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ABSTRACT 
 

The primary claim of this dissertation is that children and adults process language 
in the same manner, meaning that when children are acquiring their first language what 
they are truly doing is perfecting their language processing abilities.  Language 
acquisition and processing both start from the same place.  Both work to find patterns in 
the signal that will, eventually, be paired with meaning.  This dissertation argues that 
differences in how children and adults accomplish these tasks are one of degree and not 
kind.  To show this, three experiments tested how adults and children responded to a 
conflict between the lexical and prosodic parse of an utterance.  The participants’ 
response to this conflict reveals information about where they are in the language 
acquisition process.  In these experiments, prosody was used to disambiguate phrases that 
can be interpreted either as a list of two items (e.g., fruit, salad) or as a single compound 
item (e.g., fruit-salad).  Prosody was also made to conflict with the lexical parse of an 
utterance.  When the word cactus is said with List Prosody two non-words /kæk/ and /tʌs/ 
result.  When the words nail and key are said with Compound Prosody, the non-word 
nailkey is created.  By exploiting the overlap between the prosodic system and the lexical 
system, it is possible to evaluate how language is being processed.  The results show that 
adults tend to parse utterances based on the lexical content, and ignore ambiguities 
created by a conflict between the prosodic and the lexical interpretation of the phrase.  In 
contrast, children tend to respond based on the prosody, making increasing use of the 
lexical content as they mature.  When the same items are tested with abstract shapes 
rather than representational images, adults make greater use of prosody.  This suggests 
that visual input plays a role in spoken word processing.  The dissertation also proposes a 
modified model of spoken word recognition that accounts for the difference seen between 
the adults and the children, and for the effect of visual content.  This model integrates 
phonetic details, prosodic content, lexical knowledge, visual content, and pragmatic 
understanding during spoken word recognition. 
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Chapter 1: Introduction 

1.1. General Introduction 
The primary claim of this dissertation is that children and adults process language 

in the same manner, meaning that when children are acquiring their first language what 

they are truly doing is perfecting their language processing abilities.  To do this, the 

children learn the regular patterns of their language and relate those patterns to innately 

present linguistic knowledge.  While the claim itself is not new, it remains controversial 

(Chomsky, 1987; Mazuka, 1998; Pierrehumbert, 2003; Tomasello, 2006; Christophe et 

al., 2007).  The findings presented here provide further support for this claim while also 

providing evidence to support a new claim about how the process of spoken word 

recognition proceeds.  

The primary claim can be decomposed into two related parts.  The first part is that 

language is an innate capability of humans, similar to the ability to walk.  Given adequate 

space and encouragement, and barring any defects, just as all children will learn to walk, 

all children will learn to speak and understand the language spoken around them in more 

or less the same manner.  The second part of the claim is that the language processing 

mechanisms of children and adults are the same.  This is due to the innate nature of 

language.  All listeners are faced with the same task of extracting information from a 

continuous stream of sounds.  When adults do this, it is referred to as language 

processing.  When children do essentially the same thing, it is considered a part of 

language acquisition.  In both cases, language is being processed. 
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To continue the analogy, the apparent differences in the processing skills of 

children and adults are similar to the apparent differences in the walking abilities of 

children and adults.  The differences in the walking abilities of these two groups are due 

to factors such as body proportions and amount of practice, not to the two groups having 

entirely different methods of walking.  Similarly, the argument being made here is that 

children and adults process language in the same way, with allowances made for factors 

that will change over the course of maturation. 

Adults have already established methods to process language with speed and 

accuracy, while children are still refining their applications of the same strategies.  Even 

infants, who do not know the meanings of the words they are processing, are still 

processing language.  Fifteen-month-old infants have been shown to be able recognize a 

word in a sentence (Swingly, Pinto, & Fernald, 1999).  Nine-month-old infants have been 

shown to be sensitive to the phonetic patterns of their native language (Jusczyk & Luce, 

1994).  Even 4-day-old infants have been shown to be able distinguish between their 

native language and another language (Mehler et al., 1988).  Language acquisition and 

language processing both start from the same place.  They both work to find patterns in 

the signal that will, eventually, be paired with meaning.  

One method for showing that children and adults process language in the same 

manner is to test the limits of the processing mechanism.  By examining how the 

participants respond when asked to complete a task that challenges their language 

processing skills, it is possible to distinguish distinct parts of the language processing 

system.  Differences in the use of these parts can be used to explain differences in the 
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behavior of adults and children.  This is the approach taken in the experiments conducted 

for this dissertation.  

This theory is in opposition to views of language acquisition that claim that 

children’s processing strategies are distinct from those of adults.  One example of this 

opposing view comes from Tomasello (2003, 2006).  In this view, it is asserted that 

children create “abstract linguistic constructions only gradually” based solely on the 

child’s experience with language not on innate linguistic capabilities (p. 1).  According to 

Tomasello, the way language is processed (and produced) changes over time as the child 

masters a wider variety of linguistic constructions.  To return once again to the walking 

analogy, in this opposing view, toddlers walk differently than adults because they have 

solved the problem of how to walk in their own unique way. 

Both the theory followed here, that language processing is innate, and the 

opposing theory seek to explain the fact that children and adults respond differently to the 

same experimental stimuli both in the current results and in previous experiments (e.g. 

Pierrehumbert 2003; Beach et al. 1996).  For the opposing view, this fact is not 

problematic:  the two groups respond differently because they are processing language 

differently.  For the theory proposed here, there is an apparent contradiction.  If it is true 

that children and adults process language in the same way, then it is unclear why their 

responses would differ.  This contradiction is only apparent, however.  The resolution to 

the apparent contradiction lies in a second claim made here.   

The second claim is that language processing, more specifically spoken word 

recognition, proceeds in three stages.   In the first two stages the acoustic signal is 
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processed and compared with information in the mental lexicon of the listeners.  In the 

third stage, ambiguities that remain unresolved are dealt with via situational pragmatics.  

While previous researchers have called upon pragmatic and situational factors (including 

sentential context) to resolve ambiguities (e.g. Thorpe & Fernald 2006; Tanenhaus et al. 

1995), the move to create an explicit stage in the word recognition process that utilizes 

these features may be new.  It is this third stage that differs between children and adults.  

This is because world knowledge and the ability to adapt to situational factors differ 

between adults and children.  The third stage does not relate to how the signal is 

processed, instead it relates to how the individuals deal with the processed signal when 

that signal contains an ambiguity. 

Another helpful analogy comes from driving a car.  Both experienced and 

inexperienced drivers know that a yellow light means the signal is changing from green 

to red.  Experienced drivers also know, at an almost intuitive level, how long it will take 

to stop as compared to how long it will take to go through the light.  They will respond 

with little hesitation by either stopping the car or continuing through the light, based on a 

variety of factors that may include the status of the brakes, nearby cars, and how much of 

a rush they are in.  This is how adults resolve ambiguities in spoken language, with little 

hesitation, based on their knowledge of the world and the current situation.   

In contrast, even though the inexperienced driver has the same information, such a 

driver is not as familiar with the vehicle and is not as adept at integrating the various 

types of information (speed, other drivers, time pressures) as the experienced driver.  This 

means that the inexperienced driver will likely hesitate more when deciding what to do.  
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Such a driver may make the same decision as the experienced driver or may fall back on 

the rules taught in driving school regardless of the circumstances and situation.  This is 

how a young language learner resolves an ambiguity in spoken language, either by taking 

more time than an adult or by falling back on strategies that have worked in the past. 

Crucial to this analogy is the idea that both drivers processed the input in the same way; 

they both recognized the yellow light and realized they had to make a decision about 

what to do.  But once the input was processed, the way the decision was made by the two 

drivers differed based on their experience.  The same is true for the adults and the 

children who participated in the experiments run for this dissertation.  It will be shown 

that both groups processed the ambiguous input and recognized that an ambiguity was 

present in the same way.  However, the steps taken to resolve that ambiguity differed 

based on the language experience of the participants.1 

The experiments are explained briefly below, and detailed in Chapters 3-5.  The 

results show that children and adults both process speech in the basically same way, and 

that the difference in their responses is one of degree, not kind.  This research is in 

keeping with previous findings that suggest that language acquisition and language 

processing should be studied in conjunction with one another (Mazuka, 1998; Frazier & 

de Villiers, 1990; Mehler, Dupoux, & Segui, 1990; Townsend, Ottaviano, & Bever, 

1979).  Here, these topics are evaluated with respect to the prosodic system of English. 

                                                
1 This idea of world experience impacting the responses of the participants harkens back 
to Tomasello’s claim that grammar is built from experience.  The difference lies in when 
during word recognition world experience becomes a factor.  In the current view 
experience is only used to resolve ambiguities that remain after the unconscious 
processing of both children and adults is complete. 
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1.2. Why Prosody 
The choice of the prosodic system as the vehicle from which to evaluate the claim 

above, that children and adults process language in the same way, is not arbitrary.  The 

prosodic system is something of an oddity when it is compared to the other linguistic 

systems which makes it an ideal domain for studying the limits of the language 

processing system.  Prosody can change the illocutionary force of an utterance or reverse 

the propositional content of an utterance.  For example, the illocutionary force of the 

utterance, “The dog ate the car,” can switch from stating to questioning with a simple 

change in pitch.  Similarly, the propositional content of the utterance, “I’m sure,” can 

switch from affirming to negating when the utterance is said with a sarcastic tone.  Yet, it 

is difficult to delineate all of the exact acoustic features that create these changes.  This is 

likely what makes the prosodic system the first linguistic system that children produce 

(Lenneberg, 1967) and the last that children fully understand (Crystal, 1978). 

The prosodic system was chosen as the vehicle for testing the primary claim 

because of this very idiosyncrasy.  Children are familiar from quite an early age with the 

prosodic characteristics of their language.  A child, only a few days old, can tell whether 

they are being addressed in their mother’s language or in another language based on the 

rhythm alone (Melher et al., 1988; Jusczyk, 1993).  Interestingly, rats and cotton-top 

tamarin monkeys show the same ability to distinguish between a familiar and an 

unfamiliar language (Toro & Trobalon, 2003).  This may mean that the early appearing 

ability to distinguish signals based on the prosodic content of those signals is not a 

language-specific trait.  However, even if the infant is using general mammalian auditory 
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skills to distinguish between her native language and other languages, she is still storing 

that information in such a manner that it can be used later.  Fernald (1989) argues that the 

first pairing between sound and meaning made by infants is in the realm of prosody.  This 

early awareness, coupled with late comprehension, increases the time available to study 

the prosodic acquisition process.  Because children are progressing gradually through the 

process, it is possible to see distinct moments in the children’s progression.  

There is a second aspect of the prosodic system that makes it a viable medium for 

use in the study of the connection between language processing and acquisition.  This is 

the high degree of overlap between the prosodic system and the other linguistic systems.  

According to Jusczyk (1998), during the beginning stages of modern linguistic research 

in the early sixties, there was a view that each of the linguistic systems could be studied 

in isolation.  For example, it was thought that syntax could be removed from phonology 

and, in fact, there was no reason to think they should influence each other.  According to 

Jusczyk (1998), this view has been abandoned in recent years leaving researchers with an 

enormous problem.  The ability and the inevitability of linguistic systems interacting with 

one another makes it difficult to assert, with any degree of conviction, that a particular 

phenomenon is strictly caused by or related to one linguistic fact. 

Take, for example, two possible readings of the multiply ambiguous phrase,  

“There is one man for every woman.”  In one reading, the same man (e.g. George 

Clooney) is perfect for every woman in the world (i.e. every woman thinks George is 

cute).  In another reading, for each woman in the world there is a man who is perfect for 
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her alone (i.e. one man is perfect for woman A and a different man is perfect for woman 

B).  

The ambiguity in this phrase could be due to the syntactic structure of the phrase, 

as the phrase can be reordered with the same lexical items into an, arguably, less 

ambiguous sequence, “For every woman there is one man.”  (This would match the 

second reading.)  The ambiguity could also be due to the semantic components of the 

phrase.  Both alternative phrasings given above use different lexical items to convey an 

unambiguous meaning, showing that the lexical items in the phrase are themselves 

ambiguous.  Finally, the ambiguity could be due to the prosody with which the phrase 

was said.  If the phrase were to be said with emphasis on the word one, the first meaning 

would be more strongly indicated.  All three of these ambiguity resolution strategies can 

be employed in conjunction as well.  So stress placement, simpler syntax and more 

explicit lexical items can combine to create a clear reading of the phrase, “For EACH 

woman in the world there is a man who is the perfect match for THAT woman and no 

other woman.”  What this example shows is that ambiguity can be both caused by, and 

resolved by, a variety of linguistic systems working in tandem.  Any solution that focuses 

on just one is destined to be incomplete. 

The interactions between prosody and virtually all of the other linguistic systems 

are myriad.  Phonologically speaking, prosodic contours are used to indicate 

phonological phrase boundaries, which in turn limit the progression of phonological 

phenomena like vowel harmony (Nasakawa, 2000; Archangeli & Pulleyblank, 1994). 

Also, within the realm of phonology, prosody interacts with lexical stress or lexical pitch 



  22 

accents.  With respect to syntax, prosodic contours can be used to create a topic/focus 

construction.  In pragmatics, prosodic contours can be employed to implicate an idea best 

left unsaid.  Finally, in discourse, prosody is often employed to show when the speaker is 

willing to give up the floor and to indicate old versus new information.  Each of these 

facts represents a point of interaction and overlap between the prosodic system and other 

linguistic systems.  

By exploiting the overlap between the prosodic system, the lexical system, and 

the pragmatic system, it becomes possible to evaluate how the participant is processing 

language.  In the experiments reported here, a conflict is created between the lexical 

(literal) meaning of an utterance and the prosodic meaning of the utterance.  The 

participants’ response to this conflict reveals information about where they are in the 

language acquisition process and how they have processed the utterance.  

1.3. The Experiments 
A series of three experiments were conducted on children between the ages of 

three and seven as well as on adults.  These experiments test the age at which children 

acquire two prosodic contours in English and how both children and adults respond when 

there is a conflict between the lexical and prosodic meaning of an utterance.  These 

experiments were designed based on the principle that a good way to understand how two 

systems interact is to examine the result when the two systems are put into conflict with 

each other.   

To do this, four types of lexical content were tested with two types of prosodic 

content (Compound Prosody and List Prosody).  The basic lexical type consists of an 
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ambiguous sequence such as fruit~salad2.  A sample utterance used in the experiment is 

the phrase, “I bought fruit~salad and chips at the store.”  When this phrase is said with 

Compound Prosody the speaker is indicating two items are present:  some fruit-salad and 

some chips.  When this sequence is said with List Prosody the speaker is indicating that 

three items are present:  some fruit, some salad, and some chips.  In this basic case, the 

prosody disambiguates the ambiguous lexical sequence.  Items of this type are referred to 

as Ambiguous (fruit~salad) items.  A second lexical type, referred to as Nonsense 

(foon~gemp) items, tested possible English non-words.  This lexical type was included to 

investigate how participants interpreted the prosodic contour in the absence of lexical 

content.   

The other two lexical types are the main focus of the dissertation.  These lexical 

types contain clear meanings when paired with one of the prosodic contours and exhibit a 

conflict between the lexical and prosodic meaning when they are paired with the other 

prosodic contour.  List Bias (nail~key) items said with List Prosody have a clear 

interpretation.  This would be an utterance such as, “I saw a nail, key and bus at the 

park.”  In this utterance the two target words nail and key are clearly present.  When a 

List Bias (nail~key) item is said with Compound Prosody there is a conflict.  (I saw a 

nailkey and bus at the park.)  With respect to the prosody, one novel compound word 

                                                
2 The tilde is used in these example items to indicate the break between the two “words” 
in the target item.  In the case of the Ambiguous items this break falls between the two 
words that compose the ambiguous string (i.e. fruit and salad in the string fruit~salad).  
In the Compound Bias items this break divides the two syllables of the word, so cactus 
becomes cac~tus. 
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nailkey is present.  Yet, lexically speaking the two familiar words nail and key are also 

present.   

Similarly, the fourth lexical type, Compound Bias (cac~tus) items said with 

Compound Prosody, has a clear interpretation.  In the utterance, “I saw cactus and soap at 

the mall,” the word cactus is clearly present.  However, when a Compound Bias 

(cac~tus) item is said with List Prosody there is again a conflict.  Prosodically there are 

two novel words present, /kæk/ and /tʌs/, but lexically, the single familiar word cactus 

remains.  The cases where the lexical and prosodic content conflict (List Bias with 

Compound Prosody and Compound Bias with List Prosody) will be referred to 

throughout the dissertation as crossed-items since the lexical content and prosodic 

content are acting at cross-purposes.  It is these crossed-items that are designed to tax the 

spoken word recognition system of the participants.  Comparing the responses and 

reaction times to these items in a picture identification task with the responses and 

reaction times to the Ambiguous (fruit-salad) items will provide vital information about 

the spoken word recognition capabilities of both the children and adults. 

While previous studies have investigated the Compound and List Contours with 

ambiguous strings (Wells et al., 2004) and with ambiguous and novel strings (Vogel & 

Raimy, 2002), no previous studies have tested these contours with Nonsense 

(foon~gemp) or Compound Bias (cac~tus) items.  In addition, the current study extends 

the age range of the children tested, makes an explicit comparison between adults and 

children on the same materials, and focuses on processing rather than just 

comprehension.   



  25 

In the experiments conducted here, participants were presented with three pictures 

on a computer screen (two of which matched the two prosodic parses and one of which 

was a distractor) and were asked to select which picture best matched the phrase they 

heard.  For example, when the participants heard the phrase, “I bought string, cheese, and 

muffins at the store,” they saw an array of images in three boxes on the screen in front of 

them.  In one box was a picture of a bag of groceries.  In another box was a picture of a 

ball of string, a piece of yellow cheese, and some muffins.  In the last box was a picture 

of a piece of string-cheese and some muffins.   

For the List Bias (nail~key) and Compound Bias (cac~tus) items the non-words 

(“cac”, “nailkey”) created by the conflict between the lexical and prosodic parses were 

represented with pictures of real things with obscure names (e.g., a potato ricer), of which 

the non-words might be possible names.  Both children and adults completed the same 

experiment (Experiments 2 and 1, respectively).  A second group of adults was tested 

using another version of the experiment where the representational pictures used in the 

first version were replaced with images of shapes (Experiment 3).  This third experiment 

allowed for an investigation of the impact of the visual input from the images on the word 

recognition process.   

The conflict between the prosodically correct parse of the utterance and the 

lexically logical parse of the utterance (nail, key said as nailkey or cactus said as cac, tus) 

is the crux of the experiment.  The resolution of this conflict provides evidence regarding 

how the participants processed the utterance.  Differences in the response patterns 

between the children and the adults can be used to understand how language processing 
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evolves during language acquisition.  Changes in the response patterns of the adults when 

abstract images are used rather than representational images provides information about 

the role of visual input in the task, and, by extension, during language processing.  In the 

final chapter of this dissertation this information will be used to create a modified model 

of spoken word recognition that can explain the behavior of both children and adults in 

the experiments conducted here. 

1.4. Definition of Terms 
A few terminological conventions will be followed throughout this dissertation to 

avoid potential ambiguity.  These conventions are in reference to the paired terms 

“prosody” and “intonation” and to the single term “acquired”.   

“Prosody” in this dissertation refers to the collection of “prosodic contours” in a 

language.  A “prosodic contour” is composed of changes in pitch and segment durations 

(Campbell, 1993) along with deliberate pauses in the speech stream which, when 

combined, generate a specific and consistent effect on the meaning or grammaticality of 

an utterance.  An example of such a contour is the fall-rise contour investigated by Ward 

and Hirschberg (1985).  They found that a pitch fall followed by a pitch rise on a single 

word or short phrase is used by adult English speakers to imply uncertainty as to the 

correctness of their response.  For example, in response to the question, “Is that the 

morning star?” one may reply, “It’s Venus”, with the fall-rise contour appearing on the 

word Venus.  Use of this contour, in this manner, implies that the speaker is not positive 

the reply given is an accurate answer to the question. 
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The term “intonation” will be used to refer to all of the suprasegmental features in 

an utterance, whether they are present for grammatical reasons, pragmatic reasons, or for 

non-linguistic (social or emotional) reasons.3  Intonation plays a variety of roles in 

communication.  Speakers may change the pitch of their voices to display anger, to get 

attention, or to change the direction of the pitch of the utterance to make a statement into 

a question.  The latter form of intonation is the type that is referred to here as “prosody.”  

The division of intonation into two parts, linguistic and non-linguistic, is not new (e.g. 

Crystal, 1969; Tench, 1996), though the use of the term "prosody" to refer to only the 

linguistic part of intonation may be.  Campbell (2005) uses the term “prosody” to refer to 

both linguistic and non-linguistic content.  However, Crystal (1969) uses the term 

“prosodic” in a manner similar to how “prosody “ has been defined in this paper.  Crystal 

uses the term “paralinguistic” to refer to non-linguistic content and phonetic features.  

The definitions of the terms given here therefore fit within the range of definitions thus 

far proposed in the literature.  

While linguistic intonation (prosody) is the focus here, non-linguistic intonation 

(e.g. acoustic characteristics that convey anger, etc.) is also present much of the time.  

Thus, the acquisition of intonation requires children to differentiate between the 

emotional or the social content of the intonational phrase and the linguistic content.  This 

complicates the acquisition of intonation and may be one of the reasons, along with those 

discussed previously, why prosodic competence is achieved comparatively late by 

language learners. 
                                                
3 A suprasegmental feature is a feature of the pronunciation of the utterance that extends 
over more than one segment. 
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Finally, for the purpose of this dissertation, and as is generally assumed, 

“acquisition” of a linguistic form requires both the ability to produce that form and the 

ability to understand it.  This definition is in contrast to some wherein acquisition refers 

simply to the production of a form (Snow, 2004).  As is shown in the studies discussed in 

Chapter 2, children can produce prosodic contours that they do not understand.  This is 

another feature that makes the acquisition of prosody distinct from the acquisition of 

other linguistic systems.  The linguistic content must be sifted from the non-linguistic 

content.  Moreover, children can produce this content before they know what it means.  

1.5. Research Goals 
As stated above, the overarching goal of this dissertation is to argue that language 

acquisition can be characterized as children learning how to process language, not as 

children learning language independent of processing it.  It will be argued that everyone 

who hears an utterance, regardless of their age, is equipped with the same basic set of 

linguistic tools for understanding that utterance.  These tools are innate and specific to 

language processing, though they are related to general auditory skills seen in other 

animals.  Differences in the ability to comprehend a given phrase are caused, then, by 

discrepancies in how quickly and how accurately those tools are applied.  As a learner 

proceeds through the acquisition process, that learner becomes increasingly adept at using 

these tools.  

A related goal is to gain a clearer understanding of the role of prosody in early 

language processing.  The apparent paradox of early production and of late 

comprehension of prosodic content, as well as the implications of this paradox, will be 
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revisited throughout this dissertation.  While this phenomenon makes it easier to study 

the acquisition of prosodic processing, it is also a mystery of sorts in need of further 

study. 

A final goal of this dissertation is to create a model of word recognition (by 

modifying existing models) that can explain the processing of utterances where the 

lexical and prosodic content conflict.  This model will be built based on the adult findings 

and then modified (if necessary) to fit the results from the children.  The type of 

modification necessary to change a model of adult processing into one that also reflects 

how children process language will be used to argue that adults and children truly do 

process language in essentially the same manner.   

To evaluate these claims, there are three primary research areas that need to be 

explored in greater detail:  the study of prosody, the study of language processing, and 

the study of language acquisition.  Each of these research areas, discussed in Chapter 2, 

relates to either the questions themselves or to the experiments performed to answer those 

questions.  Chapter 3 provides details of the first experiment with adults, while Chapter 4 

provides the results of the same experiment conducted with children.  A third experiment, 

run only with adults using abstract shapes instead of representational images, is discussed 

in Chapter 5.  Chapter 6 summarizes the results of the three experiments and presents a 

modified model of spoken word recognition.  It further provides conclusions and 

directions for future research. 
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Chapter 2: Three Research Areas 

2.1. Introduction 
Chapter 1 introduced the main claims of this dissertation and briefly described the 

experiments conducted.  Chapter 2 seeks to lay the groundwork from which these 

questions emerged and to situate the current study in relation to previous research.  There 

are three areas of interest discussed here:  prosody, language acquisition, and language 

processing.  Aspects of these research areas relevant to the questions asked in this 

dissertation are described briefly below and presented in detail in succeeding sections. 

The first area is the study of English prosody (Section 2.2).  As was discussed in Chapter 

1, the role of prosody in English is varied, making the acquisition of prosody complicated 

and the ways that prosody can interact with other linguistic systems myriad.  In this 

section, basic terms are reviewed along with the history of experimental research with 

prosodic contours.   

The second research thread is language acquisition (Section 2.3).  Here, general 

patterns of language acquisition are briefly described as are theories of language 

development.  The third area of study discussed is language processing, particularly 

spoken word recognition (Section 2.4).  Theories of how words are recognized will be 

explained, along with details of current models and the role of prosody in word 

recognition.  Section 2.5 goes into greater detail about the intersection of these areas and 

reviews previous research that involved the same contours as were tested for this 

dissertation.  Section 2.6 summarizes the important points from these discussions. 
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2.2. Prosody 
While each linguistic system interacts with every other system, the prosodic 

system is special in that its contribution to the meaning of an utterance is vital for clear 

face-to-face communication but is elusive to pinpoint.  This section explains the basic 

components of prosody in English (Section 2.2.1).  Per the definition of prosodic 

contours given in Chapter 1, the prosodic contours tested here have three primary 

acoustic manifestations:  changes in pitch, the location of pauses, and changes in the 

durations of segments near prosodic boundaries.  The first two of these components are 

the main focus in this section (Sections 2.2.1.1 - 2.2.1.2), but the third will also be 

discussed (Section 2.2.1.3).  This third factor plays a large role in the processing of 

prosody during spoken word recognition.  The acoustic correlates of stress will be 

discussed next, as stress plays a large role in the prosody of English (Section 2.2.1.4).  

Following the description of these acoustic components, the problem of how to assign 

meaning to Prosodic Contours will be examined (Section 2.2.2).  This includes a brief 

summary of previous experimental approaches to prosodic research with adults, with 

particular focus on those that involve the relationship between prosody and word 

recognition. 

2.2.1. Acoustic Components of Prosody 

2.2.1.1. Prosody and Pitch 
Three main variables are relevant to the study of prosody with respect to pitch:  

the degree, the direction, and the location of the primary pitch change in the utterance 

(Ladd 1996).  Degree of pitch change refers to the difference between the highest and 
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lowest pitch point in the utterance.  Thus, an utterance that starts high and ends low could 

have the same degree of pitch change as an utterance that starts low and ends high.  

However, these two utterances would differ in meaning based on the direction of the 

pitch change involved.  The direction of pitch change then refers to whether the pitch 

goes from a high target to a low target or from a low target to a high target.  The final 

relevant factor is the location of the primary pitch change in the utterance.   

The figures below (Figure 2.1-Figure 2.4) show pitch tracks for several versions 

of the phrase, “Sam and Phin went.”  In all of the following figures, the top portion of the 

figure shows the pitch track of the utterance.  The bottom portion of the figure shows the 

waveform for the same utterance. The vertical lines on the top portion of the figure 

indicate word boundaries. The sloped horizontal line, also in the top portion of the figure, 

shows the pitch of the utterance. 

In the first example (Figure 2.1), the phrase is said with normal falling intonation.  

The first word in the phrase is slightly stressed, giving it a higher overall pitch than the 

remainder of the utterance.  The pitch at the end of the utterance falls, indicating that the 

utterance is a statement.   
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Figure 2.1:  “Sam and Phin went,” said as a statement.  Breaks in the pitch track are 
either due to voiceless sounds (e.g. /f/ in Phin) or pauses in the utterance.  

 
In Figure 2.2, the same phrase is said with a final rise in pitch.  This pitch rise 

indicates that the phrase is now a question.  The utterances given in Figures 2.1 and 2.2 

start at similar pitches and have similar amounts of pitch change (120 Hz in Figure 1 and 

93 Hz in Figure 2). The primary difference between these contours is the direction of the 

pitch change, though there is also a difference in the location of the pitch change.  In 

Figure 2.1 the pitch is lowered at the word Phin, while in Figure 2.2 the pitch rises during 

the word went.   
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Figure 2.2:  “Sam and Phin went,” said as a question.  The final rise in pitch, used to 
signal a question in English, begins during the word went.4 

 
Both of the contours can be described using the ToBI (Tones and Break Indices) 

system, a descriptive system for English contours established by researchers from a 

variety of disciplines interested in work on speech science (Beckman & Elam, 1997; 

Pitrelli, Beckman, & Hirschberg, 1994).  In this system, all prosodic contours consist of a 

series of low and high tones.  These tones align with words in the phrase.  There are three 

                                                
4 The pitch track shows a slight fall at the end of rise.  This is likely due to the computer process 
used to create the pitch track.  Sudden changes in the voicing of the utterance can cause the f0 
track to move in odd ways that are not reflective of the perceived pitch of the utterance.  
Throughout this dissertation, the term pitch is used to refer to the perceived changes in f0. 
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types of tones:  pitch accents, phrase accents, and boundary tones.  Pitch accents appear 

primarily on stressed words.  Phrase accents control the pitch of the phrase between pitch 

accents and phrase boundaries.  Boundary tones mark the end of a phrase.  These tones 

are used in English to indicate the relationship between the phrase and the discourse 

context (Pierrehumbert & Hirschberg, 1990; Beckman & Pierrehumbert, 1986; Liberman 

& Pierrehumbert, 1984).  The word Sam, in the first example, has a H* (high) pitch 

accent followed by a L (low) phrase accent and a L% (low) boundary tone.  This 

contrasts with the second example, which has a L* pitch accent on the word went, a H 

phrase accent, and a H% boundary tone.  ToBI style labeling is included on all following 

examples. 

The next two figures give clear examples of the importance of the location of the 

pitch accent.  In Figure 2.3, the phrase is said with a high pitch accent on the word Sam.  

There is also a clear pause (263ms) after the word Sam.  This pause is part of the prosodic 

contour and marks an intermediate phrase boundary.  The pragmatic effect of the pause is 

to highlight that Sam is the focus of the utterance.  Thus, even though the phrase is 

marked as a question with a final high boundary tone on the word went, the high pitch 

accent on the word Sam indicates that the speaker is questioning whether Sam went with 

Phin, as opposed to someone else.   

Figure 2.3 contrasts with Figure 2.4, where the speaker is questioning whether 

Phin went.  Here, there is no pause after the focused word Phin.  When this figure is 

compared with Figure 2.2 it is clear that the pitch rise for the question begins much 
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sooner here than in Figure 2.2, showing that there is an additional pitch accent present, 

putting the word Phin into focus. 

Sam an! Phin went

0

500

100

200

300

400

Time (s)
0 1.40438

Time (s)
0 1.40438

–0.08627

0.07916

0

 
Figure 2.3:  “Sam and Phin went,” said so as to question if Sam went. 

 

H* H- L* H H% 
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Sam an! Phin went
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Figure 2.4:  “Sam and Phin went,” said so as to question if Phin went. 
 

The above examples clearly show that the direction and location of the primary 

pitch change in the utterance can change the meaning of the utterance. Depending on 

these factors, an utterance can change from a statement to a general question (Figures 2.1 

and 2.2) or to questions of specific material (Figures 2.3 and 2.4).  The examples above 

also introduce the use of the ToBI labeling system, which will be used throughout this 

dissertation.  In the next section the importance of pauses is examined. 

L* H H% H* 
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2.2.1.2. Prosody and Pauses 
The variables given above relate to the overall shape of the pitch track of the 

utterance.  There are two additional factors that affect the entire prosodic contour:  the 

presence of pauses in the utterance and durational changes in the segments at prosodic 

boundaries.  Pause locations are discussed here, and the durational changes are discussed 

in the next section.  

An example of a phrase where the location of a pause is crucial to the 

interpretation of the utterance is the phrase, “I saw yellow and blue and orange flowers.”5  

When this phrase is said with pauses after each color word (yellow, blue, and orange) it 

means that three types of flowers, each a different solid color, were seen.  An example of 

this phrase, said in this manner, is given in Figure 2.5.  In this example, there is a 444ms 

pause after the word yellow and a 436ms pause after the word blue.  Also clear from the 

pitch track is a distinct fall-rise in the pitch of the words yellow and blue.  The prosodic 

contour on the words yellow and blue, including both the fall-rise in pitch and the pause 

immediately after it, is referred to here as the List Contour.  This is one of the contours 

used in the current study and will be further discussed in Chapter 3.  Wells, Peppé, and 

Goulandris (2004) refer to this as the Chunking Contour.  While Cruttenden (1985) and 

Vogel and Raimy (2002) do not have a descriptive name for it, both used this contour in 

their work (See Section 2.4). 

                                                
5 This example is based on an experiment, discussed in Section 2.4, performed by Beach, 
Katz, and Skowronski (1996). 
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I saw yellow (444ms) an! blue (436ms) n! orange flowers

0

600

Time (s)
0 3.35005

Time (s)
0 3.35005

–0.1733

0.1631

0

 
Figure 2.5:  Yellow and blue and orange flowers 
 

Figure 2.6 is an example of the same phrase said with a pause after only the word 

yellow.  This version of the phrase indicates that there were two types of flowers, yellow 

ones and single flowers colored both blue and orange.  Once again, the List Contour can 

be clearly seen in this example, starting with the word yellow and continuing through the 

441ms pause after the word yellow. 

L+H* L+H* 
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I saw yellow (441ms) n! blue n! orange flowers

0

600

Time (s)
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Time (s)
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–0.1528

0.1498

0

 
Figure 2.6:  Yellow flowers, and blue and orange flowers 
 

Both the pitch changes and the pauses discussed in 2.2.1.1 and 2.2.1.2 are 

involved in the prosodic contours that are the focus of this paper.  As well, both pitch 

changes and pauses can be manipulated with the help of a computer to change the 

meaning of an utterance.  Details on how this was done for the current study are given in 

Chapter 3.  The third primary component of prosodic contours to be discussed is the 

presence of increased segment and syllable durations at prosodic boundaries. 

L+H* 
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2.2.1.3. Prosody and Segment Durations 
Bagou, Fougeron, and Frauenfelder (2002) tested French speakers on a variety of 

possible prosodic cues to word boundaries and found that both final syllable lengthening 

and a rise in f0 were reliable cues for French speakers.  Campbell (1993) describes an 

algorithm that was able to parse spoken English phrases based on segment duration and 

segment location alone.  Cho, McQueen, and Cox (2007) investigated domain initial 

strengthening in English.  They found that segments immediately following a prosodic 

boundary were produced with more force and longer duration in direct proportion to the 

size of the boundary.  All of these findings show that changes in segment duration are a 

reliable prosodic cue to word and phrase boundaries in both French and English (see also, 

Beckman & Edwards, 1990, for English).   

In the experiments conducted for this dissertation, this cue was not directly 

controlled or addressed.  However, natural productions of the contours were used 

meaning that durational changes present should match those found in normal speech.  

Numerous researchers have argued that cues such as these have a large impact on spoken 

word recognition (e.g. Pierrehumbert, 2003; Hawkins, 2003; McQueen, 2005). In Chapter 

6 these cues are incorporated into a modified model of spoken word recognition.  This 

model is designed to account for the data presented in Chapters 3 – 5.  That data suggests 

that the participants did use these types of cues in their responses. 

2.2.1.4. Stress 
Stress in English is most commonly associated with an increase in the pitch, the 

duration, and the loudness of the stressed segment (Ladefoged, 2006).  In the context of 
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prosody, the primary pitch accent in the utterance can only fall on the stressed portion of 

a word, though not all stressed elements will have a pitch accent associated with them 

(Pierrehumbert, 1980; Liberman & Pierrehumbert, 1984).  Stress plays a role in the 

lexicon as well as in the prosody of an utterance with noun-verb pairs that are 

differentiated based on stress placement:  to in«sult versus an «insult (Ladefoged, 2006).  

English is considered a free stress language.  This means that the location of the main 

stress on the word is not located in the same place in every word in the language.  This 

does not imply that there are no rules to the placement of the main stress in the word, just 

that the main stress moves around (van Donselaar, Koster, & Cutler, 2005).  Even though 

the location of the primary stress of a word can vary, stress placement can still be used as 

a cue to word boundaries in English.  The most common stress pattern for English nouns 

is to have the primary stress on the initial syllable.  Therefore, stressed syllables are often 

used as cues for possible word boundaries (Hayes, 1981; Cutler, 1990; Cutler & Carter 

1987).  The role of stress in word recognition and lexical access will be examined in 

more detail below.  For now, it is important to know that stress matters in English, and 

that stress interacts with both the prosody of the phrase and the meaning of the words in 

the phrase somewhat independently. 

