s below .  I n th e first  dialogue ,  RIN A i s introduce d t o a n unknow n phrase : 
tak *  oa .  Th e word s tak t  an d o a ar e familia r  t o RINA ,  wh o als o remember s th e biblica l  stor y o f  Davi d 
and Goliath .  RINA ,  modelin g a  languag e learner ,  interact s wit h a  nativ e speake r  a s follows : 

David vs. Goliath 

Native: Rtaaabar tka atery of Darid aad GollathT Darld took oa Goliatk. 
Learner :  Dari d too k Gollat k toaawhara r 
Native :  lo .  Dari d too k o a Goliath . 
Learner :  Ha too k o a bia .  Ha ao a tk a fight r 

*  Thi s wor k wa s mad e possibl e i n par t  b y a  gran t  fro m th e Kec k Foundation . 
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Native :  lo .  H« too k kl a o* .  DkTl d kttackt d kla . 
Learner :  H« too k kl a oa .  • •  »ce«rta d tk o ekall«ag« r 
Native :  mgkt . 

Native: H«rt it aaotkar ttorj. Joki took oa tk« tklrd cxaa qaaitloa. 
Learner :  H« too k o a a  kar d proklaa . 

Another dialogue involves pat oaa't foot doia. Again, the phrase is unknown while its constituents are 
known : 

Going Punk 

Native: Jaaaj waatad to go paak. kat k«r fatkar pat kit foot dota. 
Learner :  Ha aora d ki a foo t  doaa T I t  doa a ao t  aak a aaaaa . 
Native :  lo .  Ho pa t  ki a foo t  dowa . 
Learner :  Ha pa t  ki a foo t  do«a .  Ha rafaaa d t o la t  ka r  g o paak . 

A figurative phrase such as: pat oaa'a foot doaa is a linguistic pattern whose associated meaning cannot 
be produce d fro m th e compositio n o f  it s  constituents .  Indeed ,  a n interpretatio n o f  th e phras e base d o n 
th e meaning s o f  it s  constituent s ofte n exists ,  bu t  i t  carrie s a  differen t  meaning .  Th e fac t  tha t  thi s litera l 
interpretatio n o f  th e figurative  phras e exist s i s a  misleadin g clu e i n learning .  Furthermore ,  th e learne r 
may no t  eve n notic e tha t  a  nove l  phras e ha s bee n introduce d sinc e sh e i s familia r  wit h doa a a s wel l  a s 
wit h foot .  Followin g Becke r  (BeckerTSj ,  w e describ e a  spac e o f  phrase s rangin g i n thei r  generalit y fro m 
fixed  proverbs :  charit y bagia a a t  koa a throug h idioms :  la y dot a th a la a an d phrasa l  verbs :  pa t  a p 
•it k oaa' a apoaaa ,  loo k a p tk a aaaa ,  t o litera l  ver b phrase s suc h as :  Bi t  o a tk a ckair .  H e suggeste d 
employin g a  phrasa l  lexico n t o captur e thi s entir e rang e o f  linguisti c structures . 

iMues in Phrase Acquisition 

Four issues must be addressed when learning phrases in context. 

(1 )  Detectin g failures :  Wha t  ar e th e indication s tha t  th e initia l  interpretatio n o f  th e phrase :  tak a 
kl a o a a s "t o tak e a  perso n t o a  location "  i s incorrect ? Sinc e al l  th e word s i n th e sentenc e ar e 
known ,  th e proble m i s detecte d bot h a s a  conceptua l  discrepanc y (wh y woul d h e tak e hi s enem y 
anywhere? )  an d a s a  syntacti c failur e (th e expecte d locatio n o f  th e assume d physica l  transfe r  i s 
missing) . 

(2 )  Determinin g scop e an d generalit y o f  patterns :  Th e linguisti c patter n o f  a  phras e ma y b e 
perceive d b y th e learne r  a t  variou s level s o f  generality .  Fo r  example ,  i n th e secon d dialogue ,  in -
correc t  generalization s coul d yiel d pattern s acceptin g sentence s suc h as : 

Har  boa t  pa t  ki a laf t  foo t  doaa . 
Ha aoTa d ki a foo t  dota . 
Tkay pa t  doa a tkal r  faat . 
Ha pa t  it . 

A decisio n i s als o require d abou t  th e scop e o f  th e pattern .  Fo r  instance ,  th e scop e o f  th e patter n 
i n Jok a pa t  a p tit k Har y coul d b e (1 )  ?x:per8o n put:ver b u p wher e alt k i s associate d wit h Mar y 
or  (2 )  fx.perao n put:ver b u p wit h fy:person ,  wher e ait k i s associate d wit h pa t  ap .  Thi s issu e u 
describe d i n greate r  detai l  i n (Zernik85| . 

