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Abstract

Previous studies of human resolution of structural (syntactic) ambiguities in sentences have indicated that structure-based methods of disambiguation do not accurately predict the resolution of a significant percentage of ambiguous sentences (Hindle & Rooth, 1993).  In addition, other experiments have shown that people do not disambiguate sentences solely using syntactic properties – lexical variety is important (Ford, Bresnan, & Kaplan, 1982; Taraban & McClelland, 1988; Trueswell, Tanenhaus, & Garnsey, in press).  We tested these by exposing participants to a variety of ambiguous and unambiguous sentences, measuring their parsing time for each sentence, and asking them to indicate their interpretation of each ambiguous sentence.  Our experiment showed no significant time difference between parsing unambiguous sentences, non-sentences, and various types of ambiguous sentences.  In addition, we found that participants often resolved ambiguous sentences in the same way, indicating there may be universal agreement on how to disambiguate sentences.
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Ambiguity resolution in natural languages is arguably the most difficult aspect of understanding natural language comprehension.  Despite much research, little progress has been made towards a rigorous, comprehensive, robust model of human ambiguity resolution.  Linguistic ambiguity occurs in situations where a single sentence can have multiple different interpretations.  Ambiguity in language arises mainly out of phonological, lexical and syntactic ambiguity (Galotti, 2002).   We investigate possible ways of resolving syntactic ambiguities in English sentences.  Syntactic ambiguity involves two different competing structural interpretations of a sentence.  Sentence structure is often represented using phrase structure diagrams.  For example, the sentence “Mary kissed the children in the kitchen,” can be interpreted as either Mary kissing the children who happened to be in the kitchen or as Mary kissing the children while she (Mary) was in the kitchen:
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Figure 1b

Many researchers consider syntactic ambiguity resolution to occur completely independent of any lexical or semantic information contained in the sentence.  The Garden Path theory, described as “The most fully developed theory of syntactic ambiguity resolution,”(McDonald, Pearlmutter, & Seidenberg, 1994) uses two structural heuristics, minimal attachment and late closure, to resolve syntactic ambiguities.(Frazier, 1979, 1987, 1989; Frazier & Rayner, 1982)  According to the Garden Path theory, the basic syntax of a sentence is computed regardless of the meanings of the words in the sentence.  The only required information is the grammatical categories of the words.  As a result, the Garden Path theory predicts that all sentences with the same syntactic interpretation will be processed the same, regardless of the context provided by the words in the sentence.  This was confirmed by Ferreira and Clifton (Ferreira & Clifton, 1986).  However, other research has found contradictory evidence.  Various researchers have found robust context effects (Ford, Bresnan, & Kaplan, 1982; Taraban & McClelland, 1988; Trueswell, Tanenhaus, & Garnsey, in press).  McDonald, Pearlmutter & Seidenberg present a summary of the evidence as well as a new theory and perspective on language processing(McDonald et al., 1994).  In addition to psycholinguistic evidence, lexical-based computer models developed by Hindle and Rooth achieved approximately 80% accuracy compared to a 67% accuracy of a minimal attachment algorithm on the same corpus.


In our study we aim to examine the effects of various lexical items on sentence disambiguation.  More specifically we aim to repeat the results of previous work on lexical context in syntactic parsing (Ford, Bresnan, & Kaplan, 1982; Taraban & McClelland, 1988; Trueswell, Tanenhaus, & Garnsey, in press)

.  Ford found that different lexical items dramatically change the way in which ambiguous sentences are processed.  For example, the sentence “The woman kept the dogs on the beach,” Is syntactically identical to the sentence “The woman discussed the dogs on the beach.”  Both sentences can have the structural interpretations shown in Figure 1.


Ford found that 95% of participants interpreted the first sentence structure as shown in Figure 1b, or “The woman kept them (the dogs) on the beach.”  Conversely, 90% of participants interpreted the second sentence structure as shown in Figure 1a, or “The woman discussed the dogs which were on the beach.”   We presented participants with a number of different categories of syntactically ambiguous sentences.  We predicted that interpretations of the sentences would depend significantly on the lexical items in the sentence.
Method

Participants

The participants in this experiment consisted of 22 college students, 12 females and 10 males between the ages of 18 and 22.  The experiment was conducted at Carleton College, a small liberal arts college in the Midwestern United States.  Concerning the ethnic composition of the participants, if it is assumed that they were a representative sample of the overall Carleton student population, 22.3 percent of the participants would have been of an ethnic minority, i.e. African American, Asian American, Hispanic/Latino/Chicano, or Native American (“Class of 2008 Profile,” n.d.).  Also assuming that these students were representative of the general Carleton population, 13 percent speak a language other than English at home (“Class of 2008 Profile,” n.d.). Concerning selection biases, because the experiment was conducted in the lab section of an upper-level psychology course with a prerequisite course, there were elements of both self-selection and of being selected.  Participation in the lab was a co-requisite for the psychology course, so participation in this particular experiment was not entirely voluntary.  Although hard work in the lab could lead to the compensation of a good grade, there was no monetary compensation.  Participants were treated in accordance with the “Ethical Principles of Psychologists and Code of Conduct” (American Psychological Association, 1992).