The previous four subsections summarized the primary acoustic components of 

prosody in English.  The next section details findings from research with adults regarding 

the meanings associated with Prosodic Contours.  Also explained in that section are the 

methods used to conduct these studies.  These methods will be contrasted with the 

methods used in studies with children described in Section 2.3. 
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2.2.2. The Meaning of Prosodic Contours 
The three acoustic components of a prosodic contour plus the stress of the words 

in the utterance combine to give rise to the complete contours that appear in everyday 

speech.  That these contours have the ability to change the meaning of the utterances on 

which they appear is beyond doubt, but the exact nature of how prosody interacts with the 

other linguistic systems remains unclear.  Caspers (2000) notes that it is “notoriously 

difficult to test the contribution of intonation to the meaning of an utterance” (p. 134).   

This difficulty relates to the very reason that the prosodic domain was chosen for use in 

this dissertation.  Since prosody overlaps with the other systems, and since intonation 

conveys both linguistic and non-linguistic information, pin-pointing the exact 

contribution of a particular pitch change or segment duration change is a complicated 

task for the language learner.  Mastery of this task shows an understanding not only of 

the prosodic content but also of how linguistic systems interact.  

Much of the early prosodic research was conducted through introspection and 

observation (e.g. Bolinger, 1986; and as described in Ladd, 1996).  Prior to the wide-

spread availability of pitch tracking software, researchers of prosodic contours observed 

and attended to their own utterances and the utterances of those around them.  They then 

used these observations to draw conclusions about prosody (Crystal, 1969; Liberman & 

Sag, 1974).  This method led to careful descriptions of ten to twelve commonly used 

contours in English (including the two that are used in the current study).  What this 

method failed to do was isolate specific acoustic components of the contours in such a 

way that they were easy to compare across analyses.  
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In the last 30 years, an increasing number of experimental approaches have been 

used to garner a more precise understanding of the relationship between the acoustic 

manifestations of prosody and the meanings these manifestations have.  Two main tools 

have made these investigations possible:  computer software that allows for careful 

analysis and manipulation of acoustic data and the ToBI labeling system for English (and 

related systems for other languages including Dutch and Japanese - http://www.ling.ohio-

state.edu/~tobi/).  The existence of widely available software has made it possible for 

researchers to test predictions about the structure of prosodic phrases (e.g. Dilley, Ladd, 

& Schepman, 2005, measured the timing of pitch accents relative to the segmental string; 

Baumann & Grice, 2006, re-synthesized f0 contours in German to examine a link 

between how accessible a referent is and the type of pitch accent marking it).  Prior to the 

widespread use of ToBI, it was difficult for acoustic researchers to be certain they were 

discussing the same prosodic contours (Hirschberg, 2002).  This made comparisons of 

differing accounts of contours in one language or searching for cross-linguistic universals 

troublesome.  

A variety of methods have been used to pursue a wide range of topics within the 

realm of prosodic research.  For example, some researchers have investigated the amount 

of pitch change required to generate a different contour meaning (e.g. Good, 2005; Levis, 

2002; Gussenhoven & Rietveld, 2000).  Others, such as Gussenhoven and Rietveld 

(2000), investigated whether two Dutch rising contours, previously identified via 

observation (L* H-H% and H* H-H%), were distinct.  Lotto and Holt (2006) reviewed 

numerous studies wherein both linguistic and non-linguistic context was shown to 
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influence the perception of the segment.  All of these investigations used experimental 

methods to test the comprehension of prosody by adult native speakers.  The experiments 

run for this dissertation also test adult native speakers in a controlled experimental 

environment.  The current research manipulates the prosodic contours, and thus the 

linguistic context of the utterance similarly to studies reviewed by Lotto and Holt.  It also 

tests previously identified contours similar to Gussenhoven and Rietveld, and 

manipulates the contours themselves similar to Good and Levis. 

In another type of study, Caspers (2002) tested four Dutch contours commonly 

used by speakers to indicate the relationship between the information being given and the 

preceding context.  The intent of the experiment was to determine if participants would 

attribute the same meanings when in a controlled setting, as had been described in the 

literature.  Caspers manipulated the preceding context and asked participants how well 

each contour matched the context.  Participants were able to match the contours with the 

predicted context about 55% of time.  Thus, responses were better than chance but still 

far from being 100% accurate.  This finding highlights the, at times, confusing nature of 

some prosodic contours, particularly contours that relate to discourse parameters such as 

speaker intent.  Therefore, even though prosody plays a large role in discourse, as shown 

by Pierrehumbert and Hirschberg (1990), the exact nature of this role is can be unclear.  

There are, however, other cases where the role of prosody in an utterance is more 

concrete.  For example, prosody can be used to resolve syntactically ambiguous 

sequences (e.g. Hirschberg, 2002; Clifton, Carlson, & Frazier, 2002).  It is this more 

grammatical type of prosody that is used in the current experiments. 
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As mentioned in Chapter 1, this dissertation utilizes two prosodic contours that 

can be used to disambiguate an ambiguous lexical sequence.  In doing so, this research 

follows in the footsteps of numerous other researchers who have investigated how 

prosody interacts with word recognition and lexical processing.  Welby (2007) showed 

that in French, the early-rise contour can be used to find word boundaries in masked 

speech.  Warner, Otake and Arai (submitted) showed that a pitch rise at the beginning of 

an accentual phrase can be used by Japanese speakers as a clear cue for word 

segmentation.  Further, they propose that pitch rises may act as a cross-linguistic cue to 

word boundary locations.  Previous studies have shown that French speakers can use 

syllable lengthening and changes in the intensity of f0 at the end of syllables to find word 

boundaries (Rietveld, 1980; Bagou et al., 2002).  Kim (2004) used word spotting and an 

artificial language learning paradigm to show that accentual phrases play a crucial role in 

Korean word segmentation.  

Despite findings such as those described above, locating a word in a continuous 

speech stream is not an easy task.  Researchers, who study prosody, frequently lament the 

inconsistent cues to word boundaries available in the speech signal (McQueen, 1998).  

Prosodic cues, such as final segment lengthening and pitch accent, are only inconsistently 

present in day-to-day speech, making lexical access a challenge for both children and 

adults.  As discussed in Chapter 1, the acquisition of prosody is complicated by the fact 

that prosody is both linguistic and non-linguistic in its content.  This means that not only 

are cues to word boundaries variably present in the signal, but when they are present the 

meaning they convey is not consistent.  To better understand how this impacts the 
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children in the current study, it is necessary to step back and discuss theories of how 

language, in general, and prosody specifically is acquired. 

2.3. Language Acquisition and Processing By Young Children 
Chapter 1 proposed that everyone who seeks to understand spoken language, be 

they adults or children, faces the same two basic problems.  The first problem is finding 

words in the speech stream and the second is assigning context-appropriate meanings to 

those words with respect to the syntactic structures in which they appear.  A related 

argument was also made in Chapter 1.  This argument claimed that the study of language 

processing by adults should be informed by the study of language acquisition by children.  

Since both groups are processing language, any theory that aims to account for language 

processing in humans should address how language is acquired.  Section 2.4 details 

theories of language processing by adults, and explains methods for the study of language 

processing.  In the current section, language acquisition and language processing by 

children is discussed. 

The methods available to study both language acquisition and language 

processing by children are more limited than they are for adults.  With adults, a number 

of methods can be employed to attempt to understand the unconscious processing of 

language.  These methods range from introspection, as was used in the early days of 

prosodic research, to cross-modal priming to phoneme monitoring.  Many of these 

methods are not viable for research with children.  For example, young children and 

infants cannot read, so cross-modal priming is not an option.  Infants cannot be asked to 

push a button when they hear a specific sound, and, while young children can be asked to 
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do so, they may lack the fine motor skills needed for their response to reflect processing 

rather than physical limitations (Cutler & Swinney, 1987). 

It is still possible to conduct research on speech perception and comprehension by 

infants and children, yet generally not with the methods used for adults.  The experiments 

used in this dissertation were conducted on both children and adults but are based on 

methods from previous work with children.  This portion of the chapter reviews studies 

of speech perception and comprehension by infants and young children that inform our 

understanding of how prosodic information is acquired or used by children.  Working 

from the theory proposed in Chapter 1, that the study of language acquisition can be 

better understood as the study of language processing by beginning language users, the 

studies are compared to results from adult language processing experiments (detailed in 

Section 2.4).  The final portion of the chapter (Section 2.5) reviews the specific studies 

that are the basis for the experiments conducted for this dissertation. 

2.3.1. Acquisition and Bootstrapping 
Working from the premise that some portion of the language acquisition process 

is innate (Chomsky, 1965), the goal of many linguists is to explain what these innate 

capabilities consist of and what their limits may be.  The mechanisms whereby infants go 

from cooing at three months old to telling stories at five years old are still largely open 

for debate.   

The acquisition of prosody provides an interesting case for the general study of 

language acquisition.  Lenneberg (1967) claims that the first feature of language to 

appear is prosody.  Infants as young as two-days-old have been shown to recognize 
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global characteristics of their mother’s language (Moon, Cooper, & Fifer, 1993).  Four-

day-old French learning infants cannot make a distinction between Japanese tokens that 

differ in mora count but can make distinctions based on syllables (Bijeljac-Babic, 

Bertoncini, & Mehler, 1993).  Infants less than six-months-old are able to differentiate 

between sentences read in their own language and sentences read in another language 

showing sensitivity to both the sounds used, the order that those sounds are permitted to 

appear in their own language, and the prosody with which the sentence is said (Kessen, 

Levine, & Wendrich, 1979, Melher et al., 1988, Jusczyk, 1993).  Once children have 

begun to babble, around six months of age, they have been observed to use rhythms in 

their babble that reflect the prosodic structure of the language they are acquiring (Bates et 

al., 1975; Crystal, 1986).  Yet, there is evidence that adult-like comprehension of 

prosodic contours may not take place until children are as old as ten to twelve years old 

(Cruttenden, 1985; Crystal, 1978; Wells et al., 2004).  Cutler and Swinney (1987) term 

this discrepancy in the timing of the perception of prosodic content and the 

comprehension of prosodic content the “performance paradox” (p. 148).   

The performance paradox of prosodic acquisition is part of an ongoing debate in 

the language acquisition literature.  There is good evidence for the early use of the 

prosodic characteristics of speech by infants and young children.  This evidence has led 

researchers to claim that awareness of these prosodic characteristics and their ties to other 

language systems are all that an infant needs to acquire their first language.  This is the 

position of proponents of the Prosodic Bootstrapping Hypothesis (e.g. Gleitman & 

Wanner, 1982; Peters, 1983; Morgan, 1986; Jusczyk et al., 1992; Fikkert, 2001).   
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Bootstrapping is the name of a set of current theories relating to how children acquire 

language.  Bootstrapping theories come in three main varieties:  syntactic, semantic, and 

prosodic.  The general premise behind all bootstrapping theories is that with a small 

initial bias or inclination to parse language in a certain way, the language learner can 

leverage herself into full grammatical competency (Morgan & Demuth, 1996; 

Weissenborn & Höhle, 2001).   

Syntactic bootstrapping theorists (Landau & Gleitman, 1985; Gleitman, 1990; 

Fisher et al., 1994; Gleitman & Gleitman, 2001) ask:  Do infants have small kernels of 

syntactic knowledge that they use to begin the process of language acquisition?  In 

contrast, semantic bootstrapping theorists (e.g. Pinker, 1982, 1984; Wexler & Colicover, 

1980; Grimshaw, 1981) ask:  Do infants start with the seeds of semantic understanding 

and use the biases created by those seeds to learn words and then phrases?  Interestingly, 

for this paper, proponents of either of these theories must rely on the infant’s ability to 

use prosodic cues to parse the speech stream before any other innate knowledge can come 

to be used.  This leads to a third group of theorists (e.g. Gleitman & Wanner, 1982; 

Peters, 1983; Morgan, 1986; Jusczyk et al., 1992; Fikkert, 2001) who investigate 

prosodic bootstrapping and the remarkable number of prosodic cues contained in the 

speech stream.  Given that even proponents of syntactic and semantic bootstrapping 

admit that speech segmentation is a first step to language acquisition and language 

processing, the following discussion focuses on prosodic bootstrapping exclusively. 

While both syntactic bootstrapping and semantic bootstrapping rely on prosody to 

initiate the parsing process, prosodic bootstrapping begins and ends with prosodic 
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content.  This type of bootstrapping is referred to as “bootstrapping from the signal” by 

Jusczyk (1998, p. 37).  It relies on innate knowledge that syntactic and semantic 

information can be garnered from prosodic information, but the theory does not require 

the knowledge of specific syntactic or semantic facts. Morgan & Demuth (1996) argue 

that prosodic bootstrapping should be renamed "phonological bootstrapping," since the 

cues used by infants to parse speech include not just suprasegmental information but also 

phonetic, phonotactic, and stochastic content (discussed in Section 2.2).   

One note of caution, and a possible argument against the use of primarily prosodic 

information to bootstrap oneself into adult language use, is that the information in the 

signal is noisy.  As discussed above, the same types of cues that are used to indicate the 

presence of prosodic phrase boundaries also appear as evidence of word-final voiced 

segments (Jusczyk, 1998; Campbell, 1993).  The language learner must be able to 

distinguish between segmental lengthening for phonological reasons, such as vowel 

lengthening after voiced segments, and segmental lengthening for suprasegmental 

reasons, such as syllable lengthening at the end of a phrase.  Those who argue against 

prosodic bootstrapping and in favor of other models note that if prosody alone were the 

key to language acquisition, children would have difficulty determining what, exactly, a 

particular cue indicated.   

Proponents of prosodic bootstrapping counter that, due to the complexity of the 

signal, there are frequently combinations of cues which coincide whenever a given 

structure is being marked.  Fikkert et al. (2001) found that compounds and other complex 

phonological phenomena, which are generally clearly marked in child-directed speech 
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with exaggerated contours, appeared to be easier to acquire than would be expected based 

on their level of syntactic complexity.  As well, since word boundaries tend to coincide 

with phrase and clause boundaries, cues such as final lengthening in voiced segments do 

provide a starting point for syntactic parsing.  Such cues most likely over-indicate the 

presence of possible syntactic boundaries, leaving it up to the language learner to prune 

down the number of possible boundaries, an arguably easier task than creating such 

boundaries out of thin air. 

The appeal of prosodic bootstrapping lies in the simplicity of the assumptions it 

requires.  To “bootstrap from the signal,” the language user only needs to be able to use 

the same prosodic and stochastic cues that have been shown to be available to infants (c.f. 

Gerken et al., 2005; Gleitman & Gleitman, 2001).  The problem with prosodic 

bootstrapping is the performance paradox raised by Cutler and Swinney (1987):  If 

prosody is the key to unlocking the speech stream and to processing language, why does 

it take so long to master?  A related question is:  How do children move from using 

prosody and phonotactics to divide the speech stream, to assigning independent 

pragmatic and linguistic meaning to suprasegmental information?  To begin to answer 

these questions, additional studies regarding the comprehension of prosody by young 

children are reviewed in the next section. 

2.3.2. Prosodic Research with Children 
Despite the variety of research methods available for research into the prosodic 

understanding of adults (Section 2.2.2), it is difficult to adapt these methods for use with 

children.  The practice of using introspection to understand prosodic content requires the 
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ability to introspect, which most young children lack (Cutler & Swinney, 1987).  

Experiments that ask participants to perform a meta-linguistic task, such as responding 

when they hear a certain phoneme or word can be difficult for adults, let alone children.  

For these reasons, much of the previous research on the acquisition of prosody has 

focused on the spontaneous production of prosodic contours by young children at play or 

on elicited production contours from older children in experimental settings rather than 

on some of the more psycholinguistically-oriented tasks completed by adult participants. 

An example of the former type of study is Furrow (1984), who video-recorded 

unstructured play between the researcher and the child in the child’s home and analyzed 

the spontaneous utterances of the English-learning child.  In this study, a generalized 

prosody score was used in conjunction with observations of who the child was addressing 

to determine the intent and prosodic content of each utterance.  Two-year-olds were 

found to use more extensive pitch variations when looking at adults than when talking to 

themselves.  This was taken to be evidence for intentional use of prosody for social 

reasons by these children. 

A problem with studies such as the one conducted by Furrow is that it is unclear 

how much of the meaning attributed to the intonation choices of the child are in the mind 

of the child and how much of that meaning is only in the mind of the researcher (Snow & 

Balog, 2002; Crystal, 1986).  In a recent study, Herbst (2007) found that German-

learning five-year-olds were able to correctly place and produce, in a near adult-like 

manner, contours used to mark new versus old information in discourse.  In contrast, 

Chen (2007) found that Dutch-learning four- and –five-year-olds did not use topic 
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accents in an adult manner but did use focus accents correctly.  Both Herbst’s and Chen’s 

work used elicitation tasks, unlike the free speech samples collected by Furrow.  An 

elicitation task allows the researcher to control what the children are producing.  In free 

speech samples, it is impossible to conclude if a child failed to produce a form because 

she did not know how or because she simply didn’t get around to doing so.  In contrast, in 

elicitation tasks, all of the children are prompted to produce the same forms, making the 

data more comparable across participants.  The use of these more experimental 

procedures, thus, makes it possible to better assess the intent of the prosodic choices of 

the children since both the productions and the contexts of those productions are 

controlled.  Other experimental approaches, which test the child’s ability to comprehend 

rather than to produce prosodic contours, have also provided insight into the prosodic 

awareness of young children. 

Myers and Myers (1983) found that the ability to perceive prosody (in the form of 

stress differences between otherwise identical nonsense words) does not translate directly 

into the ability to comprehend it (in the form of contrastive stress placement in a phrase).  

The first task in their experiment asked children to complete a same-different task with 

bi-syllabic nonsense words.  They found that children could tell the difference between a 

nonsense string such as bibi said with strong stress on each syllable (BIBI) and one said 

with strong stress on only one syllable (BIbi or biBI).  In the second task, sentence pairs 

that differed with respect to the focused element in the sentence were compared, and the 

children were asked to say whether or not the pairs sounded “good together.”  For 

example, the sentence, “It’s HOT in the south,” should sound “good” when paired with 
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the sentence, “It’s COLD in the north,” since both sentences have stress of the same 

element.  (This contrast is not specifically about the meaning of the phrases, but rather 

how they sound together.)  In contrast, the first sentence should sound less “good” when 

paired with the sentence, “It’s cold IN the north,” since here the focus falls on a different 

element of the sentence (in as opposed to cold).  The youngest participants 

(kindergarteners) responded at chance on this task, while the oldest participants (sixth 

graders) responded correctly about 85% of the time.   

Myers and Myers claim that this finding shows that the ability to perceive stress 

related differences and the ability to use stress for semantic and pragmatic reasoning are 

not the same.  It is possible, however, that the differences between the tasks themselves 

may have contributed to this finding.  The second task (the HOT/COLD task) is more 

complicated than the first, requiring the participants to remember a longer sequence as 

well as to compute the meaning of the stress placement.  Regardless, this result does 

show that five-year-olds have trouble with prosodic understanding and, while twelve-

year-olds do better, even they have not mastered it.  This is further support for the 

performance paradox mentioned above. 

Another study, conducted by Moore, Harris, and Patriquin (1993), tested the 

ability of children (age three to six years old) to use prosodic and/or lexical content while 

assessing speaker uncertainty.  In the experiment, the participants were presented with 

two statements said by two puppets.  One statement gave a clear signal of uncertainty and 

the other, certainty.  The relative certainty was indicated with either lexical content, 

prosodic content, or both.  The statements told the children the location of a piece of 
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candy.  The children then had to decide which puppet was more certain about the location 

of the candy so as to select the box indicated by the most certain puppet and get the 

candy.  At the end of the task, they were given the boxes and were allowed to keep the 

candy if it was in the box. 

Moore et al. (1993) found that when three-year-olds were presented with either 

lexical information or prosodic information, but not both at the same time, the children 

failed to use either form of content consistently.  In the same condition, four-year-olds 

relied most strongly on the prosodic content and five- to six-year-olds were able to use 

both.  In contrast, when children were presented with both sources of information 

simultaneously, the four-year-olds showed evidence of understanding the lexical content 

but could not use it to complete the task, while, again the five- and six-year-olds could 

use both forms.  It was also found that the five- and six-year-olds could compute relative 

uncertainty based on both types of information (lexical and prosodic) even if the 

information was conflicting.   

The trouble the four-year-olds had with integrating both the lexical and prosodic 

content may reflect general cognitive mechanisms rather than a developmental linguistic 

stage.  As part of the task, the participants were asked comprehension questions to ensure 

that they were processing the utterances in depth.  Both the need to answer 

comprehension questions and the presence of two types of input (both prosodic and 

lexical) may simply have been too much information for the younger children to cope 

with.  This interpretation is even more likely given that the four-year-olds could use the 

prosodic information when it was the only type of information present (Jusczyk, 1998).  
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The final finding of this experiment, that five- and six-year-olds can compute relative 

uncertainty even when the lexical and prosodic information conflict, relates directly to 

one of the primary questions of this dissertation:  How do participants resolve a conflict 

between the lexical and prosodic meaning of an utterance?  This finding from Moore, 

Harris, and Patriquin (1993) suggests that five- and six-year-olds, at least, should be able 

to complete the experiments detailed in Chapters 3 and 4 (which specifically manipulate 

the lexical and prosodic information of an utterance so as to produce such a conflict). 

The final study reviewed here examined online processing of prosodic content by 

children between the ages of three and seven years old.  In a series of three word-

monitoring experiments, Cutler and Swinney (1987) asked children (age 3;0 to 7;116) to 

push a button when they heard a target word.  The target was either a noun (which may or 

may not have been semantically focused) or a function word (which cannot be 

semantically focused).  In Experiments 1 and 3 the children were tested on normal 

sentences with normal stress.  They found that both the word type (function word vs. 

noun) and the stress placement (on the target word or on another word) influenced the 

responses in older children (5;0 – 5;8).  In the same condition, the responses of younger 

children (3;0-4;11) were only affected by the type of target word.  When the syntactic 

information was removed in Experiment 2 by presenting the words in a scrambled 

sentence, prosodic content (stressed versus unstressed words) did facilitate in word 

recognition for the children tested (age 5;0-7;1).  This indicates that paying attention to 

                                                
6 The notation used here denotes the children’s age by listing first years and second 
months separated by a semi-colon (years;months), as is standard in the L1 acquisition 
literature. 
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the semantic content in the first version of the experiment made it more difficult for the 

younger children to also attend to prosody, which is similar to the findings of Moore et al. 

(1993).  Thus when prosody is the main cue, it can be readily used.  However, when there 

are other cues, the prosodic cues get ignored.   

These findings show that children between the ages of five and seven years old 

struggle to complete a task that demands the simultaneous processing of both semantic 

and prosodic content.  The results from Cutler and Swinney (1987) further indicate that 

children younger than age five are not using prosodic information when comprehending 

language.  In their study, semantic processing seems to precede (and perhaps even 

supercede) prosodic processing.  This supports work by Lahey (1974), which found that 

four- and five-year-olds respond to syntactic cues, not prosodic cues, when they are 

acting out statements.  In the experiments discussed in Chapters 3 and 4, the participants 

are asked to resolve a conflict between the lexical and prosodic meaning of the utterances 

presented.  The results presented here would suggest that children around the age of five 

years old will have no trouble doing so but younger children may. 

The studies reviewed in this section detailed approaches to studying prosodic 

perception and comprehension by young children.  Furrow (1984) used observation of 

when certain prosodic factors were used by two-year-olds to infer the meanings that the 

children were attributing to those forms.  Chen (2007) and Herbst (2007) both used 

elicitation tasks with four- and five-year-olds in situations where the children could use 

certain contours if they knew how and when to do so.  Myers and Myers (1983) 

experimentally tested children between the ages of five and twelve years old and found 
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that the children’s ability to differentiate between words based on stress did not correlate 

with their ability to use stress for pragmatic reasoning.  This study highlights the fact that 

perception of a prosodic phenomenon and comprehension on the implications of that 

phenomenon are not one and same thing.  Moore et al.’s (1993) study showed that 

children’s ability to integrate information from prosodic and semantic sources improves 

over time.  This matches the study by Cutler and Swinney (1987) which also showed 

evidence of improvement in the ability to integrate prosodic and lexical content as the 

children got older.  Both of these final two studies show that five-year-olds are able to 

deal with conflicting information in the speech signal, but children under age five are 

not.7 

With respect to the question of the performance paradox and the decision between 

prosodic as compared to some other type of bootstrapping, these studies serve to 

highlight the complicated nature of the acquisition of prosody.  At different points in 

development, children seem to use prosody in different ways.  There is greater attention 

being paid when the prosodic content is presented in isolation, as Cutler and Swinney 

(1987) showed, and when the child is very young, as the research on infants’ prosodic 

capabilities suggests.  In contrast, older children faced with the dual tasks of segmenting 

the speech signal and assigning meaning to it, seem to struggle more with the prosodic 

content of the utterance.  Jusczyk (1998) suggests that this may be due to the processing 

load and related issues of attention and memory rather than actual losses in capabilities.  

To have a better chance of understanding the cause of the variable use of the prosodic 

                                                
7 This is a finding that will be revisited in Chapters 4 and 6. 



  60 

content over the course of acquisition, more research remains to be done regarding how 

the lexical and prosodic content of an utterance interact.  The experiments conducted for 

this dissertation are designed with this in mind.   

Now that issues related to the acquisition of prosody have been introduced, it is 

necessary to step back and build up a clear idea of what is meant by language processing.  

This will make it possible to better understand the relationship between prosody and 

language processing which is this relationship that will be the basis of the modified 

model of spoken word recognition proposed in Chapter 6. 

2.4. Language Processing Models 
As previously mentioned, one of the primary claims of this dissertation is that 

language acquisition and language processing need to be studied in conjunction.  Here, 

those aspects of spoken word recognition that most directly overlap with aspects of 

language acquisition are examined.  This section is designed to lay the groundwork for 

the experiments presented in the next three chapters and for the modified model of 

spoken word recognition presented in Chapter 6.  The primary purpose of this section is 

to explain the current issues in spoken word recognition (SWR).  First, a simplified 

version of the basic process of SWR is given.  Next, some of the problems faced by 

researchers who seek to model SWR are discussed.  There is then a discussion of one of 

the assumptions made by theories of SWR and the implications this assumption has when 

the processing of language by children is considered.  Finally, methods used to study 

SWR in adults are reviewed. 
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2.4.1. Basic Model of SWR 
Language processing has two basic parts:  1) the recognition of words from the 

acoustic signal and, 2) the combining of those words into a syntactic tree of the utterance 

(McQueen, Cutler, & Norris 2003; McQueen, 2005).  The first portion of this process, the 

recognizing of words in the speech stream, is the focus here.  

In the simplest terms, this is how SWR proceeds.  A listener hears an acoustic 

signal.  This signal is interpreted as being:  a) a linguistic signal and, b) in a language the 

listener knows.  The listener then begins to identify individual segments (in the TRACE 

or Shortlist styles models) or features (in models such as ARTPHONE or MINERVA) in 

the signal (See McQueen, 2005, for review).  Once these segments (or features) have 

been identified, they are compared with words in the listener’s mental lexicon.  Words 

that contain the same segments (or features) in the same order as are present in the 

acoustic signal are selected as possible candidate words.  Candidates that share segments 

compete with one another until a parse results that:  1) includes all of the segments (or 

features) and, 2) does not have any segments appearing in more than one word.  This 

winning word is then sent to the syntactic parser which is involved with determining the 

structure of the utterance. 

2.4.2. Two Problems for SWR 
The process of recognizing words in an acoustic signal described above is 

complicated by the fact the words are not said in isolation.  Written words have spaces 

between each word and clear segments (letters) that are used to represent the sounds in 

the words.  In spoken words the opposite situation is present.  Words are seldom said in 
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isolation, so finding word-boundaries is complicated.  Further, the sound segments that 

make up a word are blurred together making it nearly impossible to determine where one 

sound starts and another sound ends (Norris, 1994).  The main problem then, that a model 

of SWR must address, is how a listener is able to find the words intended by the speaker 

and feed those words into the syntactic parser.  This problem can be further broken down 

into two problems that are frequently addressed in both the literature on language 

acquisition and the literature on language processing.  These problems are:  the 

Segmentation Problem (Peters, 1983; Cutler, 1994; and see Clark, 2003 for review) and 

the Mapping Problem (Quine, 1960; Bloom, 2000; and see Clark, 2003 for review).  Both 

of these problems were manipulated in the experiments run for this dissertation.  The 

presence of these problems in both the language acquisition literature and the spoken 

word recognition literature highlights the fact that these two topics should be studied 

together.  The Segmentation Problem will be addressed first. 

2.4.2.1. Segmentation Problem 
The Segmentation Problem relates to the fact that there are no completely 

consistent cues as to where words start and stop in a continuous speech stream (Altmann, 

1990; McQueen, 1998).  Thus, segmenting the acoustic signal into units (either phonemes 

or features) is difficult.  There are some reliable cues to word boundaries.  For example, 

pauses at the edges of phrases and final syllable lengthening (cf. Section 2.2.1).  

Pierrehumbert (2003) and Welby (2007) even argued that prosody is essential for the 

parsing of speech.  Yet, most of the prosodic cues discussed above are only variably 

present, available on some words but not on others, or present to varying degrees based 
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on factors such as speaking rate or the emotional state of the speaker.  These variations in 

the reliability of these cues mean that the cues must be used with caution by both 

language learners and language perceivers (if there is a difference between these groups). 

In addition to the prosodic cues, there are non-prosodic cues such as the 

computation of phonotactic probabilities that can be used to segment speech.  Children 

and adults are exceptional at computing statistics on everything from how often they have 

heard a given phoneme or sequence of phonemes to how often they have heard a word.  

During speech recognition, listeners, both infants and adults, are able to use these 

computations to determine where word boundaries are likely to be found (McQueen, 

1998)8.  For example, in English the sequence [zt] never occurs within a word.  Anytime 

this sequence is found in the speech stream, a word boundary between these segments 

can be assumed (Mattys & Jusczyk, 2001).  The prosodic and phonotactic cues combine 

to aid the listener (and learner) in the task of segmenting the speech stream.   

The Segmentation Problem is not solvable with reliance on just these auditory and 

stochastic cues, however.  An example of how difficult the Segmentation Problem can be 

comes from Mehler, Dupoux and Segui (1990).  The set of phonemes 

/gʊdkændikemɛniwez/can be parsed in two distinct ways that make use of all of the 

phonemes present (Table 2.1).  

                                                
8 Details of infant studies involving statistical inferences were given in Section 2.3. 
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Table 2.1:  Two Possible Parses of the Same Phoneme Sequence 

(a) /gʊd.kændi.kem.ɛniwez/ Good candy came anyways 

(b) /gʊd.kæn.dike.mɛni.wez/ Good can decay many ways 

 
If the requirement that all of the segments identified in the signal be used in the 

parse is ignored, then there are a number of other words that are also present in this 

acoustic string.  In this example, beyond the words found in the two parses given above, 

the words an, kay (as in the letter), men, and knee are also present.  Thus, in continuous 

speech, not only is it difficult to find where one word stops and the next begins, but also, 

in any given phrase there are frequently a number of possible words other than those 

intended by the speaker that must be ruled out (Shillcock, 1990).  These “spuriously 

embedded” (Norris, Cutler, McQueen, & Butterfield 2006) words must be excluded, and 

prosody is one of the ways speakers accomplish this.  Cutler (1990) suggested that the 

metrical structure of the phrase is a good cue to the location of word boundaries.  

According to Cutler and Norris (1988), listeners are slower to detect words embedded in 

a nonsense string when those words appear after a strong (or stressed) syllable.   

The string of phonemes parsed in Table 2.1 illustrates a second aspect of the 

Segmentation Problem.  Not only is it difficult to find word boundaries, there are times 

when it is possible to parse a given acoustic signal into more than one set of words that 

uses all of the segments.  Table 2.1 shows two equally likely parses of the same set of 

phonemes.9  The listener must be able retrieve the parse intended by the speaker for 

                                                
9 Note that it is possible that stress placement could be used to rule out one of these 
parses.  For example, in the sequence /kæn.di.ke(m)/ stress on the first and third syllables 
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effective communication to occur.  To do so, the listener must rely on his or her 

knowledge of the semantics and syntax of the utterance and the relationship of the 

utterance to the real world.  This step of language processing relates to the second 

problem mentioned above – the Mapping Problem.  

2.4.2.2. Mapping Problem 
Once the words are parsed out of the signal, they are matched with stored 

meanings.  These meanings are then combined to create the meaning of the utterance as a 

whole.  The phrase, thus created, is then examined to see if it makes sense given the 

context of the utterance and the listener’s world knowledge.  Table 2.2 shows the possible 

parses given for the ambiguous string discussed in the previous section, in 

disambiguating contexts.   

Table 2.2:  Effect of Proceeding Context on Ambiguity Resolution 

(a) /gʊd.kændi.kem.ɛniwez/ The machine was broken but good candy 
came anyways. 

(b) /gʊd.kæn.dike.mɛni.wez/ The noble prince had the best intentions 
but good can decay many ways. 

 
While either parse is possible, the preceding context will make one parse seem 

more likely than the other.  If the preceding context of Table 2.2 (b) were paired with the 

parse of the phrase given in 2.2 (a), the listener would likely reject the resulting phrase as 

nonsensical.  Thus, the final level of decision making in lexical processing is a pragmatic 

                                                                                                                                            
(CANdyCAME) will result in the first parse, and stress on the second syllable 
(canDEcay) will result in the second parse.  For the purpose of argument, and to allow 
both of parses to be active, the stress cues will be assumed to be absent or ambiguous. 
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one which examines how well the parse fits with the listener’s real world knowledge and 

with the context of the utterance. 

The Segmentation Problem and the Mapping Problem are both solved by listeners 

every time an utterance is heard.  This means that, while they are real problems, they are 

not insurmountable ones.  Most current models of SWR are used to explain how adults 

process speech and surmount these problems but ignore the question of how language 

learners accomplish both these tasks.  These models include several assumptions about 

how language is processed, one of which is addressed in the next section (other 

assumptions are discussed in Chapter 6.) 

2.4.3. An Important Assumption of SWR 
The description given above regarding how language is processed is intentionally 

agnostic as to the specific theory of language processing proposed.  Thus, no claim is 

being made about the superiority of one theory of language processing over another.  

However, several basic assumptions, in line with the current literature, are made about 

the language processing system of adults.  One key assumption of how language is 

processed is that the listener knows all of the words that the speaker is saying.   

This assumption may or may not hold in adult conversations and is even less 

likely to hold in conversations involving children.  It can be seen in the model described 

above, wherein both the prosodic cues and the lexicon are used to find possible words.  If 

the listener does not know all of the words in the signal, then they are left with only the 

prosodic information and their knowledge of the words that they do know, and can 

identify, to try to parse the signal.  These two sources of information make it possible for 
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new words to be identified, but the lack of knowledge of the words intended by the 

speaker will greatly increase the Segmentation Problem faced by listener.  For children 

who are still learning the language, the Segmentation Problem is thus magnified.  A 

model of SWR that seeks to explain word recognition by both adults and children must 

take this into account. 

This assumption also has implications for the Mapping Problem as well.  These 

possible new words, identified based on prosody and process of elimination, must be 

assigned meanings if they are to enter into the syntactic structure being built.  Attempts to 

assign meaning to unknown words based on the context of the utterance are limited by 

the syntactic context in which the new words appear.  If the new word occurs after an 

article, it is likely to be a noun (Christophe et al., 2007; see also discussion of syntactic 

bootstrapping - Landau & Gleitman, 1985; Gleitman, 1990; Fisher et al., 1994; Gleitman 

& Gleitman, 2001).  The linking of a novel noun with an unfamiliar object or of a novel 

verb with an unfamiliar action is referred to as fast-mapping (Carey & Bartlett, 1978).  

Using fast-mapping, children and adults can associate an unknown word with an 

unknown object at the first exposure to the word.  Dollaghan (1985) showed that 91% of 

children were able to fast-map correctly after only one exposure to a novel word and that 

81% correctly identified the referent of the word after one exposure (See Chapter 5 for 

further discussion).  The potential use of fast-mapping during SWR is an important aspect 

of the experiments conducted here and discussed in detail in the next three chapters.  
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The discussion of language processing thus far has focused on models of, and the 

problems inherent in, spoken word recognition.  The final portion of this section details 

the methods used by research to study language processing in adults. 

2.4.4. Language Processing Research with Adults 
As discussed in Section 2.3.2, the methods for similar research with children are 

quite different from methods used to study language processing by adults.  These 

differences in methods are part of the reason that it is difficult to investigate similarities 

in the language processing techniques of children and adults.  Though the experiments 

used here were designed to test children, they are also rooted in methods used to test 

adults.  This section introduces terms used in the psycholinguistic literature to discuss 

language processing experiments and some of the types of language processing 

experiments that have been run.  The next section details specific experiments, conducted 

with adults, which relate to the current research. 

