L anguage QnheuristicsOand
modularity

¥ Just asin perception, how people deal with
ambiguity and make errorsis revealing

¥ Arethereinitial assumptions based on
specific information?
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Advantage of having a modular theory as
starting point

¥ More parsimonious than an interactive
theory

¥ Could use linguistic theory as basis
¥ Makes clear, testable predictions
¥ Provides a context for research




Ambiguity in Language
Comprehension

¥ Need to do as much of the computations as
information comesin.

¥ Select relevant semantic representations and
syntactic structures.

¥ Situations where selection is difficult
reveals how decisions are made.

Lexical ambiguity
Swinney (1979)

For several weeks after the exterminator@ visit, they
did not find a single bug in the building

I I

spy/insect/flirp  spy/insect/flirp

Lexical ambiguity

For several weeks after the exterminator@ visit, they
did not find a single bug in the building.

D RTsto insect and spy may be equal at bug & eye
rests longer on bug than on an unambiguous control
word.




Lexical ambiguity

For several weeks after the exterminator@ visit, they
did not find a single bug in the building.

D RTsfaster to related insect compared to contextually
unrelated spy when measured four syllables later.

Lexical ambiguity

For several weeks after the exterminator@ visit, they
did not find a single bug in the building.

B Support for modularity - output of semantic module
isall possible meanings.

D After getting both meanings, context selects
appropriate

Lexical ambiguity

¥ When contexts are strong & favor amore common
meaning only its meaning seems to be activated.
At the soccer match, the forward headed the ball into the goal
¥ When contexts are strong & favor aless common
meaning or context is more ambiguous, both meanings
seem active at first.
They promised to dance with each other at the formal ball held
at the end of the year.
They held aball at the end of the school year.




Uhe essential idea of the constraint-based
approach is that comprehending or
producing an utterance involves
interactions among a large number of
probabilistic constraints over different
types of linguistic and non-linguistic
information.O

¥Seidenberg & MacDonald (1999)

Syntactic Processing

¥ Historically a special area because of
developmentsin linguistics

¥ Specia and central rolein language

QGGirl, 13, Turnsin Parents for
Marijuana, CocaineO




Ororonto Law to Protect Squirrels
Hit by MayorO

@Beirut Uprising by Ousted L eader
Crushed by MilitiaO

(Rumors about NBA Growing
UglyO




eer Kill 130,0000

Chomsky@ (1965) distinction

¥ Competence ¥ Performance

B Abstract knowledge of B How language used
language D Human speaker

B Symbolic system D Error prone

B Idealized speaker D Affected by cognitive

B Divorced from limitations
limitations D E.g., No one has enough

b E.g., Center-embedded memory to keep track of
sentences are multiply center-embedded
grammatical sentences

Syntactic Parsing

¥ Create amental representation of the
relations between words

¥ Immediacy - some syntactic parsing occurs
as the words are encountered.

¥ Argument is about exactly how much and
based on what kind of information.




A modular theory

Speech
input
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Processing Phoneme Word Syntactic Semantic
step | identification identification| parser parser
Output Phoneme Word Deep structure  Interpretation

Advantage of having a modular theory as
starting point

¥ More parsimonious than an interactive
theory

¥ Could use linguistic theory as basis
¥ Makes clear, testable predictions
¥ Provides a context for research

M odifications to modular theories

¥ Cascaded processing
B partial information passed on to next step in processing
B multiple processes operating simultaneously, but still
ordered
¥ Interactive processing
B information flows back and forth between steps
B but there are steps that may be loosely ordered

¥ Constraint-based

B no steps

B multiple sources of information becoming available and
converging on an interpretation or response




Sentence comprehension
¥ Interpretation done on-line, as words heard

¥ Multiple interpretations while sentence being
comprehended due to temporary syntactic
ambiguities

¥ Different routes or cuesto correct
interpretation

What does it mean to understand a
sentence?

¥ Knowing who did what to whom
B Thematic roles of participants
B Agent performs the action
B Patient/theme/undergoer is acted on
B Other roles: recipient, location, goal, source, instrument
¥ |dentifying the proposition/assertion in the
sentence.
¥ Recognizing the intention of the speaker.
B Indirect speech acts
B @Vould you mind opening the door?0

Potential routes to interpretation

¥ Parsing route - Figure out syntactic structure of
sentence and use it to relate word meanings to one
another.
B Noun before Verb is probably subject, subject probably
agent.
¥ Lexical/pragmatic route - Use knowledge of world
and word meanings to figure out who did what to
whom
B E.g., 0The bone was stolen by the dog.ODog is more likely
agent than bone.
B Vs. O'he cat was chased by the dog.OEither could be
agent, slower to respond to. - Slobin (1966)




Unresolved ambiguity
¥ (The boy saw the police officer with the
binoculars.O

¥ Who had the binoculars?

¥ Depends on whether the prepositional phrase
modifies the noun phrase or verb phrase.

the police officer | | with the binoculars| '

Autonomous (modular) syntax

¥ Associated with Lynn Frazier, Janet Fodor(s).
¥ Assumes that input to syntactic module is lexical
category information only.
B e.g., noun, verb, prepositionE
¥ Assumes only one structural alternative considered at
atime.
¥ Invokes strategies for positing simplest structure
given input to determine which alternative taken.
D Minimal attachment - select structure that resultsin fewest
new nodes. [PP attachment sites]
b Late closure - attach new word to current phrase. [DO vs
new clause]

Syntactic Parsing

The

NP

Art.

the




Syntactic Parsing

The visiting
s
N
Art.  Adj
.
the visiting
Syntactic Parsing
The visiting dignitaries
s
Ne
Art.  Adj N

the visiting dignitaries

Syntactic Parsing

The visiting dignitaries thanked
s

NP — \

VP

/N /

Art.  Adj N Vi
|

the visiting dignitaries thanked
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Syntactic Parsing

The visiting dignitaries thanked the

/N /N
\%

Art.  Adj N
|

the visiting dignitaries  thanked 0%

the

Syntactic Parsing

The visiting dignitaries thanked the local ...