Materials and Apparatus

This experiment was conducted on a Dell Inspiron 1100 laptop running Mandriva Linux, Special Edition 2005.  The software used for the experiment was custom-written by the experimenters using Java 1.5 (Olson & Kachergis, 2005).  62 randomly ordered trials were presented to each participant (see Appendix).  20 of the sentences were junk sentences that were similar in lexical content to the other trials, but were not syntactically correct English sentences.  22 of the sentences were syntactically ambiguous sentences of four types.  We used five sentences containing prepositions with ambiguous attachment. For example, in the sentence “The girl saw the man with the telescope,” it is unclear whether the girl used the telescope to see the man, or if she saw the man holding the telescope.  Three of the ambiguous sentences were of the form “They fed her rat poison,” in which either “her” is possessive and “rat” is a noun, or “her” is a pronoun and “rat” is an adjective.  Five sentences such as “Visiting relatives can be boring.” were used, in which “visiting” can be either a gerund or a verb.  Finally, we used nine sentences of the form “The young men and women went to the movies,” in which it is unclear whether the adjective (“young”) applies to just the adjacent noun (“men”), or to both of the nouns (“young men and young women”).  The remaining 20 trials were unambiguous sentences that were based on the ambiguous sentences and usually of the same length and structural complexity (e.g. “The girl with the telescope saw the man.”).

Procedure

Participants were given on-screen instructions at the beginning of the experiment that informed them they would be classifying sentences as either valid or invalid English sentences, and that after classifying certain sentences they would be asked to answer a question about the content of the sentence.  Thus, participants were aware of the subject of the experiment, and of the importance of reading each sentence, but not of our expectations or the specific design.  This was done in the hopes of eliminating expectation biases and to ensure the careful reading of each trial.

Participants were asked to determine whether or not the displayed text was a valid English sentence.  Participants pressed ‘/’ to indicate a sentence was syntactically valid, and pressed ‘z’ if the sentence was not a valid sentence.  Participants were given feedback to reward attention, and were told to press the space bar when they were ready to move on to the next trial.  After validating each ambiguous sentence (e.g. “The girl saw the man with the telescope”), a dialog box appeared asking participants to respond to a question that would indicate how they resolved the ambiguity (e.g. “Who had the telescope?” “The girl.” or “The man.”).  After answering the question, participants were asked to press the space bar to proceed to the next trial.  Unambiguous and junk sentences were not paired with questions.  The trials were presented in a random order for each participant.

  Participants were given several minutes to read the instructions, and were then told to proceed to the sample questions by pressing the space bar.  One sample question representing each of the three types of trials was presented in order to familiarize participants with the program.  The classroom was mostly quiet, although there were muffled conversations in the background during some trials.  There were no time limits on how long participants could take to finish the experiment, but it took approximately 8 minutes for each participant to complete. Trials were conducted over a two-day period during roughly the same part of the afternoon.

Results


The average amount of time it took all participants to validate a sentence was 2160ms, with a standard deviation of 512ms, indicating large individual differences in the amount of time it takes to verify sentences.  To counter the effects of individual differences in our analysis, we took the difference between each participant’s total average times and their average times for all ambiguous sentences, for each type of ambiguous sentences, for unambiguous sentences, and for junk sentences.  Finally, we averaged these differences across participants.  We found that there are no significant differences between the average of the total averages for each participant in any of the three major categories, nor in the four ambiguous sub-types (see Figure 3).  For the ambiguous and unambiguous sentences, in particular, there was very little difference, with respective average absolute differences of 1 and 62ms, and standard deviations of 190 and 183ms, respectively.  

 Figure 3.
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All sentences within each category had identical possible structural interpretations.  Most participants had different structural interpretations within sub-categories at least once.  That is, they interpreted structurally identical sentences differently depending on the lexical variety and semantic context.  This is shown in Figure 4, where the percentage of participants that disambiguated syntactically identical sentences differently is displayed. The number of sentences in each category is displayed because it is reasonable to expect that the more sentences there are in a category, the more lexical variety there is and it is more likely that participants will respond differently.




Figure 4.

	type of ambiguity
	changed
	# of questions

	prepositional
	68.2%
	5

	possessive
	40.9%
	3

	gerund
	54.5%
	5

	adjective
	81.8%
	9


In particular, within the adjective category, 95% of participants interpreted the sentence “The tired boys and girls went to bed.” as “tired [boys and girls]” whereas 77% interpreted the sentence “The children ate Thai noodles and bread.” as “[Thai noodles] and [bread].”

Participants were quite accurate with verification of sentences, with an overall average accuracy of 94% and a standard deviation of only 3% between participants.