The primary method used to determine how adults process speech relies on 

reaction time (RT) measurements.10  A RT measurement provides information about how 

long it takes the participant to make a decision and provide a response.  The general 

claim is that the longer it takes for the participant to respond the “harder” it is for the 

participant to make a decision.  There are a wide variety of RT experiments ranging from 

eye-tracking experiments, which examine eye movements over the course of an utterance 

                                                
10 Grosjean and Frauenfelder (1996) wrote the introduction to a special issue of Language 
and Cognitive Processes that reviewed 18 current spoken word recognition paradigms.  
See that issue for more information about the variety of RT-based experimental 
approaches and other experimental approaches to spoken word recognition. 
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(e.g. Just & Carpenter, 1980), to cross-modal priming experiments, where the participants 

hear a stimulus that may or may not be related to a visual probe (e.g. Swinney, 1979). 

In most RT experiments, probes are used to influence the RTs.  A probe is 

something that is inserted into the language sample that changes how the participant 

responds.  The RT of the participant is then measured from the location of the probe.  RT 

measurements can be used to determine both the relative difficulty of a task (i.e. Is it 

harder to recognize a word you see on the screen if you just heard a related word or if you 

just heard an unrelated word?) and the timing of the lexical access process (i.e. If a visual 

probe is inserted 30ms prior to the auditory stimulus, does it have the same effect as 

when it is inserted at 60ms prior?). 

According to Ferreira and Anes (1994), there are two main types of RT 

experiments.  Offline RT experiments ask the participant to make decisions about an 

utterance after they hear the entire word, speech sound, or phrase.  Online experiments 

ask the participant to respond while they are listening to the utterance.  In an example of 

an offline experiment conducted by Chen and Peng (1990), participants were asked to 

decide if the sentence they heard matched the picture they were shown.  It was found that 

participants were slower to respond when the sentence did not match the picture, 

contained negation, or was more syntactically complex.   

A problem with offline experiments is that they do not give information about 

when in the sentence the processing latency occurs.  Online experiments solve this 

problem.  For example, in a word monitoring task, participants are told to respond as 

soon as they hear a particular word.  Marslen-Wilson and Tyler (1980), using this 
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method, found that participants responded faster when the word appeared later in the 

sentence, indicating that the prior context provided by the sentence aided in the 

recognition of the word.  Both types of experiment provide information about how the 

sentence was processed.  Online experiments provide information about the order in 

which the processing occurs, while offline experiments gather data about strategies used 

by the participants to complete the task.  The experiments conducted here were offline, 

both due to the nature of the question and due to the limitations of working with children 

(cf. Section 2.3). 

The last part of this section reviews previous research on how adults process the 

prosodic and phonological aspects of language.  This section serves to situate the research 

conducted here within the literature on language processing.  It also acts to highlight the 

gap that the current research seeks to fill, namely information about the interaction 

between the prosodic and lexical processing of speech. 

2.4.5. Prosodic and Phonological Parsing Experiments 
Examples of RT studies related to phonological parsing include early work which 

found that, when a click or other non-speech sound is inserted into the speech signal, it 

will be perceived by the listener to occur at phonological and syntactic boundaries even if 

it is inserted within a clause (Fodor & Bever, 1965; Geers, 1978).  In another study, Tyler 

and Warren (1987) found that, in a word-monitoring task, participants were slower to 

respond when the phrase contained an inappropriately placed prosodic phrase boundary.  

Studies like these provide evidence for an interaction between syntactic and prosodic 
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parsing of speech.  They also show that RT measurements can be used to show such an 

interaction, as will be done in the current research. 

Another type of RT experiment is cross-modal priming (Onifer & Swinney, 1981; 

Swinney, 1979; Tanenhaus, Leiman, & Seidenberg 1979).  Priming refers to the fact that 

participants will respond faster to a probe when they have been exposed to a related 

word.  In a cross-modal priming experiment, the information is presented in two modes, 

auditory and visually.  Gow and Gordon (1995) ran a cross-modal priming experiment 

that looked at word segmentation.  They tested the meaning the listeners accessed when 

presented with oronyms, word pairs like tulips and two lips, which can be understood as 

either one or two words, depending on the lexical and prosodic context.  They found that 

the two-word sequence two lips primes the word tulips but the reverse is not true.  Tulips 

does not prime the word lips.  These findings show that listeners access both the intended 

words (two lips) and the longer word (tulips) but not the shorter (lips) embedded words 

when parsing a phrase.  This provides support for the claim that parsing happens in 

parallel (an assumption of most SWR models discussed above) since even the unintended 

parse was available to the listener, as shown in speeded RTs to related primes. 

One reason proposed by Gow and Gordon (1995) that the priming only worked in 

one direction (short words combine to prime longer words, but longer words do not 

decompose to prime shorter words) was the stress of the words in question.  In tulips, the 

main stress falls on the first syllable making the shorter embedded word lips unstressed 

and thus a poor candidate for a separate noun under English stress rules.  In contrast, in 

the word trombone primary stress falls on the second syllable bone, making the 
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embedded word a good candidate for a possible word of English and allowing the 

embedded word to show priming effects (Shillcock, 1990).  Since stress is one of the 

components of prosody that is under investigation, this possible interaction between 

stress placement and priming will be investigated in the experiments conducted here. 

As was mentioned above, stress plays a role in word recognition in English, 

though perhaps not as definite a role as previously thought (McQueen, Cutler, & Norris 

2003).  The relative contributions of lexical stress to word recognition in Spanish, Dutch, 

and English were compared by McQueen et al. (2003).  Soto-Faraco et al. (2001) found 

that, in Spanish, when listeners heard a word fragment and were then asked to make a 

lexical decision about a visual target, their reactions were slowed when the visual target 

word did not match the auditory prime with respect to stress placement (e.g. the fragment 

prinCI- from the beginning of prinCIpio followed by the target PRINcipe)11.  In a similar 

study, Cutler and van Donselaar (2001) found that there was no slowing of the reactions 

in cases of stress mismatch in Dutch.  McQueen et al. notes that the difference between 

Spanish and Dutch is that the stress mismatched fragments in Spanish had lexical 

matches, while there were no words matching the fragments in Dutch.  Cooper, Cutler 

and Wales (2002) found that, in English, while fragments with the wrong stress do not 

slow RTs, fragments with the correct stress do facilitate lexical access.   

All of these finding suggest that stress placement will play a large role in SWR.  

This supports the claim given in Chapter 1, that prosody must be incorporated into SWR 

models.  The experiments conducted here provide further evidence for the effect of 

                                                
11 Syllables written in capital letters are stressed. 
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prosody in SWR.  They also provide information about the interaction between the 

lexical aspects and the prosodic aspects of SWR discussed in Section 0.  Data collected 

here will be used to create a model of spoken word recognition that pays special attention 

to the prosodic facts discussed in Section 2.2, and the processing methods discussed in 

Section 2.4.   

The experiments conducted here were designed based on previous experiments 

conducted with children.  Those experiments are the focus of the final portion of this 

chapter, which summarizes four studies (Cruttenden, 1985; Wells, Péppe, & Goulandris, 

2004; Beach, Katz, & Skowronski, 1996; Vogel & Raimy, 2002).  These studies all 

involved the same contours used in the experiments for this dissertation.  Review of these 

studies will frame the current project and set the stage for the results given in Chapters 3 

and 4. 

2.5. Four Studies with Two Contours in Common 
In the earliest of the four studies reviewed here, Cruttenden (1985) focused on the 

abilities of ten-year-olds to both produce and to comprehend a wide range of intonation 

contours12.  A number of intonation contours were tested in this experiment, ranging from 

one that asked the children to detect sarcasm, to one which tested the children’s 

recognition of focus stress, to several that tested the expression of emotional content.  

The main finding of this study was that, even at ten years of age, some of the 

children were not able to utilize intonation at an adult-like level.  For example, on one 

                                                
12 This study involved both prosodic contours (which relate to the grammaticality of the 
utterance) and non-linguistic contours (which relate to the emotional effect of the 
utterance).  See Chapter 1 for a discussion of the difference between these types. 
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task which investigated the difference between a fall-rise contour (which indicates 

speaker uncertainty) and the simple falling contour (which indicates a statement is being 

made), 18 out of 20 adults correctly identified the contour, while only 12 out of 20 of the 

10-year-olds were successful.  The broad range of intonation contours tested by 

Cruttenden provides further evidence that the interaction between the prosodic content 

and the information conveyed by other linguistic factors increases the difficulty of the 

task.   

Cruttenden’s third task examined two contours used to disambiguate syntactically 

ambiguous content, similar to the grouping contours discussed in Section 2.2.1.2.  In the 

experiment, the participants were asked to point to the picture that best matched the 

phrase that they heard.  This study used three pictures during the testing, two that 

matched the contrasting prosodic parses and one distractor image.  In the portion of the 

experiment relevant here, the participants heard the phrase, “The mother dressed (tj) and 

(ti) fed the baby,” said in such a manner as to indicate that either the mother dressed 

herself and then fed the baby (a), or that the mother dressed the baby and fed the baby 

(b).  Both interpretations of the phrase can be considered unmarked in that the prosodic 

contours coincide with syntactic phrases.  The difficulty in parsing this sentence lies in 

the location of the syntactic constituent being elided and the linking of the resulting trace 

element.  In version (a) the object of the verb dressed is omitted, and the resulting trace is 

linked to the subject NP, the mother.  In version (b) the subject of the verb fed is omitted 

and, once again, the resulting trace is linked to the subject NP, the mother.  Object 

deletion is acquired later in syntactic development than subject deletion which may be the 
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cause of the apparent later acquisition of the prosodic contour that is used to convey this 

information.  The children are unable to understand the prosodically indicated parse 

because they do not understand the syntax behind it, not because of the contour itself.  

The results of the Cruttenden (1985) study indicate that children as old as ten years old 

still struggle with one of the contours used in the current in study (the List Contour).   

A second study, involving the same contour to resolve a less complicated 

syntactic ambiguity, was conducted by Beach, Katz, and Skowronski (1996).  They tested 

five- and seven-year-olds.  In this experiment, unlike the experiment conducted by 

Cruttenden (1985) and the other experiments described below, the children were 

explicitly told that people could use their voices to indicate how groups should be 

formed.  The children were then tested on phrases like, “pink and green and white,” said 

so as to group either the first two colors or the second two colors.  In this case, the 

syntactic ambiguity being disambiguated with prosody related to how the adjective 

phrases were adjoined, rather than to the location of a trace. 

This experiment further differs from the others discussed in this section in that it 

manipulated the contours directly.  As discussed in Section 2.2, prosodic contours have 

two main components:  pitch changes and pauses.  This study tested three pitch patterns 

(one each that matched the two intended readings of the phrase and one neutral) and five 

pause durations (ranging from 220 to 680 ms).  The five- and seven-year-olds used both 

the pitch changes and the pauses to parse the phrases, as did adults.  The children were 

less proficient in their use of the prosodic content than adults but used essentially the 

same parsing strategies. 
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Three main points can be taken away from this experiment.  The first is that direct 

manipulation of the prosodic contour is possible and can provide interesting results.  This 

point will be revisited in Chapter 6.  The second is that the participants in the experiment, 

of all ages, were equally sensitive to the prosodic data.  Beach et al. (1996) claimed that 

the improved performance of the adults as compared to the children was due to a better 

ability to map the prosodic content to the syntactic content, rather than a difference in the 

strategy employed by the two groups.  This point provides some evidence in support of 

the primary claim of this dissertation, that children and adult process language in 

essentially the same way.  The third point is that it appears as though the weight given to 

the prosodic cues changes as children age.  This point will be addressed further in 

Chapters 4 and 6. 

The Cruttenden (1985) and Beach et al. (1996) experiments used a slightly 

different version of the contours used in the current study.  In those experiments, 

syntactic ambiguities, such as, “the mother fed and dressed the baby,” were exploited.  In 

contrast, Wells, Péppe, and Goulandris (2004) tested exactly the same contours as are 

used in the current study and examined a more lexical type of ambiguity.  In the study by 

Wells et al. (2004), they examined potentially ambiguous phrases such as “fruit~salad 

and chips” said either as containing the compound item fruit-salad or as containing two 

individual items fruit and salad. 

Wells, Péppe, and Goulandris (2004) tested elementary-school-aged children in a 

series of both production and comprehension tasks.  This allowed for a direct comparison 

of the production and comprehension abilities of the children and provided information 
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about the performance paradox.  The experiment took place over two days, and the order 

of the completion of the two types of tasks was systematically varied.  

In the comprehension task, the children were tested on their ability to interpret 

prosodic contours from a recording.  The children were told to select whichever of two 

pictures best matched what they heard.  In the production tasks, the children were told to 

describe the picture they were given.  The children were tested on four types of prosodic 

content, only one of which is relevant here. What they called the “Chunking Task” refers 

to the use of prosody to distinguish between a two-item phrase such as “fruit-salad and 

milk” and a three-item phrase such as “fruit, salad, and milk.” The Chunking Contour, 

tested by Wells et al., is one of the contours used in the current study and is the same 

basic contour as was used in Figure 2.6. 

Children between five and thirteen years old were consistently better at producing 

the contours than at interpreting them.  The five-year-olds were able to produce three of 

the four contour types correctly (including the Chunking Contour), and by eight years 

old, production of the fourth contour was also mastered.  The comprehension of the 

contours shows a more dramatic age effect, with significant improvement in the 

Chunking Contour (and two other contours) between the ages of five and ten years.  

There was a substantial amount of variation in the performance of children within each 

age group.  Some children of all ages preformed at ceiling on some tasks.  The primary 

difference between the age groups was the number of children who reached ceiling in 

their responses.  
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The generally poorer responses on the comprehension tasks, as compared to the 

production tasks, may relate to the nature of the tasks themselves.  There was a strong 

correlation between each child’s general linguistic development and their performance on 

these tasks.  It is possible that the late acquisition of some of these contours is due to their 

interaction with other linguistic systems (as was hypothesized to be the case for the 

Cruttenden (1985) results) and the necessity of being able to integrate several linguistic 

systems when working out the meaning of the contours.  

In both the Wells et al. (2004) study and the Cruttenden (1985) study, more than 

half of the older children were able to understand and produce the contours under 

investigation without apparent difficulty, indicating that they had reached an adult-like 

level in the comprehension and production of those contours.  Further, the Cruttenden 

study shows that since some of the children performed comparably to the adults, the 

poorer results of the remaining children can be taken as evidence that intonation is 

acquired at a variable rate.  What is of interest is that in all of the tasks used by Wells et 

al., some of the children performed at ceiling, meaning that at least some of the five-year-

olds were acting in an adult-like manner.  This shows a much greater variability in the 

rate of the acquisition of prosody than is seen in the acquisition of other linguistic 

systems. 

Finally, Vogel and Raimy (2002) tested what they referred to as compound and 

phrasal stress in adjective-noun compounds.  These are the same prosodic contours as 

were tested by Wells et al. and as were used in the current study.  In a forced choice task, 

Vogel and Raimy tested nine real-word English compounds (i.e. hót dog (food) versus 
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hot dóg (canine)) and nine novel English compounds (i.e. splít board (type of board) 

versus split bóard (a board that has been split)).  They tested children in four age groups 

(5;4, 7;2, 9;3 and 11;6), as well as adults, and found that the ability to choose the correct 

picture improved with age.  They also found that the known items were treated 

differently by the participants than the unknown items.  There was bias among all of the 

participants toward interpreting the novel items as having phrasal stress and the known 

items as having compound stress.   

Vogel and Raimy (2002) claim that the bias toward a compound interpretation of 

the known items is due to the presence of a lexical entry for the compound item.  Since 

there was a lexical entry for the compound, even items said with phrasal stress were 

interpreted as compounds.  This matches findings in the adult processing literature for a 

longest-word bias in parsing (i.e. Gow & Gordon, 1995).  They also found that the 

youngest children showed the strongest bias toward compound interpretation, which may 

suggest that prosody plays less of a role than lexical biases in the language processing 

practices of young children.  This finding is supported by the results of Cutler and 

Swinney (1987). 

However, there is a problem with the study by Vogel and Raimy.  The compounds 

they used were primarily adjective-noun compounds rather than the noun-noun 

compounds used by Wells et al. (2004).  While English allows for the formation of both 

types of compounds, the noun-noun compounds are lexically ambiguous, with both 

members of the compound mapping to distinct real-world objects in addition to the 

mapping between the compound and its real-world object.  In adjective-noun compounds, 
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the difference between the meanings of the compound version and the phrasal version are 

of a different kind.  In the phrasal version, the adjective is modifying the noun, while in 

the compound version, a different type of noun is being referred to.  In the phrasal 

version of noun-noun compounds, the first noun does not modify the second noun.  

Rather, it references an entirely unrelated object.  This difference in grammatical 

relations may be the cause of the phrasal bias in novel compounds found by Vogel and 

Raimy.  The implications of these results will be revisited in Chapters 4 and 6.  All four 

of the studies reviewed in this section are summarized in the next section. 

2.6. Summary 
This chapter has reviewed the three main research areas of this dissertation, as 

laid out in Chapter 1.  The basic terms and components of the English prosodic system 

were detailed in Section 2.2.  That section also highlighted the impact of prosody on the 

meaning of utterances.  Section 2.3 focused on language acquisition and the acquisition 

of prosody.  There the concept of bootstrapping from the signal was introduced.  It was 

argued that not only is the prosodic content present in the signal useful to the language 

learner, but also that it may be sufficient evidence from which the language leaner can 

launch an understanding of the rest of language.  The performance paradox was also 

introduced.  Prosody is produced early, yet mastered late, making it possible to study the 

acquisition of this system over an extended period of time.  Section 2.4 discussed 

language processing by both children and adults.  It included a discussion of parallel 

activation models and the concept of competition between possible parses of the same 

input string.  These processes were related to the Segmentation Problem and to the 
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Mapping Problem, both problems faced by adult and child language listeners alike.  

Finally, Section 2.5 focused on the four previous experiments most closely related to the 

current experiment.   This section summarizes the four studies reviewed in Section 2.4 

and compares these studies with the experiment performed for this dissertation.  

Table 2.3:  Summary of Four Related Experiments 

 Type of 
Ambiguity 

Type of 
Ambiguous Target 

Type of Lexical 
Item 

Distractor 
Image? 

Cruttenden 
(1985) 

Syntactic Omitted Subject or 
Object 

Real Words Yes 

Beach et al. 
(1996) 

Syntactic Attachment of 
Adjunct 

Real Words No 

Wells et al. 
(2004) 

Lexical Noun Phrase or 
Compound Noun 

Real Words No 

Vogel & 
Raimy (2002) 

Lexical Adjective Phrase or 
Compound Noun 

Real Words and 
Non-words 

No 

Current study Lexical Noun Phrase or 
Compound Noun 

Real Words and 
Non-words 

Yes 

 
As shown in Table 2.3, the experiments presented here include aspects of all of 

these studies and add additional levels to further examine the interaction between lexical 

and prosodic content in language processing.  The details of the creation of this 

experiment, along with the methods and the adult results, are given in Chapter 3. 
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Chapter 3: Experiment One – Procedure and Results 

3.1. Introduction 
Chapters 1 and 2 established the theoretical motivations for this dissertation.  As 

mentioned, there is an apparent similarity between the steps children go through in 

acquiring speech and the steps adults go through in processing speech.  This similarity is 

investigated here in a series of experiments that focus on the interaction of prosodic and 

lexical meaning in speech.  The first of these experiments, conducted on adults, is 

introduced and discussed in detail in this chapter.  However, as was discussed in Chapter 

2, it is easier to adapt research methods used with children to adults than to do the 

reverse.  Thus, the study was designed primarily to test children, with adults acting as 

controls for the children’s results.  As much as possible, constraints on the materials and 

methods that relate strictly to the children will be discussed in Chapter 4, while 

constraints that apply to both the adults and the children will be discussed in this chapter.   

3.2. Participants 
Twenty-six monolingual English-speaking adults enrolled in this experiment.  

They were recruited from undergraduate linguistics classes at the University of Arizona.  

Participants received course credit for taking part in the study. The participants were 

between 18 and 44 years old.  Approximately equal numbers of men and women 

completed the experiment (10 men and 11 women). Three participants were excluded for 

not being native speakers, and two failed to complete both days of the experiment.  

Gender will not be analyzed.  Thus, the results from the remaining 21 adults as a group 

are reported below. 
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3.3. Materials 
A total of 48 target items were used in this experiment, with 12 targets in each of 

4 lexical conditions.  Each target was recorded with two prosodic contours (the List 

Contour, which was used when items were read as a list, and the Compound Contour, 

which was used to create compound words), resulting in a total of 96 items.  All of the 

utterances used in the experiment consisted of three parts:  a carrier phrase, a prosodic 

contour, and the target items.  The carrier phrase itself varied based on the lexical 

condition, but followed the same general pattern across all lexical conditions.  Each 

carrier phrase began with a simple subject and verb phrase, such as, “I bought.”  This was 

followed by two target items, the word and, and a filler item.  The utterance was 

completed with a locative phrase such as, “at the store.”  For example, the carrier phrase 

for the Ambiguous (fruit~salad) lexical type was, “I bought target~target and filler at the 

store.”  The prosodic contours differed only during the targets.  The subject, verb, and 

locative phrase portions of the carrier phrase were the same for both prosodic contours.  

The prosodic contours are discussed in the next section.  The target items and the carrier 

phrase for each lexical condition are discussed in Section 3.3.2. 

3.3.1. Prosodic Contours 
As discussed in Chapter 1, two contours were tested in this study:  the List 

Contour and the Compound Contour.  These contours are well established in literature on 

English prosody (i.e. Bolinger, 1986; Ladd, 1996).  They are the same contours used by 

Wells, Péppe, and Goulandris (2004), Vogel and Raimy (2002) and Cruttenden (1985), 

along with other contours to test children’s production and comprehension of English 
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prosody.  The contours were selected for use here due to the easily defined differences 

between them with respect to pause duration and pitch change, as well as the clear 

meaning changes they create. 

The contours relate directly to the performance paradox discussed in Section 

2.3.1, which can be summarized as:  How can children produce something they do not 

understand?  Findings show that, while children as young as five years old can use these 

contours (Wells et al., 2004), children as old as ten have trouble understanding them 

(Cruttenden, 1985).  This question is addressed further in Chapter 4. 

3.3.1.1. List Contour 
This contour is used for normal list reading in English.  There is a pause and an 

intermediate phrase boundary between each word in the list and normal declination in the 

pitch over the course of the utterance.  The first word in the list has a slight fall followed 

by a distinct rise in pitch and is followed by a longer than average pause. There is also a 

final pitch fall on the last item in the list (cf. description of a similar contour given in 

Tench, 1996, p. 81).  The fall-rise contour and the longer pause at the start of the contour 

indicate, to English speakers, that a list is about to follow.  The higher pitch of the final 

item in the list indicates that the list is complete.  Figure 3.1 below shows an example of a 

phrase containing the List Contour used in the current study.   
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I bought jelly beans and fish at the store

Time (s)
0 2.35528

Time (s)
0 2.35528

0

500

 

Figure 3.1:  Sample pitch track for the phrase, “I bought jelly, beans, and fish at the 
store,” said with the List Contour. 

The first pause in this utterance (between the word jelly and the word beans) is 

268ms.  The slight fall, followed by a sharp rise in the pitch of the words jelly and beans, 

can be clearly seen in this example. 

3.3.1.2. Compound Contour 
In contrast to the List Contour, the Compound Contour has a distinct rise-fall over 

the compounded item and no pause between words that compose the compound (the two 

targets).  The fact that the rise-fall contour extends over both the words in the Compound 

Contour is what indicates that the words are members of a compound.  English allows for 

a wide variety of compounds, and the details of English compounding rules along with a 

study which examined children’s ability to follow those rules is given in Section 

3.3.2.2.4.  Of primary importance is the shape of the Compound Contour as compared to 

the List Contour.  Figure 3.2 below shows the phrase, “I bought jellybeans and fish at the 

L+H* L+H* 

I bought        jelly                            beans         and    fish      at the store 
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store.”  Here the target items jelly and beans are said with a compound reading, in 

contrast to Figure 3.1, where they were said with a list reading. 

I bought jellybeans and fish at the store

Time (s)
0 2.11995

Time (s)
0 2.11995

0

500

 
Figure 3.2:  Sample pitch track for the phrase, “I bought jellybeans, and fish at the 
store,” said with the Compound Contour.  

3.3.2. Lexical Items 
The general constraints on the items given in this section apply to all of the items 

in the experiment.  In addition to these general constraints, there are specific constraints 

placed on items in each of the lexical conditions. The discussion of the items given here 

is limited to those constraints on the items that relate to the abilities of the adults and the 

children who participated in the study.  Constraints on items specific to the abilities of the 

children are given in Chapter 4.   

3.3.2.1. General Restrictions  
There is one basic constraint for all lexical conditions:  The same word cannot be 

part of two target items.  For example, if one of the items is Chocolate~Milk, there 

cannot also be a Strawberry~Milk item.  This is because if the participants heard the word 

H* L H% 

     I bought                 jellybeans           and    fish        at the store 
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milk in one context it would likely affect their response to another item containing this 

word.  This constraint is applied across Lexical Types, so a word that appeared as filler in 

one condition could not appear as a target in another condition.  Additional general 

constraints are given below. 

3.3.2.1.1. Concrete Nouns 
There are two additional general restrictions on the items:  The items must be 

concrete nouns, and the items must be familiar to all of the participants.  It is crucial to 

this study that all of the participants be familiar with the target words.  In this case, to be 

familiar with the word means that the participant knows the meaning of the word and can 

identify the word from a picture of the item the word represents.  There are, then, two 

factors involved in deciding if a word is familiar:  1) Can the participant identify a picture 

of the word? 2) Does the participant understand the meaning of the word?   

The first factor required for a word to be familiar, that the participant can identify 

the word from its picture, is linked to one of the second restrictions on the items, that the 

items be concrete nouns (nouns that are clearly recognizable from a picture).  Participants 

must be able to identify each of the target words from its picture as part of the task 

(described in Section 3.4).  The ability to do so is greatly enhanced when the target words 

are concrete nouns.  For example, to present an image of sand, it is necessary to find a 

picture that is only, and prototypically, of sand, not of the container holding the sand (i.e. 

bucket, bag) or the type of sand (i.e. white, black).  Thus, all of the items must be nouns 

for which it is possible obtain a clear, unambiguous picture.   
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The clarity of the images was pilot-tested on children between the ages of four 

and nine years old.  During these pilot tests, the children were shown a screen with a set 

of four pictures and asked to name the pictures.  Any pictures which most of the children 

were not able to name were replaced.  Additionally, the images were reviewed by the 

experimenter and members of the linguistics department at the University of Arizona for 

clarity of topic.  The only image with any text on it was used in the practice portion of the 

experiment.  All other images were free of any text.  This was done to ensure that the 

literate subjects (adults and older children) would not be distracted by the writing. 

The images were obtained primarily using Google™ Image Search, with some of 

the clip-art images obtained from Microsoft™ via a free clip-art collection available on 

the web as part of the Microsoft Word™ program.  Half of the images were photos and 

half were either clip-art or hand drawings of novel animals (drawn by D. Ohala, D. 

Kelemen, A. Fountain, and S. Bourgeois for general use in child language studies).  The 

images were balanced between photos and drawings to ensure that the participants were 

not responding differently based on the type of image rather than the auditory stimuli.   

Most of the images were used as they were found online.  However, some were modified 

slightly.  For example, the picture of a sweater used in the practice trials, was originally 

worn by a person.  This person was deleted so that the image contained just a sweater and 

was no longer an image of a person wearing a sweater.  This is a further example of the 

general criteria used in selecting images.  The resulting image portrayed only the target 

item, with nothing else present to distract or confuse the participants.   
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Pictures for some of the non-word items were images of real tools and kitchen 

implements that children (and most adults) would not be likely to be able to name.  For 

example, the image given for a /kæk/ was a picture of a potato ricer, and the picture of a 

/tʌs/ was a cow-face alarm clock. The image of the nailkey was an oddly shaped piece of 

pipe.  (There was one image of an anvil that most adults likely recognized, but none of 

the children named it during the task or during the pilot.)  

3.3.2.1.2. Familiar Nouns 
The reason participants must know the meaning of the word can be best illustrated 

with one of the target words from the Compound Bias (cac~tus) condition.  If the 

participants are familiar with the target cactus, then, when the participants hear this target 

said with the Compound Contour, they will have two reasons to think of this target as 

being the word cactus.  The lexical parse and the prosodic parse both point to this word, 

meaning a green prickly plant found in the desert.  When this target is said with the List 

Contour, the prosodic parse indicates that two non-words are present (a /kæk/ and a /tʌs/), 

while the lexical parse continues to indicate that a green prickly desert plant is present.  

This sets up a conflict that must be resolved by the participants, which is the main point 

of the experiment.   

3.3.2.1.3. A Note About Frequency 
No attempt was made to control for the frequency of the targets.  The primary 

reason for this was that the general restrictions given above and the restrictions on items 

for each Lexical Type severely limited the number of possible items.  Additionally, in the 
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analysis, the primary statistic of interest is the within-items factor of Prosodic Contour, 

which is unaffected by frequency measures.   Since each item appears with both prosodic 

contours, any item specific effect of frequency will influence the responses to that item in 

the two contours equally. 

3.3.2.2. Lexical Items – Specific Constraints by Lexical Type 
Table 3.1 provides a summary of the types of targets used in each condition and 

the relationship between the lexical and prosodic parses of the targets, along with an 

example for each category13.  The descriptions given for the role of the prosodic content 

compare the intended prosodic parse to the intended lexical parse for each type of item.  

For example, for the Ambiguous (fruit~salad) items, the prosodic content can be used to 

resolve the lexical ambiguity.  In the contrast, for the Compound Bias (cac~tus) items, 

the prosodic content will either match (Compound Prosody) or conflict with (List 

Prosody) the lexical parse.  

                                                
13 Throughout this dissertation, the Lexical Types will be referred to based on the type of 
lexical content present (Ambiguous, Nonsense, Compound Bias, or List Bias).   In 
addition to this designation, examples of an item from each Lexical Type (fruit~salad, 
foon~gemp, cac~tus, nail~key) will be given to serve as a pneumonic.  The tilde is 
present to separate the two targets present in each item. 
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Table 3.1:  Summary of Lexical Conditions and Item Distribution.   

Lexical Type Prosodic Level 

Level Compound Contour List Contour 

Ambiguous 
(fruit~salad) 

Resolves ambiguity Resolves ambiguity 

Nonsense 
(foon~gemp) 

Dictates two-item 
parse 

Dictates three-item 
parse 

Compound Bias 
(cac~tus) 

Supports lexical 
parse 

Conflicts with 
lexical parse 

List Bias (nail~key) Conflicts with 
lexical parse 

Supports lexical 
parse 

Note: Each target appears in a carrier phrase with a filler item.  A target said with 
Compound Prosody counts as one item and the filler is the second item.  A target said 
with List Prosody counts as two items and the filler is the third item. 
 

The specific selection criteria for the targets in each Lexical Type are given in 

Section 3.3.2.2, while a summary of the selection criteria by Lexical Type is given in 

Section 3.3.2.3. 

3.3.2.2.1. Ambiguous (fruit~salad) Items 
These items were included as the basic case in the experiment.  The List Contour 

and the Compound Contour are used in everyday conversation to disambiguate items like 

these.  By comparing how the participants respond to these items with how they respond 

to the other items, it will be possible to gain a clear understanding of the interaction 

between the meaning of the lexical items and the meaning of the contours. 

The primary additional constraint on these items was that they had to be lexically 

ambiguous between List and Compound interpretations.  These items consist of a 

lexically ambiguous target phrase, which can be interpreted as either a compound word or 
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a list of two items. For example, fruit~salad can refer either to cut up pieces of fruit 

mixed together in a bowl or some whole pieces of fruit and some other type of salad.  The 

targets and fillers for this Lexical Type are given in Appendix A-1.  These targets were 

said in the frame, “I bought target~target and filler at the store.” 

3.3.2.2.2. Nonsense (foon~gemp) Items 
The targets for this Lexical Type were monosyllabic English non-words.  These 

items were included to determine how effective the participants are in assigning meaning 

to a phrase based primarily on the prosodic content.  Since the target items have no 

lexical representations, the participants have to rely on their understanding of the prosody 

and their understanding of how the prosody interacts with lexical and syntactic content of 

the utterance. 

These were drawn from a previously published experiment that made use of 

English non-words (Bailey & Hahn, 2001) and from a file of possible English non-words 

made available by Hammond (personal communication, April, 2006).  The first non-word 

target was of the shape (C)CVC(C), while the second non-word had the shape 

(C)(C)VC(C).  The items were selected to have either a two or a three consonant cluster 

across the “word” boundary, similar to that found in the List Bias (nail~key) items 

discussed below14. The filler items were also monosyllabic possible non-words with the 

same variety of syllable structures as were seen in the second non-word target.  These 

                                                
14 One of the List Bias (nail~key) items (doe~leaf) did not contain a cluster at the word 
boundary.  Note that the syllable shapes used here are a superset of those found in the 
List Bias (nail~key) items, as those did not have any vowel initial syllables. 
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targets were said in the frame, “I saw target~target and filler at the zoo,” and were paired 

with drawings of novel animals. 

To ensure that the Nonsense (foon~gemp) items were presented with the same 

fluency as real-word items, they were recorded multiple times.  Only those tokens that 

matched the speaker’s natural fluency (as judged auditorily) were chosen as stimuli.  

There was no vowel reduction in these non-words when the items were said with the 

Compound Contour.  Details of the recording process are given in Section 3.3.3.1.  A 

complete list of these items is given in Appendix A-2. 

3.3.2.2.3. Compound Bias (cac~tus) Items 
These items (and the List Bias (nail~key) items discussed next) are the main focus 

of the research being presented.  Unlike the Ambiguous (fruit~salad) items, where the 

lexical content was ambiguous between two readings, these items have only one clear 

lexical meaning.  When these items are said with Compound Prosody, that clear lexical 

meaning is presented.  When these items are said with List Prosody, the lexical parse and 

the prosodic parse conflict.  How the participants will respond to this conflict is the crux 

of the experiment. 

The items in this level were the most constrained in the experiment.  Three 

constraints placed on these items are discussed below.  Examples of items that do and do 

not violate these constraints are given after the description of each constraint.  All of the 

items in this level are two-syllable English words.  The first constraint placed on these 

items was that each of the two syllables in the word be a possible English non-word.  The 

syllables had to be possible non-words of English so that when the targets were said with 
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the List Contour, these syllables would sound like the non-words in the Nonsense 

(foon~gemp) condition.  Table 3.2 provides examples of cases that both meet and fail to 

meet these requirements. 

Table 3.2:  Compound Bias (cac~tus) Items - Possible English Non-word Constraint 

Potential words IPA Notes 

target /taɹ/, /gɛt/ Since tar is noun and get is a verb, neither 
syllable is a non-word, excluding this 
word as a possible target item. 

feather /fɛ/, /ðɚ/ /fɛ/ is not a possible English word since it 
does not contain either a tense vowel or a 
coda, excluding this word as a possible 
target item. 

cactus /kæk/ /tʌs/ This word passes this constraint.  Both 
/kæk/ and /tʌs/ are possible English non-
words. 

 
The second constraint placed on these items was that each of the non-word 

syllables be distinct from the other non-word syllables in all of the other items.  This 

meant that once the word blen~der was selected as a viable target item, the word fen~der 

became unusable, as they both have the same second syllable.  In cases such as this, the 

most readily visualized word, or the word judged most likely to be known by the 

children, was selected from the cohort of words with the shared syllable.  Table 3.3 

provides examples of cases that both meet and fail to meet these requirements.  
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Table 3.3: Compound Bias (cac~tus) Items - No Repetition of Syllables Constraint 

Potential words IPA Notes 

sculpture /skʌlp/, /t ͡sʌɹ/ /t ͡sʌɹ/ This has the same second 
syllable as the word vulture (in some 
dialects), and the word sculpture is 
more abstract than the word vulture, 
excluding this word as a possible 
target item. 

fender /fɛn/, /dʌɹ/ Fen is a real, though low frequency, 
word of English and der is the same 
second syllable as is found in the 
word blender, excluding this word as 
a possible target item. 

blender /blɛn/, /dʌɹ/ This word was selected over fender 
since it was easy to find a picture of 
it and did not contain any real words 
of English. 

