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Puzzle: How do we process sentences?

Sometimes the context helps:

Please pass me the book on the table.
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Puzzle: How do we process sentences?

Often the context does not help:

Giant lizard-like creatures are descending
from spaceships and attacking Boston.

A body-building Austrian nicknamed “The
Terminator” will be one day elected to a
major political office.

Ambiguity

• Lexical ambiguity:
Word sense ambiguity: “bank”, “take” …
Category ambiguity: “train”, “fly”, “time”, “light” …

• Global syntactic ambiguity:

The boy saw the man on the hill with the telescope.

5 interpretations
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Unwanted ambiguity in
a letter of reference:

“I recommend the applicant with no
qualifications whatsoever.”

Headlines:
Syntactic attachment ambiguity

• RUMORS ABOUT NBA REFEREES GETTING
UGLY

• TWO SPIES SENTENCED TO LIFE IN
MISSOURI

• TORONTO LAW TO PROTECT SQUIRRELS
HIT BY MAYOR
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More headlines: Lexical and syntactic
ambiguity

• ENVIRONMENTAL UNIT HELPS DOG
BITE VICTIM

• CLINTON WINS ON BUDGET, BUT MORE
LIES AHEAD

• BRITISH LEFT WAFFLES ON FALKLAND
ISLANDS

Ambiguity in medical records

• On the second day the knee was better, and on the third
day, it had completely disappeared.

• The patient has been depressed ever since she began
seeing me in 1983.

• She has had no rigors or shaking chills, but her husband
states that she was very hot in bed last night.

• The patient states that there is a burning sensation in his
penis which goes to his feet.
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Ambiguity in bad translations

• Norway: Ladies are requested not to have children in
the bar.

• Japan: You are invited to take advantage of the
chambermaid.

• Russia: You are welcome to visit the cemetery where
famous Russian and Soviet composers, artists, and
writers are buried daily except Thursday.

How to uncover how the language processing
mechanism works?

• Find input that the mechanism has
difficulty with;

• Find input that the mechanism has little
or no difficulty with.
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How to uncover how the language processing
mechanism works?

Useful evidence:

1. Ambiguous input that is easy / hard to
process.

2. Unambiguous input that is easy / hard to
process.

Easy to process temporary ambiguity

John knows Mary.
John knows Mary is intelligent.

The desert trains young people to be
tough.
The desert trains are tough on young
people.

Is the crowd in the room?
Is the crowd in the room happy?



7

Hard to process temporary ambiguity:
Garden-path effects

# The dog walked to the park chewed the bone.
(cf. The dog that was walked to the park chewed the bone.)

# The horse raced past the barn fell.
(cf. The horse that was raced past the barn fell.

# The cotton clothing is made of comes from Mississippi.
(cf. The cotton that clothing is made of comes from
Mississippi.)

# I put the candy on the table into my mouth.
(cf. I put the candy that was on the table into my mouth.)

The existence of garden-path effects provides
evidence:

• That language is processed on-line, as
it is heard or read

• That the human parser is not unlimited
parallel.  Rather, it must be ranked
parallel or serial.
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Reading methods: Self-paced reading,
eye-tracking

 --- --------- -------- -- --- ----
--

 ------ --- -- -- ----------.
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 The --------- -------- -- --- ----
--

 ------ --- -- -- ----------.

 --- defendant -------- -- --- ----
--

 ------ --- -- -- ----------.
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 --- --------- examined -- --- ----
--

 ------ --- -- -- ----------.

 --- --------- -------- by --- ----
--

 ------ --- -- -- ----------.
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 --- --------- -------- -- the ----
--

 ------ --- -- -- ----------.

 --- --------- -------- -- ---
lawyer

 ------ --- -- -- ----------.
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 --- --------- -------- -- --- ----
--

 turned --- -- -- ----------.

 --- --------- -------- -- --- ----
--

 ------ out -- -- ----------.
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 --- --------- -------- -- --- ----
--

 ------ --- to -- ----------.

 --- --------- -------- -- --- ----
--

 ------ --- -- be ----------.
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 --- --------- -------- -- --- ----
--

 ------ --- -- -- unreliable.

