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The goal of much of the psycholinguistic work on sentence processing has 

been to identify the sources of information that listeners/readers use to make first-pass 

‘parsing’ decisions and to specify the time course at which they use these sources.  

Some theories argue that the parser only has access to syntactic information initially, 

while other accounts claim that the parser has immediate access to multiple sources of 
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information, such as plausibility/thematic fit, which can reduce the likelihood that 

listeners/readers will construct an erroneous first-pass parse.  Interestingly, this work 

has largely ignored a major property of language that is processed in the auditory 

modality – prosodic information.  In principle, prosodic information could cue and 

bias listeners towards a certain syntactic parse before they actively make a parsing 

decision.  As such, any comprehensive model of auditory language processing would 

be well-advised to address the role of prosody. 

This dissertation approached this issue from two different but complementary 

perspectives.  First, prosody was examined from the position of the speaker and then, 

from the position of the listener.  Study 1 explored how speakers produced prosody at 

the lexical level by unconsciously biasing them to produce a particular interpretation 

of an ambiguous idiomatic phrase embedded in a sentence.  Acoustic analyses 

revealed that speakers produced distinct acoustic cues to differentiate between the two 

possible meanings.  Study 2 examined if these acoustic differences could be reflected 

at even lower-levels of the speech production system, such as the kinematic/motor 

speech level.  Kinematic analyses also showed that speakers moved their articulators 

differently to distinguish between the two interpretations of an ambiguous idiomatic 

phrase.  Study 3 used pupillometry to investigate the role of prosody in on-line 

sentence processing, particularly when pitted against thematic fit information.  Results 

indicated that prosody drives first-pass parsing decisions more strongly than 

plausibility. 
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This dissertation demonstrates that prosody as an important source of 

information both in production and comprehension.  Speakers produce acoustic cues 

that coincide with the intent of their utterances and move their articulators differently 

in conjunction with these cues, and listeners exploit these cues in real time to assist in 

rapid sentence processing and comprehension. 
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CHAPTER 1: 
 

Introduction 
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 There is a plethora of psycholinguistic evidence showing that sentence 

processing is incremental – that is, listeners/readers make decisions about sentence 

structure as each word unfolds in the sentence (e.g., Marslen-Wilson, 1975; Frazier, 

1987; Steedman, 1989).  Based on this assumption, the goal of much of the 

psycholinguistic work on sentence processing has been to identify the sources of 

information that listeners/readers use to make first-pass ‘parsing’ decisions and to 

specify the time course at which they use these sources.  For example, some 

researchers have proposed that a heuristic approach is employed to assign sentence 

structure (see Frazier, 1978; Frazier & Rayner, 1982; Rayner, Carlson, & Frazier, 

1983), while others have suggested that decisions about sentence structure are 

dependent upon the lexical properties of a word (Fodor, 1978; Ford, Bresnan, & 

Kaplan, 1982; Shapiro, Nagel, & Levine, 1993; Trueswell, Tanenhaus, & Kello, 

1993).  Development of these accounts has resulted from a long-standing interest in 

how the human “parser” resolves local structural ambiguities in real-time during 

sentence processing.  Consider (1) below: 

1. While the band played the song pleased all the customers. 

Listeners/readers, moving ‘left-to-right’, have two possible sentence structures 

available to them when they encounter the verb played.  The verb played can either 

take a direct object (in this example, the song), or it can operate intransitively, taking 

no direct object and thus the song in (1) can be the subject of the subsequent clause.  

Some theories of sentence processing argue that listeners/readers will initially assign 

the post-verb noun phrase (NP) the song as the direct object of the verb played (as in 
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“While the band played the song,…”).  When listeners/readers encounter the main 

verb phrase (VP) pleased all the customers, misanalysis will occur (since the VP 

demands a subject).  As such, listeners/readers will need to reanalyze the sentence and 

reassign the NP the song as the subject of the clause in order to interpret the sentence 

correctly. 

Other accounts, however, argue that listeners/readers do not always construct 

an erroneous first-pass parse when processing a sentence containing a local structural 

ambiguity.  These accounts suggest that certain sources of information, such as lexical 

information, can mitigate the effects of ‘garden-path’ sentences.  Consider (2) below: 

 2. While the band played the beer pleased all the customers. 

Here, listeners/readers also have the option of assigning the beer as the direct object of 

played, but they are less likely to do so because the beer is simply not a good Theme 

for the verb played.  Even if listeners/readers initially mis-parse this sentence, 

recovery from the misanalysis in (2) will be faster than recovery from (1). 

A considerable amount of evidence has emerged in support of these various 

accounts through tasks that tap either reading or auditory language comprehension.  

Yet, much of this work has largely ignored a major property of language that is 

processed in the auditory modality – prosodic information.  On intuition alone, 

prosodic information could also help to disambiguate temporary syntactic ambiguities 

during auditory comprehension and could even cue and bias listeners towards a certain 

syntactic parse before they actively make a parsing decision.  When sentence (1) is 

spoken aloud, for example, a discernable pause is produced after the verb played, 
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suggesting a structural segment that encompasses while the band played.  On the other 

hand, if no discernable pause is produced after the verb, then listeners will likely mis-

parse the sentence and be led down the garden-path.  Of course, intuitions only go so 

far, and the issue concerning how listeners resolve structural ambiguities in sentences 

in real-time (i.e., during on-line processing) still lingers.  In principle, prosodic 

information could be used to cue and bias listeners towards a certain syntactic parse 

before they actively make a parsing decision.  As such, any comprehensive model of 

auditory language processing would be well-advised to address the role of prosody. 

 The primary goal of this dissertation, then, is to investigate the role of prosodic 

information during on-line sentence processing.  As will be described later, the studies 

that constitute this dissertation approach this issue from two different but 

complementary perspectives.  First, prosody is examined from the position of the 

speaker in order to determine if speakers produce acoustic cues in their sentences to 

convey certain meanings.  Then, prosody is examined from the position of the listener 

in order to determine (1) if listeners can detect these cues, and if so, (2) how and when 

they use these cues in real time to reach the correct analysis and interpretation of 

spoken sentences. 

 This dissertation is organized as follows.  In this first introductory chapter, a 

general overview of prosody is provided to establish a basic framework for the current 

set of studies.  Then, prosody is framed and discussed within the context of production 

in order to evaluate the work that has been done to determine if speakers even produce 

prosodic cues that coincide with the intent of their utterances.  Following this 
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discussion, prosody, as it relates to comprehension, will be considered.  This section 

will begin with an outline of some of the current models of sentence processing before 

transitioning into a review of the literature on prosody and sentence comprehension.  

There have been numerous studies examining prosody’s effects on the final 

interpretation (which involve off-line processes) of sentences but a paucity of studies 

detailing the real-time, moment-by-moment (on-line) effects of prosodic information 

on sentence processing.  Thus, while a discussion of the broader (off-line) literature 

will be provided, more emphasis will be placed on reviewing the research that has 

addressed prosody within the context of on-line sentence processing, as this aspect is 

more in line with the current goals of this dissertation.  Chapters 2 and 3 report a series 

of experiments designed to explore how speakers produce prosody, particularly at 

lower levels of representation in production (i.e., linguistically, at the lexical level, and 

in production, at the speech motor level).  In contrast, Chapter 4 reports a study that 

examines prosody during the processing and comprehension of sentences.  In this 

study, prosody is examined within the context of other factors argued in the literature 

to constrain processing in its early stages (namely, thematic fit information; that is, 

whether a noun phrase is a good continuation of a verb) in order to better specify its 

role in current models of sentence processing.  Finally, Chapter 5 concludes this 

dissertation by proposing a model of language production and comprehension that 

incorporates prosody as an important source of information; speakers not only produce 

acoustic cues that are congruent with the intent of their utterances, but listeners exploit 

these cues to assist in rapid sentence processing and comprehension. 
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Linguistic Prosodic Framework 

What is Prosody? 

Prosody, simply defined, is the melody of speech, and it refers to the stress, 

rhythm, and intonation of a spoken utterance.  It can be examined by measuring one or 

more of the following acoustic parameters: fundamental frequency (the lowest rate of 

vocal fold vibration for a given individual, noted as F0, or its perceptual correlate, 

pitch), duration, and amplitude (the intensity or loudness of the signal) (Kjelgaard & 

Speer, 1999; Lehiste, 1970; Shattuck-Hufnagel & Turk, 1996).  Together, these three 

parameters interact to produce perceived changes in stress or intonation.  At the very 

least, it is clear that prosody is central to the conveyance of non-linguistic information 

(e.g., emotion, age, sex, size) as well as macro-linguistic information such as whether 

or not an utterance forms a question or proposition.  It also exerts language-specific 

effects on various domains of language processing including semantics, syntax, 

morphology, and pragmatics.  This language-specific function of prosody will be the 

focus of this dissertation. 

Theory of Prosodic Structure 

 Just as sentences can be broken down into constituents (e.g., noun phrase, verb 

phrase, noun, verb, etc.), prosody can also be broken down into constituents (Nespor 

and Vogel, 1987; Selkirk, 1986).  These prosodic constituents, which can be arranged 

in a non-recursive hierarchical fashion, include the utterance as the highest unit, 

followed by the intonational phrase, then the phonological phrase, and finally, the 
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prosodic word.  Consider the following sentence As Jim knows Mary became a 

psychologist in Figure 1-1 below (Ferreira, 1993). 

 
 

Figure 1-1. The prosodic structure for the sentence, As Jim knows Mary became a 
psychologist (Ferreira, 1993).  (Utt = utterance; IPh = intonational phrase; PPh = 

phonological phrase; PWd = prosodic word.) 
 

 As shown in the diagram above, the utterance is always the largest unit in the 

prosodic hierarchy.  The utterance often consists of a single sentence; however, it can 

also contain two or more sentences if those sentences join together to form a higher-

level sentence (Selkirk, 1978, 1981; Shattuck-Hufnagel & Turk, 1996).  The next level 

of the prosodic hierarchy is the intonational phrase (IPh).  According to Nespor & 

Vogel (1987), intonational phrases can usually be identified by a declination in pitch 

that occurs over the phrase, which is then followed by a pause.  Based on this general 

rule of thumb, it is clear why the sentence in Figure 1 above is divided into two 

intonational phrases.  Both groups of words As Jim knows and Mary became a 

psychologist are produced with a fall in pitch and end with a pause.  Additionally, pre-

posed phrases beginning with function words like as, while, when, of, and others (As 
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Jim knows) will always form an intonational phrase (Nespor & Vogel, 1987; 

Pierrehumbert, 1980; Selkirk, 1984). 

 Below the level of the intonational phrase is the phonological phrase (Hayes, 

1989; Nespor & Vogel, 1987; Selkirk, 1986).  According to Selkirk (1986), 

phonological phrases are derived via an X-max algorithm, which looks for the edges 

or boundaries of full phrasal constituents (noun phrases, verb phrases) in any given 

syntactic structure (this is also referred to as edge theory).  A single phonological 

phrase consists of all words in a syntactic phrase that lead up to the right boundary of 

that syntactic phrase.  Consider, for example, the syntactic structure of the same 

sentence shown in Figure 1-1, As Jim knows Mary became a psychologist, shown in 

Figure 1-2 below (Ferreira, 1993).1 

 

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
1 I simplify the syntactic structure here and elsewhere and only show the structure relevant to the 
discussion in the text. 
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Figure 1-2. The syntactic structure for the sentence, As Jim knows Mary became a 
psychologist (Ferreira, 1993).  (S = sentence; S’ = sentence-bar; NP = noun phrase; VP 

= verb phrase; N = noun; V = verb; Det = determiner; C = complementizer.) 
 

In the pre-posed clause As Jim knows, the syntactic noun phrase Jim stands as 

its own phonological phrase because the right boundary of the noun phrase Jim ends 

with Jim.  Likewise, the syntactic verb phrase knows stands as its own phonological 

phrase because the right boundary of the verb phrase knows ends with knows.  In the 

main clause Mary became a psychologist, the right boundary of the syntactic noun 

phrase Mary closes at Mary, so Mary stands as its own phonological phrase.  The right 

boundary of the following syntactic verb phrase does not close until the noun 

psychologist; thus, the entire verb phrase became a psychologist stands as its own 

phonological phrase.  This sentence then, has a total of four phonological phrases (see 

Figure 1-1 above as a reference). 

 Beneath the phonological phrase is the prosodic word, which is the lowest 

level in prosodic structure.  In linguistics, words can be divided into two classes: 

content/open class words (e.g., nouns, verb, adverbs, and adjectives), which convey 
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semantic information, and function/closed class words (e.g., prepositions, pronouns, 

conjunctions, and determiners), which convey grammatical information.  All content 

words are prosodic words.  Function words, on the other hand, are not considered 

prosodic words because they are spoken in such close temporal proximity to a 

preceding or subsequent word; as such, they operate similarly to clitics in that they 

attach themselves to content words (Selkirk, 1984).  In the sentence above, the 

function word as attaches itself to the content word Jim, forming a single prosodic 

word.  Likewise, the article a attaches itself to the content word psychologist, forming 

another prosodic word.  Thus, a prosodic word will always consist of a content word 

plus any function word that is attached to it. 

Now that a basic theoretical framework for prosody has been laid, we return to 

the fundamental question motivating this dissertation, “What is the role of prosody in 

the resolution of structural ambiguities?”  It may be the case that speakers produce 

acoustic cues (measurable changes in pitch, duration, and amplitude) that coincide 

with the intent of their utterances, cues on which the listener rely to assist in rapid 

disambiguation.  Therefore, prior to examining the role of prosody in comprehension, 

a brief review of prosody during production will be discussed. 

 

Prosody in Production 

 As stated earlier, one fundamental question motivating this dissertation is, 

“What role does prosody play in the resolution of structural ambiguities?”  Before 

such a question can be answered, however, a discussion of prosody from the position 
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of the speaker is first needed, as it may be the case that speakers produce acoustic cues 

(measurable changes in pitch, duration, and amplitude) that coincide with the intent of 

their utterances – cues on which the listener relies to assist in rapid disambiguation. 

 Prosody can be imposed on every level of the linguistic hierarchy; while it is 

clearly phonological in nature, prosody can still have notable effects on morphology, 

lexical access, syntax, semantics, and pragmatics.  Speakers can apply prosody at 

these various levels to convey intent and disambiguate any ambiguities in their 

utterance.   For the purposes of this paper, this discussion will be limited to speaker’s 

use of prosody at two linguistic levels: the lexical level (which is considered a “lower” 

linguistic level) and the syntactic level (which is considered a “higher” linguistic 

level).  It should be noted that while this section will provide a brief overview of 

lexical prosody (prosody in words), this paper is ultimately interested in investigating 

the role of prosody in understanding sentences; thus, lexical prosody as it affects the 

overall processing of sentences will be of primary importance here. 

A Model of Language Production 

 In any given model of language production, processes are arranged in a basic 

linguistic hierarchy.  First, a message is formed; then, the message is translated into a 

linguistic (i.e., grammatical and phonological) representation.  Once this 

representation is established, a phonetic plan is created and sent to the speech muscles 

for execution (see below for further elaboration of these levels and processes).  In the 

language production literature, researchers generally agree that speech production is 

incremental – that is, as soon as any information (no matter how small) becomes 
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available at any given level of processing, activity triggers down to the next level of 

production (F. Ferreira & Swets, 2001; V. Ferreira, 1996; Kempen & Hoenkamp, 

1987; Levelt, 1989; Roelofs, 1998; Wheeldon & Lahiri, 1997).  Although higher 

levels do drive lower ones, higher level operations do not have to completely finish 

processing an utterance before the next level can begin working on the utterance 

(Bock & Levelt, 1994).  As such, multiple levels can operate in parallel (so long as 

one level has been triggered by the level above it).  In this way, a speaker can begin 

speaking without having to plan the utterance in its entirety beforehand. 

Grammatical encoding.  According to Bock and Levelt (1994), language 

production is comprised of four main levels of processing: the message level, the 

functional level, the positional level, and the phonological level (see Figure 1-3).  The 

message or communicative intent that a speaker wants to convey is formulated at the 

message level (also known as the conceptualizer in Levelt, 1989) and converted into a 

preverbal, semantic representation.  This representation is then sent to the functional 

and positional levels to be grammatically encoded.  As shown in Figure 1-3 below, 

functional processing includes both lexical selection and function assignment.  During 

lexical selection, the appropriate lexical concepts (termed lemmas) that convey the 

speaker’s message are identified and selected.  Inherent in these lemmas are their 

grammatical information such as their form class (noun, verb, adjective, adverb, or 

preposition).  Consider, for example, the sentence, She was handing him some 

broccoli.  In formulating this sentence for production, the lemmas she (pronoun), hand 

(verb), him (pronoun), some (pronoun), and broccoli (noun) would be selected.  
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During function assignment, grammatical/syntactic functions (e.g., subject, object, 

indirect object) are assigned to the selected lexical concepts.  Revisiting the above 

sentence, the lemma she would be assigned as subject, hand as the main verb, him as 

indirect object, some as a quantifier, and broccoli as direct object. 

 
 

Figure 1-3. A model of language production (Bock & Levelt, 1994). 
 

The next level below functional processing in the speech production model is 

positional processing.  At this level, the order of constituents in an utterance is 

established and determined.  Positional processing includes two sets of processes, 
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constituent assembly and inflection (see Figure 1-3).  During constituent assembly, the 

constituents of an utterance are arranged in a structural hierarchy where the relations 

among the syntactic functions of the different elements are represented.  After the 

constituents are arranged in their appropriate order, they undergo the process of 

inflection in which they are further specified to convey number, tense, and aspect 

(e.g., in the above sentence, the affix –ing in the verb handing signifies a progressive 

action).  Together, these processes, which occur at both the functional and positional 

levels, are collectively termed as grammatical encoding and generate the framework 

of a spoken utterance. 

Phonological encoding.  As Figure 1-3 shows, there is another set of 

processes, termed phonological encoding, that gives substance to the framework of a 

spoken utterance.  Phonological encoding encompasses all of the processes that are 

involved in segmental phonology (i.e., retrieving and assembling the different sound 

forms of a given syllable) and suprasegmental phonology (i.e., aspects of sound that 

apply to units larger than the syllable such as word and sentence level stress, pausing, 

and intonation).  In segmental phonology, different theories have proposed how 

individual sounds come together in a single syllable.  Shattuck-Hufnagel (1979, 1983, 

1987), for example, proposes that at the level of the syllable, phonological encoding is 

largely a serial process.  Here, the speaker generates a syllabic frame comprised of 

three slots: an onset and a rhyme, which can be further divided into a nucleus (i.e., the 

vowel) and coda.  Once the syllabic frame is established, the speaker then retrieves the 

individual sound segments of the syllable and inserts them into the slots of the frame 
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in some sequential order.  In contrast, Dell (1986, 1988) proposes a spreading 

activation model for the activation of phonological segments, in which phonological 

segments of a word are activated in parallel.  Consider, for example, the monosyllabic 

word bloom.  When a speaker encodes the word bloom (which is represented in Dell’s 

model as a single node), activation spreads simultaneously to both the onset cluster 

[bl] and the rhyme [um].  Once these nodes are activated, activation then spreads to 

the individual phonological segments comprising the word [b], [l], [u], and [m].  

While activation is occurring at all of these different levels, the syllabic frame of 

onset, nucleus, and coda is generated.  Only nodes with the highest activation are 

selected and slotted into their respective positions within the created syllabic frame. 

While it is important to understand the basics of segmental phonology, further 

mention will be suspended here since the focus of this paper is not so much about 

segmental phonology, but about suprasegmental phonology (i.e., the prosodic aspects 

of speech) and the timing and manner in which it is produced and comprehended.  

Two aspects of suprasegmental phonology that will now be discussed are lexical 

prosody and sentential prosody. 

Lexical Prosody 

One way that speakers convey intent or a particular meaning is by generating 

prosodic cues at the lexical and/or phrasal levels.  At these levels, variations in pitch, 

segmental and syllable duration, and amplitude all lead to perceived changes in stress.  

Consider, for example, lexical (word) level ambiguities that are rooted in prosodic 

differences, such as noun/verb phonemic stress contrasts: FORbear/forBEAR or 



 

	  

16 

DIScount/disCOUNT.  Here, in bisyllablic words, the noun/verb category distinction 

depends on the syllable that receives primary stress.  If the initial syllable receives 

primary stress, then the lexical item is much more likely to be produced as a noun; if 

primary stress falls on the second syllable, then the lexical item produced will more 

likely be a verb (Bolinger, 1961; Cutler & Clifton, 1984; Klatt, 1976). 

Research on the production of lexical stress has largely stemmed from the 

speech error literature.  Studies examining the production of misplaced lexical stress 

strongly suggest that the mental lexicon not only contains the phonological 

representations of words, but their stress markings as well (Cutler, 1980).  It should be 

noted that stress marking is not listed in the mental lexicon as a separate entity but is 

included in a word’s phonological representation.  Consider the following lexical 

stress errors (Cutler, 1980): 

3a. PREsent (noun) for preSENT (verb) 

3b. CONflict (noun) for conFLICT (verb) 

3c. eCOnomist (noun) for ecoNOmic (adjective) 

3d. psyCHOlogist (noun) for psychoLOgical (adjective) 

These types of stress pattern errors are common in speech.  The lexical stress pattern 

of a word that is incorrectly produced will always bear a striking similarity to the 

lexical stress pattern of a morphologically related word; speakers rarely (if ever) make 

these kinds of lexical stress errors when producing words that are not morphologically 

complex or derivational in nature (e.g., *winDOW) (Cutler, 1979; Cutler & Isard, 

1980; Fromkin, 1977).  Furthermore, these errors always occur across different 

grammatical categories (e.g., noun-verb, noun-adjective) as opposed to within a 
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grammatical category (e.g., noun-noun).  These observations thus lend support to the 

argument that words are stored in the mental lexicon with their stress markings.  

Consider, for example, the words economist, economics, economic, and economical.  

All four words are derived from the same lexical base, and it is this lexical base that is 

stored in the mental lexicon as a single lexical entry.  The different stress patterns that 

are associated with the above words are also stored with this lexical entry as part of its 

representation.  Errors in lexical stress thus occur when speakers mistakenly select the 

stress pattern of another word within a given lexical entry (Cutler, 1980).  Referring 

back to the example above, a speaker may produce a lexical stress error after wrongly 

applying the stress pattern associated with the word psychological to the word 

psychologist. 

 The term lexical prosody not only refers to the prosodic patterns of single 

words but also to groups of words, that together form phrases that are regarded as 

whole lexical units.  Consider, for example, ambiguous idiomatic phrases2 such as 

kicked the bucket, that can have both a literal and figurative (non-literal) interpretation 

(Van Lancker & Canter, 1981; Van Lancker, Canter, & Terbeek, 1981) (for a more 

detailed discussion on the lexicalization of idiomatic expressions, see Chapter 2).  In 

the literal interpretation, some animate being physically kicked a bucket with his or 

her foot, whereas in the figurative interpretation, some animate being died.  Studies 

have shown that ambiguous idiomatic phrases biased towards their literal meaning are 

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
2 An idiom is a phrase whose meaning is not generally predictable from the meaning of the individual 
words themselves; thus, its meaning cannot be obtained via traditional compositional analysis (i.e., 
word-by-word analysis, where the overall meaning of a phrase or sentence is determined by the 
individual meaning of each component word and the way in which those words are combined relative to 
each other). 
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produced with cues that indicate syntactic “separateness,” such as greater stress 

(hence, greater amplitude), longer word durations, more pauses, and distinct “A 

accent” pitch contours (Van Lancker et al., 1981).  Contrastively, ambiguous idiomatic 

phrases biased towards their figurative meaning are produced with cues that indicate 

syntactic “connectedness,” such as less stress (reduced amplitude), shorter word 

durations, fewer pauses, and distinct “B accent” pitch contours (Van Lancker et al., 

1981).  Together, these findings demonstrate that even at lower processing levels, such 

as at the lexical level, speakers still generate specific prosodic cues to unconsciously 

mark a preferred interpretation or meaning.  These cues may be important factors 

when considering if and when a listener uses this information during real time 

comprehension. 

Sentential Prosody 

Mapping syntax to prosody.  It has been frequently noted throughout the 

literature that syntax and prosody do not directly map onto each other (Nicol, 1996; 

Pierrehumbert, 1980; Shattuck-Hufnagel & Turk, 1996; Steedman, 1989).  A given 

syntactic structure, for example, can be produced with multiple prosodic contours.  

Consider sentences (4a) and (4b) below: 

4a. [Jane gave the book to Mary] 

4b. [Jane gave the book] [to Mary] 

Here, (4a) and (4b) share the same syntactic structure but are produced with different 

prosodic contours.  (4a) is produced with a single, uninterrupted intonational contour, 

whereas (4b) is produced with two intonational contours separated by a prosodic 
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break.  Such an illustration shows that the syntax of a sentence cannot predict the 

prosodic contour that will be applied to it,  and vice versa.  Interestingly, while (4a) 

and (4b) are identical in syntactic structure (and surface form), the difference in 

prosodic contour produces a difference in sentence meaning.  In comparison to (4a), 

the prosodic contour of (4b) creates a more focused construction in which emphasis is 

placed on the recipient Mary. 

Examples (4a) and (4b) above demonstrate that for sentences with multiple 

prosodic choices available, syntax cannot always predict which prosodic structure a 

speaker will select.  However, the fact that prosody can change the meaning of a given 

syntactic structure suggests that there is some degree of systematicity maintained 

between syntax and prosody despite their lack of direct 1:1 correspondence – that is, 

syntax does appear to impose some constraints on prosodic structure (Cooper & 

Paccia-Cooper, 1980; Cooper & Sorensen, 1981; Klatt, 1975; 1976; Nagel, 1994; 

Shattuck-Hufnagel & Turk, 1996).  In fact, studies have shown that certain prosodic 

characteristics (e.g., intonational boundaries, prepausal/phrase-final lengthening3) tend 

to occur at major syntactic boundaries (Brown & Miron, 1971; Cooper, 1980; Cooper 

& Paccia-Cooper, 1980; Goldman-Eisler, 1972; Klatt, 1976; Nagel, Shapiro, & Nawy, 

1994; Price, Ostendorf, Shattuck-Hufnagel, & Fong, 1991). 

These observations indeed demonstrate that syntax does affect prosody; 

however, the manner in which syntax affects prosody is still not clearly understood.  

Two theories have been proposed: the direct syntactic account and the prosodic 

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
3 In phrase-final lengthening, a word and its subsequent pause are longer in duration when they occur at 
the end of a phrase than when they occur at any other position in the phrase. 
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account.  According to the direct syntactic account, the syntactic structure of a 

sentence fully dictates the prosodic structure of the sentence (Chen, 1990; Odden, 

1990; Selkirk, 1984; Wagner, 2005).  Proponents of the direct syntactic account, for 

example, have argued that phrase-final lengthening will depend on where a word is 

positioned within the sentence’s syntactic representation (Cooper, 1980; Cooper & 

Paccia-Cooper, 1980).  In contrast, the prosodic account argues that phrase-final 

lengthening will depend on where a prosodic word is positioned within the sentence’s 

phonological/prosodic representation (Ferreira, 1993).  Thus, according to the 

prosodic account, the syntax of a sentence indirectly determines the sentence’s 

prosodic structure.  While syntax is only used to establish a sentence’s prosodic 

representation, it is the prosodic representation that determines when and where 

certain prosodic characteristics, such as phrase-final lengthening, occur (Bock & 

Loebell, 1990; Ferreira, 1991, 1993; Gee & Grosjean, 1983; Inkelas & Zec, 1990; 

Levelt, 1989; Selkirk, 1986). 

 Support for the prosodic account stems from research demonstrating that 

syntactic and prosodic structures exist as independent representations and can be 

separated.  Ferreira (1993), for example, was able to manipulate a sentence’s syntactic 

representation while simultaneously holding its prosodic representation constant, and 

vice versa.  In the first part of her experiment, Ferreira asked participants to produce 

short sentences such as (5a) and (5b): 

 5a. The crate contains the missing book. 

 5b. The CRATE contains the missing book. 
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Sentences (5a) and (5b) are identical in syntactic structure but differ in prosodic 

structure.  Sentence (5a) is produced with neutral prosody, whereas sentence (5b) is 

produced with contrastive prominence (i.e., stress) on the word crate.  In the stressed 

condition, speakers are more likely include an intonational boundary after the word 

crate than in the neutral prosodic condition (Rochemont, 1986; Selkirk, 1984).  As 

such, speakers will produce (5a) with one intonational phrase and (5b) with two.  

Indeed, these predictions were supported by the data; acoustic analyses showed that in 

the stressed condition, target words (e.g., crate) and their subsequent pauses were 

longer in duration compared to those in the neutral condition.  These results show that 

phrase-final lengthening can occur solely from the effects of prosodic structure; 

merely changing the syntactic structure of a sentence is not enough to obtain 

differences in word and pause durations (Ferreira, 1993). 