(3) Finding appropriate meanings: The conceptual meaning of the phrase must be extracted 
fro m th e contex t  whic h contain s man y concepts ,  bot h appropriat e an d inappropriat e fo r  hy -
pothesi s formation .  Thu s ther e mus t  b e strategie s fo r  focusin g o n appropriat e element s i n th e 
context . 

(4) Example generation: The learner must generate examples to convey her hypothesis about the 
phrase .  Memor y organizatio n i s require d t o allo w (1 )  eas y acces s t o episodi c example s an d (2 ) 
limi t  th e numbe r  o f  episode s accessibl e fo r  eac h phrase . 
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1 O u r  Appromel i  mn d It s Backgroun d 

Past work in langaage learDiag emphasized either karniag of linguistic patterns or learning of 
conceptaa l  representations .  Ther e ar e thre e mode b fo r  learnin g lingnisti c patterns : 

• PST (Reekcr76| operated by GPS principles (NewellST) and similarly ns«d a table of difference-
actio n pairs .  P S T learne d gramma r  b y actin g upo n difference s betwee n th e inpu t  sentenc e an d 
an internall y generate d sentence .  Si x type s o f  difference s wer e classifie d an d th e detectio n o f  a 
differenc e whic h belonge d t o a  clas s cause d th e associate d alteratio n o f  th e grammar . 

• LAS [Anderson??] learned ATNs (Augmented Transition Networks) from sample 
sentence/meanin g pairs .  LA S presente d on e elemen t  i n a  large r  cognitiv e mode l  whic h accounte d 
fo r  genera l  huma n inferenc e an d memor y access .  Thi s wor k intende d t o demonstrat e tha t 
languag e learnin g coul d b e modele d usin g genera l  learnin g principles . 

• AMBER [Langley82| modeled learning of basic sentence structure and function words. The learn-
in g proces s wa s directe d b y mismatche s betwee n inpu t  sentence s an d sentence s generate d b y th e 
program .  Learnin g involve d recover y fro m bot h error s o f  omissio n (omittin g a  functio n wor d 
suc h a s l a an d th « i n dadd y bovBcla g ball )  an d error ? 0/commMno n (producin g dadd y i « llk f 
la g diaaar) .  Lik e LAS ,  AMBER' s mai n thrus t  wa s t o appl y genera l  learnin g principle s i n 
languag e learning . 

On the other hand, two models emphasized learning conceptualizations: 

• FOUL-UP (Granger??] learned meanings of single unknown words from context. The meaning 
was extracte d fro m th e scrip t  [Schank?? ]  whic h provide d th e context .  A  typica l  learnin g situa -
tio n wa s Th t  ca r  ta a drlrla g o a Bwj  86 ,  wha a I t  itlvala d of t  th a road .  Th e unknow n ver b 
was guesse d fro m th e Sacciden t  script .  FOUL-U P introduce d thre e importan t  elements :  (1 ) 
Learnin g wa s invoke d b y parsin g failures .  However ,  ther e wa s onl y one  possibl e failure—th e ab -
senc e o f  a  wor d i n th e lexicon—thu s failur e analysi s wa s no t  required .  (2 )  Wor d meaning s wer e 
figured  ou t  fro m currentl y activ e scripts .  (3 )  Lingubti c clues ,  suc h a s prepositio n senses ,  too k 
par t  i n formin g meanings . 

• CHILD [SelfridgeSO] modeled a one-year old child learning native language. At that age, concepts 
rathe r  tha n languag e word-orde r  convention s accoun t  fo r  comprehension .  A  sentenc e suc h a s 
Joahva .  pa t  th a bal l  l a tb a bo x i s understoo d fro m th e conceptua l  relationship s an d conceptu -
al  clues .  Thu s CHIL D wa s abl e t o lear n basi c wor d meaning s startin g onl y wit h a  minima l 
linguisti c knowledge .  CHIL D introduce d heuristic s t o identif y th e unknow n wor d i n a  sentenc e 
and t o identif y th e intende d concep t  i n a  context .  Learnin g wa s accomplishe d b y associatin g th e 
new wor d wit h tha t  concept . 

The integration of these two aspects is at the focus of our approach. For each new phrase, RINA 
acquire s bot h th e linguisti c patter n an d th e conceptua l  meaning .  I t  turn s ou t  tha t  thes e tw o aspect s ar e 
not  independent :  Fo r  example ,  learnin g th e conceptua l  meanin g o f  tak a o a depend s o n knowledg e o f  th e 
word s aui d thei r  combination ,  whil e learnin g th e linguisti c patter n o f  tha t  phrasa l  ver b depend s o n th e 
concept s involved . 