 
A third constraint on these items was that all of the words needed to have strong-

weak stress to better fit with the Compound Contour.15  This constraint raises the issue of 

the comparative naturalness of the stressing of both of the syllables in the word.  When 

the word is said normally, it should have strong-weak stress; but, when the syllables are 

made to act as their own words, they needed to be capable of carrying a full stress 

without changing (much) in vowel quality.  While an effort was made to select targets 

that had syllables normally capable of bearing stress, allowances had to be made for the 

                                                
15 This contour causes stress to shift to the first word in the compound.  For example, 
whíte hóuse becomes whíte-house when the compound is formed. 
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word knowledge of the children.  In six of the items (cactus, blender, visor, giraffe, 

vulture, and cougar) the vowel in one syllable shifted from /ə/ to /ʌ/.  Table 3.4 provides 

examples of cases that both met and failed to meet these requirements. A complete list of 

these items is given in Appendix A-3.  These items appeared in the frame “I saw 

target~target and filler at the mall.” 16 

Table 3.4:  Compound Bias (cac~tus) Items - Words That Violate the Same Vowel 
Quality Constraint 

Potential words IPA Notes 

zebra /zi/,  /bɹɑ/ 

 

/zi/ is name for the letter ‘z’; /bɹɑ/is a real 
word of English and does not represent the 
normal pronunciation of the word (/zibɹə/). 
/bɹə/ is not useable since /ə/ is not a tense 
vowel in English and cannot bear stress 
(similar to /ɛ/). 

giraffe /d͡ʒɚ, /æf/ The vowel in the first syllable changes from 
/ə/ to /ʌ/ which can be viewed as primarily a 
change in stress not vowel quality (unlike 
the change between /ɑ/ and /ə/ above) 
making this an acceptable vowel change for 
the purpose of this experiment.  

 
Due to the restrictions on what types of words could be used in each task, it is 

possible that these item lists may have come close to exhausting the word space.  Thus, 

                                                
16 Four of the targets were animals.  The pictures for these showed both actual animals 
and toy animals.  Some of the older children commented on the oddness of finding an 
alligator at the mall (one of the filler items), but most seemed to accept the targets 
without question. 
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they do not represent a randomly chosen sample but a complete, or near complete, list of 

the words which fit the criteria.  This means that all, or close to all, of the words which fit 

the criteria established for the items appear in the current study.  This is particularly true 

for the Compound Bias (cac~tus) and the Ambiguous (fruit~salad) items.  Raaijmakers et 

al. (1999) suggest two possible solutions to this:  Either the word list itself can be used as 

an additional factor, or F1 (the by subjects analysis) alone and not F2 (the by items 

analysis) can be used to test for significance.  These possibilities will be taken into 

account in the results portions of this and the following chapter.  

3.3.2.2.4. List Bias (nail~key) Items 
As mentioned above, these items and the Compound Bias (cac~tus) items, are the 

primary focus in the experiment.  These items mirror the Compound Bias (cac~tus) 

items.  While those items showed a conflict with the List Prosody parse, the List Bias 

(nail~key) items show a conflict with the Compound Prosody parse.  Again, the question 

of interest is:  How do the participants respond to a conflict between the lexical and the 

prosodic parse of an utterance? 

For this Lexical Type, two monosyllabic English words were selected that, when 

combined, formed a semantically unlikely compound.  The frame for these items was, “I 

saw a target~target and filler at the park.”  Items in this Lexical Type are the least 

restricted of the item types.  However, due to English compounding rules, which allow 

for virtually any two nouns to be compounded, it was difficult to predict how the 

participants would react to the novel compound.  The pictures used to represent these 

novel compounds were selected to look distinct from, and unrelated to, the words from 
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which the compound was created.  For example, for the target car~mop, the picture 

selected to represent this novel compound was an iron trivet, not something resembling a 

mop-like car or a car-like mop.  Non-transparent images were used to represent the novel 

compounds so as to better parallel the Ambiguous (fruit~salad) items, which also had 

non-transparent compounds (a string-cheese does not look like a cross between string and 

a cheese).  

A second reason for the use of non-transparent images relates to research done by 

Windsor (1993), who investigated children’s production and comprehension of novel 

compounds.  Windsor investigated inherent compounds, where the compound was a 

single item with parts reflecting both portions of the compound (i.e. fork-flower would be 

a flower with forks for petals; dog-sweater would be a sweater with dogs on it) and non-

inherent compounds, where the picture showed items near each other (i.e. fork-flower 

would be a flower with forks around it; dog-sweater would be a sweater for a dog).  Her 

findings show that children and adults both prefer inherent compounds.  This may be 

beneficial for the current study in that the pictures all showed single items for the novel 

compounds, making them at least physically inherent.  A complete list of these items is 

given in Appendix A-4. 

3.3.2.3. Summary of Item Selection Criteria 
In addition to the general constraints of not repeating any words, using familiar or 

known words, and using words that have concrete images associated with them, there 

were a number of additional constraints on the target items, depending on the item’s 

Lexical Type.  A summary of these requirements is given in Table 3.5 below.  
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Table 3.5:  Summary of Item Selection Criteria by Lexical Type 

Lexical Type Selection Criteria 

Ambiguous (fruit~salad) First and second target can combine to make 
known compound or stand alone. 

Nonsense (foon~gemp) All targets were possible English non-words 
with at least a CVC syllable structure. 

Compound Bias (cac~tus) Two syllable words, both syllables of which 
were possible English non-words. 

List Bias (nail~key) Both targets were monosyllabic singular 
nouns which, when combined, form a 
semantically odd compound. 

3.3.3. Creation of Items 

3.3.3.1. Target Item Recording 
The target audio files and instructions were recorded in a sound-attenuated booth 

in three separate recording sessions.  The speaker was a female native speaker of English 

originally from Northern California.  The target and frame were recorded as a single 

phrase.  The speaker was instructed to read the items as if she were telling a story to a 

small child.  A dynamic cardiod microphone was used.  The recordings were done with 

an Alesis ML9600 CD recorder at a 44.1kHz 16 bit sampling rate, and the recordings 

were manipulated as described below using PRAAT (Boersma & Weenink, 2007). 

All of the target items and the instructions were recorded uninterrupted.  For the 

instructions (discussed further in Chapter 4), this would consist of a string of two to five 

sentences in succession.  For the target items, this consisted of the targets and the carrier 

phrase for that Lexical Type.  All of the files were multiplied to have the same average 

decibel value (55dB). 
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3.3.3.2. Target Item Processing - Pauses 
One of the main distinguishing features of the Compound and List Contours is the 

presence versus the absence of a distinct pause after the first target in the contour. The 

other distinguishing feature is the presence of a fall-rise in the pitch of the first word in 

the List Contour as contrasted with a rise-fall in the pitch of the compounded words in the 

Compound Contour.  The pause dimension is considered here.  To maintain a natural 

sounding production of the contour the pitch of the items was not manipulated in any way  

For each item, two independent raters selected the token that was the most clear 

and unambiguous, both with respect to the target words and to the contour.  Subjective 

impressions were used based on the speaking rate, apparent enthusiasm or happiness of 

the speaker, and the overall clarity of the signal.  If the raters did not agree on which 

target was the best, the author made the final decision or the item was re-recorded.   

Once the items had been selected, the length of the pause after the first and second 

target words (P1) and the length of the pause between the second target and the word and 

(P2) were measured.  If the pitch cue was to be ignored by the participant, then it is 

possible that List Contour items said with a shorter than average pause could be 

misinterpreted as Compound Contour items.  To avoid this, the duration of P1 was 

standardized.  This kept intra-contour type variation to a minimum while maximizing 

inter-contour type differences.  An example of both contour types with the locations used 

for pause measurement is given in Figure 3.417.   

                                                
17 In the absence of information about the relative strength of the two dimensions (pause 
duration and pitch change), and thus the possibility that one dimension could be ignored 
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I bought water P1 melon P2 and grapes at the store

Time (s)
0 2.4602

 
Figure 3.3: Pause measurement locations for a sample List Contour Item.  P1 is the 
first pause located after the first target word.  P2 is the second pause located after 
the second target word. 
 

The duration of the first pause (P1) and the second pause (P2) was measured for 

each item to determine the average pause duration.  For example, in the phrase, “I bought 

water, melon, and grapes at the store,” P1 was measure from the end of the /ɚ/ sound in 

water to the start of the /m/ sound in melon.  The end of a target was measured from:  1) 

the end of voicing, 2) the release of a voiceless stop or 3) the end of frication noise as 

appropriate.  The start of the target was measured from:  1) the release of the stop, 2) the 

start of voicing or 3) the beginning of frication.  Measurements of P2 used the same 

criteria.  In the example above, this would be from the end of voicing of the nasal /n/ in 

melon to the onset of voicing in the vowel /æ/ in and.  The word and was often reduced 

                                                                                                                                            
in favor of conflicting evidence from the other dimension, every effort was made to keep 
the cues consistent for each token of the contour. 
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to only the nasal (/n/).  In this case, the word was marked as starting at the start of voicing 

and the faint formants characteristic of nasals.  

I bought water melon P2 and grapes at the store

Time (s)
0 1.60381

 
Figure 3.4: Pause measurement locations for a sample Compound Contour Item.  
There is no P1 in items of this type, P2 is located after the compound target word. 
 

P2 was variably present in both contours and ranged in duration from 0 to 100ms, 

with a mean duration of 40ms.  There was no P1 in the Compound Contour (Figure 3.4).  

The values for P1 in the List Contour were averaged, and the audio files were 

manipulated so that the duration of P1 was within one standard deviation of the original 

mean of 220ms.18  The new mean for P1 in the List Contour items was 254ms.  Original 

pause length measurements and manipulated measurements are given in Appendix B.  

                                                
18 For items where the duration of the pause was changed, a portion of the naturally 
occurring pause was either cut out until the pause duration was approximately 220ms, or 
a portion of the pause was copied and pasted into the original pause until the entire pause 
was approximately 220ms.  The exact duration of each pause was not controlled.  Instead 
each pause was set to approximately 220ms. 
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Some items were further manipulated so that the frames were more comparable 

across target items.  When possible, the frame and target were kept together as they were 

originally recorded.  In some cases, the final portion of the frame was unclear due to 

creaky voice or excessive declination in the pitch or volume of the utterance.  However, 

the target was of high quality.  In these cases, a clearer ending of the frame would be 

spliced in, starting with the word at.  (There was generally a slight pause at this point in 

the utterance, allowing a seamless splice.)  The initial part of the frame was never 

adjusted due to co-articulation issues. 

3.4. Procedure 
In this section, details of how Experiment One was organized and run are given.   

The procedures described here are specific to adults.  The procedures used with the 

children are given in Chapter 4.  Note that, as the adult data serves as a control for the 

child data, the adults saw exactly the same screens and heard exactly the same 

instructions as the children.   

3.4.1. Item Lists 
The items were divided into two lists with each target appearing once on each list 

with either the Compound Contour or the List Contour.  All participants received every 

item in each condition, half of the items on the first day of testing and half of the items on 

the second day of testing, creating a within-subjects design.  Participants were randomly 

assigned to have one set of items on the first day and the other on the second day.  There 

were two versions of each list.  Each list presented the Lexical Types in a different order, 

and the items in each experiment were in a different order in each of the four lists.  A 
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complete list of the experiment orders and the orders of the lists themselves is given in 

Appendix C.  The items were arranged in a pseudo-random order based on the prosody of 

the item and the location of the picture that matched the prosody of the item.  Data 

collection took place in two sessions.  Each session lasted between 15 and 25 minutes.  

The sessions took place either one or two weeks apart. 

3.4.2. Testing Location 
Participants were tested in sound-attenuated booths on the University of Arizona 

campus.  The auditory stimuli were presented binaurally over headphones and the volume 

was set to the same level for all participants.  The booths had a computer screen located 

on the other side of the booth window where the visual stimuli were presented.  

Responses were collected with a button-box located on a small desk inside the booth.  

Button boxes allowed for the collection of both correct and incorrect responses, as well as 

reaction time data using E-Prime™ software.  

3.4.3. Basic Task 
The experiment was presented to the participants as a computer game designed 

for young children. For each item, three images were presented on the screen, labeled 

with the letters A, B, or C.  Participants heard a story that instructed them to push the 

button for the image that best matched the phrase that they heard.  Participants were told 

to respond as quickly as they could but were cautioned to listen to the entire phrase 

before responding.  As part of the game aspect of the experiment, at the completion of 

each Lexical Type, the participant was shown a screen where they were given either a 

butterfly or star.  (Within the rules of the game, the participant had to collect five 
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butterflies or five stars to win.)  These screens provided the participants with a short 

break between the Lexical Types. 

3.4.4. Image Arrangement 
The images were located on the screen inside of square boxes with the letters A, 

B, and C next to them.  An example of how the images were arranged is given in Figure 

3.6 and Figure 3.7.  The boxes appeared in the same location on the screen for each trial, 

and each trial was preceded by a 500ms fixation period during which empty boxes 

appeared on the screen (Figure 3.5).  After the fixation, the images would appear and, 

simultaneously, the auditory stimulus would be presented.  In one box of each screen, 

there was a distractor item with one thing in it.  In the second box, there was a set of 

pictures showing two things, and in the third box there was a set of pictures showing 

three things.  The location of the one-, two-, and three-image boxes was varied for each 

item.  Each type of picture set (those containing one, two, or three images) occurred an 

equal number of times in each location on the screen.  As well, the image sets (of one, 

two, or three items) were arranged so that if the participants followed either a solely 

prosodic parse or a solely lexical parse for every item, they would not be choosing the 

same response more than four times in succession. 
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Figure 3.5: Fixation Screen 
 

In some of the previous studies with children where these contours were tested, no 

distractor image was given (Wells et. al., 2004; Vogel & Raimy, 2002).  Here, a 

distractor item was included (as in Cruttenden (1985)) to make it easier to determine 

when the participants were confused and just guessing, as compared to when they were 

making more intentional choices.  Selection of the distractor image, which matched 

neither the prosodic nor the lexical content, implied that the participant was either not 

paying attention or was too confused to respond.  

Below, sample screens are given for two of the Lexical Types, along with 

descriptions of how the content of the screens relates to the prosodic and lexical 

meanings of the targets.  For all of the image sets, there are two boxes that have one item 

in common.  This is the filler item.  The example screen below (Figure 3.6) is the screen 

for the phrase, “I saw a gir~affe and stroller at the park,” and it contains the filler word 

stroller.  The filler item is included to complete the contours, but it also acts as a hint to 
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the participants.  Even if the participants are confused, they can narrow the choices from 

three down to two, based on the presence of the filler item.   

 
Figure 3.6:  Sample screen for the Compound Bias (cac~tus) Item, “I saw a gir~affe 
and stroller at the park.” 
 

On this screen, the image in Box A is the distractor image.  Box B is the two-item 

picture (there is an image of a giraffe and of a stroller). When this target is said with the 

Compound Contour, this picture matches both the lexical and the prosodic content.  

Finally, Box C is the three-item picture (there are two unfamiliar objects and a stroller).  

When this target is said with the List Contour, the picture matches the prosodic content 

(one object could be a /d͡ʒʌɹ/ and the other an /æf/) and conflicts with the lexical content.  

In this box, there are two images of real objects of which the participants are not likely to 
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know the names.  If the participant chooses this box, then they are assuming that the 

novel words /d͡ʒʌɹ/ and /æf/ are the names of these objects, per fast-mapping discussed in 

Section 2.4.2.2.  

Fast-mapping is also employed with the Nonsense (foon~gemp) items.  These 

items use images of novel animals.  To decide which box best matches the phrase, the 

participants have to assign some sort of meaning to the nonsense items and link them in 

some manner to the images.  As was the case for the other Lexical Types, one of the 

fantasy items is repeated to act as the filler item, though the lack of lexical content may 

make the filler item less helpful here.  (So, just as the image of a stroller appears in two 

of the image boxes in Figure 3.6, one of the fantasy animals appears in two of the images 

boxes in Figure 3.7.)  
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Figure 3.7: Sample screen for the Nonsense items, “I saw a foon~gemp and ank at 
the zoo.” 
 

In fact, the unhelpfulness of the filler in this Lexical Type makes the choice of the 

distractor image here less clearly an error.  Without a clear way to limit the choices to one 

of the two boxes containing the filler, the participant is forced to choose based solely on 

the prosodic content, which was the intent of this Lexical Type in the experiment.  In 

some cases, participants reported hearing these items as one thing.  For example, if the 

phrase was, “I saw a foongemp and ank at the zoo,” and the participant failed to parse the 

word and, they could have heard the entire item as one word /fuŋgɛpænɑŋk/.  If this were 

the case, then the choice of the “distractor” image is not an error, but instead reflects the 

way they parsed the phrase.  The question of how to count choices of the distractor in this 

Filler item 
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Lexical Type will be discussed further in the results section.  Additional sample screens 

for the other two Lexical Types are given in Appendix D. 

3.5. Data Coding 
Adult responses and reaction times were collected with the E-Prime™ software 

(Psychology Software Tools, Inc., Pittsburgh, USA; www.pstnet.com/eprime).  This 

software records both the response (button press a, b or c) and the reaction time for the 

response (the time it took to push the button).  The responses were coded as being either 

one-item, two-item, or three-item responses.  As discussed above, a one-item response 

indicated that the participant chose the distracter image.  All one-item responses were 

considered to be errors for the reaction time results, while both two- and three-item 

responses were included in the reaction time analyses.19  

There are two ways that the response data can be summarized for use in an 

ANOVA.  The data can be examined as either percent two-item responses or percent 

three-item responses.  A measure of percent two-item responses gives the average 

number of times the participants chose the two-item picture (which corresponds to the 

Compound Prosody parse).  When using this as the dependent measure, if the participants 

respond solely based on prosody, there will be a fifty percent two-item response in every 

                                                
19 The one-item responses to the Nonsense (foon~gemp) items were treated as errors to 
maintain consistency in the current analysis.  They will be investigated further in the final 
chapter.  Based on post-experiment interviews, some of the participants reported 
choosing the one-item images intentionally during the Nonsense (foon~gemp) portion of 
the experiment, and, indeed, the vast majority of the one-item responses happened in this 
Lexical Type (54 of the 72 one-item responses).  The participants reported not hearing 
the word and in some cases.  This means that occasionally the choice of the one-item 
image was not a mistake, but was, instead, an accurate selection based on what the 
participant perceived. 
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condition.  The same would be true if percent three-item responses (which corresponds to 

the List Prosody parse) were used.  This is because half of the items in each Lexical Type 

were presented with Compound Prosody, and half were presented with List Prosody.  All 

analyses were run with both of the possible dependent measures.  The results will be 

presented for just one of the measures, percent two-item response.  There is not a priori 

reason to believe that either the percent two-item or the percent three-item responses 

would better represent the data, or, in fact, differ meaningfully from each other.  Given 

that the adults rarely chose the one-item response (They did so 72 times out of 2016 

responses or 3.5% of the time.), the percent two-item and percent three-item responses 

are near inverses of each other.   The choice of percent two-item responses for reporting 

the data was thus arbitrary.  The results for the percent three-item response measure are 

given in Appendix E, but they are very similar to those for the percent two-item measure 

and will not be discussed further. 

3.6. Predictions 
The predictions for the adult data are laid out in this section.  The predictions are 

broken down into three parts.  The first portion relates to the predictions for each Lexical 

Type and the motivation behind them, including these Lexical Types (Section 3.6.1).  

The second portion (Section 3.6.2) focuses on the predictions that can be made based on 

the parsing strategy used.  In the previous chapter, the claim was made that adults and 

children both process language in essentially the same way.  This claim is addressed here 

by examining how the results will change if either a lexical or prosodic processing 

strategy is pursued.  The third and final part of these predictions explains how an 



  112 

interaction between the lexical and prosodic content would appear and what it would 

mean (Section 3.6.3). 

3.6.1. Predictions by Lexical Condition 

3.6.1.1. Predictions for Ambiguous (fruit~salad) Items 
In both this level and the Nonsense (foon~gemp) level, the prosodic contours can 

be used to disambiguate potentially ambiguous two-word phrases.  The purpose of this 

Lexical Type, in particular, is to establish that participants can use the contours in the 

manner they are normally intended to be used.  Data collected from this level will be used 

as a baseline against which the other levels can be compared.  The prediction is that 

adults will have no trouble using prosody as the basis for their answers and, in fact, will 

rely on prosody to disambiguate the targets as they do in everyday life.  

3.6.1.2. Predictions for Nonsense (foon~gemp) Items 
These target items have no lexical content.  The items used here are possible 

English non-words, meaning they follow English phonotactics but have no meaning.  The 

purpose behind including this Lexical Type is to establish if the participants will make 

use of prosodic content in the absence of lexical content.  These items contrast with the 

Ambiguous (fruit~salad) items with respect to the presence versus the absence of lexical 

content, while they parallel those items in that prosody can be readily employed to decide 

between possible parses.  By comparing responses on these items with responses to the 

Ambiguous (fruit~salad) items, it will be possible to show whether or not the presence of 

lexical information (particularly the presence of ambiguous lexical information) 

influences the interpretation of prosodic content.   
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This influence may be seen as a difference in reaction times between the levels.  It 

is possible that the existence of two lexical parses in the Ambiguous (fruit~salad) items 

will cause a latency in parsing time.  If that is the case, then the Nonsense (foon~gemp) 

items, which lack any lexical content, may receive faster responses than the Ambiguous 

(fruit~salad) items. 

3.6.1.3. Predictions for Compound Bias (cac~tus) Items 
The lexical parse for these target items either matches or conflicts with the 

prosodic parse of the utterance.  For example, when the target item cac~tus is said with 

the Compound Contour, it sounds normal (e.g. "I saw cactus and soap at the mall.").  The 

contour and the lexical content both indicate that the target is one word.  In contrast, 

when the target cac~tus is said with the List Contour (e.g. “I saw /kæk/, /tʌs/ and soap at 

the mall.”), the prosodic parse indicates that the target consists of two non-words, /kæk/ 

and /tʌs/.  The nature of the lexical content in this case becomes less clear.   

If the prosodic parse is used, the two targets are non-words with no lexical 

content.  If the prosody is disregarded, the speech stream contains a lexical word, cactus, 

albeit one said in an odd manner.  Thus the conflict:  If the participants access the lexical 

content regardless of the prosody and are at the same time aware of the prosodic parse, 

they are then presented with a choice between following the prosodic meaning of the 

utterance and the lexical meaning of the utterance.  Gow and Gordon (1995) showed that 

oronyms (strings of words that sound the same but are lexically unrelated, such as tulips 

and two lips) prime each other in cross-modal priming studies.  This suggests that the 
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lexical meaning of cactus will be accessed even when the non-words /kæk/and /t√s/ 

are prosodically presented.  Further, this means that both the lexical parse and the 

conflicting prosodic parse are active when the Compound Bias (cac~tus) items are 

presented with the List Contour. 

This level is included to investigate the effect of a conflict between the lexical 

meaning of an utterance and the prosodic meaning of an utterance.  The prediction is that 

the adults will be slower to respond when there is a conflict between the lexical and the 

prosodic content.  A further prediction is that adults will tend to follow the lexical parse 

over the prosodic parse and will do so to a greater degree than the children.  This is 

predicted because adults have been shown to activate words based on the initial syllables 

(Horemans & Schiller, 2004), meaning that cactus will be activated in the participants’ 

lexicon by the syllable /kæk/ and will remain activated even if the prosodic content 

indicates the presence of a word boundary (though see Christophe et al., 2004).  While 

children also begin to respond to words based on the initial syllable, this effect is less 

robust in children than it is in adults (Fernald, McRoberts, & Swingley, 2001).   

3.6.1.4. Predictions for List Bias (nail~key) Items 
These items are essentially the inverse of the Compound Bias (cac~tus) items.  

Rather than being one bi-syllabic word with both syllables as non-words, these consist of 

two monosyllabic words which, when compounded, create a non-word.  Thus, the lexical 

information indicates the list parse (two-item target, plus the filler item) rather than the 

compound parse (single item target plus the filler item).  They are also the inverse of the 

Compound Bias (cac~tus) items in that the Compound Bias (cac~tus) items conflict with 
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the prosodic content of the List Contour, while the List Bias (nail~key) items conflict 

with the prosodic meaning of the Compound Contour.   

The purpose for this level and predictions for it are the same as for the Compound 

Bias (cac~tus) items, but in reverse.  List Bias (nail~key) items said with Compound 

Prosody will be responded to more slowly than List Bias (nail~key) Items said with List 

Prosody.  The prosodic content of these items (and the Compound Bias (cac~tus) items) 

is predicted to be ignored in favor of the lexical content.  This is both because embedded 

words have been shown to be recognized and able to prime, and because adults have a 

fair degree of confidence in their lexical knowledge.  In the day-to-day experience of 

adults, they are more apt to experience odd pronunciations of known words than 

unfamiliar words that just happen to be reparsable into known words.  Table 3.6 gives a 

summary of the predictions for each of the Lexical Types based on the type of parse 

(Prosodic or Lexical) used. 
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Table 3.6: Summary of Predictions for Each Lexical Type 

Lexical Type Responses Reaction Times 

Ambiguous 
(fruit~salad) 

Prosody should be the 
primary deciding factor 

Slower than for the Nonsense 
(foon~gemp) items due to 

lexical ambiguity 

Nonsense 
(foon~gemp) 

Prosody is the only deciding 
factor 

Faster than Ambiguous 
(fruit~salad) items 

Compound 
Bias (cac~tus) 

General lexical bias, prosody 
is ignored 

Slower when there is conflict 
(Compound Bias (cac~tus) 

said with List Prosody) 

List Bias 
(nail~key) 

General lexical bias, prosody 
is ignored – possible effect of 
English compounding rules 

Slower when there is conflict 
(List Bias (nail~key) said with 

Compound Prosody) 

 

3.6.2. Predictions by Parsing Strategy 
The experiment was designed so that if the participants based their responses 

solely on the prosody of the items, then there would be a fifty percent two-item response 

in each condition.  If a prosodic parse is employed, half of the responses will be two-item 

responses (matching the Compound Prosody), and the other half will be three-item 

responses (matching the List Prosody).  If the participants based their answers on the 

lexical content alone, then the picture would be more complicated.  Table 3.7 below 

details what a lexical only parsing strategy and a prosody only parsing strategy would 

lead to using percent two-item response as the dependent measure.  
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Table 3.7: Predicted Responses for Lexical-only and Prosody-only Parsing 
Strategies 

 Ambiguous 
(fruit~salad) 

Nonsense 
(foon~gemp) 

Compound Bias 
(cac~tus)  

List Bias 
(nail~key) 

Lexical strategy 50% 33% 100% 0% 

Prosodic strategy 50% 50% 50% 50% 

Note: These numbers show the predicted percent two-item response. 
 

For the Ambiguous (fruit~salad) items, there is no difference in the predicted 

responses for the lexical-based and prosody-based parsing strategies.  This is because the 

lexical content of the items was designed to be equally likely to be interpreted as a 

compound or as two separate words.  However, if the prosodic content were ignored, then 

items said with Compound Prosody, for example, would be matched with the compound 

picture as often as they were matched with the list picture.  So, for this Lexical Type, it 

would be possible to differentiate between a lexical-only parsing strategy and a prosody-

only parsing strategy by examining the responses for individual items on a case-by-case 

basis. 

For the Nonsense (foon~gemp) items, the lexical strategy results in a 33 percent 

two-item response.  This is because there is no lexical content to these items.  Thus, the 

participants have no lexical basis for their responses, meaning that they will be 

responding randomly if prosody is ignored.  Since there are three image sets, the chance 

of choosing the two-item image set is 33 percent.   

For the Compound Bias (cac~tus) and List Bias (nail~key) items, the prediction is 

that there will be, respectively, either a one hundred percent two-item response or a zero 

percent two-item response.  For the Compound Bias (cac~tus) items, there are always 
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two lexical items present (the target and the filler).  For the List Bias (nail~key) items, 

there are always three lexical items present (the two target words and the filler). 

Comparing the actual results to these predictions will make it possible to better 

understand the parsing strategies employed by the participants.  If a mixed strategy is 

used, one where prosody is used in some Lexical Types and lexical content in other 

Lexical Types, then an interaction will result.  

3.6.3. Predictions for the Interaction 

3.6.3.1. The Null Hypothesis 
The overall prediction for this experiment is that there will be an interaction 

between the prosodic meaning of the utterance and the lexical meaning of the utterance.  

The specific prediction is that participants’ responses will differ in cases where the 

prosodic content and the lexical content conflict, compared to cases where the prosodic 

content and lexical content match or the lexical content is ambiguous.  A second general 

prediction is that the participants’ reaction times will be slower in cases where there is 

such a conflict. 

One possible null hypothesis is the general null hypothesis that the factors will 

have no influence on the participants’ behavior, and the participants will respond at 

random.  In this case, the responses will be balanced equally between one-, two-, and 

three-item responses.  This hypothesis is highly unlikely for the adults, since the adults 

can, in every case, fall back on the filler item to rule out the one-item response.  This 

hypothesis becomes more important when the children’s data is discussed and will be 

returned to in the next chapter.  
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3.6.3.2. Interaction 
The interaction is predicted to be present in both the reaction time results and in 

the percent two-item response results.  The general prediction is that when the lexical 

content is ambiguous or absent, the participants will rely on the prosodic content.  

However, when there is lexical content available, then the participants will use both types 

of information.  This will result in an interaction wherein Prosody effects the responses to 

the Ambiguous (fruit~salad) and Nonsense (foon~gemp) items, but does not effect the 

responses to the Compound Bias (cac~tus) and List Bias (nail~key) items.  This 

prediction is based on pilot data collected from adults and previous research with children 

which showed that children use prosodic content to disambiguate the Ambiguous 

(fruit~salad) items (Wells et al., 2004).   

In the reaction time results, it is predicted that, in general, the participants’ 

responses will be slower when there is an ambiguity present.  There will be an interaction 

in these results because not all of the items have an ambiguity present and because the 

cause of the ambiguity varies.  

There are two types of ambiguity being tested:  1) pure lexical ambiguity in the 

Ambiguous (fruit~salad) items, and 2) created lexical-prosodic ambiguity in the 

Compound Bias (cac~tus) and List Bias (nail~key) items said with conflicting prosodic 

content.  When the participants have to resolve any sort of ambiguity, resulting either 

from conflicting parses or from a lexical ambiguity, the processing load will increase and 

the response speed should decrease.  The amount of latency in the reaction times will be 

related to the relative strength of the conflict, be it lexically generated (as in the 
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ambiguous cases) or created by a conflict between the lexical and prosodic meaning.  If 

there are differences in the reaction times, then the two parsing strategies can be shown to 

interact even if the response data fails to show an interaction.  Table 3.8 summarizes the 

predictions for the reaction time results.  

Table 3.8:  Predictions for Reaction Time Results 

Lexical Type Prosodic Level 

 Compound Contour List Contour 

Ambiguous 
(fruit~salad) 

RT is slowed due to lexical ambiguity – no difference in 
RT based on contour 

Nonsense 
(foon~gemp) 

RT is neutral since there is no conflict in meaning 

Compound Bias 
(cac~tus) 

RT is faster due to the 
support of the lexical and 

prosodic parse 

RT is slowed due to the 
conflict between the lexical 

and prosodic parse 

List Bias (nail~key) RT is slowed due to the 
conflict between the 

lexical and prosodic parse 

RT is faster due to the 
support of the lexical and 

prosodic parse 

 

3.7. Results 
The results are reported in two parts.  First, the percent two-item results are given, 

and then the reaction time results are given.  In Section 3.8, these results are discussed 

with respect to the predictions given in the previous section. 

3.7.1. Percent Two-item Response Results 
A within-subjects ANOVA was run with Prosody (2 levels) and Lexical Type (4 

levels) as the independent factors, and percent two-item response as the dependent 
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measure.  Both of the main effects were significant by subjects (F1) and by items (F2):  

Prosody (F1(1,20)=554.705, p<.001; F2(1,44)=379.216, p<.001), Lexical Type 

(F1(3,60)=727.851, p<.001; F2(3,44)=398.060, p<.001).  There was also a significant 

interaction between Prosody and Lexical Type, both by subjects (F1(3,60)=183.567, p 

<.001) and by items (F2(3,44) = 112.556, p<.001).   

The simple effect of prosody for each Lexical Type was tested with a two-tailed 

paired-samples t-test.  There was a significant simple effect of Prosody, both by subjects 

and by items for both the Ambiguous (fruit~salad) (t(20) =21.141, p<.001; t(11) =26.906, 

p<.001) and Nonsense (foon~gemp) (t(20) = 15.490, p<.001; t(11) = 9.750, p<.001) 

Lexical Types.  There were more two-item responses (which match the Compound 

Prosody items), when the items were said with Compound Prosody.  There was not a 

significant effect of Prosody, either by subjects or by items, for the Compound Bias 

(cac~tus) items (t(20) = 1.451, p>.05; t(11) = 1.483, p>.05).  For the List Bias (nail~key) 

items, there was a significant effect by items (t(11) =2.419, p<.05), but not by subjects 

(t(20) = 1.805,  p>.05).20  Figure 3.8 shows these results.  This graph shows the mean 

percent two-item responses for each Lexical Type broken down by the prosody of the 

items.  A high value on this graph means that the participants chose the picture that 

matched the Compound Prosody parse.  A low value means that participants (most likely) 

                                                
20 This simple effect is significant both by subjects and by items when percent three-item 
response is used for this level (t(20) = -2.251, p<.05; t(11) = -2.916, p<.05).  All other 
results are the same for both the percent two-item and percent three-item responses. 
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chose the picture that matched the List Prosody parse.  (In 72 cases the participants chose 

the one-item parse, 54 of these were for Nonsense (foon~gemp) items.)21 

  
Figure 3.8: Percent Two-item Response Results for Experiment 1 
 

The figure above shows the clear effect of prosody on the Ambiguous 

(fruit~salad) and the Nonsense (foon~gemp) items.  There is a higher percent two-item 

                                                
21 In Section 3.3.2.2 the issue of the possibly of exhausting the word-space for the 
Compound Bias (cac~tus) and Ambiguous (fruit~salad) items was raised.  If the items 
used in the experiment were not randomly selected, but instead represent the entire 
groups of possible words, one of the assumptions of ANOVA is violated.  This is 
resolved here, by focusing on the by subjects analysis of the results not the by items 
analysis, as per Raaijmakers et al. (1999) suggestion. 
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response to the items said with Compound Prosody than to the items said with List 

prosody for both of these Lexical Types.  In regards to the Compound Bias (cac~tus) 

items, the prosody of the items had no effect.  There was a close to one hundred percent 

two-item response to these items for both the Compound and the List Prosody tokens.  

This means that the participants responded based on the lexical content for these items.  

The List Bias (nail~key) items had a six percent two-response to items said with 

Compound Prosody and a two percent two-item response to those items said with List 

Prosody.  Again, for these items the lexical content, and not the prosody, determined the 

participants response.   

In Figure 3.8, the List Bias (nail~key) items show a slightly higher number of 

percent two-item responses to items said with Compound Prosody than to items said with 

List Prosody.  This suggests that, here, there is a possible interaction between the lexical 

content and the prosodic content, and that Prosody does play a small role in the parsing of 

these items.  The simple effect of prosody for these items was significant by items, but 

not by subjects, when percent two-item response is used as the dependent measure.  

When percent three-item response is used, the simple effect of prosody was significant, 

both by subjects and by items.  The exact p-value for the simple effect of prosody by 

subjects (percent two-item response), for the List Bias (nail~key) items, was p=.086, 

perhaps making the change in significance between the two dependent measures more 

understandable.   

Accepting the simple effect of prosody as significant for the List Bias (nail~key) 

items, it is interesting to examine why the effect is present in these items and not in the 
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Compound Bias (cac~tus) items.  This additional effect suggests that the List Bias 

(nail~key) items are more flexible in their lexical status than the Compound Bias 

(cac~tus) items.  This is likely due to the wide variety of possible compounds allowed in 

English.  Section 3.3.2.2.4 above introduced work by Windsor (1993), which examined 

children’s understanding of inherent and non-inherent compounds.  An inherent 

compound is one like dog-sweater (a sweater with dogs on it), where the compound 

refers to a single item that has parts reflecting both of the nouns that compose the 

compound.  Some of the participants accepted the novel compound formed when the List 

Bias (nail~key) items were said with Compound Prosody as viable compounds.  For 

example, when the participants heard, “I saw a spoon~dress and box at the park,” they 

decided that a spoondress was a real thing and chose the picture containing two items, a 

box and an item whose name they did not know.  This result shows that the prosodic 

parse is active in the minds of the adults for these items, even when it is ignored most of 

the time. 

3.7.2. Reaction Time Analysis 

3.7.2.1. Measurement 
Reaction time (RT) measurements show how long it took the participants to 

respond.  In these phrases, there were several logical places in the utterance from which 

to measure the RTs.  Five of these places are shown in Figure 3.9.   
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I bought water melon P2 and grapes at the store

Time (s)
0 1.60381

 
Figure 3.9: Locations of reaction time measurements – for the phrase, “I bought 
watermelon and grapes at the store,” said with Compound Prosody.  Numbers 
indicate possible locations for measuring reaction times. 
 