 In the second part of her experiment, Ferreira (1993) manipulated syntactic 

structure without altering prosodic structure by asking participants to produce 

sentences such as (6a)-(6d): 

 6a. The cop who’s a friend infuriated the boyfriend of the girls. [Control] 

 6b. The friendliest cop infuriated the boyfriend of the girls. [Experimental] 

 6c. The friend of the cop infuriated the boyfriend of the girls. [Experimental] 

 6d. The man who’s a cop infuriated the boyfriend of the girls. [Experimental] 

Here, the word cop and its subsequent pause were measured.  As shown in Table 1-1, 

sentences (6b)-(6d) vary in their syntactic structure; however, they share the same 

prosodic structure.  Sentence (6a) serves as a control; the word of interest (cop) 

occupies a different syntactic and prosodic position in (6a) than in (6b)-(6d). 
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Table 1-1. The syntactic and prosodic representations of sentences (6a)-(6d).  (NP = 
noun phrase; VP = verb phrase; PP = prepositional phrase; AdjP = adjectival phrase; S 

= sentence; S’ = S-bar; PWd = prosodic word; PPh = phonological phrase; IPh = 
intonational phrase.) 

 
 Syntactic Structure Prosodic Structure 

6a [The cop [who’s [[ [a friend]NP ]VP ]S ]S’ ]NP (((The cop)Pwd (who’s a friend)Pwd )PPh )IPh 

6b [The [friendliest]AdjP cop]NP (((The friendliest)Pwd (cop)Pwd )PPh )IPh 

6c [The friend [of [the cop]NP ]PP ]NP (((The friend)Pwd (of the cop)Pwd )PPh )IPh 

6d [The man [who’s [[ [a cop]NP ]VP ]S ]S’ ]NP (((The man)Pwd (who’s a cop)Pwd )PPh )IPh 

 

According to the direct syntactic account, the greater the number of right 

syntactic brackets following a word (in this example, cop), the longer the word will be 

in duration (Cooper, 1980; Cooper & Paccia-Cooper, 1980).  In contrast, the prosodic 

account states that the more prosodic boundaries following a word (cop), the longer 

the word will be in duration (Ferreira, 1993).  Because cop in (6a) does not have as 

many right syntactic brackets or prosodic boundaries as (6b)-(6d), both models predict 

that cop should be shorter in duration in the control condition than in the other 

conditions. 

If it is the case that syntax directly affects prosody, then the following pattern 

of results should emerge: (6a; the control condition) < (6b) < (6c) < (6d).  If, however, 

the prosodic account is true, then the following pattern of results should emerge: (6a) 

< (6b) = (6c) = (6d).  Results from Ferreira’s acoustic analyses provided evidence in 

support of the latter theory where no meaningful differences appeared among 

sentences (6b)-(6d) (the control sentence, on the other hand, did differ significantly 

from the other sentences).  These findings, in conjunction with the first part of 

Ferreira’s experiment, provide strong evidence for the prosodic account.  Phrase-final 



 

	  

23 

lengthening is not a direct effect of syntactic structure but is instead a reflection of the 

influence of an underlying, constructed prosodic representation (Ferreira, 1993). 

While prosody can be separated from syntax, it is important to remember that 

syntax still does affect prosody, albeit indirectly.  As the next section of this chapter 

will discuss momentarily, the occurrence of some prosodic cues (e.g., pitch, word and 

pause duration) correspond highly to certain syntactic structures; thus, speakers may 

generate and apply these prosodic cues in accordance with the intended meaning of 

their utterance and thus the syntax of their utterance. 

 

Speakers’ Use of Prosody to Disambiguate Sentence-level Ambiguities 

Sentences can be structurally ambiguous.  Consider, for example, the sentence 

Bill the lifeguard lives down the street.  Here, two interpretations are possible: (1) 

someone named Bill is being directly addressed and informed about a lifeguard who 

lives down the street, or (2) Bill is a lifeguard who lives down the street.  However, 

speakers can distinguish between these two different sentence structures, which also 

carry different meanings, by manipulating aspects of their prosody.  To illustrate how 

a prosodic cue such as a pause might be used to disambiguate a syntactically 

ambiguous sentence, consider (7a) and (7b): 

7a. [Bill] [the lifeguard lives down the street]. 

7b. [Bill the lifeguard] [lives down the street]. 

In (7a), a pause is placed immediately after the word Bill to indicate that someone is 

talking to Bill about a lifeguard who lives down the street.  Contrastively, the pause is 
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displaced in (7b) and appears after the modifier lifeguard to indicate that Bill is a 

lifeguard who lives down the street. 

Examples (7a) and (7b) demonstrate how speakers might use prosody to 

disambiguate sentences that would otherwise be ambiguous.  The contrasting use of 

‘syntactic pausing’ invokes different structural analyses, and detecting this subtle cue 

could be critical for listeners to achieve successful comprehension.  Of course, there 

are other types of prosodic cues besides pausing (e.g., pitch, stress, word duration) that 

speakers produce during natural discourse to convey certain meanings.  These cues 

have been identified in speakers’ utterances and have been linked to investigations of a 

wide range of complex linguistic structures.  Some examples of these structures 

include those requiring specific clause boundary demarcation (i.e., early and late 

closure, see examples (7a) and (7b)); or in structures containing movement resulting in 

long-distance dependency relationships, e.g., filler-gap and elliptical sentences 

(Cooper & Paccia-Cooper, 1980; Cooper & Sorensen, 1981; Nagel, Shapiro, & Nawy, 

1994). 

Issues in Prosody Research 

The laboratory speech problem.  Unfortunately, while many studies have 

provided evidence in support of the observation that speakers produce certain prosodic 

cues in their utterances to convey intent (Cooper & Paccia-Cooper, 1980; Cooper & 

Sorensen, 1981, Nagel et al., 1994; Van Lancker & Canter, 1981; Van Lancker et al., 

1981, respectively), there is a potential confound that prevents acceptance and 

generalization.  Known as the “laboratory speech problem,” the materials that are 
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often used to examine prosody during sentence processing and production may not 

accurately reflect the prosodic patterns found in spontaneous and natural speech 

(Schafer, Speer, Warren, & White, 2000).  There are two aspects to this issue.  For 

one, the sentence stimuli are frequently produced and recorded by speakers who are 

highly aware of the ambiguities of interest (this includes both expert and naïve 

speakers); as such, they may intentionally modulate their prosody to provide the 

appropriate acoustic cues (or even overemphasize cues) that will disambiguate a 

syntactically ambiguous region of a sentence, for example (Albritton, McKoon, & 

Ratcliff, 1996). 

The other component to the laboratory speech problem is methodological: 

prosody is often examined through the elicitation of spoken sentences via reading the 

materials.  Because reading and spontaneous speech do not share the same pragmatic 

goals and processing demands, prosody will be realized differently in these two 

speaking situations (Ayers, 1994; Blaauw, 1994; Howell & Kadi-Hanifi, 1991; Speer, 

Warren, & Schafer, 2003).  Even so, only a limited number of studies have examined 

prosody in natural speech using well-controlled materials (Schafer, Speer, & Warren, 

2005; Schafer et al., 2000; Speer et al., 2003; Warren, Schafer, Speer, & White, 2000). 

Prosody in Natural Speech 

 Prior to pinpointing what or when prosodic cues, if any, are called upon during 

various stages of comprehension, researchers have sought to better define how 

speakers generate prosody naturally in real-world communicative situations.  Using a 
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cooperative game task4, Schafer et al. (2000) elicited natural and spontaneous 

productions of early and late closure ambiguities from speakers who were supposedly 

unaware of the potential for ambiguity. Consider (7a) and (7b) below (taken from (1) 

and (2) of Schafer et al., 2000): 

7a. When that moves the square it… [Late Closure] 

7b. When that moves the square will… [Early Closure] 

In sentence (7a), the noun phrase (NP) the square assumes the role of direct object for 

the optionally transitive verb moves.  Contrastively, in sentence (7b), the NP the 

square is not the direct object of the verb moves but is instead the subject of a 

complement clause (the square will…).  Thus the NP the square is structurally 

ambiguous. 

Schafer et al. (2000) found that speakers produced disambiguating prosodic 

cues during the task.  Specifically, speakers produced a stronger prosodic boundary 

after the word moves than after the word square for the early closure sentences while 

the opposite pattern was seen for the late closure sentences.  Additional experiments 

corroborated these findings, showing that speakers consistently generated prosodic 

cues in natural speech production (Speer et al., 2003; Warren et al., 2000). 

Taken together, these reports suggest that even when speakers are unaware of a 

structural ambiguity, they still provide their listeners with the appropriate prosodic 

contour needed to direct the listener towards one interpretation over another.  These 

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
4 In this task, two speakers (a “Driver” and a “Slider”) work together to bring certain tokens on game 
boards to their target goal positions using only sentences from a predetermined list (which contain the 
tightly controlled sentence contrasts of interest).  Although they can only produce sentences from this 
list, the Driver and Slider retain total control over how the game is played; as such, both players can 
choose which utterances they want to say and when to say them. 
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findings, however, do not provide evidence that the listener is sensitive to these cues 

during comprehension or that they actively use them to help disambiguate structure.  

The next section will address this issue; if speakers are producing acoustic cues that 

are congruent with the intended meaning of their utterances, then listeners may be 

capitalizing on these cues to aid in sentence structure building during sentence 

processing. 

 

Prosody in Comprehension 

 Studies have repeatedly shown that when speakers produce sentences 

(regardless of whether or not the speaker is aware of what s/he is producing), they tend 

to use certain prosodic cues in their utterances (Cooper & Paccia-Cooper, 1980; 

Cooper & Sorensen, 1977; Lehiste, Olive, & Streeter, 1976; Nagel et al., 1994; Nagel, 

Shapiro, Tuller, & Nawy, 1996; Price, Ostendorf, Shattuck-Hufnagel, & Fong, 1991; 

Schafer et al., 2005; Schafer et al., 2000; Snedeker & Trueswell, 2003; Straub, 1997; 

Warren, 1985; Warren et al., 2000; Van Lancker & Canter, 1981; Van Lancker et al., 

1981).  Speakers produce prosodic cues regularly, although they do not always use the 

same prosodic pattern for a single sentence structure (Schafer et al., 2005; Schafer et 

al., 2000; Speer et al., 2003).  Schafer et al. (2000), for example, found that while 

speakers consistently generated prosodic cues to disambiguate temporarily ambiguous 

sentences, they used a variety of combinations of pitch accents, phrase accents, and 

boundary tones5 to signal differences in meaning.  Interestingly, despite these prosodic 

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
5 Boundary tones tend to immediately precede prosodic boundaries. 
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variations and diverse intonational patterns, listeners were still able to use these 

prosodic cues to ultimately understand the correct or intended meaning of the 

utterance (see also Price, Ostendorf, Shattuck-Hufnagel, & Fong, 1991). 

Given that listeners are able to exploit speaker-provided acoustic cues to 

correctly parse and interpret what they hear, how and when they use these prosodic 

cues during sentence processing becomes of great interest.  As discussed previously, 

most theories argue for the incremental processing of sentences (and their components 

within), and this assumption has served as the basis for many of the proposed theories 

of sentence processing.  While a considerable amount of evidence has been provided 

in support of these models, the influence of prosody during sentence processing has 

been frequently overlooked.  Understanding, then, how prosody fits into the sentence 

parsing process and how it may be incorporated into currently existing models will 

first require a brief review of sentence processing in general. 

Models of Language Processing 

 One contributing factor to prosody’s limited role in early models of sentence 

processing was that these models were derived primarily from reading studies.  These 

models fell into two major classes: (1) restricted (also known as ‘syntax-driven in its 

most well known incarnation) models and (2) unrestricted (e.g., lexically-driven or 

constraint-satisfaction) models. 

According to syntax-driven models that compute structure serially (such as the 

Garden Path account and earlier instantiations), language is processed through a 

system that is modular in nature (Fodor, 1985), meaning that syntactic information is 
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encapsulated and processed independently of all other information (e.g., lexical-

semantic, contextual, etc.; Frazier, 1987; Frazier & Fodor, 1978).  As such, the parser 

automatically defaults to constructing the simplest syntactic structure possible, and 

each word of the incoming sentence is integrated into this syntactic frame as it enters 

the parser.  Once this initial syntactic structure is built, thematic roles (agent, patient 

etc.) are assigned to the argument phrases in the sentence.  Processing is disrupted 

when additional incoming information cannot be inserted into the existing structure, 

and thus reanalysis is triggered.  Consider, for example, the following sentence: 

8. The investigator discovered the files from Daniel Ellsberg’s psychiatrist were 

missing. 

Readers/listeners, moving ‘left-to-right’, are more likely to initially attach the post-

verb noun phrase (NP) the files (from Daniel Ellsberg’s psychiatrist) as the direct 

object of the verb discovered (as in “The investigator discovered the files…”).  Upon 

further encountering the embedded verb phrase (VP) were missing, readers/listeners 

must reanalyze the sentence to appropriately attach the NP the files as the subject of 

the embedded clause and thus interpret the sentence correctly.  The Garden Path 

Account (GPA) proposed by Frazier (1978) and its evolution into Construal (Frazier & 

Clifton, 1996), argues that the initial analysis is driven by a preference for the simplest 

syntactic attachment; in (8) above, attaching the NP as the direct object in the 

unfolding structure of the VP is simpler than constructing an additional, embedded, 

sentence (S’) node in which the NP will form the embedded subject (Frazier & 

Rayner, 1982). 
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An assumption of this and virtually all other accounts is that processing load 

increases as the sentence becomes more difficult to process.  For example, eye-

tracking data have demonstrated slower reading time per character in sentences with 

ambiguities like (8) as well as regressive eye movements to the point in the sentence 

where the initial decision was made (see also Ferreira & Clifton, 1986; Frazier & 

Fodor, 1978; Frazier & Rayner, 1982; Rayner et al., 1983).  In summary, restricted 

models limit what information is considered at any given point during parsing and are 

not directed or influenced by non-syntactic factors (Poirier & Shapiro, 2012). 

In contrast to serial processing models, unrestricted, interactive, or constraint-

based models are non-modular in that multiple types of information (lexical, semantic, 

world knowledge, and probabilistic information) are available to the parser and can 

interact with the syntax as new information arrives (Marslen-Wilson & Tyler, 1980; 

McClelland, St. John, & Taraban, 1989; Tyler & Marslen-Wilson, 1977).  Evidence in 

support of constraint-based models stem from studies showing early effects of 

probabilistic (weighted) information on structure building (seen at the word, sentence 

and discourse/contextual levels) (see, for example, MacDonald, 1994; MacDonald, 

Pearlmutter, & Seidenberg, 1994; Tanenhaus, Spivey-Knowlton, Eberhard, & Sedivy, 

1995; Trueswell, 1996; for discussions on how prosody may influence the weighting 

of information, see Blodgett, 2004 and DeDe, 2010).  Because multiple sources of 

non-syntactic information can constrain parsing, it is believed that multiple parses are 

constructed.  Depending on which source of non-syntactic information carries the 
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most weight, certain parses will be preferred over others (MacDonald et al., 1994; 

Trueswell & Tanenhaus, 1994). 

As a reminder, much of the work in support of either type of account has 

drawn on evidence from studies measuring reading behavior.  While much has been 

learned about sentence processing during reading, it is critical that any comprehensive 

model of language processing must also account for how sentences are analyzed and 

understood in the auditory domain.  Additionally, conclusions made about auditory 

sentence processing should be generalizable and applicable to how humans process 

naturally spoken sentences in the real world.  Thus, studies that have neutralized 

prosody (in an attempt to eliminate its effects) or have chosen to ignore its effects 

altogether have only provided a partial picture of what a listener is doing when they 

hear, process, and comprehend sentences. 

 

Recent Approaches to Incorporate Prosody into a Language Processing Model 

With respect to models of comprehension, by intuition, prosody as a whole 

would seem to have a home in unrestricted, constraint-based models.  However, if 

aspects of prosody can be linked directly to syntactic parsing, then it is possible that it 

may be restricted in its use and interleaved with low-level (serial-based) syntactic 

structure-building (Carlson, Frazier, Clifton, 2009; Fodor, 2002).  In a recent study, 

Carlson et al. (2009) tested the predictions made by two competing hypotheses: 

Specialized Role Hypothesis (SRH) and the Prosodic Packaging Hypothesis (PPH).  

According to the SRH, decisions about hierarchical structure are heavily influenced by 
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prosodic boundaries (cues that are usually marked by pauses).  Contrastively, the PPH, 

akin to a Resource Allocation Model, argues that prosodic boundaries “package” or 

group incoming linguistic material into perceptual and memory units.  As such, the 

listener has greater difficulty accessing earlier packaged linguistic material (i.e., 

material that was stored earlier in memory) for processing than later packaged 

linguistic material (see also Poirier & Shapiro, 2012).  Alternatively stated, a greater 

number of prosodic boundaries create a greater number of prosodic groups, and this in 

turn requires that more linguistic material be stored in memory for later retrieval.  This 

is in stark contrast to the SRH, which again, argues that prosodic boundaries play a 

critical role in determining hierarchical structure but not in determining the degree of 

accessibility of constituents in memory6.  Results from Carlson et al.’s (2009) work 

investigating the role of prosodic boundaries in understanding ambiguous auditory 

sentences such as (9a) and (9b) (via speeded got-it reaction times and end-of-sentence 

comprehension tasks) support the former hypothesis, the SRH. 

9a. Diane thought Patrick was entertaining, // not Louise. 

9b. Diane thought // Patrick was entertaining, // not Louise. 

 In addition to the Carlson et al. (2009) study presented above, there have been 

many other off-line studies with varying approaches that have successfully 

demonstrated that prosody has an effect on sentence comprehension (Schafer et al., 

2005; Schafer et al., 2000; Speer et al., 2003 and references therein).  These studies 

have primarily consisted of speeded grammaticality judgment, sentence completion, 

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
6 The SRH argues that accessibility is accomplished not through prosodic boundaries but through 
prosodic prominence (a suprasegmental feature indicated primarily by changes in pitch), which serves 
to “highlight” a given phrase. 
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got-it, and end-of-sentence comprehension tasks (refer to the Appendix for a summary 

of these tasks and all future tasks mentioned in this paper).  The literature 

overwhelmingly shows faster judgment, sentence completion, and got-it reaction times 

along with more accurate final comprehension responses for sentences where prosody 

and syntax are congruent as compared to when they are incongruent (Carroll & 

Slowiaczek, 1987; Kjelgaard & Speer, 1999; Slowiaczek, 1981; Speer, Kjelgaard, & 

Dobroth, 1996; Stirling & Wales, 1996; Warren, Grabe, & Nolan, 1995).  It has also 

been shown that participants make more errors on these types of tasks and are slower 

to respond when prosody and syntax conflict with each other (Kjelgaard & Speer, 

1999). 

 It is important to note that in all of these tasks, participants must integrate later-

presented material with earlier material to make an appropriate response.  In terms of 

processing, these measures are subject to conscious reflection and thus provide 

information about the “end product” of a cognitive task only (in this case, how 

prosody shapes the final, conscious interpretation of sentences).  As such, they are 

limited in their ability to specify which processes are involved in reaching a final 

interpretation and when those processes are recruited. 

Interim Review 

There is an abundance of off-line studies in the literature that have examined 

the effects of prosody on sentence comprehension but very few on-line studies that 

have examined prosody’s role in the moment-by-moment processing of sentences.  

While off-line methods are informative in that they are able to capture the final 
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interpretation of an utterance or the integration of multiple processing operations, they 

cannot inform models of processing that are interested in capturing fine-grained 

temporal detail; yet, many researchers have employed off-line methods in an attempt 

to answer questions that likely can only be answered via on-line methods. 

Given that the number of off-line studies to on-line studies in this line of 

research is largely disproportionate, the present discussion will first begin with a 

review of the broader literature – that is, the off-line literature – before moving into a 

discussion of the less prevalent on-line research on prosody and auditory sentence 

processing. 

Which Prosodic Cues Do Listeners Exploit? 

Prosody can be studied through the examination of one or more of the 

following acoustic parameters: fundamental frequency, duration, and amplitude.  Of 

the three acoustic parameters, duration (Beach, 1991; Lehiste, 1973; Lehiste et al., 

1976; Scott, 1982; Warren, 1985) and fundamental frequency (Beach, 1991; Cooper & 

Sorensen, 1977; Streeter, 1978; Wightman, Shattuck-Hufnagel, Ostendorf, & Price, 

1992) are the most reliable cues that listeners use when making decisions about 

syntactic boundary locations (Cutler, Dahan, & von Donselaar, 1997; see Scholes, 

1971, and Streeter, 1978, regarding amplitude). 

 Pitch contour variations like rise-fall (10a) and fall-rise (10b) F0 patterns can 

signal the presence or absence of major syntactic boundaries: 

 

 



 

	  

35 

 

 
10a. The company owner promised the wage increase to the workers. 
 
 
 
10b. The company owner promised the wage increase would be substantial. 

 
Sentences (10a) and 10b) involve a temporarily ambiguous NP (the wage increase); in 

(10a) the NP forms the direct object, while in (10b) the NP forms the subject of the 

embedded clause.  Ignoring the effects of prosody for a moment, a syntax-driven 

account would predict that a listener would have no difficulty processing a ‘minimal 

attachment’ sentence like (10a) because its structure aligns with what is preferred by 

the parser.  However, the listener would be garden-pathed on a ‘non-minimal 

attachment’ sentence like (10b) because its structure is less preferred by the parser. 

Taking prosody into consideration, sentence processing may not be disrupted at all if 

the listener can tap into and utilize the provided pitch-contour information.  It may be 

the case that prosody cues the listener towards a certain syntactic structure before s/he 

actively makes a parsing decision.  Indeed, research has shown that listeners can use 

this type of pitch information to differentiate between multiple sentence structures 

(Nagel, 1994; Nagel et al., 1994; Nagel et al., 1996; Kjelgaard & Speer, 1999; Schafer 

et al., 2000).  In addition to pitch contour, prosodic prominence, which involves a 

pitch change over the word that is brought into focus, can also affect the way that 

sentences are interpreted (Carlson, 2001; Schafer, Carlson, Clifton, & Frazier, 2000; 
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Schafer, Carter, Clifton, & Frazier, 1996; Warren et al., 1995); see sentences (11a)-

(11d) taken from Speer et al. (2003) below7. 

11a. Bill took chips to the party and [Bill took] Susan to the game. 

11b. BILL took chips to the party and SUSAN [took chips] to the game. 

11c. I asked the pretty girl who [the pretty girl] is cold. 

11d. I asked the pretty girl [WHO is cold ?]. 

Furthermore, distinct durational cues (word and pause length) often occur 

around major syntactic boundaries, and listeners are able to detect these cues during 

processing (Cooper & Paccia-Cooper, 1980; Cooper & Sorensen, 1981; Klatt, 1975; 

Nagel et al., 1994; Nagel et al., 1996; Price et al., 1991; Schafer et al., 2005; Schafer et 

al., 2000; Speer et al., 1996; Snedeker & Trueswell, 2003; Warren, 1985; Warren et 

al., 2000; Wightman et al., 1992).  Even so, while a variety of pitch and duration cues 

have been identified as cues that listeners are able to detect, studies have not yet 

clearly defined when each of these cues becomes available to the parser (Schafer et al., 

2000).  This limitation is primarily due to the fact that again, most of the studies on 

prosody in sentence comprehension (including many of those cited in this section) 

have employed off-line tasks.  Again, because off-line tasks require participants to 

consciously reflect on the information that they have been given to make a final 

decision, these tasks are limited in their ability to tap into the fast-acting temporal 

processes of language processing.  Thus, it is extremely difficult (if not impossible) to 

obtain a detailed picture of how and when prosodic information becomes available to 

the parser during sentence processing using solely off-line techniques. 

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
7 Words that are written in capitalized letters indicate stress. 
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Prosody in On-line Sentence Processing: Timing and Manner 

 In contrast to off-line tasks, on-line methods tap into fast-acting temporal 

processes that occur prior and are impervious to final conscious reflection.  What 

follows is a brief review of some of the on-line literature investigating the timing and 

manner in which listeners use prosodic cues during the processing of auditory 

sentences. 

Continuation Naming Tasks (CNT, also referred to in the literature as Cross-

Modal Naming8) have been most commonly used to explore the effects of prosody 

during on-line sentence processing (Kjelgaard & Speer, 1999; Marslen-Wilson, Tyler, 

Warren, Grenier, & Lee, 1992; Speer et al., 1996; Warren et al., 1995; Watt & Murray, 

1996).  Through this type of task, researchers have argued that initial parsing 

preferences (like Minimal Attachment, for example) can be overridden by prosodic 

information (Marslen-Wilson et al., 1992; Kjelgaard & Speer, 1999; Speer et al., 

1996).  One of the first studies to demonstrate this was conducted by Marslen-Wilson 

et al. (1992) that used early closure/non-minimal attachment sentences (12a, 

EC/nMA), minimal attachment (12b, MA), and non-minimal attachment sentences 

involving a complementizer (12c, nMA+Comp); see Table 1-2 below: 

 

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
8 The conventional term CMN is a misnomer for these studies.  I have maintained the term here for 
consistency with the literature, but note that the more appropriate term for these methods is 
Continuation Naming Tasks. 
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Table 1-2. Example stimuli used in Marslen-Wilson et al.’s (1992) cross-modal 
naming study. 

 
 Segment presented with non-

minimal attachment prosodic 
contour 

Visual Target Probe 
Word 

Omitted Sentence 
Ending (withheld 
from participants) 

12a. EC/nMA The workers considered the last 
offer from the management 

was a real insult 

12b. MA The workers considered the last 
offer from the management 

of  the factory 

12c. nMA+Comp The workers considered that the 
last offer from the management 

was a real insult 

 

In (12a) and (12b), the post-verb NP, the last offer from the management, is 

temporarily ambiguous, forming either the subject of an embedded clause (12a) or the 

direct object (12b); (12c) is a control containing the complementizer that which 

disambiguates the structure to an embedded clause analysis.  Importantly, all the 

sentences were presented with a non-minimal attachment prosodic contour. 

Marslen-Wilson et al. (1992) reasoned that if overt prosody does not exert 

early effects on syntactic processing, then reading latencies to the target word 

(following the word management) should be longer for early closure and minimal 

attachment sentences than for non-minimal attachment sentences, given that such an 

analysis is not preferred.  However, if overt prosody does affect sentence processing in 

its early stages, then reading latencies to the target probe word should be equivalent 

for the early closure and non-minimal attachment sentences but not for the minimal 

attachment sentences (reading latencies for minimal attachment sentences should be 

slower because the non-minimal attachment prosody is incongruent with this sentence 

type).  Evidence in support of the latter hypothesis was found; overt prosody affected 

reading time, leading the authors to conclude that prosody can affect the early stages 
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of sentence parsing.  Using a similar methodological approach, Kjelgaard & Speer 

(1999) corroborated these findings and provided further evidence to confirm that 

cooperating prosody facilitates (speeds up) processing and conflicting prosody 

impedes or interferes with processing. 

While these data are informative, they do not speak to the initial question of 

interest; how and when prosody exerts an influence on parsing.  Because participants 

are forced to switch from processing auditory information to the visual modality, and 

more critically, because the word presented visually is an overt continuation of the 

sentence, processing becomes susceptible to integration effects and possibly end-of-

sentence wrap up effects. 

Several researchers have recognized these limitations and implemented tasks 

that are arguably better suited to capture the fine-grained, moment-by-moment detail 

of processing that occurs over the course of an unfolding sentence.  Cross modal 

priming (CMP; e.g., Swinney, 1979) and cross modal interference (CMI; e.g., Shapiro, 

Zurif, & Grimshaw, 1987, 1989) are two such methods that indirectly measure 

activation (CMP) and/or processing load (CMI) as sentences unfold over time without 

interruption.  In CMP/CMI studies, sentences are presented aurally to participants over 

headphones while participants make a lexical decision, for example, on a visually 

presented probe.  Using a CMP task, Nagel et al. (1994) investigated the effect of 
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prosody on processing structurally ambiguous filler-gap constructions9 like (13a) and 

(13b): 

13a. Which doctori did the supervisor call *___i to get help for his youngest daughter? 

13b. Which doctori did the supervisor call * to get help for ___i during the crisis? 

Visual Probe Words  TARGET:  patient 
UNRELATED:   current 
NON-WORD:    comtent 

 
Notice that in (13a), the origin of the displaced NP (Which doctor) is at the position of 

the direct object, while in (13b), the ‘downstream’ object of the preposition is the 

source of the gap.  Each sentence was produced with its correct prosodic contour with 

a discernable pause at the gap (after call in (13a) and after for in (13b)).  Visual target 

probes were always presented after the main verb (call) (noted by the * above) and 

were either (1) words that were semantically related to the filler (e.g., PATIENT), (2) 

words that were unrelated controls (e.g., CURRENT), or (3) non-words (e.g., 

COMTENT).  Nagel et al. (1994) reasoned that if prosody facilitates the on-line 

processing of filler-gap sentences, then participants should prime or respond faster to 

the semantically related probes in the direct object gap condition than in the late-gap 

condition.  Indeed, the authors found priming (faster RTs to semantically related 

probes as compared to the unrelated probes) at the offset of call for the direct object 

gap sentences; no priming at the direct object position was observed in sentences 

where the gap occurred downstream, within the prepositional phrase. 