Llterml or Figurative, Dead or Alive 

Gibbs (Gibbs84] has addressed the issue of figurative-phrase comprehension, arguing against 
Searle' s notio n o f  litera l  interpretation .  Searl e (Scarle?9 ]  ha d propose d th e existenc e o f  litera l  interpreta ^ 
tio n a s a  defaul t  compreheDsio n mechanism .  Accordin g t o Searle ,  i n comprehensio n o f  figurative  phrase s 
(speec h act s suc h a s tha t  o f  Ca a ye a piaaa a paa a tb a aait?) ,  peopl e tr y litera l  interpretatio n ("ar e yo u 
abl e t o d o that?* ^  first  an d onl y whe n thi s attemp t  fail s  d o the y resor t  t o th e intende d figurative  in -
terpretatio n ("pas s it ,  please!") .  Gibb s prove d usin g experimenta l  dat a tha t  peopl e spen d n o mor e tim e 
processin g figurative  phrase s tha n the y d o processin g analogou s litera l  phrases .  Thus ,  h e claims ,  ther e i s 
no extr a effor t  i n processin g thes e phrase s a s implie d b y Searle .  However ,  Gibb s doe s no t  propos e an y 
constructiv e mode l  fo r  th e interpretatio n o f  figurative  phrases .  Moreover ,  b e obviousl y concern s hi s dis -
cussio n merel y wit h th e interpretatio n o f  dea d phrases ,  namel y familia r  figurative  phrases ,  whil e h e doe s 
not  explai n ho w peopl e interpre t  nove l  phrases—phrase s the y hav e no t  encountere d before .  Ou r  conten -
tio n i s twofold .  First ,  a  unifor m mechanism ,  th e phrasa l  lexicon ,  account s fo r  comprehensio n o f  figura-
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tiv e a s wel l  a s litera l  phrases ,  provide d tha t  th e phras e i s alread y known .  Second ,  a n unknow n phras e re -
quire s a  specia l  treatmen t  whic h actuall y constitute s th e learnin g o f  tha t  ne w phrase . 

Regularity and Idlomatlcity in Phrases 

Idiosyncratic behavior of phrases is difficult to capture in the lexicon. For example, read the 
nex t  tw o sentences : 

• P«&c« «»• itrvck b«tit*n Iirfttl &Bd Egypt. Tk* katckat •&• b«ri«d. 
•  Fia&ll7 .  dtAt h pr«Tall»d .  Th « bseka t  «» •  kicked . 

As opposed to the second phrase kick tk« baektt, the first phrase bnrj tk« kfttck«t can take the pas-
siv e voic e an d stil l  maintai n it s  figurative  meaning .  Wha t  i s th e reaso n fo r  thi s difference ,  an d ho w ca n 
i t  b e predicte d fo r  idiomati c phrase s i n general ? Fillmore ,  Ka y an d O'Conno r  [Fillmore84 ]  addres s th e 
problemati c behavio r  o f  idiomati c phrases ,  classifyin g the m int o categorie s accordin g t o th e knowledg e 
require d fo r  th e understandin g o f  eac h idiom .  Ou r  contentio n i s tha t  th e onl y wa y t o predic t  phras e 
behavio r  i s  b y modelin g th e learnin g process . 

Modeling Second Language Acquisition 

Learning in general, and specifically learning linguistic knowledge, is an ongoing process. Two 
group s i n particula r  experienc e extensiv e languag e learning :  childre n learnin g nativ e languag e an d adul ^ 
learnin g a  secon d languag e [Hatch83 ,  Gasser85 ,  Ulm75] .  Adults ,  a s oppose d t o children ,  ma y augmen t 
thei r  linguisti c knowledg e while ,  t o a  larg e extent ,  maintainin g otherwis e unchangin g worl d knowledge . 
Thre e aspect s o f  secon d languag e acquisitio n ar e investigate d i n ou r  research : 

(1) The various types of errors committed: acquiring incorrect concepts, acquiring incorrect linguistic 
pattern s an d performin g incorrectl y whil e havin g th e correc t  linguisti c knowledge . 

(2) The processes underlying these errors (observing errors is the only way to expose these 
processes) . 

(3) Strategies for error-recovery based on faUure-analysis. 

The implications of this study, therefore, are not confined only to second language speakers. Rather, ob-
servin g secon d languag e speaker s ma y revea l  genera l  learnin g processe s whic h ar e use d mor e frequentl y 
by secon d languag e speakers . 