NP - \VP
/NN /N

Art. Adi N v NP
o ARY
the visiting dignitaries  thanked | ‘J
the local

Garden Path Sentences

Since Jay often jogs a mile seems like avery
short distance to him.
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Garden Path Sentences

Since Jay often jogs a mile seems like avery
short distance to him.

VP VP
VP NP VP S\
VANYAN PANEN
oftenjogs amile often jogs Nf \4
amile
Simple but incorrect Correct but much more
complex

Because Bob often jogs a mile was

very easy for him.
~ P
VP NP VP IS\
oftenjogs amile oftenjogs N§ VP
amile
Qate closureO Cearly closureO

Anne hit the thief with the stick.

/\\ VP

NP v e

éﬁ vP hit WP N
nne /\ Awith the stick
\% NP the thief

hit /\ Chigh attachmentO
NP PP (minimal)

thethief with the stick
Qow attachmentO
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Ambiguity

¥ Temporary ambiguity
Orhe bus driver worried the passengersE
E with hisreckless driving.
E would vandalize the new seats.

B Fodor's account is that first interpretation is the
one assumed by syntactic parser.

Ambiguity

¥ Temporary ambiguity
Orhe bus driver worried the passengersE
E with hisreckless driving.
E would vandalize the new seats.

D Support: Studies examine eye movements
while reading sentence.
¥ Readers slower in second case
¥ move eyes back to "passengers' often
¥ completely start over frequently.

Garden Path Sentences
The defendant examined by the lawyerE

Breaders slow down at disambiguating region
(red)

Daremore likely to look back at GexaminedO

P more likely to start over from beginning
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Garden path sentences

¥ Choosing an incorrect interpretation at a point of
temporary ambiguity.

¥ One continues down the wrong path until trouble
making sense of the following context leadsto are-
analysis.
B ('he horse raced past the barn fell.O

B Assume that the horse is racing itself, that racing ismain
verb when actually past participle.

B ('he horse that was raced past the barn fell.O

Constraint-based sentence
processing
¥ Use various discourse, lexical, & semantic cuesto
disambiguate sentences.

¥ Weight of cue depends on itsvalidity in past - how
predictiveitis.
¥ Stresstherole of lexical information.

¥ Don@ necessarily have just one interpretation at a
time, but each available to degree it is supported by
cues.

B Associated with Bates & MacWhinney (1989); Trueswell

& Tanenhaus (1994); MacDonald, Perimutter, &
Seidenberg (1994)

Semantic & discourse effects

¥ Combination of word meaning and relationships
between words influence interpretation of sentences
at ambiguous points.
B The evidence examinedE
B The defendant examinedE
D E by the lawyer turned out to be unreliable.
D Trueswell, Tanenhaus, & Garnsey (1994)
¥ Many sentence structures which show minimal
attachment in isolation won®in proper context.

B Thejury did not know which of the three defendants to
believe. The defendant examined by the sleazy lawyerE

D Crain & Steedman (1985); Tanenhaus et al. (1995)
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Verb preferences

¥ |.e, the frequency of averb in a particular syntactic
structure.
B Usually estimated using corpora such as The Wall Street
Journal or using sentence completions.
b E.g., saw followed by a direct object noun phrase most of
time.
¥ The reporter saw her friendE
¥ E was not succeeding.
B doubted followed by embedded sentence.
¥ The candidate doubted his sincerityE
¥ E would be appreciated.
¥ Probability of garden path, time to read the words

following a verb related frequency in structure. (eg.,
Holmes, 1987)

Relative frequency
¥ (The horse raced past the barn fell.O
B The horse was raced by a talented jockey.
b A talented jockey raced the horse.
B The horse raced quickly around the track.

¥ Jane verbed something.

b implied____ felt _
D reported advised
D pronounced agreed
Relative frequency

¥ Jane verbed NP.
b implied .06 felt .11
D reported .48 advised .69
D pronounced .84 agreed .00
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Strength of evidence

¥ When verbs have strong preferences about the
structures they appear in, semantic information plays
little role in deciding.

¥ When verb biasis equivocal, semantic information
can be the determining factor.
b Garnsey et a, 1997

¥ Verb biasisinformation available based on one
word, while plausibility deals with relationships
between several words.

¥ So, it follows that verb biasis a stronger & faster
influence on interpretation.

Verb bias
¥ Direct object bias
B The talented photographer accepted the money could
not be spent yet.

B The talented photographer accepted the fire could not
have been prevented.

¥ Equibiased
B The senior senator regretted the decision had ever been
made public.

B The senior senator regretted the reporter had ever seen
the report.

¥ Sentence complement bias

B The bus driver worried the passenger s were starting to
get annoyed.

B The bus driver worried the tires were starting to go flat.

Trueswell et al. 1999

¥ Replicate Tanenhaus et al. (1995) result for adults
B CPut the frog on the napkin in the boxO
B No problem when 2 frogs. Garden-path when 1 frog.
¥ Show that 5 year olds aren(® sensitive to referential
context
D Interpret Gon the napkinOas destination for PUT

b difficulty combining constraints on-line and in revising
interpretations?

B lack of referential principle?
B over-reliance on verb biases? WIGGLE vs PUT
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Language (and everything else) is
statisticsE
¥ Constraint based approach reduces much of

language processing to calculation of
probabilities.

¥ Question isthen what are the units that
frequencies are tabulated and probabilities
calculated?
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