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
9 Filler-gap sentences result when a wh-phrase is displaced from its base-generated position to an earlier 
position in the sentence. The two elements – the displaced phrase (the “filler”) and the positon from 
which it was displaced (the “gap”) – form a syntactic chain.  
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From this evidence, Nagel et al. (1994) argued that prosodic information does 

influence early syntactic parsing decisions.  In this case, the prosodic information that 

occurred before the direct object gap influenced where the participants acknowledged 

the gap via their priming patterns.  To identify the source responsible for driving the 

effect, Nagel et al. (1994) analyzed and compared the pitch and durational contours of 

their materials.  The results of their acoustic analyses revealed that the duration of the 

main verb (call) was longer in the direct object gap condition than in the late-gap 

condition.  Additionally, a steeper fall in F0 appeared over the main verb (call) in the 

direct gap condition than in the late-gap condition.  These findings are compatible 

with results from prior studies (Cooper & Paccia-Cooper, 1980; Cooper & Sorensen, 

1981), which have shown that listeners can use both duration and pitch information to 

help identify the presence or absence of a gap. 

As a follow up to this on-line study, Nagel et al. (1996) used CMI to 

investigate how prosody guides a listener towards resolving an apparent temporary 

structural ambiguity.  Using direct object and embedded clause sentence pairs like 

(14a) and (14b), Nagel et al. (1996) created two prosodic conditions.  In the congruent 

prosody condition, sentences like (14a) and (14b) were produced with their natural 

prosody.  In the incongruent prosody condition, the shared segment between the two 

sentence pairs (e.g., for (14a) and (14b), The company owner promised the wage 

increase…) was cross-spliced, generating two new sentences with conflicting prosody: 

a direct object construction overlaid with sentential complement prosody (15a) and a 

sentential complement construction overlaid with direct object prosody (15b). 
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Congruent Prosodic Condition 

14a. Direct object: 

The company owner promised the wage increase to* the workers. 

14b. Embedded clause: 

The company owner promised the wage increase would* be substantial. 

Incongruent Prosodic Condition 

15a. Direct object: 

The company owner promised the wage increase to* the workers. 

15b. Embedded clause: 

The company owner promised the wage increase would* be substantial. 

Lexical decision probes were presented after the disambiguation point (noted by the * 

above).  Nagel et al. (1996) predicted longer reaction times to the probes in the 

incongruent prosody condition than in the congruent prosody condition.  Results from 

this study supported these predictions, providing further evidence that prosodic 

information does, in fact, influence on-line parsing decisions. 

In an attempt to characterize the intonational contours that could have driven 

the effect, Nagel et al. (1996) performed a series of acoustic analyses, analyzing 

fundamental frequency and the length of words and pauses, on similar sentence 

materials.  Regarding pitch, for direct object sentences (14a) there was a distinct rise-

fall F0 pattern such that a rise in the F0 trajectory appeared over the verb (promised) 

and then a drop over the following NP (the wage increase)10.  This was in contrast to 

embedded clause sentences (14b) where a marked fall-rise F0 pattern was seen such 

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
10 This pattern groups the verb and its direct object together into one intonational phrase. 
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that a fall in F0 trajectory appeared over the verb (promised) with a rise over the first 

stressed syllable of the following NP (wage).  For duration, Nagel et al. (1996) found 

longer durations for the verb (promised) preceding the embedded clause as well as 

longer pause durations following the verb as compared to the direct object sentences.  

Thus, pitch and duration that occurred prior to the ambiguous phrase yielded distinct 

patterns, suggesting that at the very least, there are prosodic cues to sentence structure 

that are available to the listener that could, in principle, allow the listener to predict 

structure. 

These results are in line with prior published studies that demonstrate that pitch 

patterns and duration elongations appear when there is a strong syntactic boundary 

(Cooper & Paccia-Cooper, 1980; Cooper & Sorensen, 1981; Klatt, 1975; 1976; Oller, 

1973; O’Shaughnessy, 1979; Vaissiere, 1974; 1975).  Taking these findings into 

consideration as well their own, Nagel et al. (1996) concluded that listeners use these 

cues immediately to locate major syntactic boundaries. 

As a reminder, CMI and CMP methods tap into on-line processing and provide 

a snapshot about the types of information being processed at a given temporal point.  

Other on-line methods such as eye-tracking allow for a more continuous measure of 

processing as a sentence unfolds in real-time.  For decades, eye-tracking research has 

lent its support to processing models through visual presentation of sentence material.  

More recently, researchers have moved from reading to the auditory presentation of 

stimuli. 
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 In eye-tracking paradigms, eye movements and gaze times to a particular 

stimulus (or stimuli) on a computer screen are recorded while participants perform a 

given task.  From these eye movement patterns (e.g., length of eye fixations, 

frequency of “backtracking” eye movements, etc.), inferences can be made regarding 

the way in which participants process and utilize information on-line. 

 Snedeker & Trueswell (2003) conducted an eye-tracking study in which they 

monitored the eye movements of listeners as they engaged in a referential 

communication task.  Ambiguous sentences like Tap the frog with the flower, where 

the PP with the flower can either modify the noun frog (NP-attachment) or link to the 

main verb tap (VP-attachment), were examined.  In this task, a speaker and a listener 

were positioned facing each other across a vertical screen.  They were each given a set 

of toys to lay out however they wished on a board in front of them, and the toys 

created the same ambiguous context for both the speaker and the listener (e.g., a frog, 

a flower, a frog holding a flower, a giraffe, and a lego).  The speaker then watched the 

experimenter (who was not visible to the listener) perform an action with the toys 

(e.g., the experimenter would use the flower as an instrument to tap the frog).  

Following the action, the speaker was given a card that had a sentence written on it 

that described the action that was just performed (e.g., Tap the frog with the flower).  

The speaker was told to memorize the sentence and to produce it in such a way that 

the listener would understand the speaker’s intended instructions.  Once the speaker 

alerted the experimenter that the sentence was memorized, the card was taken away 

and the experimenter performed the action for the speaker one more time.  Then the 
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speaker produced the sentence for the listener, and the listener had to use his or her 

own toys to perform the action that was conveyed via the speaker’s utterance.  When 

Snedeker & Trueswell (2003) analyzed the eye movements of listeners as they 

attended to the sentence and the toys on the board, they discovered that listeners 

fixated their eyes more on the frog and the flower if speakers produced the sentence 

Tap the frog with the flower with a VP-attachment prosodic contour; if however, 

speakers produced the sentence with an NP-attachment prosodic contour, then 

listeners fixated more on the frog holding the flower.  Interestingly, listeners were able 

to predict and direct their eye movements to the correct object prior to the onset of the 

PP in both conditions.  To explain this finding, Snedeker & Trueswell (2003) 

measured the duration of the pause after the verb tap and found that speakers were 

producing a longer pause in the NP-attachment condition than in the VP-attachment 

condition.  These findings are in accordance with previous studies showing that 

listeners are able to detect and use speaker-provided prosodic cues, particularly the 

presence or absence of a pause following the direct object noun (e.g., frog) in 

sentences that contain globally ambiguous PP attachments, to form initial parsing 

decisions (Cooper & Paccia-Cooper, 1980; Price et al., 1991; Warren, 1985). 

 More recently, researchers have employed pupillometry as a way of 

investigating on-line language processing.  In pupillometry, changes in pupil dilation 

are measured as a participant performs a task.  The rate and degree to which the pupils 

dilate is related to task demands; as a task becomes more difficult, pupil dilation 

increases (and the rate at which the pupils dilate increases as well), suggesting a 



 

	  

46 

greater cognitive load.  Furthermore, as some researchers have noted, changes in pupil 

diameter are graded (unlike the responses obtained from end-of-sentence 

comprehension tasks or eye movement tasks, which are more discrete in nature) (see 

Engelhardt, Ferreira, & Patsenko, 2009); as such, there is a greater level of fine-

grained detail that is obtained with pupillometry, and this makes it, perhaps, an 

excellent method of measuring on-line processing. 

In a study by Engelhardt et al. (2009), early closure sentences (e.g., While the 

woman cleaned the dog that was big and brown stood in the yard) were aurally 

presented to participants as they focused on a cross-hair on a computer screen in front 

of them.  Two types of prosodic conditions were created for the sentences: (1) 

cooperating prosody, in which a prosodic break (signaled by a pause and a slight 

change in pitch) appeared after the VP (cleaned) and (2) conflicting prosody, in which 

there was no prosodic break (no pause and no change in pitch) after the VP so that 

listeners would incorrectly expect a direct object to appear after the VP.  A 

comprehension question then followed stimulus presentation.  As expected, there was 

a significant increase in pupil diameter when participants encountered the conflicting 

prosody condition than when they encountered the conflicting prosody condition; 

there was no change, however, in pupil diameter when prosody and syntax were 

congruent.  Additionally, participants answered more comprehension questions 

incorrectly when a mismatch appeared between prosody and syntax.  Together, these 

results strongly suggest that listeners can tap into and capitalize on speaker-provided 
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acoustic cues early on in sentence processing.  In fact, it appears that listeners can use 

prosodic information even before they have to make relevant syntactic decisions. 

 

Contributions of the Dissertation 

 In summary, the evidence presented thus far has shown that prosody is 

regularly produced by speakers and that unimpaired listeners rely on these cues to 

assist in final comprehension.  Regarding the literature on prosody in production, very 

few researchers, with the exception of Speer and her colleagues, have addressed the 

issue of laboratory speech in stimuli development.  Speakers are often made aware of 

the ambiguities of interest and are overtly instructed to disambiguate the ambiguities 

in their productions.  As discussed previously, however, Speer and her colleagues 

employed an innovative cooperative game task, in which they were able to elicit 

natural and spontaneous productions of early and late closure ambiguities, as well as 

prepositional phrase (PP) ambiguities, from speakers without alerting them to the 

purpose of the experiment (e.g., Schafer, Speer, & Warren, 2005; Speer, Warren, & 

Schafer, 2003).  While Speer et al. investigated speakers’ productions of early/late 

closure and high/low PP attachment ambiguities, this dissertation examines speakers’ 

productions of another type of ambiguity in sentences –phrases that form idioms – that 

are considered lexical/phrasal ambiguities (see Chapters 2 and 3).  Additionally, this 

dissertation assesses how speakers produce these ambiguities without any visual 

support or communicative context (i.e., when they are not intentionally 

communicating information to listeners).  As a reminder, the cooperative game task in 
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the Speer et al. work involved two participants (i.e., “Driver” and “Slider”) who had to 

communicate with each other in order to accomplish the goals of the game.  When an 

ambiguity arose in the game11, both players became aware of it because they shared 

the same visual context.  In creating these ambiguous situations, Speer et al. 

demonstrated that speakers are sensitive to situational ambiguities and that they 

disambiguate these ambiguities with prosodic cues (see Schafer, Speer, & Warren, 

2005).  The current dissertation continues to investigate how speakers use prosody to 

convey intent when they are not alerted to the nature of the task or to the ambiguities 

of interest (in this dissertation, ambiguous idioms); however, this dissertation also 

seeks to determine if speakers are still sensitive to potential ambiguities even in the 

absence of a visual or overt communicative context. 

Concerning the literature on prosody in comprehension, some (albeit limited) 

research has shown that prosody is recruited in real-time to guide aspects of syntactic 

parsing (Engelhardt et al., 2009; Nagel et al., 1994; Nagel et al., 1996; Snedeker & 

Trueswell, 2003).  Using CMP and CMI, Nagel and colleagues demonstrated that 

listeners can detect and utilize speaker-provided acoustic cues to predict sentence 

structure (Nagel et al., 1994; Nagel et al., 1996).  However, it should be noted that 

Nagel and colleagues only included one probe point in their studies; no other probe 

points appeared at the beginning of their sentences or later downstream.  Without 

additional probe points, it is difficult to determine how processing did or did not 

change over the course of an auditory sentence.  Additionally, because CMP/CMI 
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
11 Consider, for example, a situation in which the “Driver” tells the “Slider” to move the square with the 
triangle.  Two possible moves may be available to the “Slider” at that time.  The “Slider” can either (1) 
move the square token that has a triangle on it or (2) move the square token with the triangle token.	  
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methods measure snapshots of on-line processing via overt responses to probes at 

strategic points in sentences, these methods are limited in the level of fine-grained 

temporal detail they are able to provide on how processing proceeds moment-by-

moment. 

Other studies that have employed methods better suited to capturing 

information about processing as it occurs, such as eye-tracking and pupillometry, have 

also shown that listeners use prosodic information to make initial parsing decisions 

(Engelhardt et al., 2009; Snedeker & Trueswell, 2003).  One of the advantages of 

pupillometry is that it requires no visual or pictorial support; listeners only need to fix 

their eyes on a single designated location as they listen to sentences uninterruptedly.  

In Chapter 4 of this dissertation, pupillometry is used to investigate the role of prosody 

during the real-time processing of sentences containing temporary structural 

ambiguities.  One unique feature of the study discussed in Chapter 4 is that it analyzes 

changes in pupil diameter, which is an indirect measure of processing load or 

difficulty, across sentences at different time windows of interest.  To my knowledge, 

no study utilizing pupillometry to examine prosody in sentence processing has 

analyzed pupillary responses across smaller time windows.  Engelhardt et al. (2009), 

for example, analyzed pupillary responses across one time window only (1.2s in 

length, 200ms post onset of the disambiguating word).  Because they did not include 

other time windows in their analyses, information regarding how pupil diameter 

changed over the course of their experimental sentences is unknown.  Chapter 4 of this 

dissertation addresses this issue, thus providing a more complete picture of the time 
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course at which listeners use speaker-provided prosodic cues during sentence 

processing. 

Together, the studies in this dissertation provide a comprehensive view of 

prosody as it relates to sentence production and sentence comprehension.  As 

observations from the following behavioral, kinematic, and pupillometric 

investigations will show, prosodic-acoustic information serves as an important source 

of information for both speakers and listeners in communication.  Speakers not only 

produce acoustic cues to convey meaning, but listeners actively exploit these cues in 

real-time to build sentence structure. 
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Prosody in spoken language serves a variety of functions, including 

communicating emotional states, differentiating between different types of sentences 

(e.g., statements, questions, and commands), and bringing certain words into and out 

of focus through emphasis and stress.  Speakers not only use prosody to convey non-

linguistic information (e.g., affect/emotion) to their listeners, but they also provide 

their listeners with prosodic cues to guide and facilitate sentence processing and 

comprehension.  In fact, studies have shown that listeners are sensitive to acoustic 

cues like duration (Nagel, Shapiro, & Nawy, 1994; Van Lancker, Canter, & Terbeek, 

1981), pitch (Nagel, Shapiro, & Nawy, 1994; Nagel, Shapiro, Tuller, & Nawy, 1996; 

Nicol, 1996; Van Lancker, Canter & Terbeek, 1981), and pausing (Van Lancker, 

Canter, & Terbeek, 1981) and that they use these cues to help them parse, process, and 

understand a variety of sentence constructions, particularly those that are syntactically 

complex (Cooper & Paccia-Cooper, 1980; Cooper & Sorensen, 1981, Nagel et al., 

1994; Van Lancker et al., 1981, respectively). 

While there is evidence linking certain prosodic cues and patterns to various 

linguistic structures (Cooper & Paccia-Cooper, 1980; Cooper & Sorensen, 1981, 

Nagel et al., 1994; Van Lancker et al., 1981), a potential confound exists in many of 

these studies that hinders interpretation and generalization.  Known as the “laboratory 

speech problem,” the materials that are often used to examine prosody during sentence 

processing and production may not accurately reflect the prosodic patterns found in 

spontaneous and natural speech (Schafer, Speer, Warren, & White, 2000).  In most 

studies examining prosody, speakers, both expert and naïve, are usually made aware of 
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the meaning of an utterance before they produce it; as such, they are more likely to 

modulate their prosody (consciously or subconsciously) to provide the appropriate 

acoustic cues that best convey the intended meaning of the utterance (Albritton, 

McKoon, & Ratcliff, 1996).  Not only can this bias influence the way in which 

speakers produce prosodic cues during sentence production, but it can also affect the 

way in which listeners process these cues during complex sentence processing.  In 

other words, while it appears that listeners use acoustic cues at the sentential level to 

reach a correct syntactic parse, the following question must first be answered prior to 

any examination of prosody in comprehension: Are speakers reliably producing these 

cues for their listeners in the natural world apart from an experimental setting or 

environment? 

In this novel investigation, we seek to remove the “laboratory speech problem” 

via an innovative approach (described in detail below) to assess if speakers reliably 

produce specific prosodic cues to convey the intended meaning of lexical items during 

sentence production when those lexical items have multiple possible interpretations.  

Specifically, ambiguous idiomatic phrases (i.e., kicked the bucket) are employed, as 

they have both a literal (kicked + the + bucket) and figurative (died) interpretation. 

Before proceeding any further, it is important to note that this study is 

primarily concerned with how ambiguous idiomatic phrases are produced within 

sentences rather than how they are produced as stand-alone lexical items (i.e., words).  

The reason for this is twofold.  First, because we speak in sentences as part of a larger 

discourse, this investigation assumes the position that the sentence is the basic unit of 
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spoken language (Poirier & Shapiro, 2012).  Second, ambiguous idioms, which have 

both a literal and figurative interpretation, can only be disambiguated when the 

surrounding context biases the idiom towards one interpretation over the other.  Thus, 

the goal of the current study is to better understand how the literal and figurative 

interpretations of ambiguous idioms are accessed and then realized in spoken sentence 

production. 

 

Idioms as Tools for Investigating Prosody in Production 

 An idiom is a phrase whose meaning is not generally predictable from the 

meaning of the individual words themselves; as such, the meaning of an idiom 

typically cannot be extracted via traditional compositional (i.e., word-by-word) 

analysis (Cacciari & Tabossi, 1988).  Consider, for example, the idiom kicked the 

bucket, which has the figurative meaning died.  Notice that died cannot be derived 

from any of the meanings of the constituent elements; hence, it cannot be derived via a 

compositional approach (kicked + the + bucket) as in the literal interpretation 

(Swinney & Cutler, 1979).  Additionally, idioms can be ambiguous in that they have 

more than one possible interpretation.  The idiom kicked the bucket, for example, is 

ambiguous because it can either mean that (1) someone physically kicked a bucket 

with his/her foot (i.e., the literal interpretation) or (2) someone died (i.e., the figurative 

interpretation). 

Idiom Comprehension 

Just as the meanings of single words must be learned, the figurative 
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interpretations of idiomatic phrases must be learned as well.  Researchers have 

proposed that these phrases become lexicalized as users become more familiar with 

their meanings (e.g., Estill & Kemper, 1982; Glass, 1983; Jackendoff, 2002; Levelt, 

1989; Sprenger, Levelt, & Kempen, 2006; Swinney & Cutler, 1979); as such, the 

figurative interpretations are stored and represented in the lexicon as single, holistic 

units.  While prior psycholinguistic research on the nature of idiom processing and 

comprehension has suggested that lexical access occurs for both the literal and 

figurative interpretation of an idiomatic phrase (Cacciari & Tabossi, 1988; Colombo, 

1993; Tabossi & Zardon, 1995, Titone & Connine, 1994, and others), the timing at 

which each of these interpretations is accessed remains unclear.  Some researchers 

have argued that lexical access for all meanings (literal and figurative) associated with 

an idiom is immediate and exhaustive at the phrase’s offset (Hillert & Swinney, 2001; 

Swinney, 1982); others claim that there is a temporal discontinuity between when an 

idiom’s literal interpretation is accessed and when its figurative interpretation is 

accessed (Cacciari & Tabossi, 1988; Libben & Titone, 2008; Tabossi & Zardon, 1993, 

1995; Titone & Connine, 1994).  Cacciari & Tabossi (1988) have proposed that lexical 

access for the figurative interpretation of an idiom can occur prior to the phrase’s 

offset, especially when the idiom is highly predictable and familiar (see also Tabossi 

& Zardon, 1993, 1995).  In contrast, if an idiom is low in predictability, then listeners 

will be slower to access its figurative meaning (e.g., immediately at the offset of the 

idiomatic phrase or several hundred milliseconds post-offset of the idiomatic phrase) 

(Cacciari & Tabossi, 1988; Colombo, 1993; Tabossi & Zardon, 1993, 1995; Titone & 
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Connine, 1994; Libben & Titone, 2008).  For example, lexical access to the figurative 

meaning of kicked the bucket (a highly familiar, and therefore, more predictable 

idiom) would occur sooner than lexical access to the figurative meaning of bought the 

farm (i.e., died; a less familiar, and therefore, less predictable idiom). 

Idiom Production 

As Sprenger and colleagues (2006) rightly caution, however, theories of idiom 

comprehension may not hold for idiom production because speakers and listeners have 

different communicative goals.  Speakers know what they want to convey to their 

listeners and must communicate their message accordingly; in contrast, listeners must 

decipher and interpret the meaning of the conveyed message.  Within the idiom 

production literature, there has been some debate concerning the lexicalization of 

idiomatic expressions for speech production.  One particular model, which elaborates 

on Dell’s (1986) spreading activation model of language production, proposes that 

idioms are stored as unitary entities at the lexical-conceptual level but not as single 

words (Cutting & Bock, 1997).  According to Cutting and Bock (1997), when an 

idiom is activated at the lexical-conceptual level, activation spreads to the lemmas 

(i.e., words) that comprise the idiom and to an associated syntactic representation.  In 

contrast, Sprenger and colleagues (2006) propose a model in which idioms are stored 

in the mental lexicon as superlemmas – lemmas, which unlike simple lemmas, code 

for syntactic information (Sprenger et al., 2006).  Thus, just as a single word is 

produced with the activation of its lemma, an idiom is produced with the activation of 

its superlemma.  While not all agree as to how idioms are represented in the mental 
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lexicon, there is general consensus that idioms are stored as whole units at some level 

of processing.  When a speaker intends to produce the figurative interpretation of an 

idiom, s/he can access the idiom as a single “chunk” because all of the words that 

comprise the idiom are stored together.  In contrast, when a speaker intends to produce 

the literal interpretation of an ambiguous idiom, s/he must access each individual 

constituent word of the phrase separately. 

This hypothesis concerning idiom access for production is also supported by 

studies examining the acoustic properties of sentence productions containing 

ambiguous idioms.  Van Lancker and Canter (1981), for example, instructed two male 

speakers to read aloud 15 ditropic sentence pairs containing ambiguous idioms (i.e., 

two identical sentences, one with a literal meaning and one with a figurative meaning, 

such as He didn’t know he was skating on thin ice) and use only their speech output to 

convey the two different meanings of each pair.  To identify the specific parameters on 

which the literal productions differed from the figurative productions, Van Lancker, 

Canter, and Terbeek (1981) performed various acoustic analyses on the sentences and 

found the following: (1) longer word and sentence durations for the majority of the 

literal productions than for the figurative productions, (2) more clearly defined lexical 

and phrasal boundaries for the literal productions than for the figurative productions – 

that is, speakers tended to place more emphasis on the individual words and phonemes 

of the literal sentences, which resulted in longer phonetic segments, and (3) a greater 

number of pauses in the literal productions than in the figurative productions.  After 

examining the frequency at which these pauses occurred across the two productions, 
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the authors identified distinct prosodic patterns unique to each production; literal 

productions showed “A accent” pitch contours, which indicate syntactic separateness, 

and figurative productions showed “B accent” pitch contours, which indicate syntactic 

connectedness (Van Lancker, Canter, and Terbeek, 1981).  The acoustic cues 

associated with the literal interpretation thus serve to separate and highlight the 

constituent parts of the phrase whereas the acoustic cues associated with the figurative 

interpretation signal a “blending” of the constituents (Van Lancker, Canter, and 

Terbeek, 1981).  These cues, though subtle, can be detected and exploited by listeners 

to correctly determine the intended meaning of an ambiguous sentence, even in the 

absence of semantic context (Van Lancker & Canter, 1981). 

While the evidence in support of speaker-provided acoustic cues for the 

intended meaning of an ambiguous idiomatic phrase is compelling (Van Lancker & 

Canter, 1981; Van Lancker, Canter, & Terbeek, 1981), it is difficult to determine how 

much of the results were driven by the methodology employed.  As discussed 

previously, these studies fail to address aspects of the “laboratory speech problem”; 

speakers are alerted to the purpose of the experiment and are asked to produce 

particular meanings of sentences containing idioms.  This is particularly problematic 

because native language users are highly sensitive to idioms.  Indeed, it has been 

extensively reported in the literature that some idiomatic phrases have exceptionally 

high familiarity ratings for either the literal, figurative, or both interpretations 

(Connine, Blasko, Brandt, & Layer, 1992; Cronk, Lima, & Schweigert, 1993; Libben 

& Titone, 2008; Popiel & McRae, 1988).  As such, native language users may find it 
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difficult to inhibit the preferred, more frequent interpretation of ambiguous idioms 

during these types of production tasks, and speakers may not produce the desired, 

intended meaning of the less preferred interpretation. 

 

Methodological Considerations 

Because some idioms are overused and highly familiar, it is difficult to 

confidently ascertain if speakers can consciously produce the intended meaning of an 

idiomatic phrase without providing a biased read.  The current study approaches this 

issue in a novel way by combining two different methodologies (list priming and 

syntactic priming) into a single paradigm to control for potential “conscious control” 

confounds.  Both list priming and syntactic priming have been well established in the 

psycholinguistic literature as reliable measures of real-time, unconscious priming.  

List priming (Prather, Zurif, Stern, & Rosen, 1992; Stern, Prather, Swinney, & Zurif, 

1991) requires participants to read target and filler words in succession within regular, 

but brief time intervals, giving participants little time to consciously process each item 

and its relation to other items.  Most often, the words in succession are unrelated; 

however, a subset of those items will be semantically related to a prior occurring item.  

The idea is simple – participants are faster at processing an item when it immediately 

follows a semantically related item than when it follows a semantically unrelated item.  

In studies that use list priming, participants are asked to perform a distractor task as 

they proceed through the list in order to discourage them from seeing patterns or 

relations among the items.  In syntactic priming, the unconscious processing of a 
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sentence is facilitated when it shares the same syntactic structure as the immediately 

preceding sentence (Bock, 1986; Bock & Loebell, 1990; Chang, Dell, Bock, & 

Griffin, 2000).  By combining these psycholinguistic approaches, we are able to create 

an environment where the literal and figurative meanings of idiomatic phrases are 

“primed” and produced by participants in sentence contexts without a priori conscious 

knowledge, thus mitigating the potential biasing confound of the “laboratory speech 

problem.”  This approach allows for a more naturalistic measure of the acoustic cues 

produced by speakers. 

Finally, since the production of an idiom can be influenced by a speaker’s 

conscious preference in meaning, it is impossible to use overt techniques to investigate 

implicit intent.  Thus, utilizing a method that capitalizes on the strengths of list 

priming and syntactic priming is advantageous because it allows us to control for any 

individual biases that participants may have towards the target idioms. 

 

Aims of the Current Study 

 Prior studies have shown that speakers produce acoustic cues that are 

congruent with the intended meaning of their utterances, even when those sentences 

are structurally ambiguous (Cooper & Paccia-Cooper, 1980; Cooper & Sorensen, 

1981, Nagel et al., 1994; Van Lancker et al., 1981).  However, because the “laboratory 

speech problem” remains largely unresolved in these studies, it is unclear if speakers 

truly supply their listeners with prosodic cues that aid in comprehension in real world, 

communicative situations.  In the present investigation, we aim to clarify this issue by 
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implementing a novel paradigm that combines the unique features of list priming and 

syntactic priming to unconsciously bias speakers towards a particular interpretation of 

an ambiguous sentence, particularly one that contains an ambiguous idiom.  This 

approach allows us to determine with greater accuracy if speakers are reliably 

producing prosodic cues to convey intent, and if so, the manner in which they are 

producing those cues. 

As discussed earlier, Van Lancker et al. (1981) found that on average, speakers 

took a longer time to produce the literal interpretation of sentence containing an 

ambiguous idiom than its corresponding figurative interpretation (see also Bélanger, 

Baum, & Titone, 2009).  We therefore focus our analyses on duration.  Unlike Van 

Lancker et al. (1981), who measured overall sentence duration and individual word 

duration, we measure the duration of the entire ambiguous phrase (i.e., the VP) and the 

individual constituent parts comprising that phrase (i.e., the V and the NP) in order to 

determine if acoustic differences can be detected as early as the initial verb of the 

phrase. 

In sum, this study sets out to answer the following three questions.  First, can 

we elicit the intended reading of an ambiguous phrase (specifically, an ambiguous 

idiom) placed in a contextually neutral sentence unbeknownst to participants using the 

proposed methodology?  Second, can we replicate the results from prior studies and 

show that the figurative interpretations of ambiguous idioms are produced faster than 

their literal counterparts?  And finally, if durational differences are found between the 

two interpretations, can we detect this difference at the first constituent component 
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(i.e., the V) of the idiomatic phrase, which would reflect an early influence of intended 

meaning on production? 