3. Tlie Program 

RE^A is a computer program designed to learn English phrases. It takes as input English sen-
tence s whic h ma y includ e unknow n phrase s an d convey s a s outpu t  it s hypothese s abou t  nove l  phrases . 
The progra m consist s o f  fou r  components : 

(1) Plirasal lexicon: This is a list of phrases where each phrase is a declarative pattern-concept pair 
(WUensky84l . 

(2 )  Case-fram e parser :  I n th e parsin g process ,  case-fram e expectation s ar e handle d b y spawnin g 
demons [Dyer83] .  Th e parse r  detect s comprehensio n failure s whic h ar e use d i n learning . 

(3) Pattern Constructor: Learning of phrase patterns is accomplished by analyzing parsing 
failures .  Eac h failur e situatio n i s associate d wit h a  pattern-modificatio n action . 

(4 )  Concep t  Constructor :  Learnin g o f  phras e concept s i s accomplishe d b y a  se t  o f  strategie s whic h 
ar e selecte d accordin g t o th e context . 

Schematically ,  th e progra m receive s a  sequenc e o f  tentence/contex t  pair s fro m whic h i t  refine s it s curren t 
pattern/concep t  pair .  Th e patter n i s derive d fro m th e sentenc e an d th e concep t  i s  derive d fro m th e con -
text .  However ,  th e tw o processe s ar e no t  independen t  sinc e th e contex t  influence s constructio n o f  pat -
tern s whil e linguisti c clue s i n th e sentenc e influenc e formatio n o f  concepts . 
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PhrsM J RepreaentAtlo n o f  th « Lexico n 

RINA uses a declarative phrasal lexicon suggested by Wilensky, where a lexical phrase is a 
pattern-concep t  pair .  RINA' s pattern s ar e simila r  t o thos e i n [Arens82) .  Th e notatio n i s explaine d b y 
thre e exampl e patterns : 

PI :  ?x:animat e nibblerver b <o n ?y:food > 
P2:  ?x:per»o n take:Ter b o n ?y:per8o n 
P3:  ?x:per8o n <put.-ver b root:body-par t  down > 

Figur e 1 :  T h a Patter n Notatio n 

(1) A token is a literal unless otherwise specified. For example, on is a literal in the patterns above. 

(2) fx:9ort denotes a variable called fx of a semantic class tort, fyrfbod above is a variable which 
stand s fo r  reference s t o object s o f  th e aemanti e clas s food . 

(3) Actrvtrh denotes any form of the verb tyntactic class with the root act. nlbbletveri above 
stand s fo r  expression s suc h as :  albblad .  di d le t  albkl* .  til l  B«T« r  b t  aibblad . 

(4) By default, a pattern sequence does not specify the order of its tokens*. However, based on gen-
era l  Englis h knowledg e als o provide d a s patterns ,  i t  i s  th e acto r  whic h i s expecte d t o preced e th e 
ver b i n th e activ e for m o f  a  sentence . 

(5) Tokens delimited by < and > are restricted to their specified order. In Pi above, on mujt 
directl y preced e ?y:food . 

Each pattern has an associated meaning. Meaning representations are not discussed here; they 
ar e specifie d usin g Dyer' s [DyerSS j  »-/tni k notatio n whic h define s a  se t  o f  intentiona l  link s connectin g 
primitiv e actions ,  plans ,  an d goal s [Schank77] . 

Cane-Frame Parser 

Three tasks in phrasal parsing are identified, ordered by degree of diflSculty: 

(1) Phrase disambiguation: When more than one lexical phrase matches the input sentence, the 
phras e intende d b y th e speake r  mus t  b e selecte d b y th e parser .  Fo r  example ,  Jok a too k t o th « 
•tr««t « coul d mean :  "h e le d a  crimina l  life" ,  "h e demonstrated "  o r  "h e wa s fon d o f  th e streets" . 

(2) Ol-formed Input comprehension: Even when an input sentence is not well phrased according 
t o textboo k grammar ,  i t  ma y b e comprehensibl e b y peopl e an d s o mus t  b e comprehensibl e t o th e 
parser .  Fo r  example .  Job s too k u t̂ j  fchoo l  i s  someho w telegraphic ,  bu t  comprehensible ,  whil e 
John too k Uht j  t o convey s onl y a  partia l  concept . 

(3) Error Detection: when the hypothesized phrase does not match the input sentence/context 
pair ,  th e parse r  i s require d t o detec t  th e failur e an d retur n wit h a n indicatio n o f  it s  natur e whic h 
i s geare d t o th e constructio n o f  a  mor e accurat e hypothesis . 

The key element in accomplishing these tasks is the use of case frames for pattern representation, as ela> 
borate d i n [Zernik85] . 