The numbers above the spectrogram above show five possible points to begin 

measuring reaction times.  The first point (1) is the start of the phrase.  Every phrase 

(within a Lexical Type) starts with the same words, though the tokens of these vary due 

to co-articulation effects with the first target.  Measuring from this point includes 

information that is unlikely to be used to distinguish between the two contours, as the co-

articulation effects would be similar for both contours even if the exact pronunciations of 

the carrier phrase differ slightly.  The second point (2) marks the start of the first target, 

in this case the word water.  This is where the two versions of the phrase begin to diverge 

prosodically.  The third point (3) marks the start of the second target, in this case the 

word melon.  At this location in the phrase, the pitch changes (the fall-rise in the List 

Contour and the rise-fall in the Compound Contour) have begun, and the first pause in the 

List Contour has occurred.  The fourth point (4) is the end of the second target.  Here, the 

1            2               3                  4                                                             5 
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contours are complete and the remainder of the phrase is nearly identical for both 

contours (Again different tokens are used, but the same lexical content is present.).  The 

final point (5) is the end of the phrase. 

Figure 3.10 shows the same points in a List Prosody version of the phrase.  The 

primary difference between the two versions of the phrase is the location of point 3.  In 

the Compound Prosody version of the phrase, this point falls at the start of the second 

target, which is also the end of the first target.  In the List Prosody version, this point is 

also at the start of the second target word, but it is no longer at the end of the first target 

word.  Point 3 is much later, temporally speaking, in the List version of the phrase.  

However, in terms of the contours, point 3 is half way through both contours. 

I bought water P1 melon P2 and grapes at the store

Time (s)
0 2.4602

 
Figure 3.10: Locations of reaction time measurements – for the phrase, “I bought 
water, melon, and grapes at the store,” said with the List Contour.  Numbers 
indicate possible locations for measuring reaction times. 
 

Three versions of the reaction time results were run, measuring from the second, 

the third, and the fourth points marked on the spectrograms above.  The results for all 

  1            2                             3               4                                          5 
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three analyses are very similar and are given in Appendix F.  Here, the reaction time 

results are reported as measured from the start of the first target (point 2).  Just after this 

point in the utterance it becomes possible to use the prosodic content to differentiate 

between the two versions of the phrase.  Measuring from this point allows for the 

inclusion of all of the responses, as none of the participants responded before this point.  

In contrast, some of the participants did respond before the start of the second target.   

3.7.2.2. Design of ANOVAs 
Normally, in a reaction time analysis, the RTs of the correct responses are 

compared and an error analysis is also conducted.  Here, it is unclear what exactly a 

“correct” response is, making it difficult to use only correct responses in the reaction time 

results.  In fact, what counts as correct varies depending on the Lexical Type.  

It was predicted that responses to the Ambiguous (fruit~salad) and Nonsense 

(foon~gemp) levels would be based on prosody.  Thus, in these levels, a correct response 

is one that matches the prosody of the item.  The predictions for the Compound Bias 

(cac~tus) and List Bias (nail~key) items were less clear.  Participants could reasonably 

base their responses on either the prosodic or the lexical content.  In the cases where the 

lexical content and the prosodic content match (i.e. List Bias (nail~key) items said with 

List Prosody), responses that match both types of content are correct.  But in cases where 

the lexical and prosodic content conflict (i.e. List Bias (nail~key) items said with 

Compound Prosody), either the lexical parse or the prosodic parse can be argued to be the 

“correct” parse.  The percent two-item response results, given above, indicate that adults 

tended to base their response to the Compound Bias (cac~tus) and List Bias (nail~key) 
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items on the lexical rather than the prosodic content.  Thus, for these levels, a correct 

response is when the response matches just the lexical content.  (This discussion will be 

returned in Chapter 5).  Table 3.9 summarizes what will be considered a correct response 

for each Lexical Type.  

Table 3.9: “Correct” Responses for Each Lexical Type 

 Compound Prosody List Prosody Analysis 

Response type 2-item 3-item 2-item 3-item  

Ambiguous 
(fruit~salad) 

Correct Incorrect Incorrect Correct t-test 

Nonsense 
(foon~gemp) 

Correct Incorrect Incorrect Correct t-test 

Compound Bias 
(cac~tus) 

Correct ? Correct ? 

List Bias 
(nail~key) 

? Correct ? Correct 

2 Factor 
ANOVA 

 
For the Ambiguous (fruit~salad) and the Nonsense (foon~gemp) items, there is 

only one type of correct response, that in which the response matches the prosodic 

content.  In the Compound Bias (cac~tus) and the List Bias (nail~key) items there are two 

possible correct responses:  those where the response matches just the lexical content and 

those where the response matches both the lexical and the prosodic content.  The 

presence of two types of “correct” responses for the Compound Bias (cac~tus) and List 

Bias (nail~key) items makes it possible to test the reaction time results to these items with 
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a two-factor ANOVA.  One factor is Prosody, with two levels, and the other factor is 

Lexical Type, also with two levels. 22 

3.7.2.3. Reaction Time Results – Compound Bias (cac~tus) and List 
Bias (nail~key) Items 

A within-subjects ANOVA was run with Prosody (2 levels) and Lexical Type (2 

levels) as the independent factors and reaction time from the start of the first target as the 

dependent measure.  There was a significant main effect by subjects and by items for the 

factor of Lexical Type (F1(1,20)=11.671, p<.01; F2(1,22)=6.311, p<.05).  There was a 

significant main effect of Prosody by subjects (F1(1,20)=7.068, p<.05), but not by items 

(F2(1,22)=4.071, p>.05).  There was also a significant interaction, both by subjects and 

by items (F1(1,20)=36.179, p <.001; F2(1,22)=37.953, p<.001).  The simple effect of 

prosody was examined for each Lexical Type using two-tailed paired-samples t-tests.  

There was a significant simple effect of Prosody, both by subjects and by items, for both 

the Compound Bias (cac~tus) (t(20) =-9.771, p<.001; t(11) =-5.531, p<.001) and the List 

Bias (nail~key) (t(20) =2.755, p<.05; t(11) =3.076, p<.05) items.  Participants responded 

faster when the prosodic and the lexical content matched (i.e. List Bias (nail~key) items 

said with List Prosody) than when the prosodic and the lexical content conflicted.  Figure 

3.11 shows the mean reaction times for the Compound Bias (cac~tus) and List Bias 

(nail~key) items that had “correct” responses. 

                                                
22 As was mentioned above, there were very few one-item responses.  There were also very few 
incorrect responses, as defined in the table above.  Thus, it was impossible to conduct an error 
analysis of the RT results.  The responses results explain the meanings of the incorrect responses 
when they occurred.  The numbers of responses of each type (one-, two- and three-item) for each 
Lexical Type is given in Appendix G. 
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Figure 3.11: Reaction time results – Compound Bias (cac~tus) and List Bias 
(nail~key) items 
 

It is clear from the graph above that adults respond more slowly when the lexical 

content and the prosodic content conflict (the inside bars).  For example, in the 

Compound Bias (cac~tus) items, the average reaction time is 2033ms when Compound 

Prosody is used and 2968ms when List Prosody is used.   

3.7.2.4. Reaction Time Results – Ambiguous (fruit~salad) Items 
A two-tailed t-test was run testing the RT from the start of the first target for the 

Ambiguous (fruit~salad) items whose responses match the prosody with which the item 
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was said.  The results were significant, both by subjects (t(20) =-9.356, p<.001) and by 

items (t(11) = -4.610, p<.005).  Figure 3.12 shows the mean RT for each prosodic 

contour.   

 
Figure 3.12: Reaction time results – Ambiguous (fruit~salad) items 
 

The responses were faster when the Ambiguous (fruit~salad) items were said 

with Compound Prosody than when they were said with List Prosody.  Comparing across 

Figure 3.11 and Figure 3.12, it is clear that responses were slower for the items said with 

List Prosody for all three of these Lexical Types.  As well, responses were slower for the 

Ambiguous (fruit~salad) items (2900 – 3850 ms) than for the Compound Bias (cac~tus) 
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or List Bias (nail~key) items (2050 – 3050ms).  This may be due to the lexical ambiguity 

in these items.  These results would suggest that it is more difficult for the participants to 

resolve the lexical ambiguity in the Ambiguous (fruit~salad) items that the ambiguity 

created by the conflict between the prosodic and lexical content in the crossed-items (List 

Bias said the Compound Prosody and Compound Bias said with List Prosody). 

3.7.2.5. Reaction Time Results – Nonsense (foon~gemp) Items 
As with the Ambiguous (fruit~salad) items, a paired sample two-tailed t-test was 

run on the Nonsense (foon~gemp) items where the responses matched the prosody of the 

items.  The results were not significant either by subjects (t(20) =2.046, p>.05) or by 

items (t(11) =1.216, p>.05).  

3.8. Discussion 
Several points emerge from these results.  In general, adults respond based on the 

lexical content of an utterance.  Also, adults respond more quickly to an utterance if the 

lexical content and the prosodic content match.  If there is no lexical content, that content 

is ambiguous, or the prosodic content conflicts with the lexical content, responses are 

slower and less consistent.   
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Figure 3.13: Reaction Time results from start of target 1 – all Lexical Types 
 

An interesting pattern emerges when the RT results are examined as a whole.  The 

Compound Prosody items are responded to faster for the Compound Bias (cac~tus) and 

the Ambiguous (fruit~salad) items, while the List Prosody items are responded to faster 

for the List Bias (nail~key) and the Nonsense (foon~gemp) items.  Looking across the 

Lexical Types, the items said with Compound Prosody (mean – 2705ms) do tend to be 

faster than the items said with List Prosody (mean – 2997ms).  The difference in these 

reaction times is close to the average length of the first pause in the List Prosody items 

(260ms).  It seems likely that the generally faster reaction times to items said with 
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Compound Prosody relates to the pause in the List Prosody items, rather than to 

something inherent in how the contours are processed.  In the case where the lexical and 

the prosodic content conflict, the List Bias (nail~key) items said with Compound 

Prosody, the slower processing is unsurprising.  But the slower processing of the 

Nonsense (foon~gemp) items is more intriguing.  This may reflect a bias on the part of 

the listeners to perceive the non-words as monosyllabic, making them better matches for 

the List Contour.  This point will be returned to in Chapter 5. 

A similar point is raised by the reaction times for the Ambiguous (fruit~salad) 

items.  They follow the general pattern and have faster Compound Prosody RTs than the 

List Prosody RTs, but the Ambiguous (fruit~salad) items have generally slower RTs 

compared to the other types of items.  This slower reaction time can be used to make 

inferences about parsing strategies.  It appears that a lexical ambiguity takes more time to 

resolve than an ambiguity created by a conflict between the prosodic and the lexical 

meanings of the utterance.  For example, adults were slower to decide, on average, that 

the Ambiguous (fruit~salad) item fruit~salad said with Compound Prosody matched the 

two-item picture (2889ms) than they were to decide that the Compound Bias (cac~tus) 

item cactus said with Compound Prosody matched the two-item picture (2033ms).  In the 

case of the word fruit-salad, the lexical ambiguity had to be resolved, even with the 

prosody supporting one parse over the other.  Similarly, it took longer to decide that the 

Ambiguous (fruit~salad) item fruit~salad said with List Prosody matched the three-item 

picture (3855ms) than it did to decide that the List Bias (nail~key) item spoon~dress said 
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with List Prosody did (3029ms). The Ambiguous (fruit~salad) items took around 800ms 

longer to respond to, and that is the apparent cost of lexical ambiguity resolution. 

Adults show a preference for lexical meaning over prosodic meaning and pay a 

price, with respect to processing time, to resolve both lexical ambiguities and conflicts 

between lexical and prosodic meaning.  The next question is, then, what do the children 

do?  Chapter 4 provides the results to this same experiment when it was conducted with 

children between the ages of three and seven years old.  
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Chapter 4: Experiment 2 

4.1. Introduction 
Chapters 1 and 2 gave background information about the task at hand.  That task 

is to better understand the relationship between adult language processing and first 

language acquisition.  In Chapter 3, the methods and the results of Experiment 1 were 

provided.  That chapter includes details for the creation of the items, the predictions of 

possible outcomes for the factors involved, and a report of results for the adult 

participants.  The primary focus of this chapter is a reporting of the results for the child 

participants.  Before the children’s results can be discussed, though, differences in the 

methods used for data collection with the children and predictions for the additional 

factor of age will be given. 

4.2. Child Participants 
Data from 45 children were included in the study.  Table 4.1 gives the age and the 

gender distribution of the child participants, though no effort was made to control for the 

gender of the participants.  The children were evenly distributed between four age-

groups.  Children were recruited from local pre-schools, via personal recommendations, 

and through direct mailings based on publicly available birth announcements. Although 

all of the children at the preschools for whom a consent form was returned were allowed 

to participate, only data from monolingual children was used in the study.  All of the 

children had normal speech and language as determined by parent questionnaire. 
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Table 4.1: Distribution of Child Participants by Age and Gender 

 Age range Mean Age Males Females Total 

3-year-olds 3;0-3;10 3;6 5 6 11 

4-year-olds 3;11-5;0 4;6 4 7 11 

5-year-olds 5;1-5;10 5;4 7 4 11 

6-year-olds 5;11-7;10 6;10 4 8 12 

Total   20 25 45 

Note: The age range for the final age group is larger than for the other age 
groups. Further, the youngest child in this group is 5;11.  This child was within a 
few days of his/her sixth birthday and was thus included in the 6+ age group. 

4.3. Materials 
The same materials were used for the children as for the adult participants.  

Chapter 3 included a discussion of general constraints on how the target words were 

selected (Section 3.3.2).  These constraints required the target words to be concrete nouns 

that would likely be familiar to the participants.  The familiarity constraint was primarily 

a concern with respect to the child participants, since it was assumed that if the children 

knew the words then the adults would also know them.  The rationale for attempting to 

use only words familiar to the children was that, if a child was not familiar with a given 

target, then that target would, in essence, be acting as a non-word for that child.  There is 

a crucial distinction being made in the Lexical Types of this study between real words, 

which are present in the lexicon, and possible non-words, which are not present. 

Bearing this in mind, all of the target words were selected to be both appropriate 

for, and familiar to, children between the ages of three and seven years old.  To increase 

the likelihood that children would be familiar with the stimuli, as many words as possible 
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were selected from the Macarthur-Bates Communicative Development Inventories, a tool 

which is used to establish vocabulary norms for English speaking children aged 30 

months (Dale & Fenson, 1996).  As all of the children in the current study were more 

than 36 months old, it is reasonable to assume that the children knew many, if not all, of 

the words drawn from this source.  Additionally, the images of the items used were pilot 

tested with children between the ages of four and six years old.  The children were shown 

a screen with images of each target item and the filler for every utterance.  If the children 

could not name an image, it was replaced.  

As the content of children’s lexicons tends to be highly variable, it is impossible 

to guarantee that every child will be familiar with every word.  To verify that the children 

knew the words, a child word-knowledge survey was distributed.  This checklist asked 

the parents to mark the words used in the study with which they felt their children were 

not familiar.  It has been shown that such lists give an accurate assessment on the words 

known by a child and may even underestimate the child’s knowledge (Rescorla, Ratner, 

Jusczyk, & Jusczyk, 2005).  A total of 23 of the 45 participants returned a completed 

survey. (The survey was initiated about halfway through the testing period.)  There were 

only three words which more than 25% of parents identified as unknown to their child:  

blender (30%), vulture (30%), and tack (26%).  The removal of these words did not 

change the results in any way and, thus, the results reported below include these targets.   
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4.4. Procedure 

4.4.1. Instructions and Narrations 
Chapter 3 included details about how the narrations and instructions for the 

experiment were recorded.  An example of the actual instructions heard by the children 

and the children’s responses to these instructions is discussed below.  Both the adults and 

the children heard the same instructions before the start of the each sub-section of the 

experiment.  For the adults, this was done to have the experiment echo the children’s 

experiment and to provide a brief break.  For the children, these instructions were 

included to refocus them on the task.  The instructions also warned the participants, with 

respect to the Nonsense (foon~gemp) items, that the content of the items might be 

surprising or unexpected.  

The presentation order for the four Lexical Types in the experiment varied, as 

discussed in Section 3.4.1.  Below, sample instructions are given. The entire experiment 

was set up as a game wherein the children were told they needed to catch either 

butterflies or stars to get a prize.  At the start of the experiment, the narrator explained 

that in order to catch a butterfly or a star, the child needed to tell the experimenter what 

the character in the story saw or did at each location she visited.  This explanation was 

followed with two practice screens where the child’s ability to complete the task was 

verified.  Once the practice screens were completed, the experiment began with the first 

set of instructions. 

In the experiment, each Lexical Type was located at a place visited by the 

character in the game.  The instructions for each location followed the same basic order.  
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An example set of instructions for the Compound Bias (cac~tus) items is given in Figure 

4.1.  The complete text of all of the instructions is given in Appendix H.  

“Next, Sara went to the mall.  At the mall she found lots of 
different things.  Some of the things she found were things that she 
had never seen before, and others were things that she knew all 
about.  Now, Sara is going to tell us some of the things that she 
found in the mall.  Listen closely and then point to the picture of 
what she found.” 

Figure 4.1:  Sample Instructions for Compound Bias (cac~tus) Items 
 

These instructions were meant to warn the children that they would be hearing 

new words and seeing pictures things that were unfamiliar so that the children would be 

less likely to be upset by the prosodically induced non-words like /kæk/ and /tʌs/.  A 

similar warning was repeated for the List Bias (nail~key) and the Nonsense (foon~gemp) 

items.   

Following the instructions, the child then pushed the space bar to move on to the 

next screen where the first test item appeared.  After each response, the experimenter 

wrote down which picture the participant selected and encouraged the child to continue.  

Once the participant had completed all twelve trials for a given Lexical Type, an 

encouragement screen was shown.   

The encouragement screen updated the participant to their progress by showing 

how many butterflies or stars they had caught.  These screens were included to provide a 

break for the children as well as to provide motivation.  The children were told to push 

the spacebar to see the next screen and move on to the next set of instructions.  (In 

Experiment 1, these screens advanced automatically once the narration was complete.) 
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4.4.2. Testing 
Testing took place either at the child’s preschool, at their home, or at an on-

campus facility.  The testing was not completed in a sound attenuated room as it was for 

the adults.  However, efforts were made to reduce the ambient noise as much as possible.  

The experiment took between 15 to 30 minutes to complete.  If the preschool allowed 

rewards, and for all children tested elsewhere, children were given a small prize when 

they completed the task.  If the preschool did not allow individual rewards, toys were 

donated to the preschool for general use. 

During testing, each child was seated in front of a laptop with the experimenter to 

one side.  All sessions were video-recorded to verify that the responses were recorded 

accurately by the experimenter and to allow for additional analyses to be performed on 

the data at a later time.23  For the majority of the sessions, an observer was present.  The 

observer recorded the child’s responses along with the experimenter for use in reliability 

scoring.  If the observer was not present, the video was reviewed and the responses 

marked by the same observer at a later time. 

All of the children were tested on a Gateway® Tablet PC.  During the experiment 

itself, the child advanced the game by pushing the space bar on the laptop keyboard.  The 

participants were told to point to the picture that best matched what they heard, so they 

were seated close enough to reach the computer without stretching. The video camera 

was positioned so that the laptop screen was visible, making it easy to see which picture 

the child selected.  Some of the older children chose to say the letter next to the picture 

rather than point to the picture.  The video camera also recorded audio, so these responses 
                                                
23 Possible follow-up analyses will be discussed in Chapter 6. 
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could also be verified.  Figure 4.2 shows the basic testing set up for the children, 

including the location of the experimenter, the participant, and the observer. 

 
 

 
 

 
 

 
 

 
 

 
 
Figure 4.2: Sample layout for the testing of children.   
 

4.5. Data Coding and Reliability  
The responses were recorded during the experiment by the experimenter and the 

observer.  When the observer was not present, the observer recorded responses from the 

video at a later date.  If the evidence from the tape was inconclusive (the child’s head was 

in the way, for example) the observation made by the experimenter was used as the 

correct response.  For the majority of children, there was no confusion on any of the 

responses.  Moreover, no child had more than two responses that the experimenter and 

the observer did not agree upon.  The experimenter and the observer had 99.6% 

agreement in scoring.  In those cases where the responses were not agreed upon, and it 
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was unclear from the video, the response was not used.  As with the adults, the responses 

were coded for percent two-item response (participants chose the picture that matched the 

Compound Prosody parse) and percent three-item response (participants chose the picture 

that matched the List Prosody parse) for data analysis. 

4.6. Predictions 
The general hypothesis of this dissertation is that adults and children process 

language in essentially the same way.  What differs between adults and children is the 

speed with which language is processed.  The predictions for the children’s results follow 

from this initial hypothesis.  In general, the younger children will process speech more 

slowly and less efficiently, but in essentially the same manner (i.e. with a lexical bias), as 

the older children and adults.  As children mature, they will gradually approach adult 

norms in speech perception and comprehension.   

The question then becomes, “What is meant by ‘less efficiently’?”  Of particular 

relevance for the children’s data is how a conflict between the prosodic parse and the 

lexical parse of an item is resolved.  For example, when the Compound Bias phrase, “I 

saw cac, tus, and soap at the mall,” is said with List Prosody, the lexical parse dictates a 

two-item response (cactus and soap) and the prosodic parse dictates a three-item response 

(/kæk/, /tʌs/, and soap).  Based on the adult results, an incorrect resolution of such a 

conflict would be one in favor of the prosodic parse.   

Yet, for children, it is not clear that this is the case.  The hypothesis presented 

here is that, since children have smaller lexicons than adults, they are more likely to 

encounter unknown words and are correspondingly more likely to rely on their prosodic 
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knowledge to parse the speech stream.  This is not to say that the children in the study do 

not know the word cactus, for example.  Instead, the claim is that the children frequently 

are presented with unfamiliar words, one of which may be /kæk/.  Thus, when a young 

child resolves a conflict between the lexical and prosodic parse in favor of the prosodic 

meaning of the utterance, they are responding both efficiently and correctly for their age.  

Children know that adults use prosody to indicate word boundaries, and so they trust the 

prosody.  (In contrast, adults trust their own lexical knowledge.)  The adult results, 

particularly for the List Bias (nail~key) items, show that adults are processing the 

prosodic content but that they then frequently elect to disregard it.  If the children process 

the prosodic content and then elect to attend to it, they are truly processing speech in the 

same manner as adults.  The difference between the two groups lies in what they decide 

to do with the processed speech stream.   

Due to children’s daily experience with new words and their resulting belief that 

being presented with new words is to be expected, they will be more likely to use the 

prosodic content than the adults.  As the children mature, they will begin to act in a more 

adult-like manner and start to ignore the odd prosody of some of the items (i.e. cactus 

said as /kæk/, /tʌs/).  This will result in an interaction between the three factors of Age, 

Lexical Type and Prosody.  The specific predictions for each factor are given in the 

following sections. 
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4.6.1. Effect of Prosody 
The prosodic bootstrapping hypothesis (cf. Section 2.3.1) claims that children 

learn language through an early bias to use prosodic information to determine word and 

syntactic boundaries.  In support of this, an initial prediction is made that the children 

will be able to use the prosodic content of the utterance to find word boundaries and to 

then map the words they find to the images presented on the screen.  Chapter 2 includes a 

discussion of how word and syntactic boundaries are delineated in speech through 

prosody (cf. Section 2.2).  Briefly, pauses in the speech stream and dramatic changes in 

pitch tend to occur at word and syntactic boundaries.  Children and adults use these 

pauses and pitch changes to parse utterances into words and phrases. 

The prediction that children will have the ability to use prosody can be expanded 

to say that the prosodic content will be more salient to and more used by the children than 

it was by the adults.  The hypothesis here is that the prosodic content is more salient to 

the children because the children are in the process of rapidly adding words to their 

lexicon, and they use prosody to help them do this.  This is in contrast to adults, who are 

less focused on adding words to their lexicons and more focused on accessing the 

meanings of words already present in their lexicons. 

4.6.2. Effect of Lexical Type 
Since children are predicted to be more attentive to the prosody than adults, their 

responses should vary less with respect to Lexical Type than did the adult responses.  The 

children’s lexicons are constantly being reorganized and adjusted to fit the new words 

they are acquiring, making the new words presented in this task similar to the many other 
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new words they are presented with everyday.  In contrast, the adults are not focused on 

adding words to their lexicon, particularly given that they were told the task they were 

doing was designed for children.  This difference in world experience and focus, on the 

part of the adults, could make it more likely for them to look for a lexical parse of the 

utterances when the prosodic parse yields unknown items.  The children’s comparative 

inexperience will make them more apt to follow the prosodic parse, since prosody is the 

main clue they have for finding new words.  If the prosodic bootstrapping hypothesis is 

taken as true, prosody is the child’s primary route to language knowledge and, thus, not 

something to be ignored. 

4.6.3. Effect of Age 
Finally, as the children mature, they will switch from a more prosodically based 

approach to one more lexically based.  This switch, if it occurs, will be due to the child’s 

increased world knowledge and the increase in the size of the child’s lexicon.  Also, the 

lexical parse will become more accessible as the children get better at searching their 

lexicons. The younger children will thus be more apt to follow the prosody, while the 

older children will base their responses on lexical knowledge. 

4.6.4. Summary of Prediction’s for the Children’s Responses 
A three-way interaction between the factors of Age, Prosody, and Lexical Type is 

predicted in the children’s results.  The youngest children should be able to base their 

responses on Prosody.  However, they may not be able to make use of the lexical content 

since their lexical knowledge is more limited, even though they are familiar with the 

words used in the study.  As the children mature, they should make increasing use of their 
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lexical knowledge, creating an interaction between the factors of Age and Lexical Type.  

Further, as children get older, they are likely to rely less heavily on prosody, creating an 

interaction between the factors of Age and Prosody.  For the older children, the same 

interaction between Prosody and Lexical Type as was present for the adults is expected.  

If this is the case, then Prosody will only be used when the lexical content is ambiguous 

or absent.  The three-way interaction is thus caused by Prosody becoming important in 

fewer Lexical Types.  As the children mature the Lexical Types themselves become more 

distinct.  Table 4.2 provides a summary of these predictions. 

Table 4.2:  Predictions for Each Factor in Experiment 2 

Lexical Type Younger Children Older Children 

Ambiguous (fruit~salad) Use prosody to disambiguate 

Nonsense (foon~gemp) Use prosody to decide 

Compound Bias (cac~tus) 

List Bias (nail~key) 

Use prosody to decide Greater attention to 
lexical content, but not 

adult-like. 

 

4.7. Results 
Only response results were collected in Experiment 2, not reaction time results.24  

The results section is divided into a number of sub-sections.  Section 4.7.1 describes the 

results from the three factor ANOVA (Prosody by Lexical Type by Age).  Section 4.7.2 

                                                
24 This was intentional since RT results for children can be inconsistent (Cutler & 
Swinney, 1987).  Also, how the children responded varied somewhat.  Some responded 
by pointing to the image that best matched what they heard (as they were directed to) and 
others responded by saying the letter of the image that best matched what they heard.  
Also, the children were allowed to hear the item more than once.  This was done when 
the child was not paying attention the first time was resented or at the child’s request. 
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details the two-way interactions.  Finally, Section 4.7.3 explains a second possible 

analysis of the results. 

4.7.1. Three factor ANOVA: Prosody by Lexical Type by Age 
A three factor mixed design ANOVA was run with Prosody (2 levels) and with 

Lexical Type (4 levels) as within-subject factors and with Age (3-, 4-, 5-, 6- year-olds) as 

a between-subjects factor.  The dependent measure was percent two-item response.  All 

three main effects were significant, both by subjects and by items:  Prosody (F1(1,41)= 

137.857, p<.001; F2(1,44)=84.731, p<.001), Lexical Type (F1(3,123)=  145.388, p<.001; 

F2(3,44)=31.931, p<.001) and Age (F1(3,41)= 5.978, p<.01; F2(3,132)=12.256, p<.001).  

Two of the three two-way interactions were also significant, both by subjects and by 

items:  Prosody by Age (F1(3,41)=7.534, p<.001; F2(3,132)=11.114, p<001) and Lexical 

Type by Age (F1(9,123)=7.959, p<.001; F2(9,132)=8.995, p<.001).  The third two-way 

interaction, Prosody by Lexical Type, was not significant, either by subjects or by items 

(F1(3,123)= 1.879, p>.05; F2(3,44)=.583, p>.05).  The three-way interaction was 

significant by subjects (F1(9,123)=2.647, p <.01), but only approached significance by 

items (F2(9,132)=1.916, p=.055). 25 

                                                
25 When the data was examined using percent three-item response, there was a significant 
three-way interaction both by subjects and by items.  For the children’s results, the data 
was examined using both percent two-item and percent three-item response as dependent 
measures.  This is due to the children choosing the distractor item more frequently than 
the adults did, making the percent two-item and percent three-item results less likely to 
be (near) inverses of each other than they were for adults.  All of the percent three-item 
results are given in Appendix I.  Any differences between the findings based on using 
percent two-item or percent three-item response as the dependent measure will be 
discussed. 
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4.7.2. Two-way ANOVAs 
Due to the significant three-way interaction in the by subjects analysis and the 

nearly significant three-way interaction in the by items analysis, the data was divided by 

Lexical Type so that each of the two-way interactions between Prosody and Age could be 

investigated.  This allows for an analysis of the possible simple effect of age, which is the 

factor of most interest to the general thesis presented here – that children and adults 

process language in the same manner, only children do so slower than adults and improve 

in their speed with age.  A second division of the data, this time by age, was also 

conducted and will be discussed briefly.  This second division allows for a direct 

comparison with the adult data.  In this case, dividing the three factor design in two 

different ways for separate tests provides useful information for testing the hypotheses. 

4.7.2.1. Prosody by Age – Compound Bias (cac~tus) Items  
A two factor mixed design ANOVA was run with Prosody (2 levels) as a within-

subjects factor and Age (3, 4, 5, 6 years old) as a between-subjects factor, using only the 

Compound Bias (cac~tus) items.  Percent two-item response was used as the dependent 

measure.  Both of the main effects were significant, both by subjects and by items:  

Prosody (F1(1,41)=57.528, p<.001; F2(1,11)=12.516, p<.01), and Age (F1(3,41)=12.781, 

p<.001; F2(3,33)=16.238, p<.001).  The participants made some consistent use of 

Prosody in all age groups (the darker bars, which match the Compound Prosody parse, 

are higher than the lighter bars, which match the List Prosody parse).  However, the 

effect of Prosody diminished as the children got older.  There were more percent two-

item responses for both types of prosody by the six-year-olds than by the other age group.  
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The two-way interaction was not significant either by subjects or by items 

(F1(3,41)=.781, p>.05; F2(3,33)=.536, p>.05).  Figure 4.3 shows the results for this level. 

The adult responses are included for comparison, though their responses were not used in 

the ANOVA reported here. 

 
Figure 4.3: Percent two-item response for Compound Bias (cac~tus) items.  
 

There was a significant main effect of Prosody for these items (cac~tus was 

parsed as cactus when it was said with Compound Prosody, and /kæk/, /tʌs/ when it was 

said with List Prosody).  This contrasts with the adult results, where Prosody played no 

role (cac~tus was parsed as cactus regardless of Prosody).  The presence of an effect of 
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Prosody for children of all ages shows that children are not adult-like in their responses to 

the Compound Bias (cac~tus) items.  Rather, as predicted, the children make greater use 

of the prosodic content and ignore the lexical content. 

There was also a significant main effect of Age.  Based on the lexical meaning of 

the items, the Compound Bias (cac~tus) items should have the highest percent two-item 

response for any Lexical Type.  This was true for adults.  The main effect of Age can be 

seen in the increase in the percent two-item response, independent of Prosody (both bars 

are higher overall for the six-year-olds than for the younger children).  Even though the 

prosodic effect does not disappear in the results for the older children, they do give 

responses more in-line with a lexical (adult-style) parse as they mature.  The lack of an 

interaction for this Lexical Type suggests that the oldest children are acting both like 

children and adults.  They continue to make consistent use of the prosodic content, as do 

the younger children, but they also make consistent use of their own lexical knowledge.  

The six-year-olds appear to be trying to use both the prosody based strategy of the 

younger children and the lexical-based strategy of the adults. 

The most interesting result in this level was the large effect of prosody seen in the 

five-year-olds compared to the much smaller effect seen in the six-year-olds.  A post-hoc 

between subjects ANOVA testing Age (2 levels) and Prosody (2 levels) with the five- 

and six-year-olds reveals that there was a significant main effect of Age 

(F1(1,21)=15.322, p<.005; F2(1,11)=12.531, p<.01), and a significant main effect of 

Prosody (F1(1,21) =31.484, p<.001; F2(1,11)=8.718, p<.05), but not a significant 
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interaction.  The lack of an interaction suggests that the six-year-olds are changing their 

strategy, but have not moved that far away from the strategy of the younger children. 

It appears, based on Figure 4.3, as though the children are changing their parsing 

strategy between the ages of five and six.  From ages three to five years old, the children 

are becoming increasingly proficient users of prosody (and increasingly proficient users 

of the lexical content, but to a lesser degree), but at age six years old the children seem to 

be shifting to a less prosody based parse for those items that have strong lexical meaning.  

The shift is not complete, since prosody still plays a role in their responses. 

4.7.2.2. Prosody by Age – List Bias (nail~key) Items 
The same two factor design as above (Prosody by Age, with percent two-item 

response as the dependent variable) was run with only the List Bias (nail~key) items.  

Both of the main effects were significant by subjects and by items:  Prosody 

(F1(1,41)=57.528, p<.001; F2(1,11)=12.516, p<.01) and Age (F1(3,41)=12.781, p<.001; 

F2(3,33)=16.238, p<.001).  The participants made some consistent use of prosody in all 

age groups (the darker bars which match the Compound Prosody parse are higher than 

the lighter bars which match the List Prosody parse).  The older children had fewer two-

item responses than the younger children (shorter bars overall), showing the increased 

effect of the lexical content (the lexical parse of these items would be a three-item 

response).  As with the Compound Bias (cac~tus) items, there was not a significant 

interaction either by subjects or by items (F1(3,41)=2.789, p=.053; F2(3,33)=2.421, 



  153 

p>.05).26  Figure 4.4 shows the results for this analysis.  Again, the adult responses are 

included for comparison. 

 

Figure 4.4: Percent two-item response for List Bias (nail~key) items.  
 

There was a significant main effect of Prosody, which can be seen in the 

consistently higher percent two-item responses for the utterances said with Compound 

                                                
26 This interaction was significant when percent three-item response was used as the 
dependent measure (F1(3,41)=5.022, p<.01; F2(3,33)=5.025, p<.01).  This may be 
because the lexical parse of these items is the three-item response.  Using percent three-
item response for the List Bias (nail~key) is, thus, equivalent to using percent two-item 
response for the Compound Bias (cac~tus) items, in that, in both cases the response that 
matches the lexical parse is used as the dependent measure. 
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Prosody (the darker bars).  There is also a significant main effect of Age, which is tied to 

the children having increasingly lower overall percent two-item responses (fewer 

compound readings and more list readings) as they mature.  In this case, the lower the 

percent two-item response, the more closely the participants are following the lexical 

content.  This means that the participants reject nailkey as a possible word, despite what 

the prosody is indicating.  Instead, they parse the utterance as containing the two known 

words nail and key.   

A post-hoc comparison between the five- and six-year-olds was run testing the 

Age (2 levels) and Prosody (2 levels).  The main effect of Prosody was significant 

(F1(1,21)=47.998, p<.001; F2(1,11)=37.196, p<.001).  The main effect of Age was 

significant by subjects (F1(1,21)=5.499, p<.05), but not by items (F2(1,11)=3.836, 

p>.05).  This suggests that, for the List Bias (nail~key) items, the six-year-olds, are 

sticking closer to the prosody based strategy of the younger children.  This echoes the 

pattern seen for the six-year-olds with the Compound Bias (cac~tus) items in many 

respects.  The adults had a significant effect of prosody for this level by items but not by 

subjects, showing that prosody remains a small factor for adults.  This continuing effect 

of prosody for these items is likely related to the compounding rules of English as 

discussed in Chapter 3. 

4.7.2.3. Prosody by Age – Ambiguous (fruit~salad) Items  
The same two factor design as above (Prosody by Age, with percent two-item 

response as the dependent variable) was run with only the Ambiguous (fruit~salad) 

items.  Both of the main effects were significant by subjects and by items:  Prosody 
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(F1(1,41)=72.119, p<.001; F2(1,11)=19.088, p<.005) and Age (F1(3,41)=5.311, p<.005; 

F2(3,33)=6.308, p<.005).27  There were more two-item responses to the Compound 

Prosody items than to the List Prosody items (the darker bars which show the responses 

to the Compound Prosody items are consistently higher than the lighter bars which show 

the responses to the List prosody items).  Unlike in the previous two levels where the 

effect of prosody appeared to diminish for the older children, the children were more 

consistent their use of Prosody as they got older.  For the first time, there was a 

significant interaction, both by subjects and by items (F1(3,41)=3.488, p<.05; 

F2(3,33)=3.033, p<.05).28  Figure 4.5 shows these results with the adults responses 

included for comparison. 