 

Methods 

Participants 

 Thirty-six participants (8 males, 28 females; M = 20.5 years) were recruited 

from the University of California, San Diego to participate in the following 

experiment, and each received course credit for his or her participation.  Based on self-

report, all of the participants in this experiment were right-handed, monolingual, 

native speakers of English (i.e., they were not exposed to a second language prior to 

the age of six); all had a negative reported history of drug abuse and/or neurological, 

speech, language, and/or hearing disorders; and all reported having normal or 

corrected-to-normal vision. 

Experimental Stimuli 

 Forty idioms of the form V + NP were compiled from various resources (e.g., 

A Dictionary of American Idioms).  To ensure that the chosen phrases were common 

to the population being studied and that the intended interpretation of those phrases 

could be elicited from participants, two pre-tests were created: (I) a familiarity pre-test 

and (II) a definitions pre-test.  A separate group of 32 undergraduates from the 

University of California, San Diego who met the above criteria either completed the 

(I) familiarity pre-test (n = 12; M = 20.1 years; SD = 1.4) or (II) definitions pre-test (n 

= 20; M = 21.6 years; SD = 4.9) for course credit. 
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Pre-test I.  In this pre-test, participants rated their familiarity with each of the 

40 idioms using a 5-point Likert scale (1 = not at all familiar, 5 = highly familiar).  

Idioms were underlined and placed in sentences that took the form Noun Phrase + 

Prepositional Phrase + Idiomatic Phrase + Prepositional Phrase.  The first Noun 

Phrase + Prepositional Phrase always created a neutral context.  Following the 

Idiomatic Phrase, the subsequent Prepositional Phrase was biased towards the idiom’s 

figurative interpretation as in: Yesterday afternoon Susan kicked the bucket without 

waking up after the children left to go play miniature golf (here, the idiom is 

underlined, and the figurative bias is marked in bold).  The 40 idioms that were tested 

resulted in an average familiarity rating of 4.46 (SD=0.58). 

 Pre-test II.  In this free-response task, participants were asked to read forty 

sentences containing an underlined idiomatic expression.  Of those forty sentences, 

half of the sentences biased the idioms towards their literal interpretation, while the 

remaining half biased the idioms towards their figurative interpretation.  These 

sentences were constructed in the same manner as those in Pre-test I.  Consider, for 

example, the following sentence, where the idiom kicked the bucket is biased towards 

its literal interpretation: Yesterday afternoon Susan kicked the bucket around the large 

yard after the children left to go play miniature golf (again, the idiomatic phrase is 

underlined, and the literal bias is marked in bold).  Different versions of Pre-test II 

were generated to counterbalance the two conditions (i.e., literal and figurative).  

Below each sentence, a line prompting the participant to respond was provided, and 
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participants were asked to write a brief description conveying the meaning of the 

underlined idiom in the sentence above it. 

Mean accuracy for the 40 idioms in the free-response task (where the 

interpretation of the idiom matched the context of the sentence) was 83.5% for the 

figurative interpretation and 58.0% for the literal interpretation.  Thus, based on the 

results of Pre-tests I and II, a subset of 10 non-decomposable12 ambiguous idioms (out 

of the 40 tested) that received > 75% accuracy on both pre-tests were selected for this 

experiment. 

Because each non-decomposable idiom had two possible meanings, two 

separate experimental lists (i.e., literal and figurative) were generated (see the 

Appendix for a full list).  For each list, the ten idioms were inserted into a neutral 

sentence context after a named noun (e.g., Jack kicked the bucket).  All of these target 

sentences were equal in length and consisted of four words total.  Sentence triads were 

created where the target sentence was preceded by two sentences that set up the 

desired context for the literal or figurative interpretation of the target sentence (see the 

Appendix for a full list). 

In the literal condition, the first sentence of a triad always set up the meaning 

of the target verb of the target idiom (i.e., kicked in kicked the bucket) by incorporating 

a verb that was semantically related to the target verb (e.g., crushed; 1a below).  The 

second sentence (i.e., the literal match; 1b) served to focus the reader on the meaning 

of the target verb so that the reader would be prompted to produce the literal reading 

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
12 Decomposability refers to the degree to which an idiom’s figurative interpretation can be deduced 
from the meanings of the constituent words. 
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of the idiomatic phrase in the following target sentence (1c).  This was accomplished 

by using the actual verb from the target idiom (in this case, kicked) and maintaining 

the direct object (i.e., the NP, the picture) of the first sentence.  The literal match, 

which precedes the target stimulus, also provides a control condition to compare the 

rate of verb production of the target idiom.  The final sentence of a triad was the target 

sentence that contained the target idiom in neutral context.  Named nouns were never 

repeated in a triad that appeared in the literal bias list.  An example of a triad in the 

literal condition is provided below: 

 1a. Andrew crushed the picture. 

 

 1b. Harold kicked the picture. 

 

1c. Jack kicked the bucket. 

 In the figurative condition (2a-2c below), the two sentences that preceded the 

target sentence in the triad always established a semantic context to elicit the 

figurative interpretation of the target idiom (2c).  As such, named nouns were always 

repeated in each triad to create a small story line. 

2a. Frank suffered from meningitis. 

2b. Frank failed to recover. 

2c. Frank kicked the bucket. 

 To minimize the possibility of participants developing strategies during testing, 

seventy filler sentences were included in each experimental list.  These sentences were 

constructed in a manner similar to the sentences in the triads described above and 
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consisted of either four or five words in the form of Name-V-NP or Name-V-PP.  For 

the literal bias list, the filler items were all distinct, unrelated sentences (that is, they 

differed from each other in terms of their content and their named noun).  However, 

for the figurative bias list, distinct, unrelated sentences were mixed with sets of two or 

three contextually related sentences (like the experimental triads in the figurative bias 

list, the named noun was repeated for each sentence in a set).  This was done in order 

to reduce the possibility that participants would detect the experimental triads. 

Furthermore, to prevent participants from becoming aware of the link between 

the sentences in the triads, participants were asked to perform a secondary, distractor 

task.  Participants were asked to read backwards any sentence that appeared in a blue 

font (all other sentences were presented in black) (see Figure 2-1).  Eighteen of the 

seventy filler items in each of the readings were written in blue, and these sentences 

occurred randomly throughout the experiment but never immediately before an 

experimental triad.  This secondary task approach is common in real-time language 

comprehension paradigms where we focus the participants on a binary decision task, 

for example, to divert their attention away from any possible relatedness between 

stimuli.  This accounted for 18% of all of the items in the list (100 total sentences, 70 

of which were filler sentences and 30 of which were experimental sentences (10 triads, 

3 sentences each)). 

Design 

 Of interest in this investigation was the duration of the literal and figurative 

readings of the idiomatic phrases (e.g., kicked the bucket) in the target (last) sentence 
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of each triad.  Specifically, duration measures of the entire verb phrase (VP, kicked the 

bucket) as well as each of the components within (V, kicked; NP, the bucket) were 

measured.  Thus, in this 2 (literal, figurative) x 3 (VP, V, NP) within subjects design, 

participants received all of the stimulus items in both bias lists in one session. 

The experiment was administered via Microsoft PowerPoint such that a 

crosshair would appear on a 21” flat screen monitor for 2 seconds before each item 

was presented (see Figure 2-1).  This was done in order to orient the reader prior to the 

onset of a stimulus item.  Once a sentence appeared on the screen, it remained on the 

screen for 2.5 seconds.  Each sentence was presented on a single line in Arial 14-point 

font.  In front of each participant was a BOSE microphone placed in an adjustable 

stand.  To ensure accurate data collection, participants’ voiced readings of the 

sentences were recorded onto the computer itself through the use of the software 

CoolEdit Pro® and onto a SONY digital tape recorder.  The entire experiment lasted 

less than one hour. 
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Figure 2-1. The time course of the experiment as it was administered via Microsoft 
PowerPoint. 

 

Procedure 

 Participants were seated in front of a PC computer with a 21” flat panel 

monitor in a sound attenuated booth.  They were told to focus on a crosshair that 

appeared in the center of the screen.  Whenever a sentence appeared in place of the 

crosshair, they had to read it out loud normally.  If they saw a sentence written in blue, 

however, they had to read the sentence backwards word-by-word from right to left.  

For example, if the sentence “Scott liked his job” appeared in blue, participants read 

the sentence aloud as “Job his liked Scott.”  A practice trial comprised of ten sentences 

was administered to participants prior to the experiment in order to familiarize them 

with the task and with the presentation speed of the sentences.  None of the practice 

sentences contained an idiom. 

After participants completed the practice trial, the experiment began.  The 

literal bias list was always administered to participants first in order to prevent them 
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from becoming aware of the figurative meanings of the idioms.  If the figurative bias 

list was administered first, exposure to the idioms may influence speakers’ 

productions of the targets in the literal bias list.  Upon completion of the literal bias 

list, participants were given a 10-minute filler task, which was completely irrelevant to 

the current experiment, in order to increase the amount of time between the two 

experimental lists.  Following the filler task, participants were administered the 

figurative bias list. 

Data Analysis 

 All of the productions of the idiomatic phrases were extracted from the target 

sentences in the literal and figurative bias lists for each participant using a waveform 

editor (Adobe Audition®).  For every production, the onset and offset of each word in 

the phrase was measured, and a duration value was obtained for each of the three VP 

components (i.e., VP, V, and NP).  Additionally, all of the productions of the matched 

phrases in the literal condition were analyzed in the same manner for comparison with 

the literal and figurative productions of the target idiom. 

 

Results 

As shown in Table 2-1, production times were generally faster in the figurative 

condition than in the other two conditions.  One-way analyses of variance were 

conducted to compare the different sentence conditions (i.e., literal, figurative, and 

literal match). 
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Table 2-1. Mean production times of the idiomatic phrases and their constituent 
components (in ms) across 36 participants. 

 
 KICKED THE BUCKET KICKED THE BUCKET 

VP V NP 
Figurative 772.0 281.2 491.0 
Literal 788.7 288.1 500.6 
 KICKED THE PICTURE KICKED THE PICTURE 
Literal Match 789.3 310.8 478.7 

 

Literal vs. Figurative 

Overall duration of the VP.  The mean duration of the literal VP across 

participants was 788.7ms (SD = 102.7), and the mean duration of the figurative VP 

across participants was 772.0ms (SD = 97.5) (see Figure 2-2).  These values show that 

the literal VP, on average, was longer than the figurative VP.  This difference was 

statistically significant (F(1, 35) = 4.636, p < .05). 

 
 
Figure 2-2. Mean durations of the VP for the literal and figurative sentence conditions, 

*=p < .05. 
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Duration of the V.  The mean duration of the literal V across participants was 

288.1ms (SD = 47.6), and the mean duration of the figurative V across participants 

was 281.2ms (SD = 47.5) (see Figure 2-3).  Similarly to the VP, the literal V, on 

average, was longer than the figurative V.  This difference was marginally significant 

(F(1, 35) = 3.401, p = 0.074).  Thus, on average, participants took a longer time to 

produce the literal V than the figurative V. 

 
 
Figure 2-3. Mean durations of the V for the literal and figurative sentence conditions, 

** indicates marginal significance. 
 

Duration of the NP.  The mean duration of the literal NP across participants 

was 500.6ms (SD = 66.2), and the mean duration of the figurative NP across 

participants was 491.0ms (SD = 61.0) (see Figure 2-4).  This difference was not 
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statistically significant (F(1, 35) = 2.758, p = 0.106).  Thus, participants did not differ 

in the rate at which they produced the literal NP and the figurative NP. 

 
 
Figure 2-4. Mean durations of the NP for the literal and figurative sentence conditions. 
 

Literal vs. Literal Match 

 In the current experiment, literal match sentences were included in the literal 

bias list.  These literal match sentences, which always preceded the target sentences, 

served to focus the reader on the meaning of the target verb so that they would be 

more likely to produce the literal reading of the idiomatic phrase of the following 

target sentence.  Including a literal match condition in this experiment is advantageous 

because it allows us to compare the production of a non-ambiguous literal phrase to 

the production of the literal meaning of an idiomatic phrase.  Duration measurements 

were obtained for the literal match sentences by measuring the overall duration of the 
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matched phrase (i.e., the VP) and the individual constituent parts comprising the 

phrase (i.e., the V and the NP). 

Overall duration of the VP.  The mean duration of the literal VP across 

participants was 788.7ms (SD = 102.7), and the mean duration of the literal match VP 

across participants was 789.3ms (SD = 104.6) (see Figure 2-5).  This difference in 

duration between the literal VP and the literal match VP was not statistically 

significant (F(1, 35) = .012, p = 0.914).  These results show that speakers took 

approximately the same amount of time to produce the literal VP and the literal match 

VP. 

 
 

Figure 2-5. Mean durations of the VP, V and NP for the literal and literal match 
sentence conditions, *=p < .05. 
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Duration of the V.  The mean duration of the literal V across participants was 

288.1ms (SD = 47.6), and the mean duration of the literal match V across participants 

was 310.8ms (SD = 47.4) (see Figure 2-5).  These results indicate that on average, the 

literal match V was longer than the literal V.  This difference was statistically 

significant (F(1, 35) = 46.933, p < .001).  Thus, participants took a longer time to 

produce the literal match V than the literal V.  Such a finding can be explained in 

terms of repetition effects – that is, when a word is repeated across two consecutive 

sentences, participants should be faster to produce that word in the second sentence 

than in the first because they just encountered it in the previous (or first) sentence.  

Because the same verb appeared across two consecutive sentences (i.e., the literal 

match and the literal target), participants were faster to produce the verb in the second 

sentence (the literal target) than in the first (the literal match). 

 It should be noted that the effects of repetition here most likely affected the 

outcome of the literal verses figurative verb comparison.  To recap, the difference in 

duration between the literal verb and the figurative verb approached statistical 

significance (p = 0.074).  We predict that controlling for the repetition effects across 

the literal match and the literal target would most likely bring the difference in 

duration between the literal and figurative verb to statistical significance (where p < 

.05). 

Duration of the NP.  The mean duration of the literal NP across participants 

was 500.6ms (SD = 66.2), and the mean duration of the literal match NP across 

participants was 478.7ms (SD = 65.8) (see Figure 2-5).  This time, a pattern opposite 
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to what was found for the V was found for the NP.  The literal NP, on average, was 

longer than the literal match NP, and this difference was statistically significant (F(1, 

35) = 24.923, p < .001).  Thus, participants took a longer time to produce the literal 

NP than the literal match NP.  To explain this pattern of results, recall that when a 

word is repeated across two consecutive sentences, participants are typically faster to 

produce that word in the second sentence than in the first because they just 

encountered it in the previous (or first) sentence.  After seeing the same verb repeated 

across the two sentences (i.e., the literal match and the literal target), participants may 

have also expected to see the same noun phrase repeated across the two sentences.  

Contrary to their expectations, however, participants saw a different noun phrase in 

the second sentence (the literal target).  This kind of a surprise effect may explain why 

longer NP durations were found for the literal target condition than for the literal 

match condition. 

Figurative vs. Literal Match 

In our final analysis, we compared the figurative condition to the literal match 

condition for each of the three VP components in order to determine if there were any 

differences in duration between the production of the figurative meaning of an 

idiomatic phrase and the production of a non-ambiguous literal phrase.  Differences 

would suggest that speakers produce acoustic cues in their utterances to convey 

meaning and that the figurative meanings of ambiguous idioms are uniquely distinct 

from their literal counterparts in terms of their representation, access, and retrieval. 
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Overall duration of the VP.  The mean duration of the figurative VP across 

participants was 772.0ms (SD = 97.5), and the mean duration of the literal match VP 

across participants was 789.3ms (SD = 104.6) (see Figure 2-6).  This difference in 

duration between the figurative VP and the literal match VP was marginally 

significant (F(1, 35) = 3.972, p = 0.054).  In general, speakers produced the figurative 

VP at a faster rate than the literal match VP. 

 
 

Figure 2-6. Mean durations of the VP, V and NP for the figurative and literal match 
sentence conditions, *=p < .05. 

 

Duration of the V.  The mean duration of the figurative V across participants 

was 281.2ms (SD = 47.5), and the mean duration of the literal match V across 



 

	  

87 

participants was 310.8ms (SD = 47.4) (see Figure 2-6).  Speakers were faster to 

produce the figurative V than the literal match V, and this difference was statistically 

significant (F(1, 35) = 41.362, p < .001).  Recall that in the literal condition, target 

verbs were repeated across two consecutive (i.e., the second and third) sentences in 

each triad.  This repetition elicited faster productions of the target verb in the literal 

condition than in the literal match condition.  In the figurative condition, target verbs 

were not repeated across sentences in any of the triads.  Rather, the two sentences 

preceding the target sentence in a triad created a context to elicit the figurative 

interpretation of the target idiom.  Even still, speakers produced the target verb at a 

faster rate in the figurative condition than in the literal match condition.  This 

observation that speakers applied the appropriate prosodic cues congruent with the 

figurative meaning of an idiom as early as the verb suggests that speakers could 

correctly predict the appearance of an idiom as soon as they encountered the verb. 

Duration of the NP.  The mean duration of the figurative NP across 

participants was 491.0ms (SD = 61.0), and the mean duration of the literal match NP 

across participants was 478.7ms (SD = 65.8) (see Figure 2-6).  On average, speakers 

took a longer time to produce the figurative NP than the literal match NP, and this 

difference was statistically significant (F(1, 35) = 4.204, p < .05).  This finding can 

again be attributed to repetition effects.  The NP in the first sentence of a literal triad 

was repeated in the following sentence, which was the literal match sentence.  

Exposure to the NP in the first sentence therefore facilitated a faster production of the 

same NP in the second sentence (i.e., the literal match sentence).  Prior exposure to the 
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NP did not occur, however, within a given triad in the figurative condition.  As such, 

the duration of the NP was longer in the figurative condition. 

It is important to note that the difference in duration between the figurative VP 

and the literal match VP approached statistical significance (p = 0.054).  We predict 

that controlling for the repetition effects observed here in this analysis would most 

likely bring the difference in duration between the figurative VP and literal match VP 

to statistical significance (where p < .05). 

 

Discussion 

 In this experiment, we set out to answer the following three questions.  First, 

can we elicit the intended reading of an ambiguous phrase (specifically, an ambiguous 

idiom) placed in a contextually neutral sentence unbeknownst to participants using the 

proposed methodology?  Second, can we replicate the results from prior studies and 

show that the figurative interpretations of ambiguous idioms are produced faster than 

their literal counterparts?  And finally, if durational differences are found between the 

two interpretations, can we detect this difference at the first constituent component 

(i.e., the V) of the idiomatic phrase, which would reflect an early influence of intended 

meaning on production? 

 The answer to all three questions is yes.  Through our methodology, which 

combined elements of list priming and syntactic priming, we were able to “trick” 

speakers into producing the appropriate acoustic cues congruent with certain 

meanings.  A statistically significant difference in duration was found between the 
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literal and figurative conditions across the entire idiomatic VP, showing that speakers 

produced the figurative interpretations of the ambiguous idiomatic phrases faster than 

the literal interpretations.  These results are consistent with previous findings in the 

literature (Bélanger, Baum, & Titone, 2009; Van Lancker, Canter, and Terbeek, 1981).  

Additionally, a marginally significant difference in duration between the literal and 

figurative conditions emerged at the verb of the idiomatic phrase.  We predict that this 

difference would have reached statistical significance had we controlled for repetition 

effects (recall that the target verb was repeated in the literal condition but not in the 

figurative condition).  It should be noted, however, that even though this difference 

was marginally significant, speakers still generally produced the verb more quickly in 

the figurative condition than in the literal condition.  When compared to the control 

condition (i.e., the literal match condition), the literal condition did not differ from the 

literal match condition across the entire VP.  In contrast, the difference in duration 

between the figurative condition and the literal match condition across the VP was 

close to reaching statistical significance.  Again, we attribute this finding to the effects 

of repetition (particularly at the NP) and predict that controlling for such effects would 

bring this difference to statistical significance.  Together, these findings show that (1) 

speakers produce distinct acoustic cues in their utterances to convey meaning, and (2) 

speakers apply these cues at precisely the right time in production (in this instance, at 

the verb).  As indicated by speakers’ use of prosody, it is possible then that speaker 

intent – that is, the semantic construction of an underlying message that a speaker 
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wants to convey to his/her listener – may have an early effect on speech production 

processes. 

 As discussed previously, it is very difficult for native language users to inhibit 

the idiomatic (figurative) meaning of highly familiar idioms.  Because highly familiar 

idioms were used in this study, it is possible that the ‘preferred’ figurative 

interpretation interfered with the timely elicitation of the literal interpretation of the 

idiomatic phrase, confounding the results.  In other words, it could be that the literal 

productions were longer in duration simply because the participants needed to inhibit 

the production of the figurative meaning.  Following this line of argument, any 

differences in duration that emerged between the literal and figurative readings then, 

would be attributed to this conflict/interference effect; listeners would be slower to 

produce the literal interpretation as a consequence of trying to suppress the figurative 

interpretation.  While this conjecture is reasonable, the current design of this 

experiment and subsequent data analyses allow us to reject that argument.  Recall that 

comparisons were made between the literal match and literal conditions.  The literal 

match sentence (which was the second sentence in the literal biased experimental 

triads) only had one (compositional) interpretation (e.g. “Harold kicked the picture”).  

If participants were conflicted when reading aloud the target literal condition (e.g. 

“Harold kicked the bucket”), we would have expected to see longer durations for this 

condition as compared to the prior occurring literal match condition.  However, this 

was not the case as no differences were found for those durational measurements (see 

Table 2-1 above). 
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The next study explores this issue by investigating the relations between 

speaker intent and speech production at the kinematic level.  While variables like 

cognition, syntax, and phonology, all of which are involved in formulating language, 

affect speech production and speech motor performance (e.g., Kamhi, Catts, & Davis, 

1984; Gordon, Luper, & Peterson, 1986; Ratner & Sih, 1987; Masterson & Kamhi, 

1992; Silverman & Ratner, 1997; Maner, Smith, & Grayson, 2000; Nip & Green, 

2006; Kleinow & Smith, 2006; Nip, Green, & Marx, 2009), little is known concerning 

the extent to which speaker intent (i.e., semantics or meaning) influences speech 

production.  The following study elaborates on the current findings (i.e., that speakers 

provide their listeners with disambiguating acoustic cues in speech) by examining if 

the acoustic distinctions provided by speakers can also be reflected at the 

kinematic/motor speech level. 
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Appendix

Literal bias list     Figurative bias list 

(1) Emily struck a rat.    (1) Carol produced no solutions. 
Ashley hit a rat.     Carol felt very hopeless. 
Kelly hit a wall.     Carol hit a wall. 

 
(2) Eric threw the hatchet.   (2) Tyler scheduled a date. 

Jeff dropped the hatchet.    Tyler forgot about it. 
Greg dropped the ball.    Tyler dropped the ball. 

 
(3) Caleb grabbed his leg.   (3) Tara caught Rob stealing. 

Michael slapped his leg.    Tara pulled Rob aside. 
Tony slapped his wrist.    Tara slapped his wrist. 

 
(4) Beth found the bucket.   (4) Claire really annoyed Max. 

Linda got the bucket.    Claire noticed Max’s anger. 
Wendy got the picture.    Claire got the picture. 

 
(5) Cindy tossed a ball.    (5) Tammy heard bad news. 

Laura dropped a ball.    Tammy divulged the information. 
Nina dropped a bomb.    Tammy dropped a bomb. 

 
(6) David sniffed a wall.   (6) Noah noticed something unusual. 

Henry smelled a wall.    Noah suspected criminal behavior. 
Edwin smelled a rat.    Noah smelled a rat. 

 
(7) Danny yanked his wrist.   (7) April organized the prank. 

Adam pulled his wrist.    April tricked her friend. 
Philip pulled his leg.    April pulled his leg. 

 
(8) Travis owned a bomb.   (8) Colin joked with friends. 

Nathan had a bomb.     Colin laughed with them. 
Fred had a ball.     Colin had a ball. 

 
(9) Andrew crushed the picture.   (9) Frank suffered from meningitis. 

Harold kicked the picture.    Frank failed to recover. 
Jack kicked the bucket.    Frank kicked the bucket. 

 
(10) Derek covered the ball.   (10) Alex and Vicky fought. 

Wesley buried the ball.    Alex reconciled with Vicky. 
Thomas buried the hatchet.    Alex buried the hatchet. 
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CHAPTER 3: 
 

Influence of Speaker Intent on Speech Motor Control and Performance 
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Speech production involves the interaction of many systems, such as cognition 

(i.e., intention and emotional motivation to verbally communicate), language (i.e., 

phonological, morphological, lexical, syntactic, and semantic processing), and speech 

motor control (i.e., motor planning, programming, and execution).  Current theoretical 

frameworks, including Dynamic Systems Theory (Green & Nip, 2010; Smith & 

Goffman, 2004; Thelen, Ulrich, & Wolff, 1991), have emphasized the interaction of 

multiple domains during speech production and the changes that occur when the 

processing demands of one domain (e.g., language) increase.  Speech motor control is 

influenced by cognitive demands (e.g., Dromey & Benson, 2003; Kleinow & Smith, 

2006; Lisman & Sadagopan, 2013; Sasisekaran & Weisberg, 2013) and various 

aspects of language, including phonology and syntax (e.g., Goffman, Gerken, & 

Lucchesi, 2007; Goffman & Malin, 1999; Kleinow & Smith, 2006; Maner, Smith, & 

Grayson, 2000; Sadagopan & Smith, 2008; Sasisekaran, Smith, Sadagopan, & Weber-

Fox, 2010).  Increases in some aspects of phonological and syntactic complexity 

reduce speech motor control, including increasing the variability of production (e.g., 

Goffman, Gerken, & Lucchesi, 2007; Goffman & Malin, 1999; Kleinow & Smith, 

2006; Maner, Smith, & Grayson, 2000; Sadagopan & Smith, 2008). 

Less is known regarding the effects of other linguistic levels, including the 

lexical and semantic levels.  Lexical information is contained within its own level of 

processing, separate from conceptual, grammatical, and phonological information 

(Dell, 1986, 1990; Garrett, 1980; Kempen & Huijbers, 1983; Levelt, 1989, 1992; 

Levelt, Roelofs, & Meyer, 1999; Rapp & Goldrick, 2006; Roelofs, 1992; Roelofs, 
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Meyer, & Levelt, 1998).  Although the exact position of the lexical level in relation to 

other linguistic levels differs across these models, these models are similar in that they 

consider the lexical level a higher level of processing, typically preceding the 

phonological level and occurring somewhere at or between the levels of semantics and 

syntax.  Recent studies suggest that adult speakers have a strong preference for lexical 

information when producing speech and that lexical productions (i.e., words) are 

produced with less articulatory variability than nonlexical productions (i.e., nonwords; 

McMillan, Corley, & Lickley, 2009).  This lexical advantage is also present at an early 

age.  Novel phonetic forms that were learned with a lexical referent had reduced 

articulatory variability as compared to those learned without a lexical referent 

(Heisler, Goffman, & Younger, 2010).  Moreover, novel phonetic forms that were not 

associated with a lexical representation never improved in articulatory variability, 

even with practice (Heisler, Goffman, & Younger, 2010).  Such evidence provides 

further support for the notion that speech motor processing does not occur 

independently of lexical information. 

These findings strongly suggest that meaning, when linked to a phonetic form, 

interacts with speech motor control.  In the following investigation, we examine the 

role of meaning, not at the lexical level but at the level of speaker intent, in speech 

production and its influence on speech motor control and performance.  Here, the term 

speaker intent refers to the semantic construction of the underlying message that a 

speaker wants to convey to his/her listener (in models of language and speech 

production, the level of speaker intent would be compatible with the 
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conceptual/semantic level). 

 

Linguistic Complexity and Language Experience Influence Speech Motor 

Control 

Variations in complexity at different linguistic levels can affect speech 

movement variability.  In fact, research has shown that manipulating processing 

demands at various linguistic levels (i.e., phonological, syntactic) will affect speech 

motor control and performance (Goffman, 1999; Goffman, Gerken, & Lucchesi, 2007; 

Goffman & Malin, 1999; Kleinow & Smith, 2000; Maner, Smith, & Grayson, 2000; 

Nip & Green, 2013; Sasisekaran, Smith, Sadagopan, & Weber-Fox, 2010; Sasisekaran 

& Weisberg, 2013).  In the phonological domain, for example, weak syllables, which 

are more complex than strong syllables due their decreased salience, are produced 

with more variable speech movement patterns than strong syllables (Goffman, Gerken, 

& Lucchesi, 2007).  Similarly, trochaic words, which contain a strong-weak syllabic 

pattern, are more complex than iambic words, which contain a weak-strong syllabic 

pattern; as such, trochaic words are produced with greater variability than iambic 

words (Goffman, 1999; Goffman & Malin, 1999).  In the syntactic domain, increased 

complexity is also associated with more variable speech motor control.  For example, 

the speech movement patterns of simple sentences (e.g., “Buy Bobby a puppy”) are 

less variable than when they are embedded within a more complex sentence (e.g., 

“They asked us to buy Bobby a puppy this week”) (Kleinow & Smith, 2000; Maner, 

Smith, & Grayson, 2000).  This evidence from phonology and syntax demonstrates 
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that increases in linguistic complexity (i.e., linguistic processing load) consequently 

introduce greater variability in the patterning of speech movements.  Recent evidence 

has also shown that complex linguistic productions are associated with faster 

movement speeds, longer durations, and greater articulator displacements (Green & 

Nip, 2010; Nip & Green, 2013; Walsh & Smith, 2002). 