Did the defendant examine the lawyer?
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What sources of information do people use
in processing sentences?

• Syntactic structure
• Word / structural frequency
• Plausibility

(1) The dog bit the man.
(2) The man bit the dog.

• Discourse context
ÿ Has an entity been introduced?
ÿ Discourse coherence

• Working memory constraints
• Intonational information

Information that is used in sentence
comprehension

1. Syntax: Word order

The dog bit the boy.
vs.
The boy bit the dog.
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Information that is used in sentence comprehension

2. Lexical (Word) information, e.g., frequency

Unambiguous sentences: more frequent, faster: “class” vs. “caste”

Ambiguity: more frequent usages are preferred
# The old man the boats.

Syntactic argument structure frequencies
E.g., many verbs can take either an NP or a CP complement

Mary discovered / believed the answer was in the back of the book.

More difficulty in comprehending the disambiguating region “was in the ...”
for the NP-biased verb “discover” than for the CP-biased verb “believe”.

Information that is used in sentence
comprehension

2. Lexical (Word) information, e.g.,
frequency

Words with multiple senses of roughly equal
frequency are comprehended slower (e.g.,
“pitcher”) than unambiguous words or words
which are highly frequency-biased towards
one sense (e.g., “port”).
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Information that is used in sentence
comprehension

3. Plausibility of the resulting linguistic expression,
in the world

Unambiguous examples:
The dog bit the boy.  vs. The boy bit the dog.

Ambiguity: (Trueswell, Tanenhaus & Garnsey, 1994)
The defendant examined by the lawyer turned out to be
unreliable.
The evidence examined by the lawyer turned out to be
unreliable.

Information that is used in sentence
comprehension

4. Context (Crain & Steedman, 1985; Altmann &
Steedman, 1988; Tanenhaus et al., 1995)

Ambiguity:
There were two defendants, one of whom the lawyer
ignored entirely, and the other of whom the lawyer
interrogated for two hours.

The defendant examined by the lawyer turned out to
be unreliable. 
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Information that is used in sentence
comprehension

5. Working memory constraints (Miller &
Chomsky, 1967; Gibson, 1998, 2000)

The man [who the woman [who the child kissed]
hugged] smiled.

Information that is used in sentence
comprehension: Intonational or prosodic

information

6. Intonation information

E.g., Intonational boundary information.

An intonational boundary: A perceptual break in an
utterance.  Typically (but not always) associated with
lengthening and stress on the last  word.  A pause
also typically occurs at the boundary between
intonational phrases.
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Information that is used in sentence
comprehension: Intonational or prosodic

information

Prepositional phrase attachment ambiguity:
The bus driver angered the rider with a mean look.

How to interpret “with a mean look”?

Intonation can disambiguate:
Boundary before “the rider”: attachment of “with a mean look” to
“angered” is more difficult.  Therefore attachment to “the rider” is
preferred.

Boundary before “with a mean look”: attachment of “with a mean look”
to “the rider” is more difficult.  Therefore attachment to “angered” is
preferred.

Open question: The modularity of information
use in language processing

The time course according to which
different information sources become
available:

Syntactic information first?
Lexical information first?
All information sources available
simultaneously?
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Two kinds of modularity

• Modularity of information: Different information
sources may be computed using separate systems.
E.g., syntactic information may be computed using a
separate system from plausibility or contextual
information

• Modularity of the time course of information
use: Some information may become available before
other information.  In particular, syntactic information
may be available before other kinds of information
(Frazier, 1978).
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Monitoring visual eye-movements while listening to spoken
instructions

“Put the frog on the napkin into the box.”

Monitoring visual eye-movements while listening to spoken
instructions

“Put the frog on the napkin into the box.”
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Take-home message

-There are many different factors that can affect the
difficulty of processing different structures - both
ambiguous and unambiguous ones.

-The evidence suggests that all these different factors are
used by our processing  mechanism very-very early.

-How all these factors relate to each other (are some
more important than others?) / interact with each
other is what the field of sentence processing is
working on as we speak…