*  I n orde r  t o deriv e phrase s wit h a  definit e wor d order ,  lexica l  pattern s mus t  interac t  wit h orderin g 

pattern s lArens82 |  whic h hol d genera l  Englis h word-orde r  conventions . 
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Failure-Drive n Patter n Constructo r 

Learning of phrases is an iterative process. The input is a sequence of sentence-context pairs, 
throug h whic h th e progra m refine s it s curren t  hypothesi s abou t  th e ne w phrase .  Th e hypothesi s pertain s 
t o bot h th e patter n an d th e concep t  o f  th e phrase .  Th e basi c cycl e i n th e proces s is : 

(a) A sentence is parsed on the background of a conceptual context. 

(b) Using the current hypothesis, either the sentence is comprehended smoothly, or a failure is 
detected . 

(c) The analysis of a failure directs the update of the current hypothesis. 

The crucial point in this scheme is to obtain from the parser an intelligible analysis of the failure. As an 
example ,  conside r  thi s par t  o f  th e first  dialog : 

1 Program: h« took oa kia. Ht vob th« fisktr 
2 User :  lo .  H*  too k kl a ob .  D»Ti d Kttaeka d kla . 
3 Program :  H« too k hl a oa .  H« %ec«pt« d tk « ekftllaaf* ? 

The first hypothesis is shown in Figure 4. 

pattern :  ?x:perso n t2die:ver b < o n ?y:person > 
concept :  ? x wi n th e conflic t  wit h ? y 

Figur e 4 :  Firs t  Hypotlieai a 

Notice that the preposition on is attached to the object ?y, thus assuming that the phrase is similar to 
H« iook« d a t  Har j  whic h canno t  produc e th e followin g sentence :  H« iook« d k« r  kt .  Thi s hypothesi s un -
derlie s Sentenc e 1  whic h i s erroneou s i n bot h it s for m an d it s meaning .  T w o observation s shoul d b e 
made b y comparin g thi s patter n t o Sentenc e 2 : 

• The object is not preceded by the preposition oa. 
•  Th e prepositio n o a doe s no t  preced e an y object . 

These comments direct the construction of the new hypothesis: 

pattern :  ?x:perso n take:ver b o n ?y:perso n 
concept :  ? x wi n th e conflic t  wit h ? y 

Figur e 5 :  Secon d Hypothesi s 

where the preposition oa is taken as a modifier of the verb itself, thus correctly generating Sentence 3. 
I n Figur e 5  th e conceptua l  hypothesi s i s stil l  incorrec t  an d mus t  itsel f  b e modified . 

4. Strategies for Learning Concepts 

In the first dialog (Section 1.1), the context has been presented by the biblical story of David and 
Goliath .  R IN A come s u p wit h th e wron g hypothesis ,  assumin g tha t  tak *  o a mean s "t o wi n a  fight"*. 
What  i s th e proces s underlyin g thi s error ? W e explai n suc h error s b y th e theor y o f  ator y point s (Wilen -
sky82 |  an d salien t  expectations .  Stor y point s encapsulat e ou r  impressio n o f  th e stor y beyon d th e leve l  o f 
mundane detail s (e.g. ,  David' s hai r  color ,  th e weapon s involved ,  th e variou s move s i n th e fight)  whic h ge t 
forgotte n wit h time .  Whe n th e learne r  i s require d t o selec t  a  conceptualizatio n fro m th e context ,  sh e at -
tempt s t o us e th e dominan t  stor y point .  Sinc e "Davi d wo n th e fight  i n spit e o f  hi s physica l  inferiority "  i s 
th e salien t  poin t  o f  th e story ,  thi s poin t  serve s a s th e learner' s  first  guess . 

*  Thi s i s a  rea l  erro r  recorde d b y th e author s fro m secon d languag e speakers . 
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When th e contex t  i s  give n a s s  story ,  R IN A use s stor y point s t o construc t  th e meaning s o f  unk -
nown phrases .  Fo r  othe r  contexts ,  wher e a  variet y o f  knowledg e structure s ar e dominan t  w e hav e 
develope d a  se t  o f  strategie s fo r  extractio n o f  meaning s fro m context .  Interestingly ,  al l  thes e strategie s 
demonstrat e th e integratio n o f  learnin g an d comprehension .  Eac h learnin g strateg y presente d her e i s 
derive d fro m a n existin g comprehensio n strategy . 

Story Points 

In the context of David and Goliath, RINA selects the concepts from a set of given story points. 
Initially ,  th e first  stor y poin t  ("Davi d wo n th e fight  i n spit e o f  hi s physica l  inferiority" )  i s  selected .  Th e 
factor s i n th e selectio n o f  thi s poin t  are : 

• Prefer a story point which determines the outcome of the situation. 