In addition to linguistic complexity, the role of speaker experience may affect 

speech motor control.  Initial productions of nonwords are more variable than 

productions produced after some practice (Sasisekaran, Smith, Sadagopan, & Weber-

Fox, 2010).  Furthermore, studies from the developmental literature have shown that 

the spatiotemporal variability of speech movements decreases with age (Goffman, 

1999; Goffman & Smith, 1999; Green, Moore, & Reilly, 2002; Sasisekaran, Smith, 

Sadagopan, & Weber-Fox, 2010; Smith & Goffman, 1998; Smith & Zelaznik, 2004; 

Walsh & Smith, 2002; Walsh, Smith, & Weber-Fox, 2006), which may be due to a 

combination of factors including maturation, language development (Chakraborty, 

Goffman, & Smith, 2008), and/or speaker experience. 

 

Idioms as Tools for Investigating the Effects of Speaker Intent on Speech Motor 

Control 

 Another relatively unexplored aspect of language that may affect speech motor 

control is speaker intent, which we define here as the semantic construction of the 

underlying message that a speaker wants to convey to his/her listener.  Because speech 

motor control is not immune to processing at the phonological and syntactic levels 
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(Goffman, 1999; Goffman, Gerken, & Lucchesi, 2007; Goffman & Malin, 1999; 

Kleinow & Smith, 2000; Maner, Smith, & Grayson, 2000), the current study requires 

stimuli that can experimentally manipulate speaker intent without altering phonetic 

form and syntax. 

One solution to this challenge is to use ambiguous idioms as target stimuli.  An 

idiom is a phrase whose meaning is not generally predictable from the meaning of the 

individual words themselves; as such, the meaning of an idiom typically cannot be 

extracted via traditional compositional (i.e., word-by-word) analysis (Cacciari & 

Tabossi, 1988).  Furthermore, idioms can be ambiguous and have more than one 

possible interpretation.  For example, the idiom kicked the bucket is ambiguous 

because it can either mean that (1) someone physically kicked a bucket with his/her 

foot (i.e., the literal interpretation) or (2) someone died (i.e., the figurative 

interpretation).  Only the literal interpretation of kicked the bucket can be derived via 

traditional compositional analysis (Swinney & Cutler, 1979).  Compositional analysis, 

however, fails to provide the figurative interpretation of kicked the bucket because 

“died” cannot be derived from the meanings of the words in the phrase (i.e., “kicked”, 

“the”, and “bucket”).  Given that the phonetic forms comprising an ambiguous idiom 

are maintained across the idiom’s different interpretations, ambiguous idioms allow us 

to manipulate meaning while controlling for phonological and syntactic effects across 

interpretations. 

Literal Versus Figurative Interpretations: Which Is More Complex? 

 Just as the meanings of single words must be learned, the figurative 
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interpretations of idiomatic phrases must be learned as well.  Additionally, the words 

that form idioms frequently co-occur with each other.  For these reasons, researchers 

have proposed that these phrases are lexicalized (e.g., Estill & Kemper, 1982; Glass, 

1983; Jackendoff, 2002; Levelt, 1989; Sprenger, Levelt, & Kempen, 2006; Swinney & 

Cutler, 1979).  If figurative interpretations are indeed stored and represented in the 

lexicon as single, holistic units, then it may be that the figurative readings of idioms 

are less complex than their literal counterparts.  Researchers who have investigated the 

nature of idiom processing and comprehension generally agree that when listeners 

encounter an idiomatic phrase, the literal meanings of the words of the idiom become 

active.  Swinney (1982), for example, demonstrated that at the offset of the first word 

of an idiomatic phrase, listeners immediately accessed the literal meanings of that 

word.  This pattern of lexical activation persisted for the duration of the idiom at the 

offset of each word.  Only when listeners heard the last word of the idiomatic phrase 

(thus hearing the idiom in its entirety) did they access the figurative meaning of the 

idiom (in addition to the literal meaning of the last word).  Although lexical access for 

the literal meanings associated with the constituent words of an idiom occurs 

immediately upon hearing each word, the time at which listeners access the figurative 

interpretation of an idiom remains less clear.  It has been argued that an idiom’s 

predictability (i.e., the degree to which a listener is familiar with an idiom) is an 

important factor in determining when a listener will access the figurative interpretation 

of an idiom (see Cacciari & Tabossi, 1988; Tabossi & Zardon, 1993, 1995).  If an 

idiom is highly predictable, then listeners will be able to access the figurative meaning 
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of the idiom more quickly (e.g., before the offset of the idiomatic phrase); if an idiom 

is low in predictability, then listeners will be slower to access the figurative meaning 

of the idiom (e.g., immediately at the offset of the idiomatic phrase or several hundred 

milliseconds post-offset of the idiomatic phrase) (Cacciari & Tabossi, 1988; Colombo, 

1993; Tabossi & Zardon, 1993, 1995; Titone & Connine, 1994; Libben & Titone, 

2008).  This pattern would lend support for the alternative view that the figurative 

readings of idioms are more complex than their literal counterparts only when the 

idioms are less familiar and low in predictability. 

 Within the neuroimaging and patient literature, there is additional evidence to 

suggest that both the literal and figurative meanings are differentially accessed and 

processed in contrasting neural regions.  Neuroimaging studies have reported bilateral 

involvement of the following brain areas during idiom processing: bilateral inferior 

frontal gyri (Romero Lauro, Tettamanti, Cappa, & Papagno, 2008; Zempleni, 

Haverkort, Renken, & Stowe, 2007), bilateral middle temporal gyri (Romero Lauro, 

Tettamanti, Cappa, & Papagno, 2008; Zempleni, Haverkort, Renken, & Stowe, 2007), 

and bilateral prefrontal cortex (Rizzo, Sandrini, & Papagno, 2007).  Additionally, left-

lateralized regions have been implicated in idiom processing including the left inferior 

frontal gyrus (Hillert & Buracas, 2009; Mashal, Faust, Hendler, & Jung-Beeman, 

2008; Oliveri, Romero Lauro, & Papagno, 2004), left superior frontal gyrus (Hillert & 

Buracas, 2009), left medial frontal gyrus, left inferior temporal gyrus, left angular 

gyrus (Romero Lauro, Tettamanti, Cappa, & Papagno, 2008), and left middle temporal 

lobe (Oliveri, Romero Lauro, & Papagno, 2004).  In contrast, literal processing is 
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largely subserved by the “classical” language network, which includes areas such as 

the left inferior frontal gyrus and the left middle temporal lobe (see Bohrn, Altmann, 

& Jacobs, 2012 for a review).  In sum, both idiom processing and literal processing 

enlist the same brain regions that are traditionally known to be involved in language 

processing (i.e., left fronto-temporal lobes).  However, idiom processing differs from 

literal processing in that activation during idiom processing extends beyond classical 

language areas to their right hemisphere homologues (and additional brain regions in 

the left hemisphere).  Furthermore, studies on idiom comprehension in individuals 

with aphasia have repeatedly shown idiom comprehension deficits in this population 

with a strong bias towards the literal interpretation of idiomatic expressions (Cacciari, 

Reati, Colombo, Padovani, Rizzo, & Papagno, 2006; Papagno & Caporali, 2007; 

Papagno, Curti, Rizzo, Crippa, & Colombo, 2006; Papagno & Genoni, 2004; Papagno, 

Tabossi, Colombo, & Zampetti, 2004; Tompkins, Boada, & McGarry, 1992).  

Together, these studies provide sound reason to hypothesize that there are distinct 

patterns of neural recruitment that support the literal and figurative interpretation of 

idiomatic expressions. 

 As Sprenger and colleagues (2006) rightly caution, theories of idiom 

comprehension may not hold for idiom production because speakers and listeners have 

different communicative goals.  Speakers know what they want to convey to their 

listeners and must communicate their message accordingly; in contrast, listeners must 

decipher and interpret the meaning of the conveyed message.  Within the idiom 

production literature, there has been some debate as to whether or not idiomatic 
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expressions are stored and retrieved as lexical items for speech production.  One 

particular model, which elaborates on Dell’s (1986) spreading activation model of 

language production, proposes that idioms are stored as unitary entities at the lexical-

conceptual level but not as single words (Cutting & Bock, 1997).  According to 

Cutting and Bock (1997), when an idiom is activated at the lexical-conceptual level, 

activation spreads to the lemmas (i.e., words) that comprise the idiom and to an 

associated syntactic representation.  In contrast, Sprenger and colleagues (2006) 

propose a model in which idioms are stored in the mental lexicon as superlemmas – 

lemmas, which unlike simple lemmas, code for syntactic information (Sprenger, 

Levelt, & Kempen, 2006).  Thus, just as a single word is produced with the activation 

of its lemma, an idiom is produced with the activation of its superlemma.  Although 

not all agree as to how idioms are represented in the mental lexicon, there is general 

consensus that idioms are stored as a whole unit at some level of processing.  As such, 

it may be that the figurative productions of idioms are less complex than the literal 

productions of idioms.  When a speaker intends to produce the figurative interpretation 

of an idiom, less effort is required to access the idiom because all of the words that 

make up the phrase are stored together as a single “chunk” rather than in its 

constituent parts.  In contrast, when a speaker intends to produce the literal 

interpretation of an ambiguous idiom, each individual constituent word of the phrase 

must be accessed separately, making it a more taxing process.  Alternatively, the 

literal productions of idioms may be less complex than the figurative productions of 

idioms if a speaker encounters an unfamiliar idiom.  Applying Sprenger et al.’s (2006) 
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model to this particular situation as an example, a speaker would employ the literal 

route to idiom production by accessing each simple lemma of the idiomatic phrase 

instead of accessing the idiom as a superlemma. 

The differences between the literal and figurative readings of ambiguous 

idioms are not restricted to the way in which they are accessed for production but also 

to the manner in which they are produced.  Compared to their figurative counterparts, 

literal productions have longer word and sentence durations (Van Lancker & Canter, 

1981; Van Lancker, Canter, & Terbeek, 1981).  Lexical and phrasal boundaries are 

also more clearly defined for literal productions than for figurative productions 

because speakers tend to place more emphasis on the individual words and phonemes 

of literal sentences, resulting in longer phonetic segments (Van Lancker & Canter, 

1981; Van Lancker et al., 1981).  Finally, speakers pause more when producing literal 

sentences, and the frequency at which these pauses occur across the two productions 

allow for the detection of prosodic patterns unique to each type of production (Van 

Lancker & Canter, 1981; Van Lancker et al., 1981).  Thus, the acoustic cues used in 

the production of ambiguous idioms mirror the way in which the figurative and literal 

meanings of these idioms are stored in the lexicon.  The longer durations, the more 

defined lexical/phrasal boundaries, and the increased pausing observed in the literal 

readings of ambiguous idioms reflect the access of the constituent parts of the idiom; 

the shorter durations, the less defined lexical/phrasal boundaries, and the reduction in 

pausing observed in the figurative readings reflect the access of a single lexical unit.  

Given that these differences appear acoustically, it is possible that a further distinction 
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may be observed between the two readings at a kinematic level. 

 

A Novel Methodological Approach 

Obtaining naturalistic literal and figurative productions of ambiguous idioms 

without speakers consciously reflecting on the meaning of an utterance prior to 

producing it is challenging.  Nevertheless, it is important to obtain and examine these 

types of productions, as it has been shown that there are distinct prosodic patterns 

associated with the production of the intended (literal or figurative) meaning of an 

idiomatic phrase.  Research has demonstrated that speakers produce certain prosodic 

cues in their utterances to convey intent (e.g., Cooper & Paccia-Cooper, 1980; Cooper 

& Sorensen, 1981, Nagel, Shapiro, & Nawy, 1994; Van Lancker & Canter, 1981; Van 

Lancker et al., 1981).  However, a potential confound exists that prevents this finding 

from being fully generalizable.  Known as the “laboratory speech problem,” the target 

productions elicited from speakers may not accurately reflect the prosodic patterns 

found in spontaneous and natural speech (Schafer, Speer, Warren, & White, 2000).  In 

a typical laboratory setting, speakers, both expert and naïve, are made aware of the 

meaning of an utterance before they produce it, and as such, they are more likely to 

intentionally modulate their prosody to disambiguate the utterance (Albritton, 

McKoon, & Ratcliff, 1996).  Because idiomatic phrases can have exceptionally high 

familiarity ratings (Popiel & McRae, 1988; Connine, Blasko, Brandt, & Layer, 1992; 

Cronk, Lima, & Schweigert, 1993), native speakers may find it difficult to inhibit the 

preferred, more frequent interpretation (i.e., the figurative interpretation) (Cronk, 
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Lima, & Schweigert, 1993; Titone & Connine, 1994).  Thus, if speakers were to 

explicitly produce the literal or figurative reading of an idiom, they may purposely 

exaggerate aspects of speech production to make distinctions between the two 

readings. 

We address these potential “conscious control” confounds through the use of a 

novel technique borrowed, in part, from the psycholinguistic literature.  Through this 

approach, we can manipulate speaker intent in the production of idiomatic phrases at 

an unconscious level, thus avoiding the “laboratory speech” confound. 

Speaker intent can occur as (1) a conscious process in which the speaker 

actively and explicitly ruminates over the message that s/he wants to convey (such 

conscious reflection typically involves revisions and reformulations) or (2) an 

unconscious process in which the speaker’s intended message is shaped by implicit 

carry-over effects from priming.  To obtain implicit productions of both the literal and 

figurative readings of ambiguous idioms from speakers, we created a single paradigm 

combining two priming methods (list and structural) from the psycholinguistic 

literature. 

Priming is an implicit effect by which exposure to one stimulus influences the 

response to another stimulus.  The response can be a simple binary (YES/NO) 

decision, such as ‘Is the stimulus a real word?’, ‘Is the stimulus a bird?’, etc.  This 

effect can occur across multiple levels (perceptual, lexical, semantic, syntactic, etc.) 

(e.g., Bock, 1986; Flores d'Arcais, Schreuder, & Glazenborg, 1985; McNamara, 1992; 

Meyer and Schvandeveldt, 1971; Meyer, Schvaneveldt, & Ruddy, 1975; Schreuder, 
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Flores d'Arcais, & Glazenborg, 1984; Zeelenberg, Pecher, de Kok, & Raaijmakers, 

1998).  In the case of list priming, this semantic effect results in participants being 

faster in deciding a string of letters is a word when that word follows as associatively 

or semantically related word (i.e., faster response to NURSE if it follows DOCTOR as 

compared to an unrelated word like BREAD).  This binary decision task also serves as 

a “distractor” to prevent participants from detecting the purpose of the experiment. 

In structural (or syntactic) priming, individuals tend to repeat a sentence that is 

similar in structure to a previously presented faster and more accurately (Bock, 1986).  

The point of these priming approaches is to reduce the conscious reflection of the 

participant to the stimulus material, to better reflect automatic access to information- 

information that can be easily influenced by other metalinguistic processes (such as 

intention, as described above). 

Since the production of an idiom can be influenced by a speaker’s conscious 

preference in meaning, it is impossible to use overt techniques to investigate implicit 

intent.  Thus, utilizing a novel method that capitalizes on the strengths of list and 

structural priming is advantageous because it allows us to control for any individual 

biases that participants may have towards the target idioms. 

 

Rationale and Hypotheses 

According to the idiom production literature, speakers provide their listeners 

with distinct acoustic cues when producing a literal versus figurative reading of an 

ambiguous idiom; however, whether or not there are any differences between the two 
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readings that extend beyond the acoustic level to the kinematic level is unknown.  The 

current investigation seeks to determine how the literal and figurative readings of 

ambiguous idioms differ in their kinematic characteristics, specifically speech 

movement variability, speed, duration, and path distance.  Because literal and 

figurative productions of ambiguous idioms differ acoustically, we hypothesize that 

the implicit productions of the literal and figurative readings will also differ in speech 

movement variability, speed, duration, and path distance.  Furthermore, because we 

use well-known idioms with high familiarity ratings in our study (Connine, Blasko, 

Brandt, & Layer, 1992), we assume that the figurative readings will be less complex 

than their literal counterparts.  Therefore, we predict that the figurative readings will 

be produced with less variable speech movement patterns, slower speeds, shorter 

durations, and smaller articulator displacements. 

The information gained from this study is critical to further explicating current 

models of speech production, specifically the nature of the interaction between 

language processing and speech motor control.  In addition, this information may 

provide us with greater insight into speech and language disorders, particularly right 

hemisphere damage (RHD), which leads to deficits in the use of idiomatic expressions 

(Myers & Linebaugh, 1981; Papagno, Curti, Rizzo, Crippa, & Colombo, 2006; Van 

Lancker & Kempler, 1987; Winner & Gardner, 1977; see also Van Lancker Sidtis, 

2006 for a review). 

 

Methods 
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Participants 

 Seventeen adult participants (8 males, 9 females; M = 22.1 years, SD = 2.6 

years) were recruited from San Diego State University to participate in the current 

experiment; all received payment for their participation.  Based on self-report, 

participants were native speakers of English (i.e., they were not exposed to a second 

language before the age of six), had a negative history of neurological, speech, 

language, and/or hearing disorders, and had normal or corrected-to-normal vision.  

Hearing was screened using ASHA guidelines (ASHA, 1997). 

Design 

As described in detail above, this study employed a novel, modified priming 

paradigm (Prather, Zurif, Stern, & Rosen, 1992; Stern, Prather, Swinney, & Zurif, 

1991) to ensure that both the literal and figurative readings of the target idioms were 

elicited from participants without them becoming aware of the purpose of the 

experiment.  This technique was successfully used to elicit specific intended 

interpretations of idioms without the potential confound of participant knowledge as in 

prior production experiments (e.g., Cooper & Paccia-Cooper, 1980; Cooper & 

Sorensen, 1981, Nagel, Shapiro, & Nawy, 1994; Van Lancker & Canter, 1981; Van 

Lancker, Canter, & Terbeek, 1981).  Because each idiom had two possible meanings, 

two contextual bias conditions (literal and figurative) were created.  The conditions 

were counterbalanced and administered to participants on two different days separated 

by at least a week. 
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In this within subjects design, six ambiguous idioms were examined in each of 

the literal and figurative conditions: dropped a bomb, kicked the bucket, rocked the 

boat, saw the light, tied the knot, and walked a tightrope.  These particular idioms 

were selected because they contained low vowels and bilabials and required the 

speaker to alternate from a high, closed jaw position to a low, open jaw position 

throughout the target phrase.  As shown in Table 3-1 below, for each Idiom x 

Condition, sentence triads were created so that the first two sentences established a 

context to elicit either the literal or figurative interpretation of the target idiom.  These 

sentences were intended to capitalize on semantic and/or conceptual priming that 

would lead to a specific interpretation of the target stimulus.  The third sentence 

contained the target idiom, which always followed a named noun ending in a bilabial 

stop, nasal, or labiodental fricative (e.g., Bob dropped a bomb). 

Table 3-1. Stimulus materials for the idiom dropped a bomb. 
 

 LITERAL FIGURATIVE 
Sentence 1 Bob engaged in combat. Bob failed his classes. 
Sentence 2 Bob targeted his opponent. Bob informed his parents. 
Sentence 3 Bob dropped a bomb. Bob dropped a bomb. 

 

As discussed previously, any given priming study contains a “distractor” task 

that serves to discourage participants from identifying the purpose of the experiment.  

To redirect participants’ focus away from the linguistic material, the current study 

employed a distractor task that required participants to read sentences backwards when 

they appeared in a different font color (this will be described in more detail below). 
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Because multiple iterations of a stimulus item are needed in order to calculate 

speech movement variability, four different sets of sentence triads similar in form to 

those in Table 1 were created for each Idiom x Condition, allowing for four production 

attempts per idiom reading.  This resulted in a total of 48 experimental stimulus items 

(24 literal, 24 figurative).  Although previous studies typically use a somewhat larger 

number of repetitions (e.g., five or more; see Sasisekaran, 2013; Sasisekaran, Smith, 

Sadagopan, & Weber-Fox, 2010; Smith, Goffman, Zelaznik, Ying, & McGillem, 

1995; Smith, Sadagopan, Walsh, & Weber-Fox, 2010; Smith & Zelaznik, 2004 and 

others), we elected to elicit from speakers four productions of the target idioms per 

condition (literal and figurative) for the following reasons.  First, for speakers to 

implicitly produce the literal and figurative readings of ambiguous idioms, exposure to 

the target idioms needed to be minimized to control for repetition effects (i.e., faster 

responses to repeated events than to non-repeated events; see Smith, 1968).  

Additionally, because speakers are already sensitive to idiomatic phrases in their 

native language, target idioms could not “stand out” among the filler phrases.  This 

experimental manipulation was required so that participants would not consciously 

attend to the targets and try to discern the purpose of the experiment.  Including more 

repetitions of the targets in the experiment would require the inclusion of even more 

fillers to “hide” the targets; this would, as a result, greatly lengthen the duration of the 

experiment and increase potential confounds (e.g., participant boredom and retention).  

In summary, we obtained four repetitions of the target idioms to achieve a balance 

between: a) acquiring enough repetitions to calculate speech movement variability, b) 
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minimizing repetition effects, c) reducing the opportunity for participants to determine 

the purpose of the experiment, and d) decreasing the length of the experiment to lessen 

potential confounds.  Recall that in this paradigm, participants were instructed to pay 

attention to the font color of the sentences (that is, they had to read any sentence 

written in blue backwards).  This task manipulation aided in minimizing the attention 

participants paid to the sentence triads.  About 18% of the sentences in each reading 

script were written in blue. 

Given that each participant had to repeat each target idiom multiple times in a 

single testing session, it was critical to create as much distance as possible among the 

idioms.  Thus, two reading scripts for each condition were created; each script 

contained two repetitions of the target idioms, and every target idiom was placed at a 

maximum distance from its pair.  Furthermore, all sentence triads in each condition 

were embedded within a larger list of 298 filler sentences, which consisted of an 

assortment of contextually related triads, pairs, and singletons. 

Data Collection 

 Fifteen reflective markers were placed on set anatomical landmarks of the 

participant’s face.  An 8-camera optical motion capture system (Motion Analysis, 

Ltd.) then recorded the movements of the markers during speech to construct a real-

time, three-dimensional image of the participant’s face.  Video and audio information 

were recorded simultaneously during the production portions of the experiment. 

Procedure 
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 Participants were seated in front of a projector screen and were told to focus on 

a crosshair that appeared in the center of the screen.  Participants were instructed that 

whenever they saw a sentence written in black appear in place of the crosshair, they 

were to read it out loud normally at their habitual rate and loudness level.  If the 

sentence was written in blue, however, they were to read the sentence backwards 

word-by-word from right to left (this served as the distractor task).  For example, if the 

sentence “Scott liked his job” appeared in blue, participants would read the sentence 

aloud as “job his liked Scott.”  The crosshair always appeared in the center of the 

screen for one second, and sentences always remained on screen for 2.3 seconds.  This 

2.3-second time interval gave participants enough time to read each sentence out loud 

but little time to consciously think about what they were reading.  A practice trial 

comprised of ten sentences was administered to participants prior to the experiment in 

order to familiarize them with the task and presentation speed of the sentences.  None 

of the practice sentences contained an idiom. 

The literal and figurative bias conditions were counterbalanced across 

participants and administered on different days (2 visits per participant with at least a 

week between visits).  On any given visit, once the participant completed one of the 

reading scripts, they performed a separate, unrelated production task before receiving 

the second script.  This unrelated production task served to increase the amount of 

time between the first two repetitions of the target idioms in the first script and the last 

two repetitions of the target idioms in the second script as well as to discourage 

participants from trying to ascertain the purpose of the experiment.   
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Finally, participants were given an off-line comprehension task at the end of 

the experiment (i.e., their second visit) that assessed their ability to interpret and 

define the literal and figurative meanings of each target idiom.  Each target idiom was 

embedded in a sentence whose context either biased the idiom towards its literal or 

figurative interpretation.  Participants were asked to read each sentence and provide a 

written definition of the idiom that was being used in the sentence.  This information 

was collected in order to determine if speakers’ familiarity with the idioms impacted 

the way in which they produced the idioms. 

Analysis 

Kinematic and Production Data.  Only trials that contained correctly 

produced idiomatic phrases on the first attempt without self-correction (i.e., with 

100% accuracy) were included in the analysis (total data loss was less than 1%).  The 

targeted productions were extracted from their sentences and parsed in Cortex (Motion 

Analysis, Ltd.) using the jaw movement trace (see Figure 3-1).  As mentioned 

previously, all target idiomatic phrases followed a named noun ending in a bilabial 

stop or labiodental fricative.  Parsing the phrase from its sentence began at the point of 

bilabial or fricative closure of the named noun.  For the idioms dropped a bomb and 

walked a tightrope, parsing ended at the last point of jaw closure of the produced 

phrase.  For the idioms kicked the bucket, rocked the boat, saw the light, and tied the 

knot, parsing ended at the last point of jaw opening of the produced phrase (this is 

because participants often produced a glottal stop at the end of these phrases).  The 

audio recordings were used to ensure that the target was appropriately extracted from 
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the sentence. 

 
 

Figure 3-1. Jaw, upper lip, and lower lip movement traces for the idiom dropped a 
bomb.  Time (s) is represented on the x-axis, and the distance (mm) between an 
articulator and the right top head marker is represented on the y-axis.  Parsing 

decisions were made using the jaw movement trace (troughs indicate mouth closure; 
peaks indicate maximum mouth opening). 

 

Once each idiomatic phrase was successfully extracted and isolated for 

analysis, the four repetitions of each target in each condition were used to calculate the 

lip aperture variability index (LA VAR index; Smith & Zelaznik, 2004; see also 

Chakraborty, Goffman, & Smith, 2008; Kleinow & Smith, 2006; Sasisekaran, Smith, 

Sadagopan, & Weber-Fox, 2010; Sasisekaran & Weisberg, 2013; Smith, Sadagopan, 

Walsh, & Weber-Fox, 2010; Walsh, Smith, & Weber-Fox, 2006).  Recall that lip 

aperture variability (reduced motor control) has been linked to phonological and 

syntactic complexity.  Extending this observation to the present study, if the figurative 
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readings are less complex than their literal counterparts, then the figurative readings 

should be produced with less lip aperture variability than the literal readings.  The LA 

VAR index reflects the interarticulatory coordination of the upper lip, lower lip, and 

jaw, and it is derived by subtracting the movement of the lower lip from that of the 

upper lip (Smith & Zelaznik, 2004).  Compared to the spatiotemporal index (STI; 

Smith, Goffman, Zelaznik, Ying, & McGillem, 1995), the LA VAR index is 

considered a more advantageous measure of kinematic consistency because it reduces 

trial-to-trial variability (Smith & Zelaznik, 2004).  As such, and given that four 

repetitions of the target in each condition was acquired, the LA VAR index was used 

as the measure of speech movement variability as it was thought to be more sensitive 

in extracting movement differences in each of the conditions tested. 

Data acquired from the jaw, lower lip, and upper lip was examined in this 

study.  In addition to lip aperture variability, mean duration, mean maximum speed, 

and mean path distance for each idiom in both conditions were calculated for each 

participant.  In order to determine if, first and foremost, the literal and figurative 

productions differed from each other, absolute differences in lip aperture variability, 

duration, speed, and path distance between the literal and figurative readings were also 

calculated for each participant.  Wilcoxon signed ranks tests were conducted on the 

data because (1) the data does not follow a normal distribution, and (2) all 

comparisons of variability, speed, duration, and path distance involve two related 

samples (i.e., the literal and figurative readings).  The first Wilcoxon signed ranks test 

was performed on the absolute difference data to determine if the two readings were 
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significantly different from each other; the second Wilcoxon signed ranks test was 

performed on the mean data to determine the directionality of any differences that 

emerged between the two readings. 

 

Results 

Off-line Results 

 To determine if participants could correctly interpret the two possible 

meanings of the idioms within contextually biased sentences, participants were asked 

to define the idiomatic phrase in each sentence.  Answers were scored as being either 

correct or incorrect.  As Table 3-2 shows, accuracy ranged from 82-100% accuracy, 

revealing that most participants knew both the literal and figurative meanings of the 

target idioms.  It is noted that one idiom, walked a tightrope, posed some difficulty for 

participants in both interpretations, though performance was still quite good (>80% 

accuracy). 