                                                
27 The main effect of Age was not significant when percent three-item response was used 
as the dependent measure (F1(3,41)=2.481, p>.05; F2(3,33)=2.691, p>.05). 
28 This interaction was not significant when percent three-item response was used as the 
dependent measure (F1(3,41)=1.241, p>.05; F2(3,33)=1.465, p>.05).   
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Figure 4.5: Percent two-item response for Ambiguous (fruit~salad) items.  
 

A paired samples two-tailed t-test was run to test for the simple effect of prosody 

for each age group.  There was a significant simple effect of Prosody, by subjects and by 

items, for both the five- and six-year-olds:  five-year-olds (t(10)=5.573, p<.001; 

t(11)=4.215, p<.005), six-year-olds (t(11)=8.373, p<.001; t(11)=4.244, p<.005).  There 

was a significant simple effect of Prosody by subjects (t(10)=2.753, p<.05), but not by 

items (t(11)=2.190, p=.051), for the four-year-olds, and no significant simple effect of 

Prosody for the three-year-olds.  It appears as though the youngest children are sensitive 

to the prosodic content (darker bars which show the responses to the Compound Prosody 
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items are higher than the lighter bars which show the responses to the List Prosody 

items).  Yet, they are at the same time, more or less unable to resolve the lexical 

ambiguity based on the fact that responses to both types of prosody hovered around 50 

percent.  The older children showed an increased ability to resolve the lexical ambiguity 

based on the prosody of the utterance (the gap between the darker and lighter bars grow 

steadily larger with Age). 

4.7.2.4. Prosody by Age – Nonsense (foon~gemp) Items 
The same two factor design as above (Prosody by Age, with percent two-item 

response as the dependent variable) was run with only the Nonsense (foon~gemp) items.  

There was a significant main effect of Prosody by subjects and by items 

(F1(1,41)=48.724, p<.001; F2(1,11)=46.126, p<.001).  There were more two-item 

responses to the Compound Prosody items than to the List Prosody items (the darker bars 

which show the responses to the Compound Prosody items are consistently higher than 

the lighter bars which show the responses to the List prosody items).  There was not a 

significant main effect of Age (F1(3,41)=1.701, p>.05; F2(3,33)=2.360, p>.05).  There 

was a significant interaction, both by subjects and by items (F1(3,41)=7.551, p<.001; 

F2(3,33)=8.911, p<.001).  This is the only Lexical Type with a significant interaction 

between the factors of Prosody and Age for both of the possible dependent measures 

(percent two-item response, and percent three-item response).  Figure 4.6 shows these 

results with the adult responses included for comparison. 
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Figure 4.6: Percent two-item response for Nonsense (foon~gemp) items.  
 

There was a significant simple effect of Prosody by subjects and by items for both 

the five- and six-year-olds:  five-year-olds (t(10)=4.658, p<.005; t(11)=4.000, p<.005), 

six-year-olds (t(11)=6.680, p<.001; t(11)=8.623, p<.001).  There were no significant 

simple effects for prosody for either the three- or four-year-olds.  An examination of the 

graph of the Nonsense (foon~gemp) results shows that the children become more 

sensitive to the prosodic content of the utterance as they get older.  This increased 

sensitivity is seen as an increase in the difference between the heights of the Compound 

Prosody and List Prosody bars on the graph.  This is similar to the Ambiguous 
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(fruit~salad) results and may reflect an increased ability to interpret confusing (or 

missing) lexical input. 

In the Nonsense (foon~gemp) items, the only information available to the 

participants was the prosodic content.  The youngest children appeared to be unable to 

make use of this content (there was not a significant effect of prosody), which goes 

against the prediction that they would be the most productive users of prosodic 

information.  However, it is consistent with their performance on the other Lexical Types. 

The significant interaction seen between Prosody and Age for the Nonsense (foon~gemp) 

items is the results of the lack of effect of prosody in the younger children and the 

dramatic effect of prosody seen in the older children.   

4.7.2.5. Summary of Prosody by Age Interaction 
The results of the analysis of the interaction between Prosody and Age can be 

used to create a hierarchy for the Lexical Types based on how susceptible to prosodic 

influence the items are in each level.  The Nonsense (foon~gemp) items had a significant 

interaction between Age and Prosody (both by subjects and by items).  Both the List Bias 

(nail~key) and the Ambiguous (fruit~salad) items had a significant interaction between 

Age and Prosody for either the by subjects results or the by items results, but not for both.  

Finally, the Compound Bias (cac~tus) items had no significant interaction between Age 

and Prosody.  All of these findings suggest that the effects of Prosody and Age differ 

most greatly for those items where the prosody is the most useful.  Prosody is the most 

important source of information for the Nonsense (foon~gemp) items, since prosody is 

the only information present in the signal.  Age also influences these items, with the 
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children making dramatically better use of the information present (as they mature).  In 

contrast, the Compound Bias (cac~tus) items appear to be the least affected by Prosody, 

making Age the primary influencing factor for that Lexical Type.  

For all of the Lexical Types there is a consistent effect of Prosody.  This differs 

from the adult results, which did not show an effect of Prosody for the Compound Bias 

(cac~tus) items, and showed only a marginal effect of Prosody for the List Bias 

(nail~key) items.  This robust Prosody effect for the children suggests that they are using 

the prosodic content as the primary indicator of word boundaries, regardless of the lexical 

content.  However, the lexical content does play a role in their responses.  This can be 

seen in Figure 4.7.  This figure shows the difference in the percent two-item responses for 

the items said with Compound Prosody and the items said with List Prosody.  For 

example, for the Nonsense (foon~gemp) items, the three-year-olds had a 42 percent two-

item response to the Compound Prosody items and a 35 percent two-item response to the 

List Prosody items.  The difference between these means is seven percent, which 

indicates that there was not a strong effect of prosody for these items.  If the participants 

were basing their responses solely on the prosodic content, the difference in these means 

would be 100 percent (due to a 100 percent two-response to the Compound Prosody 

items and a 0 percent two-item response to the List Prosody items).  If the participants 

responded randomly or without attention to the prosody of the utterance, there would be 

no expected difference in the responses.  (See Section 3.6 for a complete discussion of 

predicted outcomes.)  



  161 

 
Figure 4.7: Difference in mean percent two-item responses to Compound and List 
Prosody items.  The higher the bars, the larger the effect of Prosody. 
 

Beginning with the effect of age, several observations can be made (The youngest 

participants have the lightest bars in the graph, the darker the bar the older the 

participant).  The first is that the use of Prosody by the three- and four-year-olds (the first 

two bars in each set) is opposite that of the other groups.  The three-and four-year-olds 

showed a more consistent use of Prosody (higher bars) in the Compound Bias (cac~tus) 

items than in the Nonsense (foon~gemp) items.  This is odd in light of the prediction that 

these age groups should be the most prosodically oriented and should be the most used to 

being exposed to unknown words.  Perhaps the combination of the novel animals and 

non-words made the task too difficult or too distracting for the younger children.  The use 

of Prosody by the five-year-olds does follow the predictions.  They use Prosody well and 
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are willing to accept the novel words (such as /kæk /), showing an ability to ignore the 

lexical content. 

A second observation about the effect of age is that the five-year-olds used 

Prosody to the same degree regardless of the Lexical Type, in contrast to all of the other 

groups (the difference between their means for the Compound Prosody items and List 

Prosody items is approximately 33 percent for each Lexical Type).  This is not to say that 

the five-year-olds completely disregard the lexical content, as the responses do trend up 

and down in the same way for this age group as for the other ages.  The observation is 

that five-year-olds seem to be using a strategy that places a consistently high degree of 

importance on the prosodic content.  This contrasts with the six-year-olds and the adults, 

both of whom placed varying degrees of importance on the prosodic content, depending 

on the lexical content.  The implications of these observations for a model of spoken 

word recognition will be discussed in Chapter 6. 

Continuing with the effect of Lexical Type, the Compound Bias (cac~tus) items 

show a larger Prosody effect than the List Bias (nail~key) items for the three-, four-, and 

five-year-olds.  But, the List Bias (nail~key) items shows a greater Prosody effect for the 

six-year-olds and the adults.  The List Bias (nail~key) items, when said with Compound 

Prosody, created novel compounds (i.e. nailkey), while the Compound Bias (cac~tus) 

items, when said with List Prosody, created non-words (i.e. /kæk/ or /tʌs/).  The 

difference between non-words and novel compounds may be what is driving the observed 

difference.  For the six-year-olds, and to a lesser degree for the adults, the novel 

compounds created by attending to the conflicting prosodic content in the List Bias 
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(nail~key) items were more acceptable than the non-words created by attending to the 

conflicting prosodic content in the Compound Bias (cac~tus) items.  This means that a 

nailkey was a more acceptable non-word than a /kæk/.  For this, it would appear as 

though in adult day-to-day life, novel compounds are more likely to be encountered than 

non-words.  While, in contrast, in the day-to-day life of a three- to five-year-olds, the 

non-words are more likely to be encountered.  This observation will be discussed further 

in Chapter 6. 

4.7.3. Prosody by Lexical Type 
The next portion of this chapter discusses a second division of the data.  The 

overall three factor ANOVA had a significant interaction (by subjects and nearly so by 

items (p=.055)) between all three factors (Age, Prosody and Lexical Type).  As discussed 

above, the result was treated as significant in order not to ignore the potentially important 

interaction29.  To understand this interaction, the data needs to be investigated in a series 

of two factor ANOVAs where the interaction between the levels can be seen more 

clearly.  In Section 4.7.2, the data was divided based on the Lexical Type of the items, 

and a series of two factor ANOVAs focusing on the Prosody and Age interaction was 

performed.  In this section, a second possible division of the data is discussed briefly.  

Here, the data was divided based on the age of the participants.  This makes it possible to 

investigate the two-way interaction of Prosody by Lexical Type, which is the same 

interaction that was tested in the adult results.  Thus, with this analysis, one can 

                                                
29 This decision is supported by Raaijmakers et al. (1999).  They suggest that when the 
items used come close to exhausting the word space only F1 should be used.  See Section 
3.3.2.2.3 for discussion.  
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determine whether each age group shows a similar interaction to that of the adults.  As 

with the Prosody and Age interaction discussed above, the results are reported for both 

percent two-item and percent three-item response when there is a difference between 

these two analyses.  Graphs for these analyses are given in Appendix P. 

4.7.3.1. Three- and Four-Year-Olds – Prosody by Lexical Type 
The three-year-olds and four-year-olds will be discussed together because their 

results are extremely similar.  A two factor within-subjects ANOVA was performed with 

Prosody (2 levels) and Lexical Type (4 levels) as independent factors for each of these 

age groups.  For both of the age groups, the main effects were significant by subjects and 

by items:  Three-year-olds; Prosody (F1(1,10) = 14.990, p<.005; F2(1,44) = 8.204, 

p<.01) and Lexical Type (F1(3,30) = 6.143, p<.005; F2(3,44) = 5.749, p<.005), and four-

year-olds; Prosody (F1(1,10)=26.917, p<.001; F2(1,44)=21.161, p<.001) and Lexical 

Type (F1(3,30)=11.134, p <.001; F2(3,44)=15.045, p<.001).   

There were more two-item responses to the Compound Prosody items than to the 

List Prosody items, independent of Lexical Type.  In general, there were more two-item 

responses to the Compound Bias (cac~tus) and the Ambiguous (fruit~salad) items, and 

fewer two-item responses to the List Bias (nail~key) and the Nonsense (foon~gemp) 

items, just as seen in the adult results.  There was not a significant interaction between 

Prosody and Lexical Type by subjects or by items for the three-year-olds (F1(3,30) = 

1.505, p>.05; F2(3,44) = .132, p>.05) or the four-year-olds (F1(3,30)=2.273, p>.05; 

F2(3,44)=.249, p>.05).   
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These results show a consistent main effect of both Prosody and Lexical Type for 

both the three- and four-year-olds.  The lack of an interaction suggests that these children 

do not notice the ambiguity induced by the conflicting lexical and prosodic meanings of 

the Compound (cac~tus) and List Bias (nail~key) items (cactus said as /kæk/, /tʌs/ or 

nail, key said as nailkey).  If they had understood this ambiguity, they would have 

responded differently with respect to Prosody for these levels as the older children and 

the adults did.  Instead, they show a moderate effect of Prosody regardless of the Lexical 

Type.  However, they must be sensitive to the different Lexical Types to some degree, 

since they do give fewer percent two-item responses for the List Bias (nail~key) items 

than for the Compound Bias (cac~tus) items.   

The children seem to know that some of the Compound Bias (cac~tus) items said 

with List Prosody (/kæk/, /tʌs/) are just odd pronunciations of two-syllable words, and so 

have more responses to these items that match the lexical parse (cactus).  Similarly, they 

seem to know that the List Bias (nail~key) items said with Compound Prosody (nailkey) 

can also be understood as two words (nail and key).  But this knowledge does not change 

the fact that for the majority of their responses, the prosodic and not the lexical content is 

the deciding factor.  The mean responses for the three-year-olds do show a consistent 

effect of Prosody, but vary much less with respect to Lexical Type than the other age 

groups.  This is despite parents' reports that the three year-olds knew all or most all of the 

words and may indicate different lexical representation or parsing strategies for this age 

group. 
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4.7.3.2. Five-Year-Olds – Prosody by Lexical Type 
The same two factor design as above (Prosody by Lexical Type) was run with the 

five-year-olds.  Both of the main effects were significant by subjects and by items: 

Prosody; (F1(1,10)=115.435, p<.001; F2(1,44)=57.452, p<.001, and Lexical Type; 

(F1(3,30)=25.018, p<.001; F2(3,44)=18.687, p<.001.  There was a significant interaction 

between Prosody and Lexical Type, by subjects (F1(3,30) = 7.735, p<.005) but not by 

items (F2(3,44) = .331, p>.05) for the percent two-item responses.  The interaction was 

significant, both by subjects and by items for the percent three-item responses (F1(3,30) 

= 6.665, p<.005; F2(3,44) = 3.594, p<.05).  This suggests that the interaction is a real, but 

fairly small, one.  The effect of prosody was smaller for the Compound Bias (cac~tus) 

and the List Bias (nail~key) items than it was for the Ambiguous (fruit~salad) and the 

Nonsense (foon~gemp) items.  However, there was a consistent effect of Prosody for all 

four Lexical Types. 

4.7.3.3. Six-year-olds – Prosody by Lexical Type 
The same two factor design as above (Prosody by Lexical Type) was run with the 

six-year-olds.  Both of the main effects were significant by subjects and by items:  

Prosody (F1(1,10)=213.382, p<.001; F2(1,44)=107.118, p<.001) Lexical Type 

(F1(3,30)=44.342, p<.001; F2(3,44)=65.060, p<.001).  In this case, there was a 

significant interaction between Prosody and Lexical Type, both by subjects and by items 

(F1(3,30) = 24.862, p<.001; F2(3,44) = 6.236, p<.005).  Once again, the effect of 

Prosody was smaller in the Compound Bias (cac~tus) and the List Bias (nail~key) items 

than it was in the Ambiguous (fruit~salad) and the Nonsense (foon~gemp) items.  These 
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results were remarkably similar to the adult findings, though the children did not reach 

ceiling in their responses as did the adults.   

To clarify the relationship between the adult results (Experiment 1) and the results 

for the six-year-olds (in Experiment 2), a second three factor ANOVA was run.  In this 

case, the factor of Age had only two levels (adults and six-year-olds.)  Once again, there 

was a significant three-way interaction between Age, Prosody and Lexical Type, 

indicating that the six-year-olds did not behave the same as the adults.  For the Nonsense 

(foon~gemp) items, there was not a significant difference between the adults and the six-

year-olds.  In contrast, there was a significant difference between the groups for all of the 

other Lexical Types.  The specific results for this ANOVA are given in Appendix J. 

4.7.3.4. Summary of Results for Prosody by Lexical Type 
Interaction 

The three- and the four-year-olds behave identically for this division of the data, 

with neither group showing a significant interaction between the factors, though both 

groups do show significant main effects of Prosody and Lexical Type.  The continuing 

main effect of Lexical Type for these age groups shows that all of the children were 

aware of and sensitive to differences in the lexical content, even if this awareness did not 

appear in such a manner so as to cause an interaction between levels until the children 

were older.  The five-and the six-year-olds behave similarly to each other as well.  Both 

showed a significant interaction between Prosody and Lexical Type, as did the adults. 

Table 4.3 gives a summary of the findings presented in this chapter. 
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Table 4.3:  Summary of the Children’s Results in Experiment 2 

Age Prosody Lexical Type 

Three-year-olds 

& 
Four-year-olds 

No significant simple effects, 
significant main effect 

Significant 
main effect 

Five-year-olds Significant simple effect for 
Ambiguous (fruit~salad) and 
Nonsense (foon~gemp) items 

Significant 
main effect 

Six-year-olds Significant simple effect for 
Ambiguous (fruit~salad) and 
Nonsense (foon~gemp) items 

Significant 
main effect 

 

4.8. Summary of Children’s Results 
As already discussed, there was a significant interaction between the three factors 

of Age, Lexical Type and Prosody.  The main effect of Age appears to be linked to more 

consistent choices as the children mature.  While the children show awareness of the 

lexical and the prosodic content at age three, they do not appear to make good use of this 

awareness until age five.  Surprisingly, by age six the children are behaving in a near 

adult-like manner on the Nonsense (foon~gemp) items, showing how quickly they 

mature. 

The main effect of Prosody can be seen in the consistent use of prosody by 

children of all ages.  Even the youngest children, who in general respond at close to 

chance (approximately 33% two-item responses), appear to be basing their responses on 

the prosodic content of the utterances.  The five-year-olds are the most consistent users of 

Prosody.  The six-year-olds begin to make less use of Prosody in favor of the lexical 
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content for the Compound Bias (cac~tus) and the List Bias (nail~key) items, similar to 

the adults. 

The main effect of Lexical Type, similar to the main effect of Prosody, is present 

for all ages, and the strength of the effect increases as the children age.  Generally 

speaking, the Compound Bias (cac~tus) items are more likely to be interpreted as 

compounds than as lists, and the List Bias (nail~key) items are more likely to be 

interpreted as lists than as compounds.  The Ambiguous (fruit~salad) items are fairly 

balanced in their interpretations as either lists or compounds, depending on Prosody, 

though there does appear to be a slight bias in favor of a compound interpretation of these 

items.  All of this indicates that lexical meaning is accessed and utilized during 

processing by all of the participants, regardless of the age, but the older participants are 

more efficient in their use of this information. 

The theory presented here is that adults and children have access to both the 

lexical and prosodic parses of the items, but children use the prosodic parse as their 

default and the adults use the lexical parse as their default.  For the adults, the presence of 

a choice being made between two possible parses is shown in the slow reaction times 

(They respond more slowly when the prosodic parse and lexical parse do not match, and 

when the lexical content itself is ambiguous.).   

For the children this choice can be seen, anecdotally, in hand movements.  

Starting at around age five years old, many children will start to point at the prosodic 

parse and then switch to the lexical parse for their final decision.  This happened most 

often when a List Bias (nail~key) item was said with Compound Prosody, for example 
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the phrase, “I saw a nailkey and bus at the park.”  When the children were presented with 

this type of item, they would begin to point to the two-item picture, the one that matched 

the prosodic parse, and then change their minds before completing the pointing motion.  

These children would then switch and point to the three-item picture, the one that 

matched the lexical parse.  Frequently, this switch was accompanied by a glare on the 

part of the child directed at the experimenter.  A few children asked, “What’s a nailkey?”, 

while others exclaimed, “You’re tricking me.”   

These comments, and the visible change in the direction of the child’s arm as they 

went to point to the screen, imply that the children were aware of both parses and were 

choosing between them.  The glares and comments about being tricked imply that the 

children believed the lexical parse to be the correct answer and the prosodic parse to be a 

false lead.  The children who do this can often be seen saying the items to themselves 

and/or are even heard saying the reparsed lexical word out loud.  This reparsing is either 

not possible for the younger children to do or too time consuming for them to complete.  

This fits well with the adult behavior, and so should be kept in mind when the parsing 

model is discussed in Chapter 6.30 

4.9. Discussion of Experiments 1, 2, and 3 
One clear result from Experiments 1 and 2 is the strong effect of Lexical Type 

seen in the adult’s responses as compared to the less dramatic effect of Lexical Type seen 

in the children’s responses.  There are a number of possible reasons for this difference 

                                                
30 Currently, there is no data regarding the number of times this happened, though a future 
analysis could be performed to investigate this behavior.  It did happen frequently enough 
for both the experimenter and the observer to remark on it and take note. 
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between adults and children.  The proposal given above is that the difference is due to the 

difference in the real world experience of the children and the adults.  Children know 

fewer words and are more frequently encountering new words in their daily lives.  These 

two facts combine to encourage the children to give more attention to the prosodic 

content of an utterance when the lexical content is unclear (since they have been using 

Prosody since birth to learn language).  The opposite situation holds for the adults.  

Adults know most of the nouns in their language and rarely encounter new words in their 

daily lives.  This encourages the adults to trust in their lexical knowledge and give it 

more attention than the prosodic content.   

A second possible reason for the difference in the responses of the adults and the 

children is explored in Experiment 3.  This is the possible influence of the images used in 

the first two experiments on the participants’ responses.  The first two experiments used 

picture matching to test the participants’ comprehension of the lexical and the prosodic 

content of an utterance.  This required the participants to recognize and be able to name 

the pictures presented.  Though the images were pilot-tested to ensure that they were 

familiar to, and nameable by, both children and adults, it is possible that the additional 

step of recognizing the pictures acted as a confound in the results.   

It may have been more difficult for the children to integrate the information added 

by the picture than it was for the adults to do so.  This would be in line with some of the 

results reported in Chapter 2.  Beach et al. (1996) claimed that children could understand 

multiple sources of input, but struggled to integrate them.  If this were the case here, then 

the adults would have had, in effect, access to more information than the children (since 
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they had faster access to the visual input).  For the adults, the representational images of 

the lexical items acted to bias their results toward a lexical interpretation.  For the 

children, who had more limited access to the meaning of the visual images, they were 

used only when the lexical bias was not as large. 

A third possible reason for the difference between the children’s and the adult’s 

responses relates to the use of fast-mapping by both groups.  Experiment 2 was based, in 

part, on the idea that children are good at, and prone to, fast-mapping.  For the Compound 

Bias (cac~tus) items said with List Prosody (cactus said as /kæk/, /tʌs/) and for the List 

Bias (nail~key) items said with Compound Prosody (nail, key said as nailkey), the 

hypothesis was that the children would hear the new word(s) and map them to the 

unfamiliar items on the screen.31  Experiment 1 was designed to act as point of reference 

for the children’s results, with the assumption that adults would also be willing and able 

to fast-map.  The children’s results show that the children were capable fast-mappers.  

They were more likely to accept the pairing of a novel word with a novel image than the 

adults.  In contrast, the adults showed a strong tendency to choose the image set that 

matched the lexical content regardless of the prosody with which the targets were said.  

This may reflect an unwillingness to fast-map. 

Chapter 5 gives the methods and results for a third experiment (Experiment 3), 

which examined the effect of using abstract shapes rather than representational images 

                                                
31 This task may have been more difficult for the Compound Bias (cac~tus) items than for 
the List Bias (nail~key) items since the prosodic parse of the Compound Bias (cac~tus) 
items (/kæk/, /tʌs/) results in two new words and the prosodic parse of the List Bias 
(nail~key) items (nailkey) results in only one new word.  
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during the test.  Experiment 3 was conducted only with adults, since they showed a 

greater tendency to respond based on the lexical content.  The use of abstract images also 

resolves the issue of whether or not the adults were willing to fast-map.  Thus, if the 

change from representational images to abstract images is going to have an effect, it is 

more likely to appear with adults.  The final chapter (6) will provide a comparison of the 

results presented here with previous findings in the literature.  It will also propose a 

modified model of spoken word recognition that accounts for the behavior of both adults 

and children presented here. 
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Chapter 5: Experiment 3 

5.1. Introduction 
Chapters 3 and 4 discussed the primary experiments conducted for this 

dissertation.  The first two experiments were designed to investigate the differing roles of 

the lexical and the prosodic meaning of an utterance for adults and children.  These 

experiments utilized the fact that, in a given utterance, the prosodic content could be 

made either to support the lexical content or to conflict with it.  An example of a 

supportive prosodic content would be a phrase such as, “I saw a nail, key, and bus at the 

park,” said with List Prosody.  Said this way, the phrase contains three objects:  a nail, a 

key, and a bus.  When this same phrase is said with Compound Prosody, the two words 

(nail and key) are made into the novel compound word nailkey, so the phrase now 

contains only two objects:  a nailkey and a bus.  This creates a conflict between the 

lexical parse and the prosodic parse.  It was found that adults tend to use the lexical 

content of the utterance to decide the meaning of the utterance, only falling back on the 

prosodic content when the lexical content is ambiguous or absent.  In contrast, younger 

children make more use of the prosodic content. 

In Experiment 3, a potential confound in the first two experiments is explored.  As 

discussed in Chapter 4, the use of representational images in the first two experiments 

may have biased the adults towards a lexical parse of the utterance.  This is because, by 

design, on each screen there was a representational image of the lexical parse of the 

utterance.  There was also an image that matched the prosodic parse of the utterance if 

the two parses (lexical and prosodic) did not agree.  It was argued that the adults would 
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be likely to attend to and make use of the representative visual input than the children 

because adults are more adept at rapidly integrating multiple sources of input.  

Experiment 3 was designed to test the effect of the images themselves on the 

responses of the adult participants. There are two potential problems with the use of 

representational images in the first two experiments.  The first relates to the familiarity of 

the pictures and the second to the participant’s use of fast mapping. 

It is possible that, in Experiment 1, the participants had a bias toward choosing the 

image sets that contained only recognizable images, rather than the image sets that 

contained both familiar and unfamiliar objects.  For the List Bias (nail~key) and the 

Compound Bias (cac~tus) items, the image sets that contained only familiar objects were 

also the image sets that matched the lexical parse.  For example, consider the images sets 

presented with the utterance, “I saw a nail~key and bus at the park.”  One image set 

showed a picture of a park to act as a distractor.  Another image set showed a picture of a 

nail, a key, and a bus.  This set matches the lexical parse of the utterance and contained 

familiar items.  The final image set had a picture of a red pipe-thing and a bus.  This pipe-

thing was included as a potential match for the novel compound word nailkey (if the 

participants decided to map the novel word to the novel item) and was selected to be an 

unfamiliar and un-nameable object.  The participants may have been more willing to 

select the image set that contained the familiar objects, even if the prosodic content 

indicated that only two objects, one of which was unfamiliar, were present.   

This reasoning, on the part of the participant, is made more plausible by the fact 

that the known items can be found in the utterance if the prosody is ignored.  The 
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problem of choosing the image set with familiar pictures over the image set with 

prosodically indicated number of items was solved by using monochromatic shapes in 

Experiment 3.  Each shape could act as placeholder for one of the items indicated as 

being present, so if the participants are basing their responses on the prosodic item count, 

they can do so without worrying about selecting an image set with unfamiliar items.   

The second problem relates to mapping abilities and tendencies of the 

participants.  Chapters 2 and 3 included a discussion of the phenomenon of fast-mapping.  

This is the process whereby a novel word is paired with a novel object (Carey & Bartlett, 

1978).  The images of the unfamiliar objects were included in the image sets to allow for 

the possibility that participants may try to map the new words, created by the prosodic 

parse, to something.  If such mapping were to occur, then both the prosodic parse and the 

lexical parse would be supported by the visual content.  There is observational evidence 

that some of the children did this since they would ask the experimenter; “What’s a 

nailkey?” and then proceed to point to the unfamiliar object as the best match.  In 

contrast, the almost 100 percent lexically-based responses of the adults suggest that the 

adults did not attempt such mapping.   

The children were not tested on Experiment 3 because they showed a willingness 

to fast-map, and thus, for them, the visual content did not appear to have as strong of a 

biasing effect.  If the responses of the adults are the same in Experiment 3 as they were in 

Experiment 1, then the presence of unfamiliar images was not a factor in their responses, 

and the strong lexical bias shown by the adults is unrelated to the images used in the 
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experiment.  If the adults’ responses changed in Experiment 3, then the mix of unfamiliar 

and familiar images did influence their responses.  

This Chapter includes descriptions of the participants, the materials, the methods, 

the predictions, and the results of Experiment 3 (Sections 5.2-5.4).  The Chapter 

concludes with an explicit comparison of the results of Experiment 3 and of Experiment 1 

(Section 5.5). 

5.2. Methods – Experiment 3 

5.2.1. Participants – Experiment 3 
A total of 19 monolingual English-speaking adults participated in this experiment.  

They were recruited from undergraduate linguistics classes at the University of Arizona.  

Participants received course credit for taking part in the study.  Two students were 

excluded for being non-native English speakers, and three participants failed to complete 

the task, bringing the total number of participants who completed the experiment to 14.  

There were five men, six women, and three people who did not state their gender.  Their 

ages ranged from 18 to 44 years old.  

5.2.2. Materials – Experiment 3 
The vast majority of the materials for this experiment were the same as the 

materials used in Experiment 1 (cf. Section 3.3 for details about the items and the 

prosodic characteristics of the stimuli).  The same list orders, instructions and auditory 

stimuli were used in Experiment 3, as were used in Experiments 1 and 2.  The only 

difference in Experiment 3 was in the visual input.  In Experiment 3, varying images of 
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monochromatic geometric shapes (e.g., one, two, or three blue ovals; Figure 5.1) were 

substituted for the real world images used in Experiments 1 and 2.   

 
Figure 5.1:  Sample screen from Experiment 3 

 
All of the images for this experiment consisted of monochromatic shapes.  As 

shown, all of the shapes were approximately the same size.  The shapes ranged from 

common geometric shapes, such as squares and circles, to freeform objects.  The shapes 

were created using Adobe Photoshop™.  As in Experiments 1 and 2, on each screen there 

were three boxes:  one containing one shape, one containing two shapes, and one 

containing three shapes.  The same shape appeared in all of the boxes for a given screen.  

The location of the boxes was systematically varied.  The shapes were paired at random 

with the utterances.  In the course of the entire experiment, each shape-type was repeated 
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two or three times.  The same shape type never occurred more than once within a given 

lexical level.  Examples of all of the shapes used are given in Appendix K. 

5.2.3. Procedure – Experiment 3 
The same procedure was used for this experiment as for Experiment 1 (cf. Section 

3.4).  Participants were seated in a sound-attenuated booth with headphones and told to 

select the image that best fit what they heard.  Responses were collected with a button-

box.  No information was given about the nature of the images they would be seeing. 

After the experiment, participants were asked if they had any trouble, and there were no 

reports of confusion about the task.   

5.3. Predictions – Experiment 3 
There are two possible outcomes for this experiment.  Either the results will 

replicate what was found in the first experiment, or they will not.  If the results here 

replicate the results of Experiment 1, then the presence versus the absence of 

representational images would appear to be irrelevant in the experiment.  This may mean 

that the participants were ignoring the content of the images entirely and simply counting 

the number of items in each set in both experiments.  If, however, the results of 

Experiment 3 differ from those of Experiment 1, then it can be concluded that the type of 

image used in the task did affect the participants’ responses.  It is this second case that 

will be discussed below. 

A general prediction that can be made for all of the Lexical Types is that the use 

of geometric shapes rather than representational images will reduce the overall 

consistency of the responses.  Participants were not told what type of images they would 
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be shown, and it seems likely that the use of shapes as opposed to representational images 

will increase the difficulty of the task.  This may be seen in slower reaction times and/or 

in an increase in the number of times the distractor images was chosen.   

Specific predictions can also be made for each Lexical Type.  These predictions 

are based on how the change from the representational images to abstract images impacts 

each Lexical Type.  In Experiments 1 and 2, the participants could (except for the 

Nonsense (foon~gemp) items) directly match one of the image sets on the screen to the 

lexical parse of the phrase.  In every case, two image sets consisted of nameable items:  

one matched the lexical parse and one was the distractor.  The third image set, for the 

Compound Bias (cac~tus) and the List Bias (nail~key) items, consisted of both nameable 

and un-nameable items.  In Experiment 3, participants were instead required to abstract 

away from the literal meaning of the words, to the number of objects the words 

represented in order to complete the task.  While it is possible that the participants in 

Experiments 1 and 2 were abstracting as well, this seems unlikely since the visual 

information was available, and the participants would have no reason to ignore it.   

5.3.1. Nonsense (foon~gemp) and Ambiguous (fruit~salad) Items 
The results from Experiment 1 show that the adults based their responses on the 

prosody of the utterance for these Lexical Types.  Of all of the Lexical Types, the 

Nonsense (foon~gemp) items change the least from Experiments 1 (and 2) to Experiment 

3.  In all three cases, the participants are forced to respond to entirely unfamiliar words.  

In Experiments 1 and 2, they were matching the Nonsense (foon~gemp) words to hand-

drawn pictures of novel animals.  In Experiment 3, they are matching the Nonsense 
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(foon~gemp) words to images of shapes.  All of the experiments were set up as a game 

where a character, who had traveled from location to location, told the participant about 

what she saw at each place.  The instructions in all of the experiments, given before the 

start of this Lexical Type stated that the character saw animals that she had never seen 

before.  In Experiments 1 and 2, this may have encouraged the participants to try to map 

the nonsense words to the pictures of the novel animals.  This would require that two or 

three words be fast-mapped at the same time, which may have been difficult.  Rather than 

attempt to fast-map several words at once, it seems more likely that the participants 

adopted a strategy based on counting the number of nouns heard.  This would be done 

both based on the prosody and the syntax of the utterance.  

Participants in Experiment 1 could also have employed the counting strategy with 

the Ambiguous (fruit~salad) items.  This is because for these items, the visual content 

itself was ambiguous.  While all of the images used for the Ambiguous (fruit~salad) 

items in Experiment 1 were recognizable, one of the image sets was consistent with a 

parse of the utterance containing a compound, and the other was consistent with a parse 

containing a list.  Thus, for the Ambiguous (fruit~salad) items, both the visual input and 

the lexical inputs were ambiguous.  This makes the Ambiguous (fruit~salad) items in 

Experiment 1 and in Experiment 3 dramatically different.  In Experiment 1, the images 

are rich in content.  In Experiment 3 the visual input is minimal.  However, in both 

experiments, the number of objects is indicated by the prosody could be used to 

disambiguate.  
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For the Nonsense (foon~gemp) items, it is likely that a counting strategy rather 

than a mapping strategy was employed in both of the experiments.  For the Ambiguous 

(fruit~salad) items, the reaction times are predicted to be faster in Experiment 3 since one 

source of ambiguity (the visual input) has been removed.  Responses to the Ambiguous 

(fruit~salad) items are not predicted to change beyond the increase in the number of 

distractor items chosen, since prosody is still the deciding factor and it is possible that the 

counting strategy was employed in both Experiment 1 and Experiment 3. 

5.3.2. Compound Bias (cac~tus) and List Bias (nail~key) Items 
In the Compound Bias (cac~tus) and the List Bias (nail~key) Lexical Types, the 

potential effect of switching from a representational image in Experiment 1, to an abstract 

image in Experiment 3 is even more complicated.  For these Lexical Types, half of the 

items show a conflict between the lexical content of the utterance and the prosodic 

content, making these items more complicated to parse than the other items.  Unlike the 

Ambiguous (fruit~salad) items, where the ambiguity was located in the lexical content 

and the participants were able to rely on the prosodic content to resolve the ambiguity, in 

these items it was the prosodic content that was creating the ambiguity.  For these items 

(Compound Bias (cac~tus) items said with List prosody (cactus -> /kæk/, /tʌs/), List 

Bias (nail~key) items said with Compound prosody (nail, key -> nailkey)), the 

participants had to decide which type of content, lexical or prosodic, they were going to 

rely on.  Moreover, for these items, the visual input in Experiment 1 supported the lexical 

parse, providing two sources of evidence for that parse.  When the visual input was 

removed in Experiment 3, both parses had (potentially) equal support. 
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One difficulty in interpreting the adult results of Experiment 1 was that the 

participants may have chosen the image set matching the lexical parse because they knew 

the name of one of the novel objects shown in image set matching the prosodic parse (and 

containing the unfamiliar images).  Part of the fast-mapping process involves visually 

recognizing known objects and locating their names, then comparing those names to the 

words in the utterance to verify that the words do not match the name of the objects being 

displayed.  In this case, the participants may have been inclined to follow the prosodic 

parse and label one object as a /kæk/ and the other as a /tʌs/.  However, since they knew 

the names of all of the objects (even the supposedly novel ones), they could not complete 

the mapping and fell back on the lexical parse instead.  Experiment 3 rules out this 

possibility by forcing the participants to abstract away from the objects themselves, and 

towards a count of the objects.  