• Use linguistic clues. For instance, the preposition ob carries the sense of winning (in t«ra os. 
f* t  OB.  hBB K OB,  etc. ,  OB depict s a  "positive "  state) .  I t  matche s th e outcom e o f  th e fight. 

Later in the dialogue, when the native speaker negates this interpretation by stating h« attBcktd kia, 
th e learne r  revert s t o th e secon d stor y poin t  (k « accepte d tk « chBiicBg* )  whic h depict s th e correc t 
meaning . 

Script-Based Expectations 

In a way similar to FOUL-UP (Granger77], RINA is able to associate the new phrase with script-
base d expectation .  Fo r  exampl e conside r  th e followin g text :  Aftt r  b  Iob ^  iiib«ib .  ki i  b«loT« d Bif * 
f  iBkii y kleki d th t  bBcktt .  Th e first  sentenc e invoke s Sdieeat e (th e diseas e script )  whic h incorporate s a 
chai n o f  event s suc h a s feelin g sick ,  stayin g i n bed ,  seein g a  docto r  an d eventuall y recoverin g o r  dying . 
Fro m linguisti c clue s (e.g. ,  fiBBlly )  an d fro m th e causa l  clu e ( b 1ob (  dltckf* )  R IN A select s th e las t 
even t  i n th e scrip t  a s th e meanin g t o refe r  to .  I t  i s  interestin g t o notic e wha t  triggere d th e learnin g pro -
cess :  Th e failur e i n th e litera l  interpretatio n o f  th *  bncka t  suggest s th e existenc e o f  a n unknow n idiomat -
i c phrase .  Ther e i s a  similarit y betwee n thi s metho d an d genera l  expectation-base d parsin g [Riesbeck74] . 
I n parsing ,  outstandin g expectation s ar e use d i n disambiguatio n o f  meanings .  I n learning ,  outstandin g 
expectation s ar e take n a s conceptua l  meaning s fo r  nove l  phrases . 

Goal/Plan-Baaed Expectations 

An expectation at the plan/goal level dominates the following text (in Section 1.1, Going Punk): 
JtBB y BBBiv d t o g o p«Bk ,  bu t  b* r  fBtbt r  p« t  hl i  foo t  do«B .  Th e contex t  describe s a  goa l  conflic t 
betwee n Jenn y an d he r  father .  Jenn y i s expecte d t o implemen t  a  certai n goa l  (satisfy-vanity )  whe n th e 
wor d bv t  i s  encountered ,  indicatin g tha t  th e implementatio n o f  th e goa l  i s  blocked .  Th e ac t  denote d b y 
th e phras e i s expecte d t o caus e thi s goa l  t o becom e blocked .  However ,  th e metapho r  ha s no t  ye t  bee n 
resolved . 

Metaphor Mapping 

A metaphor [Carbonell83] is defined as a mapping hetv/een patterns such as pst yo«r foot de«B. 
•hoo t  ob«' b foot ,  pa t  oB*' i  foo t  i a oaa' t  aovth ,  cliB b th e iBllf ,  etc. ,  an d specifi c  episode s i n 
memory.  I n parsin g a n alread y familia r  metaphor ,  th e lexico n provide s th e mappin g fro m th e element s o f 
th e patter n t o th e element s o f  th e episode .  However ,  whil e th e mappin g i s stil l  unknown ,  th e episod e can -
not  b e accesse d fro m th e sentenc e itsel f  sinc e "puttin g one' s foo t  o n th e floor"  doe s no t  necessaril y  con -
vey resistance .  Th e episod e ma y b e accesse d onl y b y indirec t  memor y searc h throug h link s fro m affect s 
and goal/pla n situations .  Fo r  example ,  th e proces s i n Goin g Pun k proceed s a s follows :  Sinc e th e ac t 
(movin g one' s foo t  down )  doe s no t  confor m wit h th e goal/pla n situation ,  an d th e referenc e (foot )  canno t 
be resolve d i n th e context ,  a  searc h fo r  a  metapho r  i s initiated .  A  lin k i s foun d fro m th e goal-conflic t  si -
tuatio n an d th e resistanc e stanc e t o th e episod e o f  stampin g one' s foot .  Th e phras e i s interprete d suc -
cessfull y i n tha t  episode ,  an d a s a  result ,  th e mappin g betwee n th e patter n an d th e episod e i s establishe d 
i n th e lexicon . 
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Gener  al l  lin g W o r d Meaning s 