Table 3-2. Number of correct responses from participants (n=17) on the off-line task. 
 

IDIOM LITERAL FIGURATIVE 
dropped a bomb 100% 94.12% 
kicked the bucket 94.12% 88.24% 
rocked the boat 94.12% 94.12% 
saw the light 94.12% 100% 
tied the knot 100% 100% 
walked a tightrope 82.35% 82.35% 

 

Acoustic Results 

Duration.  For duration, an overall average of the absolute difference scores 

between the literal and figurative readings was obtained for each target idiom (see 
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Figure 3-2).  The absolute differences between the literal and figurative readings were 

statistically significant for all six idioms (dropped a bomb: Z = 3.62, p < .001, r = .88; 

kicked the bucket: Z = 3.62, p < .001, r = .88; rocked the boat: Z = 3.62, p < .001, r = 

.88; saw the light: Z = 3.62, p < .001, r = .88; tied the knot: Z = 3.62, p < .001, r = .88; 

walked a tightrope: Z = 3.62, p < .001, r = .88), suggesting that participants were 

producing the literal and figurative readings differently. 

 
 

Figure 3-2. Mean absolute difference in duration between the literal and figurative 
readings for each idiom across participants. 

 

Mean duration was calculated for each of the target idioms across participants 

(see Table 3-3), but a Wilcoxon signed ranks test showed that no idiom reached 

statistical significance on this measure – that is, no pattern capturing the direction in 

which the literal readings differed from the figurative readings could be identified. 
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Table 3-3. Mean duration and LA VAR across participants.  The [*] indicates 
statistical significance (p<.05) between the means of the literal and figurative 

productions. 
 

IDIOM DURATION (s) LA VAR 
 Literal Figurative Literal Figurative 

dropped a bomb 0.80 (0.01) 0.80 (0.02) 17.61 (5.73)* 16.89 (3.93)* 
kicked the bucket 0.80 (0.02) 0.80 (0.02) 14.57 (4.38)* 17.47 (4.89)* 
rocked the boat 0.72 (0.03) 0.71 (0.02) 19.25 (7.51) 18.20 (5.28) 
saw the light 0.63 (0.02) 0.61 (0.02) 17.41 (5.01) 16.76 (4.46) 
tied the knot 0.67 (0.02) 0.66 (0.02) 12.63 (4.67)* 11.94 (5.28)* 
walked a tightrope 0.97 (0.04) 1.01 (0.03) 16.42 (4.38)* 18.84 (4.56)* 

 

Kinematic Results 

Lip aperture variability.  Lip aperture variability was calculated for each of 

the target idioms across participants (see Table 3-3 above).  To determine if speakers 

were producing the literal and figurative readings of the target idioms differently, we 

calculated the absolute difference in LA VAR between the two readings for each 

idiom for every participant.  We then obtained an overall average of the absolute 

difference scores for each idiom (see Figure 3-3).  The absolute differences between 

the literal and figurative readings were statistically significant for all six idioms 

(dropped a bomb: Z = 3.52, p < .001, r = .85; kicked the bucket: Z = 3.62, p < .001, r = 

.88; rocked the boat: Z = 3.62, p < .001, r = .88; saw the light: Z = 3.62, p < .001, r = 

.88; tied the knot: Z = 3.62, p < .001, r = .88; walked a tightrope: Z = 3.62, p < .001, r 

= .88).  Given that the two biased readings show different speech movement 

variability patterns, such findings indicate that participants were producing the literal 

and figurative readings differently. 
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Figure 3-3. Mean absolute difference in LA VAR between the literal and figurative 
readings for each idiom across participants. 

 

In assessing the direction of these differences, dropped a bomb, kicked the 

bucket, tied the knot, and walked a tightrope showed a statistically significant 

difference in LA VAR between the literal and figurative readings.  A Wilcoxon signed 

ranks test indicated that the literal reading was more variable than the figurative 

reading for the idioms dropped a bomb (Z = -2.94, p < .05, r = .36) and tied the knot 

(Z = -2.79, p < .05, r = .34), and the figurative reading was more variable than the 

literal reading for the idioms kicked the bucket (Z = -4.87, p < .001, r = .59) and 

walked a tightrope (Z = -3.14, p < .05, r = .38).  This change in directionality is 

addressed in the Discussion section below. 
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Speed.  For peak speed, an overall average of the absolute difference scores 

between the literal and figurative readings was obtained for each target idiom using 

the method described above (see Figure 3-4).  The absolute differences between the 

literal and figurative readings were statistically significant for all six idioms for the 

jaw (dropped a bomb: Z = 3.62, p < .001, r = .88; kicked the bucket: Z = 3.62, p < 

.001, r = .88; rocked the boat: Z = 3.62, p < .001, r = .88; saw the light: Z = 3.62, p < 

.001, r = .88; tied the knot: Z = 3.62, p < .001, r = .88; walked a tightrope: Z = 3.62, p 

< .001, r = .88), lower lip (dropped a bomb: Z = 3.62, p < .001, r = .88; kicked the 

bucket: Z = 3.62, p < .001, r = .88; rocked the boat: Z = 3.62, p < .001, r = .88; saw the 

light: Z = 3.62, p < .001, r = .88; tied the knot: Z = 3.62, p < .001, r = .88; walked a 

tightrope: Z = 3.62, p < .001, r = .88), and upper lip (dropped a bomb: Z = 3.62, p < 

.001, r = .88; kicked the bucket: Z = 3.62, p < .001, r = .88; rocked the boat: Z = 3.62, 

p < .001, r = .88; saw the light: Z = 3.62, p < .001, r = .88; tied the knot: Z = 3.62, p < 

.001, r = .88; walked a tightrope: Z = 3.62, p < .001, r = .88).  Again, such findings 

indicate that participants were producing the literal and figurative readings differently. 
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Figure 3-4. Mean absolute difference in speed between the literal and figurative 
readings for each idiom across participants. 

 

Mean speed for each of the target idioms was calculated across participants 

(see Table 3-4).  A Wilcoxon signed ranks test indicated that jaw movement speeds 

were faster for the figurative reading than the literal reading for the idioms dropped a 

bomb (Z = -2.15, p < .05, r = .26), saw the light (Z = -2.22, p < .05, r = .27), and 

walked a tightrope (Z = -2.41, p < .05, r = .29).  For the idiom tied the knot, a 

statistically significant difference in mean speed between the literal and figurative 

readings was found for the upper lip only, where movement speeds were faster for the 

figurative reading than the literal reading (Z = -2.88, p < .05, r = .35). 

  



 

	  

125 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  

Ta
bl

e 
3-

4.
 M

ea
n 

sp
ee

d 
ac

ro
ss

 p
ar

tic
ip

an
ts

.  
Th

e 
[*

] i
nd

ic
at

es
 st

at
is

tic
al

 si
gn

ifi
ca

nc
e 

(p
 <

 .0
5)

 b
et

w
ee

n 
th

e 
m

ea
ns

 o
f t

he
 

lit
er

al
 a

nd
 fi

gu
ra

tiv
e 

pr
od

uc
tio

ns
. 



 

	  

126 

Path distance.  For path distance, an overall average of the absolute difference 

scores between the literal and figurative readings was obtained for each target idiom 

(see Figure 3-5).  The absolute differences between the literal and figurative readings 

were statistically significant for all six idioms for the jaw (dropped a bomb: Z = 3.62, 

p < .001, r = .88; kicked the bucket: Z = 3.62, p < .001, r = .88; rocked the boat: Z = 

3.62, p < .001, r = .88; saw the light: Z = 3.62, p < .001, r = .88; tied the knot: Z = 

3.62, p < .001, r = .88; walked a tightrope: Z = 3.62, p < .001, r = .88), lower lip 

(dropped a bomb: Z = 3.62, p < .001, r = .88; kicked the bucket: Z = 3.62, p < .001, r = 

.88; rocked the boat: Z = 3.62, p < .001, r = .88; saw the light: Z = 3.62, p < .001, r = 

.88; tied the knot: Z = 3.62, p < .001, r = .88; walked a tightrope: Z = 3.62, p < .001, r 

= .88), and upper lip (dropped a bomb: Z = 3.62, p < .001, r = .88; kicked the bucket: Z 

= 3.62, p < .001, r = .88; rocked the boat: Z = 3.62, p < .001, r = .88; saw the light: Z = 

3.62, p < .001, r = .88; tied the knot: Z = 3.62, p < .001, r = .88; walked a tightrope: Z 

= 3.62, p < .001, r = .88), indicating that participants were producing the literal and 

figurative readings differently. 
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Figure 3-5. Mean absolute difference in distance between the literal and figurative 
readings for each idiom across participants. 

 

Mean path distance was calculated for each of the target idioms across 

participants (see Table 3-5).  Interestingly, of the six idioms, a Wilcoxon signed ranks 

test showed that dropped a bomb was the only idiom that reached statistical 

significance (path distance was shorter for the figurative reading than the literal 

reading), and only for the jaw (Z = -2.36, p < .05, r = .29). 
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Discussion 

In order to examine the effects of speaker intent on speech motor control and 

performance, we created a novel paradigm to elicit the intended meanings (literal and 

figurative) of ambiguous idioms from speakers without their conscious awareness.  

We hypothesized that the literal and figurative productions of ambiguous idioms 

would differ in speech movement variability, speed, duration, and path distance.  More 

specifically, because we only included highly familiar idioms in our study, we 

hypothesized that the figurative readings would be less complex than the literal 

readings, and would therefore be produced with less variability, slower speeds, shorter 

durations, and smaller articulator displacements. 

Speaker Intent Influences Speech Motor Control and Performance 

Our findings lend support to the notion that there are bidirectional relations 

between speech production and various linguistic levels.  Previous studies have shown 

that increasing processing demands (i.e., complexity) at the phonological or syntactic 

level results in increased speech movement variability (Goffman, 1999, 2004; 

Goffman, Gerken, & Lucchesi, 2007; Goffman & Malin, 1999; Kleinow & Smith, 

2000, 2006; Maner, Smith, & Grayson, 2000; Nip & Green, 2013; Sadagopan & 

Smith, 2010; Sasisekaran, Smith, Sadagopan, & Weber-Fox, 2010; Sasisekaran & 

Weisberg, 2013).  Additionally, linguistic productions that are more complex in nature 

have faster movement speeds, longer durations, and greater articulator displacements 

(Green & Nip, 2010; Kleinow & Smith, 2006; Nip, 2012; Nip & Green, 2013; Nip, 

Green, & Marx, 2009; Walsh & Smith, 2002).  Such effects have been observed not 
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only at the phonological and syntactic levels, but at the lexical level as well.  For 

example, speech movement variability decreases when phonetic forms are linked to 

lexical information (Heisler, Goffman, & Younger, 2010; McMillan, Corley, & 

Lickley, 2009).  In the current study, we extend these findings and demonstrate that 

speaker intent also impacts various aspects of speech production, including speech 

movement variability, speed, duration, and path distance.  Speakers consistently 

produced the literal and figurative readings of ambiguous idioms differently and made 

distinctions between the two interpretations in their productions, as demonstrated by 

the absolute differences between the readings for all variables.  This finding is similar 

to acoustic studies that show speakers regularly produce prosodic cues even though 

they do not always apply the same prosodic pattern to a given sentence structure 

(Schafer, Speer, & Warren, 2005; Schafer, Speer, Warren, & White, 2000; Speer, 

Warren, & Schafer, 2003).  For example, Schafer et al. (2000) found that although 

speakers consistently generated prosodic cues to disambiguate temporarily ambiguous 

sentences, they used a variety of combinations of pitch accents, phrase accents, and 

boundary tones to signal differences in meaning.  Likewise, our speakers showed great 

diversity in the way that they produced the literal and figurative readings of 

ambiguous idioms; yet amidst all of the variation, speakers still distinguished between 

the two readings in their productions. 

This observation that speakers differentiate between the literal and figurative 

readings of ambiguous idioms provides preliminary evidence that linguistic levels 

higher than the phonological and syntactic levels can and do affect speech motor 
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control and performance.  Our general hypothesis is thus supported – that is, we 

predicted that the literal and figurative readings would be produced differently to 

reflect how they are differentially represented in the mental lexicon.  As much of the 

psycholinguistic evidence shows, the literal and figurative meanings of idioms are 

stored, accessed, and retrieved through distinct mechanisms both in production (e.g., 

Cutting & Bock, 1997; Levelt, 1992; Levelt & Meyer, 2000; Sprenger, Levelt, & 

Kempen, 2006) and comprehension (e.g., Bobrow & Bell, 1973; Cacciari & Tabossi, 

1988; Gibbs, 1984, 2002; Swinney & Cutler, 1979).  Speakers and listeners employ a 

compositional or word-by-word approach to obtain the literal meaning of an 

ambiguous idiom but a more direct approach to extract the figurative meaning, which 

is represented and stored at some level of processing as a single whole unit. 

Potential Role of Speaker Experience on the Production of Ambiguous Idioms 

 Because the literal interpretation of an ambiguous idiom requires accessing 

each lexical constituent in the phrase separately, we predicted that the literal reading 

would be more complex than the figurative reading; literal readings would therefore 

be associated with greater speech movement variability, faster speeds, longer 

durations, and greater path distances.  Although our results demonstrated that speakers 

treated the two readings differently, the direction of these differences was not 

consistent across speakers.  This lack of consistency in directionality strongly suggests 

that there are other factors influencing how speakers produce the two readings.  One 

potential additional factor may be a speaker’s experience with specific idioms; the 

frequency at which an individual uses or hears specific idioms will influence the 
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complexity of that idiom for that speaker (Connine, Mullennix, Shernoff, & Yelen, 

1990).  For example, if a speaker encounters an unfamiliar idiom, he or she will likely 

employ a compositional approach to idiom production, which would cause the 

representation of the figurative meaning to be unstable or non-existent.  In this 

hypothetical example, the literal production may be less complex than the figurative 

production because the representation of the figurative reading may not be robust or 

may be entirely absent.  In contrast, if a speaker encounters a highly familiar idiom, he 

or she will likely employ a direct approach to access the established and stable 

representation of the figurative meaning, which is stored as a single unit (Cutting & 

Bock, 1997; Sprenger, Levelt, & Kempen, 2006).  In this example, the figurative 

production may be less complex than the literal production.  In the current study, we 

restricted our stimulus set to idioms that were rated high in familiarity (Libben and 

Titone, 2008); however, each speaker’s own experience with the idiomatic phrases 

may explain why no consistent pattern was found between participants or even 

between idioms produced by the same speaker.  Although the off-line data does not 

appear to support this assumption (in general, participants were able to correctly 

define the literal and figurative interpretations of the target idioms), it should be noted 

that the manner in which we assessed idiom familiarity likely influenced our results.  

Indirect evidence that unstable representations of figurative readings may be 

associated with increased complexity comes from previous studies on the production 

of novel words.  Phonetic forms that are paired with a lexical representation (i.e., 

associated with some kind of meaning) are produced with less speech movement 
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variability than phonetic forms that are not paired with a lexical representation 

(Heisler, Goffman, & Younger, 2010; McMillan, Corley, & Lickley, 2009).  

Therefore, figurative productions of highly familiar idioms may be less variable in 

their speech movement patterns than their literal counterparts.  Contrastively, the 

opposite pattern may appear when speakers produce the figurative productions of less 

familiar idioms.  Because idiom complexity will vary both between speakers and 

within speaker (depending on the specific idiom), predictions regarding the 

directionality of any differences in production that appear between the literal and 

figurative readings will need to account for individual familiarity with various idioms. 

Limitations and Future Directions 

 Although the current investigation presents some initial insights into the 

bidirectional relations between the speech motor system and speaker intent, some 

limitations exist.  Because the present study utilized optical motion capture to examine 

articulatory movement during the production of highly familiar idioms (Libben & 

Titone, 2008), we were restricted in our selection of idioms to those that (1) consisted 

of consonants and vowels that required a great deal of lip and jaw movement (e.g., 

bilabial stops, labiodental fricatives, and low vowels) and (2) had high familiarity 

ratings.  Subsequent work should utilize experimental techniques that can measure 

tongue movement in addition to lip and jaw movement during speech production, such 

as electromagnetic articulography (EMA).  Methods that assess articulator movement 

inside of the mouth would permit the inclusion of a greater number of idioms.  

Including more idioms would also allow experimenters to examine idioms that widely 
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vary in their range of familiarity in order to determine if and how familiarity relates to 

speaker intent. 

 Additionally, to obtain information about speaker experience, we administered 

an off-line measure at the end of the experiment to assess comprehension of the target 

idioms by asking participants to define both the literal and figurative meanings of the 

idiomatic phrases.  Although participants were generally able to provide the correct 

literal and figurative interpretations of the idioms, our ability to examine in-depth the 

role of idiom familiarity in speakers’ productions of the literal and figurative readings 

of ambiguous idioms was restricted and limited.  Future studies should include a 

familiarity rating task for each of the target idioms (similar to the approach used by 

Libben and Titone, 2008) to allow for a more direct comparison of each participant’s 

familiarity with specific idioms to the familiarity ratings published in the literature. 

 Finally, the current study elicited idiomatic productions via a reading task.  

Because reading and spontaneous speech do not share the same pragmatic goals and 

processing demands, various aspects of speech production (e.g., prosody) may be 

realized differently in these two speaking situations (Ayers, 1994; Blaauw, 1994; 

Howell & Kadi-Hanifi, 1991; Speer, Warren, & Schafer, 2003).  Exactly how speech 

motor control and performance differ between reading and spontaneous speech, 

however, is unclear and warrants further investigation. 

Conclusion(s) 

One of the main challenges within the speech/language literature has been to 

devise a more accurate and comprehensive model of speech production that bridges 
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together the linguistic and motor domains of speech production.  While it has been 

repeatedly shown that phonology and syntax affect speech production, very few 

studies (if any) have examined the role of speaker intent (i.e., meaning) on speech 

motor control.  In this novel study, we demonstrate that speaker intent does influence 

speech motor control.  Speakers who were unaware of the purpose of the experiment 

consistently produced the literal and figurative readings of ambiguous idioms 

differently.  However, each speaker’s experience with the idioms of interest may have 

influenced how they differentiated between the two readings in their productions.  

From this study, it can be concluded that language shapes and influences speech motor 

control, even in the beginning stages of speech production as early as the level of 

speaker intent. 

 

Chapter 3, in part, is currently being prepared for submission for publication of 

the material.  Yang, Dorothy; Nip, Ignatius S.; Love, Tracy.  The dissertation author 

was the primary investigator and author of this material. 
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To the uninitiated, understanding a sentence may appear as one seamless, 

relatively effortless process, but the ability to comprehend a sentence depends on the 

successful operation of multiple, highly complex, cognitive processes, each of which 

draw upon different sources of information and potentially run along different time 

courses.  In fact, much of the work on sentence processing has focused on identifying 

what types of information listeners initially use when making ‘parsing’ decisions (i.e., 

decisions about sentence structure) and when those sources of information are used 

during sentence processing.  For example, some have proposed that heuristics that 

make contact with phrase structure are employed to assign sentence structure (see 

Frazier, 1978; Frazier & Rayner, 1982; Rayner, Carlson, & Frazier, 1983), while 

others have argued that decisions about sentence structure are dependent upon the 

lexical properties of a word (Fodor, 1978; Ford, Bresnan, & Kaplan, 1982; 

MacDonald, Pearlmutter, & Seidenberg, 1994). 

One assumption that has turned out to be uncontroversial is that 

listeners/readers process sentences incrementally; a decision is made regarding the 

structure of the sentence as each word is encountered in the processing stream (e.g., 

Marslen-Wilson, 1975; Frazier, 1987; Steedman, 1989).  Thus the battleground for 

sentence processing accounts has primarily revolved around the issue of local 

processing – that is, processing that occurs at particular points in time during the 

unfolding of a sentence. As one important example, sentences can be temporarily 

structurally ambiguous, where at a given point in the sentence, two possible 
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interpretations based on the structure of the sentence is available to the listener.  

Consider the following: 

1. While the band played the song pleased all the customers. 

There is evidence that readers/listeners, moving ‘left-to-right’, will initially attach the 

post-verb noun phrase (NP) the song as the direct object of the verb played (as in 

“While the band played the song,…”).  Upon further encountering the main verb 

phrase (VP) pleased all the customers, readers/listeners must reanalyze the sentence to 

interpret the sentence correctly by appropriately attaching the NP the song as the 

subject of the clause.  Even so, there is evidence that such ‘garden-paths’ can be 

mitigated by lexical information.  Consider: 

2. While the band played the beer pleased all the customers. 

Here, readers/listeners will also attach the beer as the direct object of played; however, 

because the beer is simply not a good theme for the verb played, recovery from the 

initial misanalysis will be easier and faster in (2) than in (1). 

On intuition alone, prosodic information may also help to disambiguate these 

kinds of temporary syntactic ambiguities during auditory comprehension.  Prosody 

refers to the stress, rhythm, and intonation of a spoken utterance, and it can be 

examined by looking at one or more of the following acoustic parameters: 

fundamental frequency (the lowest rate of vocal fold vibration for a given individual, 

noted as F0, or its perception, known as pitch), duration, and amplitude (loudness or 

intensity) (Kjelgaard & Speer, 1999; Lehiste, 1970; Shattuck-Hufnagel & Turk, 1996).  

At the very least, prosody is central to the conveyance of non-linguistic information 
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(e.g., emotion, age, sex) as well as macro-linguistic information (e.g., making prosodic 

distinctions between different sentence types such as questions or statements); 

however, it may also constrain sentence processing in its early stages.  Consider, for 

example, sentence (1): when it is spoken aloud, there is a discernable pause after the 

verb played, suggesting a structural segment that encompasses while the band played.  

If the sentence were spoken without a discernable pause after the verb, listeners would 

most likely garden-path and mis-parse the sentence.  Of course, intuitions only go so 

far.  The goal of this study, then, is to investigate the role of prosodic information 

during on-line sentence comprehension, and to examine its effects amidst other 

constraints, particularly thematic fit information. 

 

Thematic Fit as a Constraint on Sentence Processing 

There are several accounts of sentence processing, but two have dominated the 

psycholinguistic literature: restricted models and unrestricted models.  According to 

restricted models, such as the Garden Path Account (Ferreira & Clifton, 1986; Frazier, 

1987; Frazier & Rayner, 1982; Rayner, Carlson, & Frazier, 1983), Construal (Frazier 

& Clifton, 1996, 1997), and similar instantiations, structure is computed serially.  

Syntactic information is encapsulated and processed independently of other 

information (e.g., lexical-semantic, contextual, etc.; Frazier, 1987; Frazier & Fodor, 

1978).  As such, the parser automatically defaults to constructing the simplest 

syntactic structure possible, and each word of the incoming sentence is integrated into 

this syntactic frame as it enters the parser.  Once this initial syntactic structure is built, 
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thematic roles (e.g., Agent, Theme, etc.) are assigned to the argument phrases in the 

sentence.  In cases where additional incoming information cannot be inserted into the 

existing structure, processing is disrupted, and reanalysis is triggered.  In sum, 

restricted models limit what information is considered at any given point during 

parsing and are not directed or influenced by non-syntactic factors (see Poirier & 

Shapiro, 2011, for a review). 

Unrestricted (or constraint-based) models, on the other hand, are non-modular 

in that multiple types of information (e.g., lexical, semantic/thematic fit, context, 

world knowledge) are available to the parser and can interact with syntax as new 

information arrives (MacDonald, Pearlmutter, & Seidenberg, 1994; Marslen-Wilson & 

Tyler, 1980; McClelland, St. John, & Taraban, 1989; McRae, Ferretti, & Amyote, 

1997; McRae, Spivey-Knowlton, & Tanenhaus, 1998; Pearlmutter & MacDonald, 

1992; Tabossi, Spivey-Knowlton, McRae, & Tanenhaus, 1994; Trueswell, 1996; 

Trueswell & Tanenhaus, 1994; Trueswell, Tanenhaus, & Garnsey, 1994; Tyler & 

Marslen-Wilson, 1977).  Evidence in support of unrestricted models stems from 

studies showing early effects of probabilistic (weighted) information on structure 

building (seen at the word, sentence and discourse/contextual levels) (see, for 

example, MacDonald, 1994; MacDonald, Pearlmutter, & Seidenberg, 1994; 

Tanenhaus, Spivey-Knowlton, Eberhard, & Sedivy, 1995; Trueswell, 1996).  Because 

multiple sources of non-syntactic information can constrain parsing, it is believed that 

multiple parses are constructed.  Depending on which piece of non-syntactic 
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information carries the most weight, certain parses will be preferred over others 

(MacDonald et al., 1994; Trueswell & Tanenhaus, 1994). 

One source of non-syntactic information that has received a considerable 

amount of attention in the sentence processing literature is thematic fit.  Specifically, 

researchers have sought to determine if a verb’s semantic properties can constrain 

parsing.  Consider the following temporary ambiguities in which the semantic fit 

between a verb and its noun phrase (NP) arguments is manipulated: 

3a. The defendant examined by the lawyer turned out to be unreliable. 

3b. The evidence examined by the lawyer turned out to be unreliable. 

In (3a), the NP (the defendant) is followed by a morphologically ambiguous verb 

(examined).  As such, either a main clause interpretation is possible (i.e., “The 

defendant examined…”, where examined behaves as a past tense -ed verb) or a 

reduced relative clause interpretation (i.e., “The defendant who was examined…”, 

where examined behaves as a past participle).  Either interpretation is plausible up to 

the point of disambiguation (i.e., the introduction of the by phrase) because an animate 

noun phrase like the lawyer can, in essence, examine (taking the role of Agent) or be 

examined (taking the role of Theme).  In contrast, only a reduced relative clause 

interpretation is plausible in sentence (3b) as it would be semantically incongruous for 

the inanimate NP (the evidence) to perform the act of examining.  However, the noun 

phrase can play the role of Theme because it can be ‘examined’. 

Investigating these types of sentences, Ferreira and Clifton (1986) found that 

animacy did not affect readers’ initial parsing decisions.  Even though readers had 
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access to semantic category information before the disambiguating region (i.e., the by 

phrase), they did not use this information to alter their first-pass parsing preference 

(the main clause interpretation).  This evidence provides support for a syntax-driven 

approach to sentence processing in which the parser only considers syntactic 

information when making a first-pass analysis.  Constraint-based theorists, however, 

have argued that comprehenders can readily use information about thematic fit and a 

verb’s semantic properties to make first-pass parsing decisions (Carlson & Tanenhaus, 

1988; Tanenhaus & Carlson, 1989; Tanenhaus, Carlson, & Trueswell, 1989; 

Pearlmutter & MacDonald, 1992).  In response to Ferreira and Clifton (1986), 

Tanenhaus, Trueswell, & Garnsey (1994) conducted a study in which they too, 

investigated readers’ use of thematic role information in resolving temporary syntactic 

ambiguities.  Contrary to the findings of Ferreira and Clifton (1986), Tanenhaus et al. 

(1994) found that animacy had immediate effects on parsing; readers showed greater 

difficulty processing reduced relatives when the first NP was animate (i.e., it could 

either serve as Agent or Theme of the following verb).  Overall, readers showed little 

to no difficulty processing reduced relatives when the first NP was inanimate, 

particularly when the inanimate noun was a poor Agent but a good Theme of the 

sentence; it was only when the semantic constraint was weak that readers showed 

slightly slower processing times (however, see Clifton et al. (2003) for a response to 

Tanenhaus et al.).  Further research has also suggested that parsing can be constrained 

by other factors such as the relative frequency with which a verb is used as a past tense 

–ed verb or a reduced relative (MacDonald, Pearlmutter, & Seidenberg, 1994; 
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Trueswell, 1996; Trueswell & Tanenhaus, 1994).  Thus, given the relatively equivocal 

results from different studies, it is not entirely clear whether or not listeners use 

thematic fit information to initially structure sentences. 

 

Prosody as a Constraint on Sentence Processing 

Although a considerable amount of evidence has been put forth in support of 

restricted/unrestricted and other accounts of sentence processing, much of the work on 

sentence processing has largely ignored a major property of language that is processed 

in the auditory modality – prosodic information.  There have been several off-line 

studies in the literature showing that prosody can facilitate or disrupt sentence 

comprehension depending on the congruence of prosodic information to sentence 

structure (see, for example, Carlson et al., 2009; Kjelgaard & Speer, 1999; Marslen-

Wilson et al., 1992; Price et al., 1991; Schafer et al., 2005; Schafer et al., 2000; Speer 

et al., 1996; Stirling & Wales, 1996; Warren et al., 1995; Watt & Murray, 1996 and 

references therein).  Off-line methods capture the listener’s knowledge necessary to 

interpret a sentence and can also capture the integration of multiple processing 

operations.  However, most accounts of sentence processing are concerned with the 

temporal details of processing.  Online methods are thus necessary – that is, those 

methods that can capture if and when prosodic information is used and integrated into 

the unfolding of the sentence.  Very few on-line studies examining prosody’s role in 

the moment-by-moment processing of auditory sentences have been conducted (for a 
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discussion on the role of prosody during silent reading, see Breen & Clifton, 2011, 

2013). 