The responses to the Compound Bias (cac~tus) and the List Bias (nail~key) items 

will likely change more in Experiment 3 than did the responses to the Nonsense 

(foon~gemp) or Ambiguous (fruit~salad) items.  There are several reasons for this.  One 

is that, for the Compound Bias (cac~tus) and List Bias (nail~key) items, the removal of 

the meaningful visual input also removes support for the lexical parse, potentially making 

the prosodic parse more appealing.  The removal of meaningful visual input also removes 

the potential confusion created when a participant knows the name of one of the novel 

objects but does not hear that name in the utterance.   

A second reason relates to the amount of fast-mapping involved in the two 

Lexical Types.  If the prosodic parse is to be followed for the Compound Bias (cac~tus) 
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items said with List Prosody (cactus said as /kæk/, /tʌs/), the participant must map two 

novel words to two novel objects.  If the prosodic parse is followed for List Bias 

(nail~key) items said with Compound Prosody (nail, key said as nailkey), only one novel 

word needs to be mapped to a novel object.  In Experiment 3, where this mapping is more 

abstract, it may be easier to complete the mapping, thus making a list parse of the 

Compound Bias (cac~tus) items (/kæk/, /tʌs/) as likely as a compound parse of the List 

Bias (nail~key) items (nailkey).  In contrast, in Experiment 1, the requirement to fast-map 

two unfamiliar items to two unfamiliar words in the Compound Bias (cac~tus)-List 

prosody items (/kæk/ to the potato ricer and /tʌs/) to the cow clock) may have made the 

prosodic parse of these items less available than the prosodic parse of the List Bias 

(nail~key)-Compound prosody items (mapping nailkey to the pipe-thing). 

A final reason for more differences in the responses to these two Lexical Types 

than to the other two Lexical Types, relates to the compounding rules of English.  As 

discussed in Sections 3.3.2.2.4 and 3.6.1.4 English compounding rules allow for the easy 

formation of compounds.  The removal of a clear visual cue in the form of images of the 

nouns in the utterance may encourage the participants to accept these novel compounds 

in Experiment 3.  In Experiment 3, the participants do not have to think that the strange 

pipe-thing on the screen is, in fact, a nailkey.  They just need to assume that such a thing 

as a nailkey could exist.  If accepting the possibility of a nailkey is more acceptable than 

assigning the name nailkey to an unknown object (that looks like neither a nail nor a key), 
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then there will be more responses that follow the prosodic parse for List Bias (nail~key) 

items in Experiment 3. 

5.4. Results – Experiment 3 
The results of Experiment 3 are given in this section, followed by a post-hoc 

comparison between Experiment 1 and Experiment 3 in Section 5.5.  Just as was done for 

Experiment 1, the results given here are for the percent two-item responses only.  The 

results for the percent three-item responses are given in Appendix L and do not differ in 

any appreciable way from those presented here. 

5.4.1. Results for Two-Item Responses 
A within-subjects ANOVA was run with Prosody (2 levels) and Lexical Type (4 

levels) as the independent factors and percent two-item response as the dependent 

measure.  Both of the main effects were significant by subjects and by items:  Prosody 

(F1(1,13) = 52.04, p<.001; F2(1,44) = 248.524, p<.001), Lexical Type (F1(3,39) = 

37.622, p<.001; F2(3,44) = 81.059, p<.001).  There was also a significant interaction 

between Prosody and Lexical Type, both by subjects (F1(3,39) = 14.014, p<.001) and by 

items (F2(3,44) = 14.799, p<.001).   

The data was divided to examine the effect of Prosody for each Lexical Type 

using paired samples two tailed t-tests.  There was a significant simple effect of the 

Prosody by subjects and by items, for the List Bias (nail~key) (t(13)=8.347, p<.001; 

t(11)=9.215, p<.001), the Ambiguous (fruit~salad) (t(13)=6.097, p<.001; t(11)=20.306), 

and the Nonsense (foon~gemp) items (t(13)=5.729, p<.001; t(11)=5.876, p<.001).  There 

was significant simple effect of Prosody by items (t(11)=4.262, p<.005) but not by 
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subjects (t(13)=2.009, p>.05) for the Compound Bias (cac~tus) items.  These results are 

identical to the results from Experiment 1 for the Nonsense (foon~gemp) and the 

Ambiguous (fruit~salad) items. 

Figure 5.2 shows the percent two-item responses for all of the items in both 

experiments.  As predicted, the primary difference between the results of Experiment 1 

(representational images) and Experiment 3 (abstract images) was in the findings for the 

Compound Bias (cac~tus) and the List Bias (nail~key) items.  Prosody appears to play a 

greater role in the responses in Experiment 3 for these items than it did in Experiment 1. 

The decrease in two-item responses (indicated by the shorter light colored bars) seen for 

the Compound Bias (cac~tus) - List Prosody items (cactus said as /kæk/, /tʌs/) suggests 

that there were more three-item responses to these items.  A three-item response to these 

items would match the prosody of the item and contradict the lexical content.  Similarly, 

the increase in the two-item responses, (indicated by the larger dark bars) to the List Bias 

(nail~key)-Compound Prosody items (nail, key said as nailkey), shows that there were 

many more responses matching the prosody and fewer matching the lexical content of 

these items.  

Also, as predicted, their responses to the Ambiguous (cac~tus) and the Nonsense 

(foon~gemp) items in Experiment 3 are similar to the responses given in Experiment 1.  

The main difference between Experiments 1 and 3 for these two Lexical Types is seen in 

the Ambiguous (fruit~salad) items.  These items had a 27 percent two-item response 

when said with List Prosody in Experiment 3 (participants parsed water, melon as 

watermelon), as compared to a 13 percent two-response in Experiment 1.  This shows an 
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increase in the longest word bias seen in Experiment 1.  For these items it appears as 

though participants have a bias toward perceiving the longest possible lexical word in the 

utterance regardless of the prosody. 

  
Figure 5.2: Percent two-item responses for Experiments 1 and 3.  Experiment 1 had 
representational images.  Experiment 3 had abstract images.  
 

Figures 5.3 and 5.4 show the proportion of responses when the prosodic and the 

lexical parses conflict for both experiment (the darkest portion of each bar shows the 

Lexical Match; the lighter portion shows the Prosodic Match; and the lightest portion 

shows the 1-item responses).  There was an increased proportion of responses matching 

Image Type 
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the prosodic parse in both the Compound Bias (cac~tus) items and the List Bias 

(nail~key) items in Experiment 3, as compared to Experiment 1.  This shows the 

increased effect of Prosody in Experiment 3 as compared to Experiment 1.32 

 

Figure 5.3: Proportion of 1-, 2-, and 3-item responses for the Compound Bias 
(cac~tus) items said with List Prosody. 

 

                                                
32 Section 5.6 shows that, while there is no significant main effect of Experiment (1 vs. 
3), there is a significant three-way interaction between Prosody, Lexical Type and 
Experiment, suggesting that the effect of Experiment is limited. 
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Figure 5.4: Proportion of 1-, 2-, and 3-item responses for the List Bias (nail~key) 
items said with Compound Prosody. 
 

The response results show that there were clear differences between Experiment 1 

and Experiment 3.  For both Lexical Types (the Compound Bias (cac~tus) and the List 

Bias (nail~key) items) in Experiment 1 and for the Compound Bias (cac~tus) items in 

Experiment 3, the participants primarily based their responses on the lexical content.  For 

the List Bias (nail~key) items in Experiment 3, the responses were primarily based on the 

prosodic content.  Also, in Experiment 3, the participants were less consistent overall in 

their responses (the columns on the right in Figure 5.3 and Figure 5.4).  The switch from 

recognizable representational images in Experiment 1 to abstract shapes in Experiment 3 

also made the task more difficult and resulted in more random responses.  This increase 

in randomness serves to highlight the importance of having multiple sources of 
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information, including visual information, when processing speech.  The next section 

details the results of the reaction time analysis for Experiment 3.   

5.4.2. Reaction Time Analysis 
As in Experiment 1, all of the Reaction Time findings reported here were 

measured from the start of the first target (cf. Section 3.7.2.1 for a discussion of why the 

start of the first target was chosen as the best point from which to measure the RTs).33  

The RT results were also examined from both the start and the end of the second target.  

Differences in the results when the RTs are measured from these points will be discussed 

as necessary.  This section is divided into two parts.  The first part of the section 

discusses the distribution of the responses and the effect of this distribution on the 

reaction time analysis.  The second part gives the RT results. 

5.4.2.1. Distribution of Responses 
As was done in Experiment 1, only RTs for “correct responses” were used.  In 

Experiment 1, a correct response was one that matched the prosody for the Ambiguous 

(fruit~salad) and the Nonsense (foon~gemp) items or a response that matched the lexical 

content for the Compound Bias (cac~tus) and the List Bias (nail~key) items (cf. Section 

3.6.1.4).  However, it was more difficult to determine what a “correct” response was in 

Experiment 3 than it was in Experiment 1 because the responses themselves had a less 

regular distribution.  In the end, the same definition of a correct response was used in 

                                                
33 Appendix M gives all of the results for the reaction times analyses of Experiment 3, 
including the results when they are measured from other points in the utterance. 
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Experiment 3, but the distribution of the answers differed here, necessitating an 

additional analysis.  

Table 5.1 and Table 5.2 show the distribution of responses in Experiment 1 and in 

Experiment 3.  The responses were divided with respect to the Lexical Type and the 

Prosody of the item.  These tables show the proportion of responses for each of the 

prosodic-lexical combinations.  The “correct” responses for the purposes of the reaction 

time ANOVA are shaded in gray.  For example, 94 percent of the responses to the 

Ambiguous (fruit~salad) items said with Compound Prosody (water~melon said as 

watermelon) in Experiment 1 were two-item responses, which match the prosodic parse.  

The primary difference between the experiments was the increase in the number of two-

item responses to the List Bias (nail~key) items in Experiment 3, as discussed above.  

This changed the distribution of the responses, means that there were fewer actual 

responses contributing to the RT results for this level.  In Experiment 1, the RT results 

were based on between 71 and 100 percent of the responses.  In Experiment 3, the RT 

results are based on between 24 and 92 percent of the responses for given type of item. 

This could reduce the reliability of the RT results since they were based on fewer 

responses.34 

                                                
34 The fewer total responses also resulted in the exclusion of 4 subjects from the analysis 
of the Compound Bias (cac~tus) and List Bias (nail~key) items since these four subjects 
failed to respond in one condition.  All of the subjects responded to both conditions for 
the Ambiguous (fruit~salad) items so there are 14 subjects in that level.  There are 13 
subjects in the Nonsense (foon~gemp) level since one subject did not respond in both 
conditions. 
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Table 5.1:  Distribution of Responses in Experiment 1 

Lexical Level Compound Prosody List Prosody 

 Two-item 
response 

Three-item 
response 

Two-item 
response 

Three-item 
response 

Compound Bias 
(cac~tus) 

100% 0% 100% 0% 

List Bias 
(nail~key) 

6% 91% 2% 97% 

Ambiguous 
(fruit~salad) 

94% 6% 13% 85% 

Nonsense 
(foon~gemp) 

71% 8% 2% 97% 

 
Table 5.2:  Distribution of Responses in Experiment 3 

Lexical Level Compound Prosody List Prosody 

 Two-item 
response 

Three-item 
response 

Two-item 
response 

Three-item 
response 

Compound Bias 
(cac~tus) 

92% 3% 80% 16% 

List Bias 
(nail~key) 

60% 24% 2% 94% 

Ambiguous 
(fruit~salad) 

84% 11% 27% 70% 

Nonsense 
(foon~gemp) 

60% 14% 11% 84% 

5.4.2.2. Reaction Time Results  
A within-subjects ANOVA was run with Prosody (2 levels) and Lexical Type (2 

levels) as the independent factors and RT from the start of the first target as the 
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dependent measure.  There were no significant main effects.  There was, however, a 

significant interaction, both by subjects and by items (F1(1,9)=11.428, p <.01; F2(1,22) = 

6.364, p<.05).  There was a significant simple effect of Prosody, both by subjects and by 

items, for the Compound Bias (cac~tus) (t(9) = -3.672, p<.01; t(11)=-7.495, p<.001) 

items.  This means that participants responded faster when the lexical and the prosodic 

content matched for these items (cactus said as cactus).  There was not a significant 

simple effect of Prosody for the List Bias (nail~key) (t(9) =1.061, p>.05; t(11)=0.961, 

p>.05) items.  This means that the participants responded at the same rate whether the 

items were said with List Prosody (nail, key said as nail, key) or with Compound Prosody 

(nail, key said as nailkey). 

In addition, the Ambiguous (fruit~salad) items also had a significant simple effect 

of Prosody, both by subjects (t(13)=-4.874, p<.001) and by items (t(11)=-5.572, p<.001).  

These items act like the Compound Bias (cac~tus) items.  Participants responded faster 

when the items were said with Compound Prosody than when they were said with List 

Prosody.  Finally, the Nonsense (foon~gemp) items did not have significant simple effect 

of prosody (t(12)=1.127, p>.05; t(11)=0.416, p>.05).  These items acted like the List Bias 

(nail~key) items and showed change in the RT based on the prosody of the items.  Figure 

5.5 shows the mean reaction times for all of the Lexical Types. 
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Figure 5.5: Reaction Time results for Experiment 3 measured from the start of the 
first target word. 
 

The significant effect of Prosody for the Compound Bias (cac~tus) and the 

Ambiguous (fruit~salad) items can be seen in the difference in the height of the bars for 

these two Lexical Types.  The shorter dark bars show a faster RT when the items were 

said with Compound Prosody.  The lack of an effect of the Prosody for the other two 

Lexical Types is seen in the comparably equal height of the bars for these items.  Notice 

that Prosody did not play a role in the response results for the Compound Bias (cac~tus) 

items, but it does play a role in the RT results.  This suggests that Prosody may be acting 

differently in the RT results than it did in the response results. 
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This possible change in the role of Prosody in the results becomes clear when the 

RTs were tested based on measurements from the start of the second target in Experiment 

3.  In Experiment 1, the location from which the reaction time was measured had no 

effect on the pattern of the results, and the effect Prosody was same for the response and 

the RT results.  In Experiment 3, when the reaction times are measured from the start of 

the second target, the pattern of the results changes completely.  There is now a 

significant simple effect of Prosody for the List Bias (nail~key) by subjects (t(9)=2.776, 

p<.05) but not by items (t(11)=1.950, p>.05).  The results for the Nonsense (foon~gemp) 

items are now significant, both the by subjects and by items (t(12)=4.163, p<.005; 

t(11)=3.762, p<.005).  Finally, there is not a significant simple effect of Prosody for the 

Compound Bias (cac~tus) and the Ambiguous (fruit~salad) items.  Simply put, the effect 

of Prosody is completed reversed when the RTs are measured from the start of the second 

target as compared to when they are measured from the Start of the first target. 

There are two facts that seemed to collude to create this change in the significance 

values.  The first fact relates to the differential effect of measuring from the start of the 

second target for the List Prosody and the Compound Prosody items.  When the RTs 

were measured from the start of the second target, the RTs of the List Prosody items 

changed more than the RTs of the Compound Prosody items.  This was because the 

second target word starts after a pause of approximately 260ms in the List Prosody items, 

while the second target begins directly after the end of the first target word for the 

Compound Prosody items.  This was true for all of the Lexical Types.  For example, 

when the phrase, “I saw a nail, key and bus at the park,” was said with List Prosody, the 
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onset of the second target word, key, was located 1148ms from the start of the utterance.  

When the same phrase was said with Compound Prosody (“I saw a nailkey and bus at the 

park”), the onset of the word key occurred just 637ms after the start of the utterance.  This 

difference between the List Prosody and Compound Prosody items was one of the 

reasons that the reaction time results are primarily reported from the onset of the first 

target word.  The onset of the first target word was the same relative to the start of the 

utterance for both the List Prosody and Compound Prosody items. 

It is possible that the subtraction of an additional 260ms influences the reaction 

time results for the List Prosody items.  However, this should influence all of the List 

Prosody items in all of the Lexical Types equally, but it does not35.  Measuring from the 

onset of the second target as opposed to measuring from the onset of the first target, 

results in the List Bias (nail~key) and Nonsense (foon~gemp) items show a significant 

effect of Prosody.  In contrast, results for the Compound Bias (cac~tus) and Ambiguous 

(fruit~salad) items do not show a significant effect of Prosody.   

An explanation of this may relate to some kind of underlying similarity between 

the Compound Bias (cac~tus) items and the Ambiguous (fruit~salad) items and between 

the List Bias (nail~key) items and the Nonsense (foon~gemp) items.  This similarity can 

be seen in the Ambiguous (fruit~salad) items.  These items, like the Compound Bias 

(cac~tus) items, have faster RTs when said with Compound Prosody, a fact which likely 

reflects an underlying bias toward a compound (or longest word) interpretation of the 

Ambiguous (fruit~salad) items.  This underlying bias can be attributed to a word 
                                                
35 In Chapter 3 this same situation was discussed and it appeared there as though the 
inherent difference in the lengths of the contours was not influencing the responses. 
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processing bias toward selecting the longest word possible in the signal (Gow & Gordon, 

1995).  This will be discussed in more detail in the next chapter. 

The Ambiguous (fruit~salad) and the Compound Bias (cac~tus) items have an 

inherent longest word bias, which results in faster RTs when these items are said with 

Compound Prosody (water~melon said as watermelon and cac~tus said as cactus).  The 

List Bias (nail~key) and the Nonsense (foon~gemp) items appear, then, to have an 

inherent list interpretation, with faster RTs, when the items are said with List Prosody 

(nail~key said as nail, key and cren~doth said as cren, doth).   

These two facts, the first being that the RTs change more when they are measured 

from the onset of the second target for the List Prosody items, and the second being that 

the List Bias (nail~key) and the Nonsense (foon~gemp) items tend to be most often 

understood as lists, collude.  The apparent difference, in which Lexical Types have a 

significant effect of Prosody, is a result of this collusion.  In Figure 5.6, it is clear that 

there was a greater increase in the speed of the RTs to the List Prosody items (the lighter 

bars) than there is to the RTs of the Compound Prosody items (the darker bars).  For the 

Lexical Types that already have faster RTs to the List Prosody items (List Bias and 

Nonsense items), this relative increase in speed results in a significant difference between 

the two prosodic levels.  For the Lexical Types that tend to have faster RTs for the 

Compound Prosody items (Compound Bias and Ambiguous items), this inherent bias was 

washed out by the increased RTs in the List Prosody items.  
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Figure 5.6: Reaction times in Experiment 3 measured from the Start of Target 1 and 
the Start of Target 2. 

 
These findings are important for two reasons.  First, they show that there are two 

general groups of items in the experiment:  one group that favors a list reading (List Bias 

(nail~key) and Nonsense (foon~gemp) items), and another group that favors a compound 

reading (Compound Bias (cac~tus) and Ambiguous (fruit~salad) items).  Second, these 

results suggest that the two groups respond to the presence versus the absence of 

representational pictures differently.  When the visual input was representational and 

supportive of the lexical parse, the tendency for one type of item to favor a list or a 

Measurement Location 
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compound reading was less important (Experiment 1).  When the visual input is abstract, 

the underlying tendencies in the items become more of a factor (Experiment 3).  The next 

section of this chapter details the results of a series of post-hoc ANOVAs that directly 

tested the differences between Experiment 1 and Experiment 3. 

5.5. Comparison Between Experiments 1 and 3 
In general, the results from Experiment 1 and Experiment 3 are very similar.  This 

can be seen in Figure 5.2.  Participants continued to base their responses primarily on the 

lexical content for the Compound Bias (cac~tus) and the List Bias (nail~key) items, while 

basing their responses to the Ambiguous (fruit~salad) and the Nonsense (foon~gemp) 

items on the Prosody of the utterance.  The primary difference between the experiments 

was the responses to the List Bias (nail~key) items, where Prosody can be seen to play a 

much larger role in Experiment 3.  In general, the responses to Experiment 3 were more 

varied than the responses to Experiment 1.  As discussed above, this appears to be due an 

increase in the difficulty of the task, which can be directly attributed to the switch from 

representational to abstract images. 

5.5.1. Percent Two-item Response Results – Three-way ANOVA 
To investigate the differences between the two experiments in greater detail, a 

three-factor mixed-design ANOVA was run, with Prosody (2 levels) and Lexical Type (4 

levels) as within-subject factors and Experiment (2 levels) as a between-subjects factor.  
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The dependent measure was percent two-item response.36  The main effects of the 

Prosody and Lexical Type were significant, both by subjects and by items:  Prosody 

(F1(1,33) = 283.067, p <.001; F2(1,44) = 388.107, p<.001), Lexical Type (F1(3,99) =  

290.855, p<.001; F2(3,44) = 234.653, p<.001).  The main effect of Experiment was not 

significant by subjects (F1(1,33)=1.663, p>.05), but it was significant by items (F2(1,44) 

= 9.378, p<.005).37  Two of the three two-way interactions were also significant, both by 

subjects and by items:  Prosody by Lexical Type (F1(3,99) = 87.181, p<.001; F2(3,44) = 

44.939, p<001) and Lexical Type by Experiment (F1(3,99) = 20.617, p<.001; F2(3,44) = 

50.665, p<.001).  The third two-way interaction, Prosody by Experiment, was not 

significant by subjects (F1, p>.05), but it was significant by items (F2(1,44) = 5.616, 

p<.05).  There was a significant three-way interaction by subjects (F1(3,99) = 35.166, p 

<.001) and by items (F2(3,44) = 53.886, p<.001). 

5.5.2. Two-way ANOVAs – Experiments 1 and 3 
Due to the significant three-way interaction, the data were divided into two 

groups (Compound Prosody items and List Prosody items) to investigate the interaction 

between the type of image used (Experiment) and the Lexical Type.  This particular 

division of the data was undertaken since the effect of Prosody has been well established.  

This division allowed for a focus on the apparent primary difference between the two 

experiments:  the behavior of the List Bias (nail~key) items. 

                                                
36 As before, percent three-item response was also tested as a possible dependent 
measure.  Results of this analysis are given in Appendix N, which did not differ 
appreciably from the two-item response results. 
37 This main effect was significant by subjects and by items for the percent three-item 
responses (F1(1,33) = 19.988, p<.001; F2(1,44) = 67.282, p<.001). 
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5.5.2.1. Compound Prosody Items – Experiments 1 and 3 
Interaction 

A mixed design ANOVA with Lexical Type (4 levels) as a within-subjects factor 

and Experiment (2 levels) as a between-subjects factor was run.  Percent two-item 

response was used as the dependent measure.  Both of the main effects were significant, 

both by subjects and by items:  Lexical Type (F1(3,99) = 167.829, p<.001; F2(3,44) = 

52.052, p<.001), and Experiment (F1(1,33) = 2.237, p>.05; F2(1,44) = 9.345, p<.005).  

The interaction was also significant, both by subjects and by items (F1(3,99) = 52.810, 

p<.001; F2(3,44) = 55.007, p<.001).  The simple effect of Experiment was tested.  There 

was a significant simple effect of Experiment for the List Bias (nail~key) items, both by 

subjects and by items (t(33)=-9.382, p<.001; t(11)=-9.026, p<.001).  This means that List 

Bias (nail~key) items said with Compound Prosody (nail~key said as nailkey) were 

responded to differently in the two experiments.  All of the other simple effects were 

significant by items, but not by subjects:  Compound Bias (cac~tus) (t(33)= 1.810, p>.05; 

t(11)=4.733, p<.005), Ambiguous (fruit~salad) (t(33)=1.417, p>.05; t(11)=2.985, p<.05) 

and Nonsense (foon~gemp) (t(33)=-1.736, p>.05; t(11)=2.220, p<.05) items.   

These findings confirm that the List Bias (nail~key) items are the only items that 

differ substantially based on the presence versus the absence of representational pictures 

for items said with Compound Prosody.  The other item types showed some effect of the 

switch from tests involving representational pictures to tests involving abstract pictures, 

but the effect was marginal.  As discussed above, this change in the case of the List Bias 

(nail~key) items said with Compound Prosody is likely due to the flexibility of English 

compounding rules. 
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5.5.2.2. List Prosody Items – Experiments 1 and 3 Interaction 
The same mixed-design ANOVA was run for the List Prosody items.  The main 

effect of Lexical Type was significant, both by subjects and by items (F1(3,99) = 

241.716, p<.001; F2(3,44) = 777.658, p<.001).  There was not a significant main effect of 

Experiment.  The interaction was significant, both by subjects and by items (F1(3,99) = 

7.675, p<.001; F2(3,44) = 42.242, p<.001).  The simple effect of Experiment was 

examined.  There was a significant simple effect of Experiment, both by subjects and by 

items, for the Compound Bias (cac~tus) items (t(33)=2.824, p<.01; t(11)=11.083 , 

p<.001).  This means that responses to Compound Bias (cac~tus) items said with List 

Prosody (cac~tus said as /kæk/, /tʌs/) were different in the two experiments.  The simple 

of Experiment was significant by items but not by subjects for the Ambiguous 

(fruit~salad) (t(33)=-1.881, p>.05; t(11)=-3.484, p<.01) and the Nonsense (foon~gemp) 

(t(33)=-1.722, p>.05; t(11)=-7.176, p<.001) items.  There was no significant simple effect 

of Experiment for the List Bias (nail~key) items (t(33)=-0.108, p>.05; t(11)=-0.220, 

p>.05). 

There was an interesting parallel in the results of the Compound Prosody and List 

Prosody items.  For the Compound Prosody utterances, the List Bias (nail~key) items 

showed a significant effect of Experiment.  For the List Prosody items, the Compound 

Bias (cac~tus) items showed a significant effect of Experiment.  This switch was the root 

of the three-way interaction.  The absence of representational pictures changed the 

responses of the participants to those items where the lexical and the prosodic content 

conflicted.  In both cases, the absence of the representational pictures increased the 
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likelihood that the prosodic content would be used for the basis of the participants’ 

responses to these items.  Differences between Experiment 1 and Experiment 3 are 

further examined in the next section, which explains the Reaction Time results. 

5.5.3. Reaction Time Results – Experiments 1 and 3 Interaction 
As before, a mixed design ANOVA was run with Prosody (2 levels) and Lexical 

Type (2 levels) as the within-subjects factors and Experiment (2 levels) as the between-

subjects factor.  RT from the start of the first target was used as the dependent measure.  

There was a significant main effect of Lexical Type, both by subjects and by items 

(F1(1,29) = 6.764, p<.05; F2(1,22) = 7.442, p<.05).  The main effect of Prosody was 

significant by subjects (F1(1,29) = 6.640, p<.05), but not by items (F2(1,22) = .988, 

p>.05).  There was not a significant main effect of Experiment.  The only significant two-

way interaction was between Prosody and Lexical Type (F1(1,29) = 37.425, p<.001; 

F2(1,22) = 20.801, p<.001).  The three-way interaction was not significant (F1(1,29) = 

.803, p>.05; F2(1,22) = .003, p>.05). 

These results show that there was no real difference in the reaction times between 

the experiments.  The Experiment factor participated in no significant interactions and 

also lacked any main effect.  While Experiment 3 appears to be more difficult in that the 

responses in this experiment are more widely distributed and less consistent, the 

participants did not take any longer to respond to these items than they took to the 

respond to the other items. 
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5.6. Summary 
Experiment 3, detailed in this Chapter, was designed to address a potential 

confound in the original experiment.  This confound related to the effect of using 

representational images during the experiment, since these images may have created a 

bias in the word recognition process.  This possible problem was addressed by replacing 

the representational images with abstract shapes.  In general, there was minimal change 

between the results of the two experiments.  Participants responded with equivalent speed 

in both experiments and only had different response patterns for one of the Lexical 

Types.  The large degree of similarity between the experiments suggests that the use of 

representational images was not a large factor in the participants’ responses to the 

majority of the conditions.  Instead, the intended factors of Lexical Type and Prosodic 

Contour seem to be the primary focus of the participants. 

The one important difference between the experiments occurred in the List Bias 

(nail~key) items.  For these items, when the prosodic and lexical parses conflicted, 

participants were more likely to base their responses on the prosodic parse in Experiment 

3.  These cases involved the creation, via prosody, of a novel compound word (i.e. 

nailkey or spoondress).  Based on the responses in Experiment 1, it seems as though the 

participants were unlikely to fast-map these novel words to the images of novel objects.  

Yet, in Experiment 3, the participants did count the novel compound as a possible object. 

This difference is attributed to a different strategy being employed by the participants in 

Experiment 3.  In that Experiment, the participants had to count the number of objects in 

the utterance (based on prosody and syntax) and select the image set containing the same 
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number of objects.  This leads to the conclusion that the more abstract nature of 

Experiment 3 allowed the participants to ignore the lexical oddity of the novel compound 

and consider the prosodically created compound to be a real thing.  Also, the English 

compounding rules allow for the formation of novel compounds.  Without any visual 

input to cue the non-compound version, it may have been easier for the participant to 

accept the novel compound. 

This raises the issue of the participants’ behavior with respect to the other type of 

crossed-item:  Compound Bias (cac~tus) items said with List Prosody.  Though the 

difference in the response pattern was not as dramatic for these items, there was still a 

difference.  (The Compound Bias – List Prosody had a 99% two-item response in 

Experiment 1 and an 80% two-item response in Experiment 3.  The List Bias – 

Compound Prosody items had a 6% two-item response in Experiment 1 and a 60% two-

item response in Experiment 3.)  It is possible that this difference reflected a similar 

increase in the participants’ willingness to accept the novel words created by the Prosody 

(i.e. /kæk/ and /tʌs/) as names of real objects, even though the difference is not 

statistically significant.  In the final Chapter of this dissertation, these findings will be 

considered in the context of the children’s results, as well as in the broader context of 

previous research on spoken word recognition by both children and adults. 
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Chapter 6:  Conclusions, Discussion and a Modified 
Model 

6.1. Introduction 
The current (and final) chapter of this dissertation seeks to draw together all of the 

material presented in the previous five chapters.  The research presented here focuses on 

how listeners resolve a conflict between the lexical parse of an utterance and the prosodic 

parse of an utterance.  The way that the participants resolve this conflict provides 

information about both how the utterance is processed and what is done after processing 

has been completed.  Chapter 1 established the theoretical motivations and the framework 

for the questions asked here.  

In Chapter 1, two analogies were used to explain the goals of this dissertation.  

The first analogy related to the innateness of language learning.  Acquiring a first 

language was equated to learning to walk.  All else being equal, humans will do both with 

little apparent effort.  The second analogy introduced in Chapter 1 related to spoken word 

recognition.  During spoken word recognition, listeners hear an utterance and 

immediately begin to recognize the words in that utterance.  A majority of the time, these 

words are recognized and the meaning of the utterance is understood with no conscious 

effort on the part of the listener.  In the experiments conducted for this dissertation, the 

listener’s word recognition capabilities were taxed through the creation of conflict 

between the lexical and the prosodic parses of an utterance.  The ability to resolve a 

conflict between the lexical and the prosodic parse of an utterance was likened to the 

decision a driver makes when a traffic light changes from green to yellow.  Experienced 
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drivers quickly assess the relevant variables in the situation (i.e. their speed, the speed of 

the vehicles following them, the distance to the intersection, how late they are running) 

and make a barely conscious decision about whether to stop or to continue.  

Inexperienced drivers take longer to assess the same information and are more likely to 

hesitate in making their decision.   

It was argued in Chapter 1 that the differences in the behaviors of the experienced 

and the inexperienced drivers are similar to the differences in the responses of the adults 

and of the children in the experiments detailed here.  In both cases, by taxing the system 

(either the word recognition system or the driver’s skills) and examining the results, it 

becomes possible to better understand the various components of that system.  In this 

chapter, the results of taxing the word recognition system will be examined.  A model of 

word recognition based on current models (primarily Shortlist - Norris, 1994) will be 

presented.  This modified model has been adapted to account for the results presented in 

the previous chapters regarding how words are recognized by both children and adults.  

This chapter has two parts.  In the first part, Sections 6.2- 6.3, the results from the 

experiments are summarized and discussed.  In the second part, Section 6.4, the modified 

model of spoken word recognition is presented.   

6.2. Adults 

6.2.1. Summary of Results for the Adults 
This section provides a brief summary of the findings for the adults in both 

Experiment 1 and Experiment 3.  The only difference between the experiments was in the 

visual images that were paired with the test utterances.  In Experiment 1, the test 
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utterances were paired with representational images that matched the nouns in the 

utterance.  In Experiment 3, the utterances were paired with abstract images.  This was 

done to test the effect of visual input in the parsing of ambiguous lexical sequences.  It is 

possible that the participants in Experiment 1 were more likely to choose the lexical parse 

upon seeing representational images of some of the lexical items.  By removing these 

images in Experiment 3 it is possible to isolate the effect the images had on the responses 

of the participants. 

In Chapter 1, it was claimed that a good way to understand how language is 

processed is to examine the results when (linguistic) inputs used to process language are 

put into conflict with each other.  In Experiments 1 and 3, a conflict between the lexical 

and the prosodic content was examined along with the additional factor of visual input.  

When the lexical content and the prosodic content of an utterance conflict, one of at least 

two things could occur:  A) the lexical content is followed and the prosody is ignored, or 

B) the prosodic content is followed and the lexical content is ignored. 

The results for the adult participants in both Experiment 1 and Experiment 3 

showed a significant interaction between the two factors of Prosody and Lexical Type. 

Given the significant interaction, the data was divided based on the Lexical Type of the 

items to further investigate the simple effect of Prosody.  In both experiments, the 

participants based their responses on the prosody for the Ambiguous (fruit~salad) and the 

Nonsense (foon~gemp) items, but on the lexical content for the Compound Bias (cac~tus) 

and the List Bias (nail~key) items.   
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The only difference between the results of the  experiments was in the responses 

to the List Bias (nail~key) items, which showed a significant effect of Prosody in 

Experiment 3, but no significant effect of Prosody in Experiment 1.  This means that the 

participants were more willing to entertain a parse with the novel compound word nailkey 

(as indicated by the prosody) when the images on the screen were abstract shapes than 

when the images on screen included a picture of a nail and a key. 

Reaction Time analyses for Experiments 1 and 3 were also performed.  These 

analyses show that participants responded fastest when the lexical and the prosodic 

content matched and slowest when both the lexical content and the visual content was 

ambiguous.  This is shown in more detail in Figure 6.1.  This figure shows the RT results, 

measured from the start of the first target word, for Experiments 1 and 3.  
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Figure 6.1:  Reaction Times measured from the start of the first target word for 
Experiments 1and 3.  Error bars represent 95% confidence intervals.  * p <.05, two-
tailed. 

 
For the Compound Bias (cac~tus) items in both experiments, and for the List Bias 

(nail~key) items in Experiment 1, the reaction time to a crossed item (Compound Bias 

(cac~tus) items said with List Prosody or List Bias (nail~key) items said with Compound 

Prosody) was significantly slower than the reaction time to a matching item (Compound 

Bias (cac~tus) said with Compound Prosody or List Bias (nail~key) said with List 

Prosody).  This shows that participants are aware of the ambiguity created by the 

mismatch between the prosody of the utterance and the lexical content of the utterance.  

Image Type 
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Figure 6.1 also shows that the responses to the Ambiguous (fruit~salad) items were the 

slowest overall and that there was no effect of Prosody for the Nonsense (foon~gemp) 

items.  This suggests that there is no inherent difference in the time taken to process one 

of the contours over the time taken to process the other.   

The results summarized above show that the response to an utterance said with a 

given prosodic contour depends on the type of lexical content and the type of visual 

input.  Table 6.1 shows the outcomes for crossed-items (items where the lexical and the 

prosodic content conflict) in both experiments. 

Table 6.1: The Interaction Between Type of Crossed Item and the Type of Visual 
Input 

Crossed-items Experiment 1: 
Representational images 

Experiment 3:          
Abstract Images 

Compound Bias 
(cac~tus) with List 
Prosody 

1) The image set matching the lexical parse is chosen   
(99% and 80% respectively) cac, tus -> cactus 

List Bias (nail~key) 
with Compound 
Prosody 

2) The image set matching 
the lexical parse is chosen 
(91%) nailkey -> nail, key 

3) The image set matching 
the prosodic parse is chosen 

(60%) nailkey -> nailkey 

 
In a crossed item, if the lexical content can be rendered clear by a re-parse (cac, 

tus -> cactus) and the alternative results in non-words (/kæk/, /tʌs/), the participants 

disregard the prosodic meaning and follow the lexical meaning, regardless of the visual 

input (cactus - 1 above).  If the lexical content can consist of either a new compound 

word (nailkey) or two known words (nail, key) and the visual input is representational, 

the participants follow the lexical parse (nail, key - 2 above).  In contrast, if the lexical 

content can consist of either a new compound word (nailkey) or two known words (nail, 



  212 

key) and the visual input is abstract, the participants follow the prosodic parse (nailkey - 3 

above). 