In idioms such as: Th«7 bnrlad tha k&tehtt, H* thrat th« book at bia, and H* laid dots tho 
ikw ,  th e meanin g i s constructe d b y generalizin g singl e words '  meanings .  Aft« r  &  loa f  diipnt* .  tk « 
eevpi *  bvrit d tb « kktebtt .  Th e litera l  interpretatio n o f  th e actio n doe s no t  mak e sens e (buryin g som e 
too l  i n th e ground) ,  an d n o episod e i s foun d t o constitut e a  metaphor .  Therefore ,  a  sequenc e o f  generali -
zation s i s initiated : 

hatche t  — > weapo n — > fight-plan 
bur y — > disenabl e us e — > cease-arpla n 

Throug h thes e generalizations ,  th e ac t  i s  realize d a s th e cease-a-pla n o f  th e fight-plan  whic h finally  re -
late s t o th e context .  Thi s proces s i s triggere d b y sensin g tha t  th e wor d hatche t  i s to o specifi c  (accordin g 
t o Rosch' s [Rosch78 |  basic-leve l  principl e o f  categorization) .  Suc h a  wor d i s expecte d t o appea r  i n i n a 
specifi c  script ,  otherwis e i t  suggest s a  figurative  use . 

S. Connotations 

RINA's lexicon indexes episodic as well as generic elements. Indexed episodes which facilitate 
example-generatio n ar e buil t  u p i n th e learnin g process .  R IN A generate s sentence s whic h exemplif y th e 
correc t  us e (o r  th e curren t  hypothesis )  o f  newl y acquire d phrases .  Fo r  instance ,  R IN A coul d generate : 
Th*  Laktr t  too k o n Th *  Ctlticf ,  usin g a  familia r  episod e a s a n exampl e o f  th e phras e tak *  oa .  Exampl e 
generatio n i s th e preferre d wa y fo r  peopl e t o discus s phrase s (rathe r  tha n spea k i n term s o f  synta x an d 
semantics) .  Upo n request ,  a  perso n ma y easil y generat e a  fe w example s o f  correc t  phras e use : 

Dari d too k o n Goliath . 
Uj  brotho r  too k o a a  at *  job . 
Th*  Lakar t  too k o a Th *  Caltlea . 

relatin g t o specifi c  episodes .  However ,  beyon d a  limite d se t  o f  examples ,  generatio n o f  additiona l  exam -
ple s become s mor e difficult .  Computationally ,  exampl e generatio n seem s t o b e a  comple x task .  I n a  da r 
tabas e system ,  exampl e generatio n fo r  a  phras e woul d requir e scannin g th e entir e databas e fo r  a n ap -
propriat e situatio n whic h satisfie s th e constraint s impose d b y th e meanin g o f  th e phrase . 

Connotations Indexed by Phrases 

RINA simulates this phenomenon in terms of memory organization. A phrase in the lexicon is a 
pattern-concep t  pair .  However ,  i n addition ,  a  phras e accumulate s link s t o episode s i n whic h R IN A ha s en -
countere d th e phrase .  Whe n required ,  R IN A generate s a n exampl e b y selectin g a n episod e whic h i s 
linke d t o tha t  phrase .  Ho w ar e link s t o episode s created ? I f  o n eac h encounte r  wit h th e phras e tak *  oa , 
an episod e wer e linke d t o th e phrase ,  the n th e linkag e syste m woul d gro w ou t  o f  bounds .  Therefore ,  a 
ne w lin k i s create d onl y i n situation s wher e a  learnin g effor t  i s  required .  Thu s onl y on e episod e o f  a  kin d 
i s linked ,  avoidin g redundan t  links .  A n illustrativ e learnin g scenari o fo r  tak *  o a is : 

Native :  U j  brothe r  too k o n a  aa t  Job . 
Learner :  <lin k phras e t o episod e career-challengel > 

(Th e learne r  i s no t  familia r  wit h th e phrase .  Sh e learn s th e phrase ,  assumin g tha t  i t  mean s t o star t  a 
fight  an d sh e link s i t  t o th e episode. ) 

Native :  Th *  Lak*r f  too k o a Th *  C*ltlc* . 
Learner :  <lin k phras e t o episod e sporting-eventl > 

(Agai n a  ne w sens e o f  th e phras e i s learne d whil e th e episod e i s linked. ) 
Native :  Th *  R*dakin a too k o a Th *  fhit*fkin* . 
Learner :  < n o linking > 

(Thi s tim e ther e i s n o nee d t o lear n a  ne w sense .  Th e sentenc e wa s comprehende d usin g existin g phrases. ) 
Followin g thi s scenario ,  th e learne r  ca n generat e onl y tw o example s fo r  tak *  oa ,  whic h ar e career -
ckallenge l  an d sporting-eventl .  Th e thir d episod e i s no t  indexe d t o th e phrase . 
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0.  Coneluslon a 