In an attempt to address this gap in the literature, researchers have commonly 

employed Continuation Naming Tasks (CNT, also referred to in the literature as 

Cross-Modal Naming) to explore the effects of prosody during on-line sentence 

processing (Kjelgaard & Speer, 1999; Marslen-Wilson, Tyler, Warren, Grenier, & 

Lee, 1992; Speer et al., 1996; Warren et al., 1995; Watt & Murray, 1996).  In CNT, 

participants hear a sentence fragment and then see a visual target probe word that 

serves as a good continuation of the sentence fragment.  Upon seeing the word, 

participants must read the word aloud as quickly and as accurately as possible.  

Through this type of task, researchers have argued that initial parsing preferences (like 

Minimal Attachment, for example) can be overridden by prosodic information 

(Marslen-Wilson et al., 1992; Kjelgaard & Speer, 1999; Speer et al., 1996).  While the 

data from CNT studies are informative, they are still greatly limited in their ability to 

measure fine-grained temporal detail.  Because participants are forced to switch from 

processing auditory information to the visual modality, and critically, because the 

word presented visually is an overt continuation of the sentence, processing becomes 

susceptible to integration effects and possibly end-of-sentence wrap up effects.  As 

such, CNT paradigms are more suited to tap into off-line processes than on-line 

processes. 

Though limited in the literature, there are a few studies that have implemented 

on-line tasks to investigate the timing of the effects of prosodic cues during sentence 
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processing.  For example, cross modal lexical priming (CMLP; e.g., Swinney, 1979) 

and interference (CMI; e.g., Shapiro, Zurif, & Grimshaw, 1987, 1989) have been used 

to measure activation (CMLP) and/or processing load (CMI) as sentences unfold over 

time (see Love & Brumm, 2011, for a review).  In CMI and CMLP studies, sentences 

are presented aurally to participants while they fix their eyes on a computer screen in 

front of them.  At certain points in the sentence (as indicated by the * in (4a-4b) 

below), a letter string is momentarily presented on the screen.  Depending on the task, 

the probe will either be related or unrelated to a target word in the sentence.  

Immediately upon seeing the item, participants must make a binary decision about the 

letter string (e.g., word/non-word) by pressing a YES or NO button on a response box 

as quickly as possible. 

Using a CMLP task, Nagel et al. (1994) explored the effects of prosody on the 

processing of structurally ambiguous filler-gap constructions in unimpaired 

individuals. Filler-gap sentences result when, for example, a Wh-phrase is displaced 

from its underlying position to a position earlier in the sentence.  Such displacement 

leaves behind a “gap” that co-refers with its previously mentioned referent (i.e., the 

“filler”).  In one condition, the displaced NP (Which doctor) originated in the direct 

object position (4a), while in the other condition, the ‘downstream’ object of the 

preposition was the source of the gap (i.e., the late-gap condition) (4b): 

4a. Which doctori did the supervisor call *___i to get help for his youngest daughter? 

4b. Which doctori did the supervisor call * to get help for ___i during the crisis? 
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Each sentence was produced with its correct prosodic contour, and probe points were 

always placed after the main verb (call) of the sentence.  Visual target probes were 

either (1) words that were semantically related to the antecedent/filler (e.g., 

PATIENT), (2) words that were unrelated controls (e.g., CURRENT), or (3) non-

words (e.g., COMTENT).  Nagel et al. reasoned that if prosody facilitates the on-line 

processing of filler-gap sentences, then participants should prime or respond faster to 

the semantically related probes (PATIENT) in the direct object gap condition than in 

the late-gap condition, but only when the prosodic contour matched the structure of 

the sentence.  Indeed, the authors found priming (faster reaction times (RTs) to 

semantically related probes as compared to the unrelated probes) at the offset of call 

for the direct object gap sentences (with direct object prosody); no priming at the 

direct object position was observed in sentences where the gap actually occurred 

downstream, within the prepositional phrase, and where the prosodic contour was 

distinct. 

In a similar study, Nagel et al. (1996) used CMI to investigate how prosody 

may guide a listener towards resolving an apparent temporary structural ambiguity.  

Unlike CMLP, CMI does not provide any information about lexical activation; it only 

measures changes in processing load across a given sentence.  As such, only unrelated 

probes are needed, measuring local processing load.  In this particular study, Nagel et 

al. specifically examined the direct object (DO)/sentence complement (SC) ambiguity: 

5a. DO: The company owner promised the wage increase to* the workers. 

5b. SC: The company owner promised the wage increase would* be substantial. 
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Using sentence pairs like (5a) and (5b), Nagel et al. generated a congruent prosody 

condition where sentences were produced with their natural prosodic contour, and an 

incongruent prosody condition where the segment from the beginning of the sentence 

up to and including the ambiguous NP (the wage increase) was cut from each control 

sentence and cross-spliced into each test sentence, yielding a DO construction overlaid 

with SC prosody and a SC construction overlaid with DO prosody. Unrelated lexical 

decision probes were presented after the disambiguation point in the sentences.  The 

authors found that when prosody conflicted with the syntactic configuration of the 

sentence, RTs were longer than when prosody was congruent with syntax.  Such a 

result indicates that the mismatch between prosody and syntax created an increase in 

processing load (i.e., processing became more difficult), suggesting that prosody can 

be used to initially help determine structure. 

 More recently, researchers have employed pupillometry as a method of 

investigating on-line language processing. In pupillometry, changes in pupil dilation 

are measured as a participant performs a certain task.  The rate and degree to which 

the pupils dilate is directly related to the difficulty of the task and task demands; as a 

task becomes more difficult, pupil dilation increases (and the rate at which the pupils 

dilate increases as well), suggesting a greater load in cognitive processing.  

Furthermore, as some researchers have noted, changes in pupil diameter are graded 

(unlike the responses obtained from end-of-sentence comprehension tasks or eye 

movement tasks, which are more discrete in nature) (see Engelhardt et al., 2010); as 

such, there is a greater level of fine-grained detail that is obtained with pupillometry. 
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In one of the only studies of its kind, Engelhardt, Ferreira, & Patsenko (2010) 

presented early closure sentences (e.g., While the woman cleaned, the dog that was big 

and brown stood in the yard) aurally to participants as they focused on a crosshair on a 

computer screen in front of them.  Two types of prosodic conditions were created for 

the sentences: (1) cooperating prosody, in which a prosodic break (signaled by a pause 

and a slight change in pitch) appeared after the VP (cleaned) and (2) conflicting 

prosody, in which there was no prosodic break (no pause and no change in pitch) after 

the VP so that listeners would incorrectly expect a direct object to appear after the VP.  

A comprehension question then followed stimulus presentation.  As expected, there 

was a significant increase in pupil diameter when participants encountered the 

conflicting prosody condition; there was no change, however, in pupil diameter when 

prosody and syntax were congruent.  Additionally, participants answered more 

comprehension questions incorrectly when a mismatch appeared between prosody and 

syntax. 

Taken together, these studies provide evidence for a specialized role of 

prosody in sentence processing (see also Snedeker & Trueswell, 2003, who conducted 

an eye-tracking study in which they found that listeners can use speaker-provided 

prosodic cues early in processing to help them distinguish between NP-attachment and 

VP-attachment sentences).  In the Nagel et al. (1994) study, listeners were able to use 

prosody to help them locate the position of an upcoming gap; in the Nagel et al. (1996) 

and Engelhardt et al. (2010) studies, listeners were able to use and capitalize on 

speaker-provided acoustic cues early in processing to disambiguate temporary 
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ambiguities.  Based on these studies then, it would appear that listeners can use 

prosodic information to ‘predict’ sentence structure.  Given this possibility, prosody 

should be considered more than just a paralinguistic property of language; as the 

above studies show, prosody may have a syntactic function and be intimately tied to 

structure building (syntactic processing). 

 

The Current Investigation 

As discussed previously, the two main accounts of sentence processing that 

dominate the psycholinguistic literature are restricted and unrestricted accounts.  

However, where within these two accounts does prosody fit?  If prosody guides 

parsing decisions regardless of the potential influence from other information, then the 

restricted view would hold sway, although processing would no longer be restricted to 

syntactic information alone but would instead be tightly coupled with prosody.  

However, if prosody and other constraints interact during initial parsing decisions, 

then the unrestricted account would seem to be a better fit.  The purpose of the present 

study, then, is two-fold.  First, we examine the time-course of prosody (i.e., pitch, 

duration) during the real-time processing of auditory sentences, and second, we 

examine the relationship between prosody and syntax by investigating the extent to 

which prosody can override other known constraints on sentence processing, 

particularly thematic fit/plausibility information.  We currently know of no such effort 

that has attempted to specify the syntactic nature of prosody or determine the relative 

contributions of prosody and thematic fit to sentence processing.  Furthermore, as 
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there is a limited literature on prosody during the real-time processing of sentences, 

we contribute to the existing literature by employing an on-line task (i.e., 

pupillometry) to examine the time-course of different aspects of prosody during the 

moment-by-moment unfolding of sentence processing in neurologically healthy 

populations.  Prior research has shown that the task-evoked pupillary response, as 

measured via pupillometry, is a reliable index of processing load; changes in pupil 

diameter during performance on any given cognitive task reflect real-time changes in 

processing demands (e.g., Beatty, 1982; Bumke, 1911; Granholm, Asarnow, Sarkin, & 

Dykes, 1996; Heinrich, 1896; Hess & Polt, 1964; Kahneman, 1973; Kahneman & 

Beatty, 1966; Piquado Isaacowitz, & Wingfield, 2010).  The on-line pupillary 

response is tightly correlated to the activation of certain neural systems, specifically 

the locus coeruleus and the norepinephrine system (Koss, 1986; Rajkowski, Kubiak, & 

Aston-Jones, 1993; Rajkowski, Majczynski, Clayton, & Aston-Jones, 2004), both of 

which are integral to memory retrieval (Sterpenich et al., 2006), attention processing 

(Foote & Morrison, 1987), and cognitive performance (Posner & Fan, 2008).  The 

locus coeruleus and the norepinephrine system assist in these operations by monitoring 

and regulating levels of arousal in the brain, especially during stress (Laeng, Sirois, & 

Gredebäck, 2012; Posner & Fan, 2008).  Functional magnetic resonance imaging 

studies have also demonstrated that the time course at which the pupils dilate closely 

follows the time course of the blood-oxygen-level dependent (BOLD) hemodynamic 

response in the brain (e.g., Siegle, Steinhauer, Stenger, Konecky, & Carter, 2003).  

While there is evidence linking pupil diameter to language processing demands (e.g., 
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Just & Carpenter, 1993; Schluroff, 1982; Schluroff, Zimmermann, Freeman, 

Hofmeister, Lorscheid, & Weber, 1986; Wright & Kahneman, 1941), more work is 

needed to better identify the specific cortical systems that mediate the pupil’s response 

during language processing.  Still, pupillometry is an advantageous tool for studying 

language processing because 1) it requires no pictorial support, and 2) it yields 

information about on-line processing without requiring participants to make any overt 

decisions.  As such, participants need only to fix their eyes on a single designated 

location (in the present study, this location was marked by a crosshair in the center of 

a computer screen) as they listen to sentences uninterruptedly. 

 

Methods 

Participants 

 Sixty-nine college-aged individuals (5 males, 64 females; M = 21.35 years, SD 

= 2.74 years) were recruited from San Diego State University to participate in the 

current experiment, and each received course credit for his or her participation.  Based 

on self-report, all participants were right-handed, monolingual, native speakers of 

English (i.e., they were not exposed to a second language prior to the age of six); all 

had a negative history of drug abuse and/or neurological, speech, language, and/or 

hearing disorders; and all had normal or corrected-to-normal vision. 

Design and Materials 

 To understand the on-line contributions of prosody and thematic fit in sentence 

processing, we created strong garden-path sentences using (or modifying) sentences 
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that have been previously published in the garden-path literature (e.g., Christianson, 

Hollingworth, Halliwell, & Ferreira, 2001; Felser, 2011; Ferreira & Henderson, 1991; 

Frazier & Rayner, 1982; Pickering & Traxler, 1998; Pickering, Traxler, & Crocker, 

2000; Van Gompel, Pickering, Pearson, & Jacob, 2006).  All of our experimental 

items included an early/late closure ambiguity where a pre-posed adjunct clause 

contains a verb that is optionally transitive (e.g., played).  Additionally, we 

manipulated thematic fit between the verb (e.g., played) and a structurally ambiguous 

NP (e.g., the song/beer).  Consider the following ([ ] denotes prosodic contour): 

 6a. [While the band played the song] the beer pleased all the customers. 

 6b. [While the band played the beer] the song pleased all the customers. 

 6c. [While the band played] the song pleased all the customers. 

 6d. [While the band played] the beer pleased all the customers. 

Sentences (6a-6d) exploit the argument structure of the verb.  The verb play can either 

take a direct object (e.g., While the band played the song, the beer pleased all the 

customers) or stand alone as an intransitive verb (e.g., While the band played, the song 

pleased all the customers).  In this experiment, we manipulated the temporarily 

ambiguous NP so that sentences contain either a plausible misanalysis (such as in 

sentences (6c) where ‘the band played the song’) or an implausible misanalysis (such 

as in sentences (6d) where ‘the band played the beer’).  In sentence (6a), the verb play 

operates as a transitive verb and takes on a plausible direct object (song); thus, no 

processing difficulty should occur because the transitive form of the verb is confirmed 

with the appearance of the following sentential clause.  Processing difficulty should 

occur, however, in sentence (6b) because the verb play accepts an implausible direct 
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object (beer). 

 We recorded sixty sets of sentences like (6a-6b) with naturally produced late 

closure prosody and sentences like (6c-6d) with naturally produced early prosody.  All 

sentences were recorded at a regular rate of speech (4-6 syllables/s) in a soundproofed 

environment and were monitored for quality.  A waveform editor (Adobe Audition) 

was then used to cut and splice the initial portions of sentences (6a-6b) up to the 

ambiguous NP (the song/beer) to replace those same portions in (6c-6d).  Sentences 

like (6a-6b), which served as our control sentences for prosody, were also formed via 

cross-splicing.  We obtained two different recordings of each prosodic control 

sentence and replaced the dependent clause of one repetition with the dependent 

clause of the other.  These procedures resulted in two control conditions and four 

experimental conditions ([ ] indicates prosodic contour): 

 7a. No thematic fit conflict, congruent prosody (control): 

  [While the band played the song] the beer pleased all the customers. 

 7b. Thematic fit conflict, congruent prosody (control): 

  [While the band played the beer] the song pleased all the customers. 

7c. No thematic fit conflict, congruent prosody: 

[While the band played] the song pleased all the customers. 

 7d. Thematic fit conflict, congruent prosody: 

[While the band played] the beer pleased all the customers. 

7e. No thematic fit conflict, incongruent prosody: 

[While the band played the song] pleased all the customers. 

7f. Thematic fit conflict, incongruent prosody: 
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[While the band played the beer] pleased all the customers. 

As a reminder, NP2 (the song/beer) can either be structured as the DO of the verb or 

as the subject of the following sentential clause.  This manipulation allows us to 

determine if prosody can bias listeners towards a particular parse even when the 

semantic properties of the NP conflict with the argument structure of the verb (e.g., 

While the band played the beer). 

The items in each set of experimental sentences were divided into four scripts 

using a Latin square design (see Table 4-1 for an example). 

Table 4-1. Latin square design for the current study. 

Set Script 1 Script 2 Script 3 Script 4 

1 cong pl cong impl incong pl incong impl 

2 cong impl cong pl incong impl incong pl 

3 incong pl incong impl cong pl cong impl 

4 incong impl incong pl cong impl cong pl 
cong = congruent prosody; incong = incongruent prosody; pl = plausible; impl = implausible 

 

Sentences (i.e., experimental sentences, filler/distractor sentences, and comprehension 

questions) in each script were pseudo-randomized such that a filler item always 

followed a comprehension question.  Half of the participants were administered scripts 

1 and 2, and the other half were administered scripts 3 and 4.  Thus, every participant 

contributed data to each condition but to half of the full set of data so that the total 

number of visits for each participant was reduced from four to two.  Participants 

completed each script in their set on two different days that were separated by at least 

a week. 
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Procedure 

Participants were seated at a distance of 65cm in front of a Tobii T-60 dual eye 

tracker and computer screen.  At this distance, gaze angle to any point on the screen 

does not exceed 42o, and the eye tracker is able to collect all gaze data.  Sentences 

were presented aurally to participants over headphones at a comfortable loudness 

level.  Twenty percent of the sentences in each script were followed by a Yes/No 

comprehension question in order to ensure that participants were paying attention to 

the sentences.  While fixating on a crosshair positioned at the center of the screen, 

participants were instructed to listen to each sentence and respond to any 

comprehension questions using a Yes/No button box.  Before each trial, the written 

cue “Ready” appeared in the middle of the screen for 2000ms.  Immediately 

afterwards, the crosshair appeared in place of the “Ready” cue on the screen.  Once 

this occurred, participants heard 750ms of silence, followed by the auditory sentence, 

and then another 750ms of silence.  It takes approximately 250ms for pupils to 

respond to changes in processing demands, including changes to the visual field (i.e., a 

crosshair); thus, to account for this pupillary delay, we inserted 750ms of silence 

before and after the auditory sentence was presented in order to allow the pupils 

sufficient time to readjust and normalize to the current conditions.  Participants were 

asked to minimize head movements and blinking during the experiment and were 

encouraged to hold blinks until the 2000ms “Ready” inter-stimulus interval (ISI). 

Each session began with a set of practice items.  Once participants felt 

comfortable with the task, the experiment began.  E-Prime 2.0 Professional® was used 
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to present the stimuli on a monitor with a built-in eye tracker (Tobii T-60).  As 

participants performed the task, the Tobii eye-tracker collected pupil diameter 

measurements every 17ms (60Hz).  Participants completed one script in a given 

session; each script was divided into four blocks, and each block lasted approximately 

five to six minutes.  After finishing their first session, participants were scheduled to 

complete their second session (i.e., second script) approximately one week later.  

Procedures remained identical across both sessions. 

Predictions 

 It is predicted that changes in processing load will occur at two points in the 

ongoing sentence: (1) NP2 (the song/beer) following the optionally transitive verb 

(played) and (2) the main verb (pleased).  The time-course of pupillary responses will 

be contrasted across conditions at and around these regions of interest (see Table 4-2 

and 4-3 below). 

The first set of predictions is based on the assumption that thematic 

information overrides prosody and that prosody is completely ignored in sentence 

processing.  If this assumption is true, then no difficulty in processing should be 

observed at the song in (7c) and in (7e) because the song is an excellent continuation 

of played.  However, because the song is a good theme for played, recovering from the 

initial misanalysis will be much more difficult when the listener encounters the verb 

pleased.  Sentences (7d) and (7f) should yield the opposite pattern.  Processing load 

should increase at the beer in (7d) and in (7f) because the beer does not fit well with 

played; thus, reanalysis should be much easier once the listener encounters pleased, 
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and a decrease in processing load should be observed at this position.  For a summary, 

see Table 4-2 below. 

Table 4-2. Predictions if thematic fit overrides prosody in sentence processing. 
 

 Congruent Prosody Incongruent Prosody 

Thematic Fit: 
No Conflict 7c 

NP 
(the song) 

No processing 
difficulty 

7e 

NP 
(the song) 

No processing 
difficulty 

V 
(pleased) 

Increase in 
processing load 

V 
(pleased) 

Increase in 
processing load 

Thematic Fit: 
Conflict 7d 

NP 
(the beer) 

Increase in 
processing load 

7f 

NP 
(the beer) 

Increase in 
processing load 

V 
(pleased) 

Decrease in 
processing load 

V 
(pleased) 

Decrease in 
processing load 

 

The next set of predictions is based on the assumption that prosody is used to 

initially structure input and that thematic fit information is ignored in sentence 

processing.  If this assumption is true, then listeners should have no difficulty 

processing (7c) or (7d) given that the prosody of both sentences suggests closure 

immediately after the initial phonological phrase and subsequent prosodic break (e.g., 

While the band played).  In both (7e) and (7f), no difficulty in processing should be 

observed at NP2 (the song/beer); however, pleased should prompt reanalysis and 

produce an increase in processing load because the prosodic contour and syntactic 

structure of the two sentences are incongruent.  For a summary, see Table 4-3. 
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Table 4-3. Predictions if prosody overrides thematic fit information in sentence 
processing. 

 
 Congruent Prosody Incongruent Prosody 

Thematic Fit: 
No Conflict 7c 

NP 
(the song) 

No processing 
difficulty 

7e 

NP 
(the song) 

No processing 
difficulty 

V 
(pleased) 

No processing 
difficulty 

V 
(pleased) 

Increase in 
processing load 

Thematic Fit: 
Conflict 7d 

NP 
(the beer) 

No processing 
difficulty 

7f 

NP 
(the beer) 

No processing 
difficulty 

V 
(pleased) 

No processing 
difficulty 

V 
(pleased) 

Increase in 
processing load 

 

There is, of course, the possibility that prosody and thematic fit information 

interact in sentence processing – that is, the effect of prosody (congruent, incongruent) 

on processing load may differ as a function of plausibility (plausible, implausible) and 

vice versa.  The direction of any observed interaction will depend on the strength of 

the cue (prosody or thematic fit). 

Finally, comparing sentences like (7a) and (7b) will yield an examination of 

thematic fit when prosody is controlled.  Sentence (7a) contains no violation of 

thematic fit or prosody, while (7b) contains a violation of thematic fit only (since the 

beer has an unlikely fit with played).  Any differences found between the two 

sentences would strongly suggest that thematic fit is the source of the effect.  As such, 

an increase in pupil dilation (suggesting a larger processing load) should be observed 

only at the beer in (7b) relative to the song in (7a). 

Data Analysis 

 The amount of pupil diameter data that can be lost in any given pupillometric 

study will depend on a variety of factors including participant blinks, eye movements, 

and failure to look at the screen.  If more than 35% of the overall data from any 



 

	  

168 

individual participant was missing, that participant’s data were removed from the 

analysis.  Artifacts resulting in data loss (e.g., eye blinks, eye movements) were 

corrected by averaging the three pupillary measurements (51ms, the mean length of a 

blink) that preceded and followed the missing data points and replacing the missing 

data with that average.  This procedure was performed within items for each 

participant whose data were included in the analysis. 

Pupillary response to an external stimulus has been reported to occur as early 

as 200ms (Beatty, 1982) and as late as 360ms to subtle changes (Barbur, Harlo, & 

Sahraie, 1991).  To account for this physiologic delay, the time-course of every 

sentence was adjusted forward by 250ms (an approximate average of the two values 

observed by Beatty (1982) and Barbur et al. (1991)) to index the pupillary waveforms 

to the auditory sentence.  After time-locking the auditory sentence to the pupillary 

waveform, we performed various time window analyses on the data.  Each time 

window was established based on points of interest (i.e., areas where we expected 

changes in processing demands to occur).  To begin, we first standardized the data so 

that every pupillary waveform began at zero (i.e., baseline) at the beginning of each 

time window of interest.  For each time window, we took the first pupil diameter 

measurement and subtracted that value from itself and every subsequent measurement 

in the time window for each condition for every participant.  Each participant’s data 

was then averaged for each condition so that the different conditions could be 

compared and analyzed. 
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Results 

 This experiment was a within-participant design where prosody (congruent vs. 

incongruent) and plausibility (plausible vs. implausible) served as the within-

participant variables.  As such, four experimental conditions were created: 1) 

congruent, plausible; 2) congruent, implausible; 3) incongruent, plausible; and 4) 

incongruent; implausible.  We also included two prosodic control conditions to isolate 

the effects of thematic fit information on sentence processing.  In order to examine the 

differential effects of prosody (congruent vs. incongruent) and thematic fit (plausible 

vs. implausible) on sentence processing (as measured via changes in pupil diameter), 

we conducted within-participant analyses of variance (ANOVA) over several time 

windows of interest.  In this section, we outline those findings. 

Prosody and Plausibility: Main Effects and Interaction Effects 

 For a visualization of the pupillary responses across the time windows of 

interest for each prosodic condition (i.e., congruent and incongruent), see Figures 4-1 

and 4-2 below.  Note that each figure depicts the pupillary waveforms of a single 

prosodic condition, as the pause occurs earlier in the congruent (early closure) 

prosodic condition, but later in the incongruent (late closure) prosodic condition. 
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Figure 4-1. Pupillary waveforms time-locked to the sentences of interest in the 
congruent (early closure) prosodic condition. 

 

 
 

Figure 4-2. Pupillary waveforms time-locked to the sentences of interest in the 
incongruent (late closure) prosodic condition.  Differences between the two sentences 

were found for the time window shaded in gray. 
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Time window analysis 1: Across the first verb (played).  There was a 

significant main effect of prosody over the verb played (F(1, 68) = 10.187, p < .01).  

On average, pupil diameter was larger over the verb played (suggesting a greater 

processing load) for the congruent prosodic condition than for the incongruent 

prosodic condition.  There was no significant main effect of plausibility over the verb 

played (F(1, 68) = .637, p = 0.427).  This is not surprising, as all of the words are 

identical across the four different conditions up to the verb played, and no plausibility 

conflict has occurred in the sentence yet.  Additionally, there was no significant 

interaction between prosody and plausibility over the verb played (F (1, 68) = .015, p 

= 0.904). 

Table 4-4. Time window of interest across the first verb (e.g., played). 

Condition Example Sentence 
1 Plausible, 

Congruent Prosody 
[While the band {played}] _ the song pleased all the customers. 

2 Implausible, 
Congruent Prosody 

[While the band {played}] _ the beer pleased all the customers. 

3 Plausible, 
Incongruent Prosody 

[While the band {played} the song] _ pleased all the customers. 

4 Implausible, 
Incongruent Prosody 

[While the band {played} the beer] _ pleased all the customers. 

[ ] indicates prosodic contour; _ indicates a prosodic pause; { } indicates time window 
 

Time window analysis 2: From the onset of the first verb to the offset of 

NP2 (played the song/beer).  There was a significant main effect of prosody over the 

time window played the song/beer (F(1, 68) = 4.472, p < .05).  On average, pupil 

diameter was larger (suggesting a greater processing load) for the congruent prosodic 

condition than for the incongruent prosodic condition.  There was neither a significant 

main effect of plausibility (F(1, 68) = 1.562, p = 0.216) nor a significant interaction 
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between prosody and plausibility over the time window played the song/beer (F(1, 68) 

= .369, p = 0.546). 

Table 4-5. Time window of interest starting at the onset of the first verb and ending at 
the offset of NP2 (e.g., played the song/beer). 

 
Condition Example Sentence 

1 Plausible, 
Congruent Prosody 

[While the band {played] _ the song} pleased all the customers. 

2 Implausible, 
Congruent Prosody 

[While the band {played] _ the beer} pleased all the customers. 

3 Plausible, 
Incongruent Prosody 

[While the band {played the song}] _ pleased all the customers. 

4 Implausible, 
Incongruent Prosody 

[While the band {played the beer}] _ pleased all the customers. 

[ ] indicates prosodic contour; _ indicates a prosodic pause; { } indicates time window 
 

Time window analysis 3: Across NP2 (the song/beer).  There was a strong 

main effect of prosody over the NP the song/the beer (F(1, 68) = 22.145, p < .001).  

On average, pupil diameter was significantly smaller for the congruent prosodic 

condition than for the incongruent prosodic condition, suggesting that the incongruent 

prosodic condition demanded greater processing than the congruent prosodic 

condition.  There was neither a significant main effect of plausibility (F(1, 68) = .995, 

p = 0.322) nor a significant interaction between prosody and plausibility over the NP 

the song/the beer (F(1, 68) = .105, p = 0.747). 

Table 4-6. Time window of interest across NP2 (e.g., the song/beer). 
 

Condition Example Sentence 
1 Plausible, 

Congruent Prosody 
[While the band played] _ {the song} pleased all the customers. 

2 Implausible, 
Congruent Prosody 

[While the band played] _ {the beer} pleased all the customers. 

3 Plausible, 
Incongruent Prosody 

[While the band played {the song}] _ pleased all the customers. 

4 Implausible, 
Incongruent Prosody 

[While the band played {the beer}] _ pleased all the customers. 

[ ] indicates prosodic contour; _ indicates a prosodic pause; { } indicates time window 



 

	  

173 

 

Time window analysis 4: From the onset of NP2 to the offset of the second 

verb (the song/beer pleased).  There was a strong main effect of prosody over the 

time window the song/beer pleased (F(1, 68) = 15.843, p < .001).  On average, pupil 

diameter was smaller for the congruent prosodic condition than for the incongruent 

prosodic condition, suggesting that the incongruent prosodic condition demanded 

greater processing than the congruent prosodic condition.  There was neither a 

significant main effect of plausibility (F(1, 68) = 2.294, p = 0.135) nor a significant 

interaction between prosody and plausibility over this time window (F(1, 68) = 1.165, 

p = 0.284). 