Discussion


The results of our experiment show that the amount of time it takes people to parse sentences is not related to whether or not these sentences are structurally ambiguous.  These results seem to suggest that all sentences were processed to the same degree.  Ungrammatical sentences have no semantics, and therefore can only be processed on a syntactic level.  Therefore, all of the sentences are only being processed on this level.  

The fact that participants disambiguated sentences within the same ambiguous sub-category differently from sentence to sentence suggests that no participant is following a structural rule that dictates how they resolve ambiguities.  Instead, it indicates that lexical variety and context are important when humans are resolving syntactic ambiguities.  In addition, there is evidence that many individuals use the same contextual and lexical information when resolving ambiguities.  As discussed, many of the trials showed overwhelming agreement on interpretation between participants. Our findings confirm the results of many previous studies that have shown structure-based methods of ambiguity resolution to be poor predictors of human disambiguation (Ford, Bresnan, & Kaplan, 1982; Taraban & McClelland, 1988; Trueswell, Tanenhaus, & Garnsey, in press).


There remain many questions to be answered about how humans resolve structural ambiguities in language.  While it has been shown that people use lexical and contextual information, little research has been done to determine precisely what information is used and how it affects disambiguation.  In addition, extensions of our own experiment may benefit from a larger selection of sentences and a larger number of participants. 
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Appendix: Trial Sentences

1&The woman kissed the children in the kitchen.&What was in the kitchen?&The kissing._The children.

1&The boys kept the dogs on the beach.&What was on the beach?&The keeping._The dogs.

1&The kids threw the frisbee on the roof.&What was on the roof?&The throwing._The frisbee.

1&The boys tossed the ball in the room.&What was in the room?&The tossing._The ball.

1&The girl saw the man with the telescope.&Who had the telescope?&The girl._The man.

2&The woman kissed the children that were in the kitchen.

2&The woman kissed the children while in the kitchen.

2&The woman in the kitchen kissed the children.

2&The boys kept the dogs that were on the beach.

2&The boys kept the dogs while on the beach.

2&The boys on the beach kept the dogs.

2&The girl saw the man through the telescope.

2&The girl with the telescope saw the man.

3&They fed her rat poison.&Who did they feed?&Her._Her rat.

3&They fed her turtle cheesecake.&Who did they feed?&Her._Her turtle.

3&They gave her puppy chow.&Who received it?&Her._Her puppy.

4&They gave him puppy chow.

4&They fed him turtle cheesecake.

4&They fed his rat poison.

5&Visiting relatives can be boring.&What can be boring?&The visiting._The relatives.

5&Hounding reporters can be annoying.&What can be annoying?&The reporters._The hounding.

5&Racing cars can be exciting.&What can be exciting?&The racing._The cars.

5&Fighting girls can be fun.&What can be fun?&The fighting._The girls.

5&Debating politicians can be tedious.&What can be tedious?&The debating._The politicians.

6&Eating chocolate can be relaxing.

6&Killing mosquitos is a hassle.

6&Throwing baseballs can be tiring.

6&Picking mushrooms can be exhausting.

6&Gambling money can be frightening.

7&The old men and women stayed home.&Who is old?&The men._The women._The men and women.

7&The young men and women went to the movies.&Who is young?&The men._The women._The men and women.

7&The tired boys and girls went to bed.&Who is tired?&The boys._The girls._The boys and girls.

7&The man loves his pet bird more than his wife.&The man loves his pet bird more than ___&He loves his wife._His wife loves the pet bird.

7&She likes small cats and dogs.&What was small?&Cats._Dogs._Cats and dogs.

7&They ate Chinese rice and chicken.&What was Chinese?&Rice._Chicken._Rice and chicken.

7&The children ate Thai noodles and bread.&What is Thai?&The noodles._The bread._The noodles and the bread.

7&The man put on flannel boxers and pajamas.&What is flannel?&The boxers._The pajamas._The boxers and the pajamas.

7&The skier put on wool socks and underwear.&What is wool?&The socks._The underwear._The underwear and the socks.

8&Teenage boys and teenage girls like movies.

8&The men and women are eating pickles.

8&The old men and the old women stayed home.

8&They ate chocolate cake and strawberry cheesecake.

0&The girl saw the man the telescope.

0&The woman kitchen kissed the children.

0&The boys kept dogs on beach.

0&she likes eat Chinese food.

0&Buying a lot of cheese bad.

0&The women ate Italian spaghetti chicken was.

0&The children the balls on the beach.

0&Steal gold from the bank is a crime.

0&Like she sock noodle chicken your.

0&He like baseball playing.

0&She bought food for hamster her.

0&He like eat to pasta.

0&The boy the pizza ate last night.

0&The store to went the lady.

0&Game he likes the computer.

0&Hard she studied test the for.

0&Cat dog person walking is.

0&The girl is tired sick and.

0&The boy went to the.

0&The dog chased stick.