The issue addressed in this paper is the construction of the phrasal lexicon. As opposed to other 
system s ( P H R A N (Arens82 l  an d P H R ED (JacobsSS] ,  fo r  example )  wher e th e lexico n i s constructe d manu -
ally ,  i n R IN A ne w phrase s ar e acquire d throug h learning .  Thi s i s significan t  no t  onl y fo r  robustnes s an d 
flexibility,  bu t  als o fo r  th e correc t  encodin g o f  lexica l  phrases .  Fo r  example ,  observ e phrase s suc h a s ksr y 
tk *  httekt t  an d kic k tk t  bvcktt .  O n th e outset ,  i t  i s  difScul t  t o determin e tha t  th e first  phras e take s 
th e passiv e voic e whil e th e secon d on e doe s not .  (Ho w ca n th e system s programmer ,  wh o set s u p th e lex -
icon ,  predic t  th e behavio r  o f  othe r  suc h idiomati c phrases? )  Moreover ,  ho w ca n suc h informatio n b e en -
code d i n th e lexicon ? On e wa y i s t o mar k th e phras e kic k tk « baekt t  b y th e syntacti c feature :  doe s no t 
tAk e the  passiv e voice .  Ou r  contentio n i s tha t  suc h a  featur e i s conceptua l  rathe r  tha n syntacti c an d 
tha t  word-orde r  restriction s actuall y refiec t  phras e concepts .  Th e methodolog y fo r  acquirin g thi s featur e 
i s throug h learning :  Th e first  phras e i s acquire d throug h word-sens e generalizatio n (se e Sectio n 4) ,  wher e 
th e entir e phras e ha s a n associate d concept ,  bu t  eac h individua l  wor d als o stand s fo r  a  certai n concep t 
(specifically ,  k»teh« t  stand s fo r  "war") .  Thus ,  th e passiv e voic e serve s a  communicativ e discours e func -
tion .  However ,  i n th e secon d phras e whic h i s acquire d a s a  whol e unit ,  th e singl e word s d o no t  stan d fo r 
concept s (o n th e contrary ,  th e phras e wa s actuall y acquire d b y noticin g tha t  neithe r  b«ek* t  no r  kic k 
coul d b e interprete d i n th e context) .  No t  onl y doe s th e passiv e voic e serv e n o function ,  bu t  i t  i s  als o 
misleading ,  causin g th e listene r  t o interpre t  th e word s literally ,  an d searc h fo r  thei r  individua l  meanings . 

We have shown in this paper a computational method for metaphor resolution. A metaphor is 
define d a s a  mappin g fro m a  patter n t o a n episode .  Familia r  metaphor s ar e comprehende d throug h th e 
mapping s themselve s whic h ar e provide d b y th e phrasa l  lexicon .  A  ne w mappin g i s constructe d whe n th e 
phras e i s hear d i n context .  Th e successfu l  constructio n depend s on :  (1 )  th e accessibilit y  o f  a  metapho r  ep -
isod e throug h salien t  element s i n th e context ,  an d (2 )  th e interpretatio n o f  th e phras e i n th e episod e 
whic h establishe s th e mappin g o f  patter n element s t o episod e concepts . 

7. Future Work 

We have shcT^s the steps in learning new phrases: a novel phrase is detected, and its pattern is 
shape d b y th e give n sentences :  detecte d comprehensio n failure s caus e patter n modifications .  Th e con -
cep t  o f  th e phras e i s forme d b y (a )  th e give n context ,  (b )  linguisti c  clues ,  (c )  generalize d wor d meanings , 
and (d )  b y metapho r  mappings .  I n th e futur e w e inten d t o investigat e mor e concept-formin g strategie s 
and focu s o n generalizatio n o f  concepts .  Fo r  example ,  tw o differen t  episode s ar e associate d wit h tak « oa : 

DkTl d too k OB Collktk . 
H« too k o a k  D« « job . 

The associate d concept s extracte d fro m th e correspondin g context s are : 
"decidin g t o fight" 
"undertakin g a  responsibility " 

The dilemm a a  learne r  i s facin g i s whethe r  ther e i s a  genera l  commo n concep t  whic h encompasse s thes e 
tw o concepts :  d o the y shar e on e lexica l  entr y o r  ar e the y tw o separat e entries ? I n thi s task ,  simila r  t o 
learnin g linguisti c patterns ,  peopl e mak e error s b y overgeneralizin g an d b y undergeneralizing .  Therefore , 
analysi s o f  erroneou s hypothese s bot h fo r  linguisti c pattern s an d fo r  conceptua l  meanings ,  account s fo r 
learning . 
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