Table 4-7. Time window of interest from the onset of NP2 to the offset of the second 
verb (e.g., the song/beer pleased). 

 
Condition Example Sentence 

1 Plausible, 
Congruent Prosody 

[While the band played] _ {the song pleased} all the customers. 

2 Implausible, 
Congruent Prosody 

[While the band played] _ {the beer pleased} all the customers. 

3 Plausible, 
Incongruent Prosody 

[While the band played {the song] _ pleased} all the customers. 

4 Implausible, 
Incongruent Prosody 

[While the band played {the beer] _ pleased} all the customers. 

[ ] indicates prosodic contour; _ indicates a prosodic pause; { } indicates time window 
 

Time window analysis 5: From the onset of NP2 to the end of the sentence 

(the song/beer pleased all the customers).  There was a significant main effect of 

prosody over the time window the song/beer pleased all the customers (F(1, 68) = 

10.837, p < .01).  On average, pupil diameter was significantly smaller for the 

congruent prosodic condition than for the incongruent prosodic condition, suggesting 

that the incongruent prosodic condition demanded greater processing than the 
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congruent prosodic condition.  There was also a marginally significant main effect of 

plausibility over this time window (F(1, 68) = 3.046, p = 0.085).  On average, pupil 

diameter was larger (suggesting a greater processing load) for the plausible condition 

than for the implausible condition.  No significant interaction was found between 

prosody and plausibility over this time window (F(1, 68) = 1.499, p = 0.225). 

Table 4-8. Time window of interest from the onset of NP2 to the end of the sentence 
(e.g., the song/beer pleased all the customers). 

 
Condition Example Sentence 

1 Plausible, 
Congruent Prosody 

[While the band played] _ {the song pleased all the customers}. 

2 Implausible, 
Congruent Prosody 

[While the band played] _ {the beer pleased all the customers}. 

3 Plausible, 
Incongruent Prosody 

[While the band played {the song] _ pleased all the customers}. 

4 Implausible, 
Incongruent Prosody 

[While the band played {the beer] _ pleased all the customers}. 

[ ] indicates prosodic contour; _ indicates a prosodic pause; { } indicates time window 
 

Time window analysis 6: From the onset of the second verb to the end of 

the sentence (pleased all the customers).  There was no significant main effect of 

prosody (F(1, 68) = 2.234, p = 0.140) or plausibility over this time window (F(1, 68) = 

.005, p = 0.943).  No significant interaction was found between prosody and 

plausibility over this time window (F(1, 68) = .291, p = 0.591). 
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Table 4-9. Time window of interest from the onset of the second verb to the end of the 
sentence (e.g., pleased all the customers). 

	  
Condition Example Sentence 

1 Plausible, 
Congruent Prosody 

[While the band played] _ the song {pleased all the customers}. 

2 Implausible, 
Congruent Prosody 

[While the band played] _ the beer {pleased all the customers}. 

3 Plausible, 
Incongruent Prosody 

[While the band played the song] _ {pleased all the customers}. 

4 Implausible, 
Incongruent Prosody 

[While the band played the beer] _ {pleased all the customers}. 

[ ] indicates prosodic contour; _ indicates a prosodic pause; { } indicates time window 
 

Prosody and Plausibility: Paired-samples Analyses 

The prosodic control sentences.  In this analysis, the two control sentences 

(7a-7b) were compared.  In (7a) and (7b), thematic fit information is manipulated 

while prosody is controlled.  Sentence (7a) contains no violation of thematic fit or 

prosody, while sentence (7b) contains a violation of thematic fit at the second noun 

phrase (NP2) (the beer has an unlikely fit with played).  No violation of thematic fit 

occurs at the third noun phrase (NP3) in either sentence (it is plausible for customers 

to be pleased by “beer” and a “song”).  If thematic fit has any effect on sentence 

processing, then we would expect to find changes in processing load somewhere after 

NP2 in (7b) since the violation of thematic fit occurs after NP2. 

As discussed previously, various time window analyses were performed at 

different temporal regions of interest (see Table 4-10 below). 
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Table 4-10. Time windows of interest for the control comparison. 
 

Time (ms) Sentence Comparison 
765-1768 [While the band {played the song}] _ the beer pleased all the customers. 

[While the band {played the beer}] _ the song pleased all the customers. 
1139-2618 [While the band played {the song] _ the beer} pleased all the customers. 

[While the band played {the beer] _ the song} pleased all the customers. 
2091-2618 [While the band played the song] _ {the beer} pleased all the customers. 

[While the band played the beer] _ {the song} pleased all the customers. 
2091-2975 [While the band played the song] _ {the beer pleased} all the customers. 

[While the band played the beer] _ {the song pleased} all the customers. 
2091-3757 [While the band played the song] _ {the beer pleased all the customers.} 

[While the band played the beer] _ {the song pleased all the customers.} 
[ ] indicates prosodic contour; _ indicates a prosodic pause; { } indicates time window 

 

No statistically significant differences were found between the control 

sentences for any of these time windows, suggesting that listeners found neither 

sentence more difficult to process than the other.  See Table 4-11 below for a detailed 

summary of the results and Figure 4-3 for a visualization of pupillary responses across 

the time windows of interest. 

Table 4-11. Results for the control comparison across all participants for the time 
windows of interest. 

 
Control Comparison 

Time (ms) Results 
765-1768 t(68) = -.146, p = 0.885 

1139-2618 t(68) = -.425, p = 0.672 
2091-2618 t(68) = -.519, p = 0.605 
1768-2975 t(68) = -.581, p = 0.563 
1768-3757 t(68) = -.521, p = 0.604 
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Figure 4-3. Pupillary waveforms time-locked to the sentences of interest in the control 

comparison. 
 

Interestingly, Figure 4-3 shows a close overlap between the control sentences 

up to NP2.  At the onset of the noun song/beer, the sentences slightly diverge with the 

plausible condition eliciting greater pupil diameter measurements than the implausible 

condition; however, as demonstrated in Table 4-11, these differences are not 

statistically significant.  This may suggest that while thematic fit does affect sentence 

processing, its contributions may be too small to detect. 

 The prosodic control condition and the incongruent prosodic condition.  

Given that this experiment sought to determine the role of prosody in structural 

ambiguity resolution, it was necessary to confirm that prosody was indeed driving the 

observed effects.  As such, pupillary responses between the control and incongruent 

conditions were compared across the first clause (from the beginning of the sentence 
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to the offset of NP2 (the song/beer), which is indicated by the shaded area in Figure 4-

4).  No statistically significant differences were found across this time window (t(68) 

= -.733, p = 0.466).  Thus, participants processed the incoming sentence constituents 

in the first clause similarly (prior to the ambiguous region of interest) across 

conditions.  Differences only emerged once the prosodic manipulation was introduced 

(see the above analyses).  For a visualization of the pupillary responses in this 

analysis, see Figure 4-4. 

	  
	  

Figure 4-4. Pupillary waveforms time-locked to the sentences of interest (from the 
beginning of the sentence to the song) in both the control condition and the 

incongruent (late closure) prosodic condition. 
 
 
 

Discussion 

The purpose of this study was to investigate the degree to which prosody and 

syntax are linked in normal sentence processing by examining prosody within the 

context of other known processing constraints, particularly thematic fit 
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information/plausibility.  Of the two constraints (prosody and plausibility), prosody 

appears to drive sentence processing more strongly than plausibility. 

Over the time window played, pupil diameter was significantly larger in the 

congruent prosodic condition than in the incongruent prosodic condition.  This effect 

was strong, as it carried over to the following NP (recall that pupil diameter was still 

significantly larger in the congruent prosodic condition than in the incongruent 

prosodic condition across the time window played the song/beer).  However, when the 

verb played was removed from the time window analyses, this pattern of results 

disappeared (see below for further discussion on the time window the song/beer).  

While the congruent prosodic condition placed greater demands on processing than the 

incongruent prosodic condition initially during the unfolding of the sentence, it should 

be noted that in the congruent prosodic condition, the verb played operates as an 

intransitive verb and does not take a direct object, whereas in the incongruent prosodic 

condition, the verb played functions as a transitive verb and takes a direct object.  

Interestingly, there are different prosodic cues that occur over the verb played to 

inform the listener about the lexical properties of the verb (i.e., whether it will function 

as an intransitive or transitive verb).  The prosodic cues that coincide with the 

intransitive use of the verb played elicit greater pupillary measurements (i.e., greater 

processing) because they signal early closure.  Listeners, as a result, develop the 

expectation that a complex sentential clause will follow the verb played in order to 

conclude the sentence.  In contrast, the listener does not develop this expectation when 

played is used transitively because it assumes a direct object; thus, played as a 
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transitive verb places fewer demands on processing than played as an intransitive verb.  

These results alone provide strong evidence that listeners exploit prosodic cues to 

predict sentence structure. 

At the onset of the NP the song/beer, pupil diameter changed direction and 

became much smaller for the congruent prosodic condition than for the incongruent 

prosodic condition.  In the incongruent prosodic condition, the prosodic contour 

misleads or garden paths the listener to attach the NP the song/beer as the direct object 

of the verb played.  As such, the song/beer closes off the first clause (i.e., While the 

band played the song/beer), and listeners develop the expectation that an upcoming 

sentential clause will follow.  This expectation does not occur in the congruent 

prosodic condition because prosody informs the listener that the NP the song/beer is 

the subject of the present clause (i.e., the song/beer pleased all the customers).  At this 

point then, the incongruent prosodic condition becomes more difficult to process than 

the congruent prosodic condition.  Again, such a finding indicates that prosodic cues 

are used to direct on-line sentence processing. 

No significant main effect of plausibility was found for any of the analyses 

conducted.  There was, however, a marginally significant effect of plausibility over the 

time window the song/beer pleased all the customers (see Time Window Analysis 5) 

where pupil diameter, on average, was larger (suggesting a greater processing load) 

for the plausible condition than for the implausible condition.  Visual inspection of the 

pupillary waveforms also showed that in general, pupil diameter was larger for the 

plausible condition than for the implausible condition, but again, this difference was 
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not statistically significant for any of the time windows examined.  This pattern of 

results replicates those from a previous study (Gutierrez, 2013) and can perhaps be 

accounted for by the Garden Path Effect.  The clause While the band played the song 

places greater demands on processing than the clause While the band played the beer 

because the NP the song is a good theme for the verb played, whereas the NP the beer 

is a bad theme for the verb played.  When listeners encounter a plausible direct object 

like the song after the verb played in a sentence, they remain engaged in processing.  

In contrast, when they encounter an implausible direct object like the beer after the 

verb played in a sentence, they ‘give up’ on processing because the sentence is 

implausible and makes no sense.  Even so, it should be reiterated that no main effects 

of plausibility were found in this experiment; thus, plausibility appears to have small 

to minimal effects on sentence processing.  Additionally, prosody and plausibility did 

not interact with each other during sentence processing. 

Results from the control comparison continued to corroborate these findings; 

no statistically significant differences were found between the control sentences for 

any of the time windows of interest.  As a reminder, the control sentences shared the 

same syntax and prosodic structure, and these did not conflict with each other.  The 

controls only differed in thematic fit at the second NP.  Processing load (as measured 

via pupil diameter) was comparable between the two sentences, even when one of 

them contained an implausible NP.  This observation suggests that prosody drives 

sentence processing more strongly than plausibility.  Prosody guided listeners towards 

the correct syntactic parse, and listeners were able to process the controls without any 
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interruption or difficulty.  Visual inspection of the pupillometric waveforms showed a 

small effect of plausibility on sentence processing, but its influence could not be 

extracted through statistical testing.  It would appear then, that when prosody and 

syntax are congruent, the effects of thematic fit information on sentence processing are 

minimized. 

The implications of this study are important as they challenge current 

perspectives on sentence processing.  Much of the work on sentence processing has 

been rooted in studies that have examined how comprehenders process and understand 

sentences during reading; however, as we all know, sentences can also be processed in 

the auditory domain.  Because prosody is such a major aspect of language that is 

processed in the auditory modality, any model of sentence processing must also 

account for this information.  Findings that demonstrate that prosodic information 

alone directs initial parsing decisions would support a “modified” restricted view of 

sentence processing where processing is not solely restricted to syntactic information, 

but to syntactic information tightly coupled with prosody.  Contrastively, findings that 

demonstrate that prosody and other constraints interact while initial parsing decisions 

are being made would provide evidence in favor of the unrestricted view of sentence 

processing.  The results from this investigation support the “modified” restricted view 

on sentence processing.  While prosody is frequently regarded as a paralinguistic 

property of language, this study shows that it also functions syntactically and plays a 

crucial role in the building of sentence structure.  Prosody guides and exerts such a 
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strong influence on sentence processing in its early stages that it overrides the effects 

of other constraints such as thematic fit/plausibility information. 

In summary, the present results add to the existing psycholinguistic literature 

on auditory sentence processing and provide new insights into how listeners actively 

use prosodic information to predict sentence structure.  As the current study illustrates, 

manipulating the prosodic contour of a sentence so that it is incongruent with the 

syntax of the sentence can garden-path listeners and prompt them to construct an 

incorrect parse.  Interestingly, studies on production have shown that speakers provide 

their listeners with prosodic cues to help them disambiguate temporary syntactic 

ambiguities (e.g., Mims & Trueswell, 1999; Schafer et al., 2000; Speer et al., 2003; 

Warren et al., 2000).  If speakers consistently generate prosodic cues in natural speech 

production, and if listeners are sensitive to these cues, then perhaps the “garden-path” 

sentence, which has been integral to the study of sentence processing, is only an 

experimental construct.  Such a proposition warrants consideration as we move 

forward in our efforts to understand the complexities of sentence processing. 
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 The primary aim of this dissertation was to specify the nature and time course 

of prosodic information during the real-time, moment-by-moment processing of 

auditory sentences.  To approach this issue, prosody was first examined from the 

position of the speaker to determine if speakers produce acoustic cues in their 

sentences to convey certain meanings.  This speaker-centered approach set the 

groundwork for examining prosody during sentence processing and comprehension.  

Next, prosody was examined from the position of the listener to determine if (1) 

listeners can detect these cues, and if so, (2) how and when they use these cues in real 

time to reach the correct analysis and interpretation of spoken sentences.  The value of 

this approach was two-fold.  First, this work addressed aspects of the laboratory 

speech problem that have largely been ignored in the production literature.  The 

studies detailed in Chapters 2 and 3 used a novel priming paradigm to unconsciously 

elicit speakers’ productions of sentences containing structurally ambiguous phrases.  

Through these studies, it was discovered that speakers, despite being unaware of what 

they were producing, still disambiguated their productions by generating prosodic cues 

that were congruent with the intended meaning of the target sentence; speakers even 

moved their articulators differently to distinguish among multiple meanings. 

After establishing that speakers do indeed produce acoustic cues in their 

sentences to convey intent, this work set out to clarify prosody’s role in on-line 

sentence processing.  The study detailed in Chapter 4 used pupillometry to examine 

the role of prosody during on-line sentence processing, particularly when prosody was 

pitted against thematic fit information, another factor known to constrain processing in 
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its early stages. Together, the information gained from these studies addressed issues 

in the prosodic production literature, as well as issues within the broader literature of 

normal, unimpaired sentence processing. 

 A host of studies have shown that speakers produce specific acoustic cues 

congruent with certain linguistic structures and that listeners exploit these cues during 

sentence processing (e.g., Cooper & Paccia-Cooper, 1980; Kjelgaard & Speer, 1999; 

Marslen-Wilson, Tyler, Warren, Grenier, & Lee, 1992; Nagel, Shapiro, Tuller, & 

Nawy, 1996; Snedeker & Trueswell, 2003; Watt & Murray, 1996; Wightman, 

Shattuck-Hufnagel, Ostendorf, & Price, 1992).  However, a confound that has been 

left largely unresolved in much of the research examining prosody’s role in both 

production and comprehension is the “laboratory speech problem.”  In many of these 

studies investigating prosody, the materials were frequently produced and recorded by 

speakers who were highly aware of the ambiguities of interest.  Because speakers may 

intentionally modulate their prosody to provide the appropriate acoustic cues that will 

disambiguate a syntactically ambiguous region of a sentence (Albritton, McKoon, & 

Ratcliff, 1996), it is unclear whether or not these prosodic patterns appear in 

spontaneous and natural speech. 

In Chapter 2, aspects of the laboratory speech problem were addressed in an 

innovative way.  A novel paradigm, which married the unique features of list priming 

with syntactic priming, was developed to unconsciously bias speakers towards a 

particular interpretation of a sentence containing an ambiguous idiomatic phrase.  

Through this method, speakers were given little to no time to reflect on the meaning of 
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what they were producing; as such, this study was able to determine with relative 

precision if speakers reliably produced prosodic cues that conveyed the intended 

meaning of their utterances, and if so, the manner in which they produced those cues.  

This study yielded the following results.  First, speakers were successfully “tricked” 

into producing the appropriate acoustic cues congruent with the intended meaning of 

an ambiguous idiomatic phrase13.  Second, the results of this study were in line with 

those of previous studies in that the figurative interpretations of ambiguous idioms 

were produced faster than their literal counterparts (Bélanger, Baum, & Titone, 2009; 

Van Lancker, Canter, & Terbeek, 1981).  Third, the durational differences between the 

literal and figurative productions of the target idioms appeared as early as the onset of 

the first constituent component (i.e., the verb) of the idiomatic phrase, showing that 

speakers applied these cues at precisely the right time in production.  Finally, this 

study demonstrated that acoustic cues are not only linked to sentence structure, but to 

lexical/phrasal structure as well (both of which fall under the level of the sentence in 

the linguistic hierarchy). 

Chapter 2 demonstrated that when speakers produced an ambiguous idiomatic 

phrase, they provided distinct acoustic cues to differentiate between the two possible 

meanings (i.e., literal and figurative).  Chapter 3 brought the work detailed in Chapter 

2 into the motor speech domain in order to determine if the differences between the 

two interpretations extended beyond the acoustic level to lower-levels of the speech 

production system, such as the kinematic/motor speech level.  The purpose of Chapter 

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
13 As a reminder, each idiomatic phrase was embedded within a contextually neutral sentence. 
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3 then, was to examine the differences between the literal and figurative readings of 

ambiguous idioms in terms of their kinematic characteristics, specifically speech 

movement variability, speed, duration, and path distance.  Given that durational 

differences between the literal and figurative productions of ambiguous idioms were 

found in Chapter 2, it was hypothesized that differences would also appear in the way 

that speakers moved their articulators (i.e., lips and jaw) during the literal and 

figurative productions of idiomatic phrases.  As stated previously, no study prior to 

this dissertation had examined the effects of speaker intent on speech production, 

speech motor control, and speech motor performance. 

Chapter 3 revealed that speakers moved their articulators in diverse but distinct 

ways to distinguish between the literal and figurative productions of ambiguous 

idioms, although no pattern emerged in the data that could easily characterize the 

directionality of these differences (this was likely due to differences in speaker 

experience, usage, and familiarity with the various idioms.).  Such a finding is in line 

with previous acoustic studies that have shown that speakers regularly supply prosodic 

cues to their utterances even though they do not always apply the same prosodic 

pattern to a given sentence structure (Schafer, Speer, & Warren, 2005; Schafer, Speer, 

Warren, & White, 2000; Speer, Warren, & Schafer, 2003).  For example, speakers can 

use a variety of combinations of pitch accents, phrase accents, and boundary tones to 

disambiguate sentences with multiple possible meanings (Schafer et al., 2000).  The 

study detailed in Chapter 3 adds to this literature by being the first to demonstrate that 

variations in speakers’ productions to convey meaning not only appear in the acoustic 
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domain, but in the motor domain as well.  Articulatory movement varies with intent 

and therefore, with prosody, even when linguistic form is maintained (recall that in 

Chapter 3, speakers produced the exact same idioms across conditions/in different 

contexts).  Thus, based on the findings of Chapters 2 and 3, it can be concluded that 

speakers not only produce distinct acoustic cues to distinguish between multiple 

possible meanings, but also move their articulators differently to distinguish between 

these meanings. 

In contrast to the first two investigations of this dissertation, Chapter 4 

examined prosody from the perspective of the listener/comprehender.  The main 

purpose of this chapter was to better specify the role of prosody during the real-time 

processing of sentences.  Of particular interest was the degree to which listeners use 

prosodic information over other sources of information, specifically plausibility, to 

construct a first-pass parse.  This issue is important, as there has been much 

disagreement in the sentence processing literature as to the kinds of information 

listeners initially use to make parsing decisions and the time course in which they use 

this information.  Restricted models such as the Garden Path Account (Ferreira & 

Clifton, 1986; Frazier, 1987; Frazier & Rayner, 1982; Rayner, Carlson, & Frazier, 

1983) and Construal (Frazier & Clifton, 1996, 1997) argue that the parser processes 

syntactic information first independently of all other sources of information.  In 

contrast, unrestricted models propose that the parser has access to all sources of 

information and can therefore, construct multiple parses simultaneously.  The 
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probability that a certain parse will be chosen over another is contingent upon how 

each source of information is weighted. 

The pupillometry study detailed in Chapter 4 provides compelling evidence 

that prosody directs sentence processing.  All of the effects found in this study were 

driven by prosody, not plausibility.  In general, when the prosodic contour of a 

sentence aligned with its syntax, pupil diameter did not increase; however, when the 

prosodic contour of a sentence was incongruent with its syntax, pupil diameter 

increased, suggesting that listeners had greater difficulty processing sentences that 

contained a conflict between prosody and syntax.  It is worth noting that no effect of 

plausibility was found in this study.  Given that plausibility produced no discernable 

effect on sentence processing, it was concluded that prosody drives first-pass parsing 

decisions more strongly than plausibility.  In fact, so strongly does prosody influence 

sentence processing that prosody appears to be tightly bound to syntax. 

The experiment in Chapter 4 is significant for several reasons.  To begin, this 

study is the first of its kind to examine the simultaneous effects of prosody and 

plausibility on sentence processing with a method (pupillometry) that can capture the 

real-time events of sentence processing with greater detail and accuracy.  Second, a 

considerable amount of studies in the psycholinguistic literature have presented 

findings in favor of the unrestricted view – that is, thematic fit information (i.e., 

plausibility), in conjunction with syntactic information, can constrain sentence 

processing (e.g., MacDonald, Pearlmutter, & Seidenberg, 1994; McRae, Spivey-

Knowlton, & Tanenhaus, 1998; Tanenhaus, Trueswell, & Garnsey, 1994; Trueswell & 
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Tanenhaus, 1994; Trueswell, 1996).  However, plausibility exerted very minimal 

effects on sentence processing in the study detailed in Chapter 4; in fact, no effect of 

plausibility was found for any of the analyses conducted.  Two explanations may 

account for this surprising result.  First, it is much easier for readers/listeners to 

recover from a syntactic misanalysis than it is for them to reconcile an implausible 

sentence.  Following a syntactic misanalysis, readers/listeners reanalyze the sentence 

and consider other possible sentence structures that could serve as the correct parse.  

In contrast, no alternative options are available to readers/listeners after processing an 

implausible sentence.  In Chapter 4, no effects of plausibility were found because 

listeners essentially “gave up” on processing once they assigned the NP the beer as the 

direct object of the verb played (due to prosodic influences) in the 

implausible/incongruent prosodic condition (e.g., [While the band played the beer] 

[pleased all the customers], where [ ] indicates prosodic contour).  Additionally, the 

prosodic-syntactic mismatch in this condition, in combination with the conflict in 

plausibility, could have overloaded the parser, thus causing listeners to also “give up” 

on processing.  This proposition is further supported by the observation that no 

differences emerged between the four conditions at the verb pleased – that is, listeners 

did not find any condition more difficult to process than another at this point in the 

sentence.	  

The results of the study in Chapter 4 point to a “modified” version of the 

restricted view of sentence processing.  In this version, all prosodic information 

crucial to the building of syntactic structure is considered in conjunction with syntactic 
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information to initially structure input.  The prosodic contour of an utterance is thus 

structured to reflect the syntactic relations of the constituents in the sentence.  This 

information enters the processing stream with each word of the unfolding auditory 

sentence, and the parser exploits this information immediately to make decisions about 

sentence structure.  It is important for the parser to have quick access to prosodic 

information, as this reduces the chance of a mis-parse, particularly around points of 

the sentence that could be potentially ambiguous.  Consider again the following 

sentence: While the band played the song pleased all the customers.  This sentence, 

when produced correctly, has (1) a prosodic break after the word played, signaling the 

presence of the structural segment While the band played, and 2) a longer duration 

over played because it ends a clause and does not take a direct object.  A “modified” 

version of the restricted view would argue that these kinds of acoustic qualities inform 

the parser about how to handle and integrate played into the existing syntactic 

structure.  If this sentence were spoken with (1) a prosodic break after the word song 

and (2) a longer duration over song, then the parser would interpret played as a 

transitive verb and the following NP (the song) as its direct object.  This would lead to 

misanalysis, however, at the verb pleased because pleased demands a subject. 

 While this dissertation has contributed to our present understanding of prosody 

in both production and comprehension, the current set of experiments described in this 

document raises some significant questions that should be investigated in future work.	  	  

In traditional models of language production (e.g., Bock & Levelt, 1994), prosody, as 

it relates to word and sentence level stress, pausing, and intonation, has been 
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somewhat ignored.  While the level of phonological encoding supposedly encapsulates 

all aspects of prosody, more attention has been paid to the issues of segmental 

phonology (i.e., how different sound forms are retrieved and assembled in a given 

syllable).  However, as Chapters 2 and 3 demonstrate, there is a great need to develop 

more detailed models of speech production that account for the effects of lexical and 

sentential prosody.  A question that naturally arises from Chapter 2 is: How do models 

of speech production account for the prosodic differences observed between the literal 

and figurative interpretations of idiomatic phrases?  Perhaps the prosodic contour of 

an idiom (figurative) is coded with its associated syntactic representation at the 

functional level of speech production (as discussed in Chapter 2, this syntactic 

representation can either be stored in the mental lexicon as a superlemma (Sprenger, 

Levelt, & Kempen, 2006) or as a separate entity apart from the individual lemma 

(Cutting & Bock, 1997)).  Or perhaps prosody is represented at the positional level of 

sentence production, interacting with constituent assembly.  And, what about 

idiomatic phrases with literal interpretations?  How is prosody applied to these 

phrases? 

Of equal interest, future work should include studies that bridge aspects of 

language production with speech production.  As shown in Chapter 3, altering speaker 

intent leads to variations in prosody, which in turn, produces changes in articulatory 

movement.  But precisely how do these processes affect and influence each other, and 

how would their effects be accounted for in a single, interactive model of language 

and speech production?  While interest in this area of research has grown over the last 
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decade (see, for example, Goffman, Gerken, & Lucchesi, 2007; Goffman & Malin, 

1999; Heisler, Goffman, & Younger, 2010; Kleinow & Smith, 2006; Maner, Smith, & 

Grayson, 2000; McMillan, Corley, & Lickley, 2009; Sadagopan & Smith, 2008; 

Sasisekaran, Smith, Sadagopan, & Weber-Fox, 2010), little is still known concerning 

the relations between language and speech. 

Furthermore, how does prosody operate within a single framework of 

production and comprehension?  There has been some evidence to suggest that the 

processes in production are tightly coupled to those in comprehension (Pickering & 

Garrod, 2014; Silbert, Honey, Simony, Poeppel, & Hasson, 2014).  Because processes 

in production can assist with comprehension and vice versa, it would be wise to study 

production and comprehension together and not as separate and distinct systems.  In a 

recent neuroimaging study, Silbert et al. (2014) examined the brains of speakers and 

listeners as they produced and comprehended a narrative and identified several 

overlapping brain regions associated with production and comprehension.  

Interestingly, these regions of overlap became active in the brains of both speakers and 

listeners at exactly the same point in the narrative, providing further evidence that 

certain processes of production are tightly interlocked with certain processes of 

comprehension.  Tight coupling between production and comprehension is important 

for speakers and listeners, especially during conversation.  Speakers are constantly 

listening to the utterances that they produce in order to make quick adjustments to 

their productions when necessary.  Listeners, on the other hand, are not only working 

to comprehend their speakers’ utterances, but are also covertly imitating the 



 

	  

202 

production processes of their speakers in order to make predictions about upcoming 

utterances (Pickering & Garrod, 2014).  With this in mind, it would be interesting for 

future studies to determine how prosody functions within a comprehensive model of 

production and comprehension. 

 In sum, this dissertation consisted of three novel experiments, which together 

showed that (1) speakers produce acoustic cues in their sentences to convey certain 

meanings, (2) speakers move their articulators differently in conjunction with the 

distinct acoustic cues that they produce to convey differences in meaning, and (3) 

listeners detect and immediately use these speaker-provided acoustic cues to construct 

a correct parse.  This work deepened our current understanding of prosody in normal 

production and comprehension and hopefully serves as an impetus for future research 

in this area, including the extension of this work to clinical populations. 
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