This interaction between the lexical content and the visual input was not part of 

the original predictions, but it does provide an interesting point of comparison between 

the findings reported here and previous research on language processing.  The next 

section details this and other points of comparison, and it provides the foundation on 

which a model of processing will be built in Section 6.4. 

6.2.2. Relationship to Previous Literature 
Experiment 1 was conducted primarily to act as a comparison point for 

Experiment 2, wherein children were tested on the same materials.  The results of 

Experiment 1, however, do provide some interesting insights into the language 

processing abilities of adults, and these insights are discussed here.  The first observation 

to be made is that while it is clear the adults can and do use Prosody to disambiguate the 

Ambiguous (fruit~salad) items, they are not always successful using Prosody to parse the 

Nonsense (foon~gemp) items.  This point is made clear in Table 6.2, which shows the 

mean number of one-item responses for Experiment 1 and for Experiment 3 for each 

Lexical Type by Prosodic Contour.  A one-item response means that the participant chose 

the distractor item in Experiment 1 or the one-item image set in Experiment 3. 
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Table 6.2: Mean Percent One-Item Responses in Experiments 1 and 3 

 Compound Bias 
(cac~tus) 

List Bias 
(nail~key) 

Ambiguous 
(fruit~salad) 

Nonsense 
(foon~gemp) 

 Ex. 1 Ex. 3 Ex. 1 Ex. 3 Ex. 1 Ex. 3 Ex. 1 Ex. 3 

Compound 
Prosody 

0 4.76 3.17 15.48 .79 4.76 20.24 25.60 

List Prosody .40 4.17 1.19 4.17 1.59 2.98 1.19 4.76 

Note: Experiment 1 (Ex. 1) used representational images, and Experiment 3 (Ex. 
3) used abstract images. 

 
The comparatively high (15-25) percent one-item response for some of the items 

said with Compound Prosody contrasts with low (0 to 5) percent one-item responses to 

the items said with List Prosody.38  For the Nonsense (foon~gemp) items said with 

Compound Prosody, the high percent one-item response in both experiments suggests 

that the participants failed to utilize the prosodic cues present in the Compound Contour.  

For example in the phrase, “I saw a foongemp and ank at the zoo,” the participants most 

likely heard the targets as if they were said /fuŋɡɛmpænɑŋk/ with no word boundaries.  

(Some of the participants reported having difficulties with these items after completing 

the experiment.)  Apparently, the prosodic cues alone are not always sufficient.  This has 

implications both for the expectations of the acquisition process and for how a model of 

prosodic processing should be implemented.  These implications will be addressed in 

Sections 6.3 and 6.4. 

                                                
38 The low number of one-item responses to these items implies that, at the very least, the 
List Prosody items were interpreted as referring to two objects. 
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There is a second observation that can be made from Table 6.2.  Evidently, for the 

List Bias (nail~key) items, the visual information plays a more vital role in the parsing of 

the items than it does for either the Compound Bias (cac~tus) or the Ambiguous 

(fruit~salad) items.  The 15 percent one-item response for the crossed List Bias 

(nail~key) items (those said with Compound Prosody) in Experiment 3 suggests that 

without clear representational content, these items tend to act more like the Nonsense 

(foon~gemp) items.  This would mean that participants found foongemp and nailkey to be 

similarly possible compound words.  Apparently, for these items in Experiment 1, the 

visual input is used to rule out the Compound (prosodic) parse.  

The incomplete application, or perhaps the limited comprehension, of the 

Compound Contour in these cases (Nonsense (foon~gemp) items and List Bias (nail~key) 

crossed-items in Experiment 3) supports the idea raised in Chapter 2, that adults are faced 

with the same segmentation problem as are the children.  According to both the 

acquisition literature and the literature on adult word recognition, this problem is solved 

through the computation of phonotactic probabilities and reliance on the presence of 

phonological phenomena (for adults - McQueen, 1998; Vitevich & Luce, 1998; Jusczyk, 

Luce, & Charles-Luce, 1994; for children – Mattys et al., 1999; Mattys & Jusczyk, 2001; 

Myers et al., 1996).  Both types of evidence are present in the items where the adults are 

having trouble.  This highlights how hard it is to recognize words and the need for 

additional sources of information when the prosodic and the lexical content do not match, 

or the lexical content is missing.   
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6.2.3. Embedded Words 
A final point raised by the adult results relates to the idea of “spuriously 

embedded” words (Cutler & Swinney, 1987).  In the current study, these are words like 

cactus in the phrase, “I saw cac, tus, and soap at the mall,” when it is said with List 

Prosody.  More commonly, these are words like bone in trombone or knee in anyway that 

are phonemically present in the speech stream, but not intended by the speaker.  There is 

an ongoing debate in the literature about whether or not these phonemically embedded 

words are truly present at the level of word processing.  Cross-model priming evidence 

suggests that these forms are accessed both when the embedded words appear in final 

position in the carrier word (e.g. Shillcock, 1990; Isel & Bacri, 1999) and when the prime 

has the same stressed syllable as the target (e.g. Cooper, Cutler, & Wales, 2002; Cutler & 

Norris, 1988; Cutler, 1990).   

However, other studies have shown that phonemically embedded words are not 

the same as phonetically embedded words (Cole & Jakimik, 1980; Pierrehumbert, 2003).  

Isel and Bacri (1999) note that, while there was not evidence in their study for the 

activation of initially embedded words (car in carpet), this may be due to the rapid decay 

of the activation that was present, and that there is evidence for the activation of final 

embedded words (bone in trombone).  Hawkins (2003), Pierrehumbert (2001, 2003), 

Smith and Hawkins (2000), and Welby (2007) all argue that word recognition relies on 

fine phonetic details including allophonic variation, stress, and segment and syllable 

lengthening related to prosodic boundaries.  Hawkins proposes that models of word 

recognition must take these factors into account if they are to accurately represent how 

the intended words in an utterance are recognized.   



  216 

The results regarding the psychological presence of embedded words become 

even more muddled when languages other than English are examined.  Because English 

is a stress-timed language with strict rules relating to allophony, there are numerous cues 

in the signal regarding the location of word and syllable boundaries (Cutler & Carter, 

1987).  This is less true for Dutch, a closely related language that also has lexical stress 

(Quené & Koster, 1998).  Cutler and Norris (1988) showed that English words embedded 

in nonsense words were harder to recognize when the second syllable of the nonsense 

word was stressed.  For example, it was harder to recognize the word mint in the 

nonsense string /mɪn.teiv/ with final stress on /teiv/, than when the initial syllable /mɪn/ 

was stressed.  This was attributed to the use of a Metrical Segmentation Strategy (MSS) 

in English, where stressed syllables are automatically assumed to begin words.  Quené 

and Koster (1998) found that, while stress was a good cue for segmenting words in 

Dutch, the other cues used by English speakers, including allophonic variation, were less 

useful.  Soto-Faraco et al. (2001) also found that stress mismatched words were harder to 

recognize in Spanish.  All of these studies speak to the fact that embedded words are 

accessible to varying degrees depending on the context (nonsense versus real words), 

stress placement, and phonological realization of the embedded word. 

Phonemically embedded words, such as knee in anyway, differ crucially from the 

intentionally embedded words tested in the current study.  When a Compound Bias item 

such as cac~tus is said with List Prosody, the word cactus is embedded in the sequence 

/kæk#tʌs/, but only phonemically, not phonetically.  The word cactus is only present if 

the phonological word boundary, signaled by a pause and a pitch change in the List 
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Contour, is disregarded.  Interestingly, according to Christophe et al. (2004), French 

speaking adults only search for words within phonological phrases.  In a word detection 

task, adults showed slower responses when there was a local lexical ambiguity within a 

phonological phrase than when the same local lexical ambiguity occurred across a 

phonological phrase boundary.  Gout, Christophe, and Morgan (2004) had similar 

findings for English-learning infants.  The English-learning infants who had been 

familiarized with the word paper listened longer to the phrase, “the biggest paper in new 

York,” than to the phrase, “The highest pay performs.”  (The second phrase contains a 

local lexical ambiguity at the phonemic level, since the word paper is present in the 

phoneme string.)  

The results presented by Christophe and colleagues, that words are only accessed 

within phonological phrases and not across them, seem to contradict the results of the 

experiment reported here.  This is because adults in the current study are consistently able 

to recognize the word cactus when in occurs across a phonological phrase boundary in 

the phrase, “I saw cac, tus, and soap at the mall,” said with List Prosody.  A possible 

resolution to this contradiction relates to the fact that the ambiguities tested by Christophe 

et al. and Gout et al. were strictly local.  This means that there was information present in 

the signal to resolve the ambiguity.  In contrast, the ambiguities created by a conflict 

between the prosodic and the lexical content tested here (i.e. cac~tus -> /kæk#tʌs/) could 

only be resolved if the prosodic content was ignored.  Christophe et al. (2007) argue that 

there is a pre-lexical processing phase during word recognition wherein words are 

searched for and parsed only within phonological phrases.  If this is the case, then the 
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adults and the children who parsed the non-words /kæk#tʌs/ as the real word cactus must 

have done so after this pre-lexical processing failed to result in any known words.  This 

implies an additional processing step to recover from certain types of ambiguities.  This 

step will be explained in Section 6.4. 

In summary, the adult results for both experiments show that:  1) There was an 

interaction between the prosody with which the utterance was said and the lexical content 

of the utterance; 2) There was also an interaction between the type of visual input used 

and the lexical content; 3) The prosodic content present in the contours is enough to 

change the interpretation of the utterance the majority of the time, but even adults have 

trouble with interpreting prosodic contours in the absence of lexical content; and 4) 

Words bisected by a phonological word boundary nevertheless can act as though they are 

embedded in the speech stream.  These observations will be returned to in Section 6.4.  

However, before a unified model of speech processing for adults and children can be 

proposed, the results for the children must be reviewed. 

6.3. Children 

6.3.1. Summary of Children’s Results (Experiment 2) 
The results for the children showed a significant three-way interaction between 

Age, Prosody, and Lexical Type.  The data was divided with respect to Lexical Type to 

examine the interaction between Age and Prosody.  There was not a significant 

interaction between Age and Prosody for the Compound Bias (cac~tus) or the List Bias 

(nail~key) items.  There was a significant interaction between Age and Prosody for the 

Ambiguous (fruit~salad) (F1(3,41)=3.488, p<.05; F2(3,33)=3.033, p<.05) and the 
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Nonsense (foon~gemp) (F1(3,41)=7.551, p<.001; F2(3,33)=8.911, p<.001) items. Table 

6.3 summarizes these findings. 

Table 6.3: Experiment 2 (Children’s Results) – Summary of the Main Effect of 
Prosody for the Ambiguous and Nonsense items 

 Effect of Prosody 

 3 y.o. 4 y.o. 5 y.o. 6-7 y.o. 

Ambiguous 
(fruit~salad) 

t(10)=2.015, 
p>.05; 

t(11)=1.856, 
p>.05 

t(10)=2.753, 
p<.05; 

t(11)=2.190, 
p=.051 

t(10)=5.573, 
p<.001; 

t(11)=4.215, 
p<.005 

t(11)=8.373, 
p<.001; 

t(11)=4.244, 
p<.005 

Nonsense 
(foon~gemp) 

t(10)=1.392, 
p>.05; 

t(11)=1.011, 
p>.05 

t(10)=1.320, 
p>.05; 

t(11)=1.906, 
p>.05 

t(10)=4.658, 
p<.005; 

t(11)=4.000, 
p<.005 

t(11)=6.680, 
p<.001; 

t(11)=8.623, 
p<.001  

Note: The shaded boxes show a significant main effect.  The abbreviation y.o. 
means years old. 

These results show that the children improve in their ability to use the prosodic 

content as they mature.  However, when the two-way interactions between Age and 

Lexical Type are tested for each successive pair of age groups, it is clear that this 

improvement does not begin until after age four.  The 3- and the 4-year-olds do not differ 

significantly from each other for this interaction, while the 4- and the 5-year-olds differ 

with respect to List Prosody, but not Compound Prosody.  In contrast, the 5- and the 6-

year-olds, and the 6-year-olds and the adults show significant interactions for both types 

of prosody, thus showing a clear effect of Age39.   

Figure 6.2 shows the percent Prosody Match scores for children between the ages 

of four and six years old and for adults for both types of Prosodic Contour.  The percent 
                                                
39 See Appendix Q for these results. 
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Prosody Match score represents the mean number of times that the participants chose the 

image set that matched the Prosody with which the utterance was said.  The left portion 

of the graph shows the responses to Compound Prosody items and the right portion 

shows the responses to the List Prosody items.  The first bar in each Lexical Type shows 

the percent Prosody Match responses of the 4-year-olds, the next of the 5-year-olds, the 

next of the 6-year-olds, and the last, the responses of the adults.  The figure only shows 

the responses to the Compound Bias (cac~tus) and List Bias (nail~key) items.  The 

responses to the Ambiguous (fruit~salad) and Nonsense (foon~gemp) items echo those of 

the matched prosody items on this figure (i.e. Compound Bias with Compound Prosody), 

with increasingly higher percent Prosody Match scores as the participants get older. 
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Figure 6.2: Percent Prosody Match – By Age and Lexical Type.  Boxed items are 
crossed-items (items where the prosodic and lexical content conflict). Error bars 
represent 95% confidence intervals. 
 

One clear pattern emerges from this graph.  The responses to the matched items 

show an increase in the percent Prosody Match as the participants mature.  The crossed-

items (in the boxes on the figure) show the reverse effect, with prosody becoming less of 

a factor and lexical content becoming more of one as the age of the participants increases.  

This consistent increase in the effect of prosody, when the lexical content does not 

conflict with the prosodic content, is the most robust finding in this dissertation.  

Lexical Type 
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6.3.2. The Performance Paradox 
A general question, raised in both Chapters 1 and 2, relates to the existence of a 

performance paradox in the acquisition of prosody by English-speaking children.  This 

paradox refers to the early production (in children as young as six months old) and the 

late comprehension (in children as old as twelve years old) of certain prosodic forms.  

The acquisition of prosody seems to proceed in a manner opposite to the acquisition of 

other linguistic systems wherein comprehension has been consistently shown to precede 

production.  The results presented here indicate that children begin to understand the two 

contours used in this study quite early on.  Wells et al. (2004) showed that British English 

learning children were able to produce the two contours used in this dissertation when 

they were five years old.  In the results presented here, there is a non-significant trend 

toward a prosodic basis for the responses of the 3-year-olds.  These two findings, in 

combination, suggest that the children do understand the contours before they produce 

them.  Yet, the findings can also be used to support the performance paradox.  The 6-

year-olds are not adult-like in their behavior, showing late complete acquisition of these 

contours.   

Perhaps the key to this conundrum is the term “complete acquisition.”  In Chapter 

1, the term acquisition was defined so that the “acquisition of a linguistic form requires 

both the ability to produce that form and the ability to understand that form.”  An infant’s 

babble will contain the same prosodic characteristics as the language the infant is 

acquiring (de Boysson-Bardies et al. 1984).  This has been taken, by some, as evidence 

for the early acquisition of prosody, though not entirely in the same sense as the term is 

being used here (Snow, 2004; Furrow, 1984).  The problem with comparing this to the 
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acquisition of a syntactic form, for example, is that 6-month-olds cannot babble syntax. 

To produce a syntactic structure, the child must be able to say identifiable words.  

Prosody may thus appear to be acquired early, because it can be produced without any of 

the other systems, while the production of syntactic forms requires the production of 

phonetic forms.  

This argument is, admittedly, somewhat speculative.  Yet, the data presented here 

does show that 3-year-olds are aware of and able to make some use of prosodic contours 

that the 6-year-olds have not yet mastered comprehension-wise.  Therefore, the prosodic 

portion of the argument is supported.  There is also support for the syntactic side of the 

argument.  The earliest point at which syntax can be seen in the production capabilities of 

children is at the two-word stage.  According to Mazuka, “Many researchers have noticed 

that word order errors are extremely rare when children start combining words,” (1996, p. 

319).  However, not all of syntax is acquired this early (c.f.  Cruttenden, 1985 for the late 

acquisition of object deletion).  Early production of the correct word order is not taken as 

understanding of stranding, or adjacency violations.  Nor should early production of 

prosodic rhythms be used as evidence for early comprehension of the meaning of a 

continuation rise.  Yet, Furrow (1984) did claim that 2-year-olds use of rising intonation 

when addressing others was intended for conversational purposes. 

In Chapter 5, it was reported that 6-year-olds were not significantly different from 

adults with respect to their use of prosody for the Nonsense (foon~gemp) items.  This 

suggests that, as a group, these children have reached adult levels.  In contrast, for the 

Compound Bias (cac~tus) items said with Compound Prosody, 20 of 21 adults reached 
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ceiling in their responses (had a 100% Compound response), while only 6 of 45 children 

(all of them in the 6- to 7-year-old age group) did so.  Generally speaking, the children 

are not adult-like in their responses, but they are clearly moving toward adult behavior.   

Chapters 2 and 4 raised a possible reason for young children not performing in an 

adult-like manner.  This related to children’s ability to integrate multiple sources of 

information.  In the Nonsense (foon~gemp) items, there was really only one source of 

information, the prosody.  The visual and lexical input for these items was made 

intentionally unclear.  For the Compound Bias (cac~tus) items, the visual input was clear.  

There were recognizable pictures of the lexical items, and the lexical information was 

also present.  Perhaps the children’s generally poorer performance on these items relates 

to their struggle with integrating the information rather than their specific understanding 

of the prosody. 

6.3.3. The Effect of Conflicting Input 
This section returns to one of the main questions posed in this dissertation:  How 

do the participants respond to a conflict between the lexical and the prosodic content of 

an utterance?  For the adults, there was RT data which showed that the adults were 

slower to respond when the lexical and the prosodic content conflicted than when it 

matched.  There was no similar measure for the children.  However, an effect of the 

conflicting types of content can be inferred based on the changes in the response patterns 

seen in Figure 6.3 below.  
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Figure 6.3 : Mean Percent Two-item response for crossed-items  (cac~tus -> 
/kæk#tʌs/; nail~key -> nailkey ).  A chance response on this measure would be 33%, 
as indicated by the line in the middle of the graph.  Responses based solely on lexical 
content will result in the darker bars (the Compound Bias (cac~tus) items) being at 
100% and the lighter bars (the List Bias (nail~key) items) being at 0%.  Error bars 
represent 95% confidence intervals. 

 
The responses of the 4-year-olds to the crossed-items are nearly at chance, but the 

responses of the adults are clearly far from chance (based on the large difference in the 

heights of the bars on in Figure 6.3).  While the effect of the conflicting information is 

seen in the RTs of the adults, it is also seen in the more adult-like responses of the 

children as they mature (the 6-year-olds have a larger different in bar height than the 4-

year-olds).  Additional evidence for a change in strategy by the children as they mature 

Age 
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comes from an anecdotal observation. While many of the 5-year-olds started to point to 

the prosodic parse of these items, they would then change their minds and choose the 

lexical parse.  This demonstrates that the children were aware of the competing parses 

and suggests that the prosodic parse is somehow more fundamental.  Comparing these 

findings to previous findings, it becomes possible to draw some broader conclusions. 

6.3.4. Comparison to Previous Literature 
The studies by Cruttenden (1985), Wells et al. (2004), Beach et al. (1996) and 

Vogel and Raimy (2002) were the basis for the experiments conducted for this 

dissertation.  Table 6.4 compares the results of these studies with the results of the current 

experiments.  The general observation that can be made from this table is that the results 

here parallel and expand upon the results of those earlier studies. 

Table 6.4: Summary of Four Experiments and Comparison to Current Findings 

 Results Comparison to current findings 

Cruttenden 
(1985) 

10-year-olds struggled with using 
prosody to disambiguate in a 
perception task  

6-year-olds also struggle with 
using prosody, but reached 
adult-like behavior for 
Nonsense (foon~gemp) items 

Beach et al. 
(1996) 

5- and 7-year-olds used prosodic 
content, but not to an adult degree 

Same result  

Wells et al. 
(2004) 

Each age (5- to 12-year-olds) 
improved compared to the age 
before  

Same result for older children, 
no difference between 3- and 4-
year-olds 

Vogel and 
Raimy (2002) 

Novel compounds (split-board) 
treated like lists, and known 
compounds (hot-dog) treated like 
compounds 

Same result  
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From the results reported in Table 6.4, two processing patterns emerge.  The first 

is the longest-word strategy, previously proposed by Gow and Gordon (1995).  In that 

paper, it was claimed that the longest lexical item consistent with the input would be 

chosen (the single word item tulips would be selected over the two word item two lips). 

In the Vogel and Raimy study, this is seen in the selection of the compound word hot-dog 

the two words hot and dog.  In the current study, this is seen in the higher overall percent 

two-item responses to the Ambiguous (fruit~salad) items (watermelon was selected more 

often than water, melon).  The second pattern that emerges relates to unknown words, 

either nonsense words (current study) or novel compound words (Vogel & Raimy, 2002).  

These items tend to be interpreted as short, monosyllabic members of a list (so foon and 

gemp are selected over foon~gemp, and wood and cradle are selected over wood-cradle).  

The general pattern, then, is to interpret known items as the longest possible word and 

unknown items as the shortest possible words.  These two patterns will also be addressed 

in the creation of a processing model in the next section. 

There are two other studies with findings that should be compared to the results of 

the current study.  These studies differ from the studies cited above in that they do not 

involve the same prosodic contours as were used in the current research.  However, these 

studies are of interest because they investigate children’s ability to integrate prosodic and 

either lexical (Moore et al., 1993) or syntactic (Cutler & Swinney, 1987) information 

during an experimental task.  The results of these studies, as they relate to the current 

experiments, are summarized in Table 6.5. 
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Table 6.5: Comparison of Moore et al. (1993), Cutler and Swinney (1987) to the 
Current Results. 

 Moore et al. Cutler & Swinney Current 

3-year-
olds 

No use of either 
lexical or prosodic 
content 

4-year-
olds 

Use either lexical or 
prosodic content but 
not both, if both are 
present the lexical is 
used 

No use of prosodic 
content, but use of 
the syntactic role of 
the target word 

Responses at chance, 
but trending in right 
direction with 
respect to both 
lexical and prosodic 
content 

5- to 7-
year-olds 

Able to use both 
prosodic and lexical 
content 

Able to use both 
prosodic and 
syntactic content 

Able to use both 
prosodic and lexical 
content 

 
The results from Cutler and Swinney and from Moore et al. show a general 

pattern of prosody being less useful to the children who participated in the study when 

other information (lexical or syntactic) was present.  This matches the findings reported 

in Chapter 5 for the adults in Experiment 3.  For the adults in the current study, prosody 

became more important when the visual cues were reduced, meaning that when the visual 

cues were present, the prosody was not as useful or at least not as used.  In all three cases, 

the adults in Experiment 3, the children in the studies by Moore et al. and Cutler, and the 

children in the studies by Swinney, when less information is present in the signal the 

participants made more use of the information that was present, namely the prosodic 

content.   

6.3.5. Interim Summary 
For both children and adults, there was an interaction between the prosodic and 

the lexical content of the utterances tested.  There was less of an effect of prosody when 
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the lexical content was clear (Compound Bias (cac~tus) and List Bias (nail~key) items), 

than when the lexical content was unclear (Ambiguous (fruit~salad) and Nonsense 

(foon~gemp) items). The Nonsense (foon~gemp) items were the only items where the 

oldest children (6-year-olds) and the adults did not differ significantly in their responses. 

The interaction between prosodic and lexical content combines with a greater reliance on 

the prosodic content by younger children to create an overall interaction between age, 

prosody, and lexical content. 

Both the children and the adults show an apparent tradeoff between the number of 

sources of input and the attention given to these sources.  For example, when the visual 

input is changed from representational images to abstract images, the adults make greater 

use of the prosodic content.  This suggests that the visual input is given more attentional 

weight than the prosodic content, making the prosodic content most useful when the 

visual input is absent.  Similarly, when children are presented with multiple sources of 

input, either lexical and prosodic (current study, Wells et al., 2004; Vogel & Raimy, 

2002; Moore et al., 1996) or syntactic and prosodic (Beach et al., 1996; Cutler & 

Swinney, 1987; Cruttenden, 1985), the younger children struggle to integrate the 

information.  Only as the children mature do they show signs of being able to use all of 

the information present.   

The lexical and/or syntactic content tends to bear more weight in the studies by 

Moore et al. and Cutler and Swinney, while the prosodic content is used more in the 

current study and the study by Wells et al.  If the prosodic content is the content of last 

resort, as it appears to be for the adults, this may mean that the children in the current 
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study were unable to access the lexical meanings of the items presented.  However, since 

the children knew the lexical items, the use of the prosodic content in the current study 

may also reflect the fact that the children were presented with too much input (lexical, 

visual, and prosodic) and simply felt overwhelmed.  If this is the case, the children’s 

improved use of the lexical content as they mature suggests better abilities to integrate 

and grant attention to new types of input, rather than a change in their lexical abilities. 

These observations are used in the next section to create a model of language 

processing that can account for the differences based on age and type of input seen in the 

results presented here.  The section begins with a review of current assumptions in 

spoken word recognition models and then continues with a modified model of spoken 

word recognition.  

6.4. Language Processing Model 
The final portion of this dissertation proposes a modification to current spoken 

word recognition models that makes it possible to account for the data presented in the 

previous chapters and summarized above.  This modified model is designed to explain 

the interaction between the lexical content and the prosodic content of the utterance.  The 

model is closely based on, and is designed to be compatible with, a variety of current 

models of spoken word recognition.  However, as will be shown below, these models are 

unable to accommodate the results presented here.   

The proposed model contains two modifications to standard models.  The first 

modification relocates the prosodic content of an utterance into its own section of the 

spoken word recognition system.  Most models either have the prosodic content 
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incorporated into the lexical content (i.e. Shortlist – Norris, 1994) or ignore the prosodic 

content all together (i.e. TRACE – Elman & McClelland, 1986).  This first modification 

allows for both the prosodic and the lexical components of the grammar to make 

independent contributions to the word recognition process.  The second modification 

expands existing spoken word recognition models to include an additional stage wherein 

decisions about unresolved ambiguities can be made.  This additional stage makes use of 

pragmatic and situational factors within the word recognition process. 

Several issues have been raised in the previous section that will be addressed 

within the word recognition model being proposed.  First is the idea that children and 

adults differ primarily in their ability to map between the prosodic structure and the 

lexical structure.  This was first proposed by Beach et al. (1996) and was supported by 

the current findings.  Then there is a question about different types of embedded words 

(whether the prosodically embedded words are treated the same as spuriously embedded 

words).  This leads to the idea that words intentionally embedded through prosody may 

be treated in a different manner by the parser than words that are spuriously present in the 

signal (the difference between bone in trombone and cactus in cac, tus).  The differential 

treatment of prosodically embedded words is linked to the observation that the prosodic 

content appears to act as the content of last resort for adults, yet at the same time, is the 

most useful content to the children.  Finally, there is the pattern of List Bias (nail~key) 

items seeming to behave like Nonsense (foon~gemp) items in Experiment 3.  This pattern 

raises the issue of the effect of the visual images used to test the participants' 

understanding of the utterances.  All of these observations (the different abilities of adults 
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and children to integrate prosodic and lexical content, the status of embedded words, 

prosodic content as a last resort for adults, and the effect of visual input) are addressed in 

the proposed model which primarily acts to add facets to existing models of word 

recognition. rather than to remake them. 

6.4.1. Comparison to Current Models of Spoken Word Recognition 
(SWR) 

The four observations listed above are the focus of this section because they 

address the data that current models of SWR are either unable to or are not designed to 

explain.  The discussion below will focus its comparison primarily on the Shortlist 

(Norris, 1994) and the TRACE (Elman & McClelland, 1986) models of SWR.  Other 

models, such as ARTWORD (Grossberg, Boardman, & Cohen, 1997), MINERVA 

(Hintzman, 1986), NAM (Luce, 1986), and Cohort (Marslen-Wilson & Welsh, 1978), 

will not be discussed in detail.  With regard to their ability to handle the data presented 

here, these other models share many of the assumptions exhibited by Shortlist and 

TRACE and are subject to many of the same concerns as the two specific models that are 

the focus of comparison here. 

The first of the four observations given above is that there is clear evidence 

presented here and elsewhere (e.g. Beach et al, 1996; Cutler & Swinney, 1987; Moore et 

al. 1993) that children and adults respond differently to the same stimuli.  This 

observation is a challenge to theories of language acquisition that claim there is a 

continuous progression between the language processing skills of children and of adults.  

Most of the language acquisition theories based on the idea of a universal grammar share 

in this assumption (see Mazuka, 1998 for discussion).  While several researchers have 



  233 

called for a model of SWR that can account for and make use of observations about how 

children process speech (e.g. Mazuka, 1998; Pierrehumbert, 2003; Mehler, Dupoux, & 

Segui, 1990), current models of SWR still tend to ignore the acquisition findings.  The 

modifications made to current models proposed here make it possible to account for 

differences in the behavior of adults and of children within a continuous model of 

language acquisition based upon the principles of Universal Grammar. 

The second observation regarding the status of embedded words is also addressed 

in the proposed modified model.  TRACE and Shortlist both (as opposed to Cohort, for 

example) assume that the lexicon is searched several times.  In these models, each time a 

phoneme is recognized, a new search is initiated for words beginning with that phoneme.  

At the same time, ongoing searches are restricted based on the available information.  For 

example, as the phonemes in the word cat are recognized, a search of the lexicon for 

words starting first with /k/, then with /æ/ or /kæ/, then with /t/, /æt/, or /kæt/ is 

undertaken (Norris, 1994).   

This type of search process does not make explicit use of the allophonic variation 

present in the signal, but it does make it easy for embedded words to be recognized.  

More recent formulations of the Shortlist model do take into account allophonic variation 

and phonological cues to segmentation (Norris, Cutler, McQueen, & Butterfield, 2006), 

while still allowing for embedded words to be recognized.  What such a model lacks is an 

explicit level for the allophonic variation and the phonological cues to be addressed.  

Such a level is helpful in explaining the different use of this type of information by 

children and by adults in the data presented here.  It should be noted that the Shortlist 
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model was not designed to explain children’s language processing skills during language 

acquisition, so this is not a failing of the model, but rather something for which the model 

does not yet account. 

This separate level will also be employed in the modified model to explain why 

the prosodic content of the utterance appears to be used by adults only after the lexical 

content is found to be ambiguous.  This observation is somewhat inconsistent with 

models of SWR that include the prosodic characteristics of a word in its lexical 

representation (Norris et al., 2006; Hawkins, 2003; Pierrehumbert, 2003).  If the stored 

lexical representation includes the phonological characteristics of the word, including 

segmental lengthening due to prosodic boundaries and to allophonic variation, it is 

unclear why embedded words, which have the incorrect phonetic structure, are 

recognized at all.  Salverda, Dahan, and McQueen (2003) argue that the prosodic 

characteristics of the signal need to be taken into account in models of SWR in a 

probabilistic manner.  They also argue that while the prosodic content is likely used in the 

initial parse, lexical factors will act as the deciding factors in the end.  This argument 

matches well with the results found here and will be used to support the modified model 

proposed here, which places the prosodic content in a separate processing locale from the 

lexical content. 

 The final observation, given above, relates to the effect of visual input on SWR.  

Models of SWR generally do not make reference to the context in which the word 

recognition takes places.  While the effects of masked or garbled auditory signals are 

discussed (see McQueen, 2005 for review), the contribution to semantic understanding 
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from visual input, particularly from images rather than from text, is rarely mentioned.  

Instead, visual images are most often used to determine the time course of ambiguity 

resolution during the auditory presentation of a phrase (e.g. Salverda et al., 2003).  This 

contrasts with the role of visual input being investigated here.  In the experiments 

conducted here, the visual input ranges from ambiguous to irrelevant.  The visual input is 

as ambiguous as the lexical content in the Ambiguous (fruit~salad) items in Experiments 

1 and 2.  It matches the lexical content in the List Bias (nail~key) and the Compound Bias 

(cac~tus) items in Experiments 1 and 2, but it also conflicts with the prosodic content for 

half of these items.  The visual input in Experiment 3 (abstract images) is irrelevant to the 

lexical content as are the novel animals used for the Nonsense (foon~gemp) items in 

Experiments 1 and 2.  In general, the visual input in the experiments run for this 

dissertation does not act to show when the participants have resolved the ambiguity, 

instead it often adds to the ambiguity and contributes its own information the parse. 

Cross-modal priming techniques typically involve an auditory prime and a written 

word target or a written prime and an auditory target, both of which require that the 

participant can read.  These tasks have shown, time and again, that both auditorally and 

semantically related words are activated when the input is either auditory or written (see 

Altmann, 1990 for review).  In the experiments run here, an image was used to test 

comprehension, rather than text, since the task was designed for pre-literate children.  

This introduced the additional factor of semantic priming of words due to recognition of 

the images.  Images are recognized via a different route than auditorally or visually 

presented words (Lupker, 1988; Janssen et al., 2008), which suggests that the effect of 
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this type of visual input on SWR needs to be addressed separately from other sources of 

input.  The results of Experiment 3 show that the adults were sensitive to the presence of 

the representational images and that this visual input influenced their spoken word 

recognition.  This influence is addressed in the modified model. 

In summary, the modified model proposed here plans to account for the 

differences in the behavior of children and adults within a Universal Grammar framework 

by:  1) relocating prosodic specifications present in the signal into their own processing 

system and 2) including the effect of visual images on SWR in an additional processing 

system.  Before the modified model is given, a few of the general assumptions of SWR 

need to be addressed. 

6.4.2. Sample SWR Model with Assumptions Outlined 
Figure 6.4 shows a typical way that parsing is represented in the literature on 

SWR.  This is a generalized model of SWR showing how possible words are found in the 

lexicon.  Any word phonemically present will receive some degree of lexical activation.  

Words that share segments compete with each other for recognition.  Some of the words 

in this example are spuriously embedded words (fruits, root, roots, Sal); others are more 

intentionally embedded in the context of the current experiment (fruit, salad, fruit-salad).  

Only these intentionally embedded words will result in a possible parse, but most models 

predict that the other words will show priming effects, indicating that they receive some 

activation. 
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 /f ɹ u t s æ l ə d/ 
fruit          
fruits          
root          
roots          
Sal          

salad          
fruit-salad          

Figure 6.4:  Activated words for the ambiguous string /fɹutsæləd/.  Shading 
indicates the segments involved in each possible lexical item. 
 

According to most theories of SWR, all of the words shown in Figure 6.4 should 

be active at some point during the word recognition process.  There are two parses of this 

string that use all of the segments:  the two-word set fruit, salad and the single compound 

word fruit-salad.  Both of these parses pass the “Possible-Word Constraint”, which 

requires that all of the segments identified in the signal be assigned to a word or that 

segments in a string not assigned to a known word must be at least a possible word in the 

sense of constituting a syllable (Norris et al., 1997).  For example, Norris et al. showed 

that listeners found it difficult to parse the word apple from the string fapple, and argued 

that this was because recognizing apple as a word would result in the stranding of the 

segment /f/, which is not a possible English word.  In the current context, if the word 

roots were selected in Figure 6.4 the segment /f/ would remain unparsed.  As it is not a 

possible word of English, the Possible-Word Constraint mitigates against roots being 

selected as a possible parse. 

In the data presented here, adults responded slower to items like those in Figure 

6.4 which have a lexical ambiguity than to items with clear lexical content.  For example, 

the mean RT for the Ambiguous (fruit~salad) items said with Compound Prosody was 



  238 

3088ms, while the mean RT for Compound Bias (cac~tus) items said with Compound 

Prosody was 2034ms.  This implies that in the experiments run here, the words fruit, 

salad and fruit-salad are present in some manner when the participant is making a 

decision about which image set to choose.  This ambiguity slows their decision making 

process.  Crucially, this is true even when the Prosody indicates that the compound word 

fruit-salad should be selected.  If both parses are not present, then the RTs to these items 

will not be slowed down, as is the case for the Compound Bias (cac~tus) items said with 

Compound Prosody.  A model such as Shortlist or TRACE is able to account for the 

latency in reaction time seen in the ambiguous items (fruit~salad) as compared to the 

matched items (cac~tus).  However, these same models cannot account for the slower 

reaction times to the crossed-items.  

The crossed-items (Compound Bias (cac~tus) items said with List Prosody or List 

Bias (nail~key) items said with Compound Prosody) were included to test the limits of 

spoken word recognition.  These items created an ambiguity not frequently present in 

normal speech situations, wherein the prosodic parse of the utterance and the lexical 

parse of the utterance directly conflict.40  In these cases, either the two words nail and key 

are prosodically compounded into the word nailkey, or the single word cactus becomes, 

prosodically, the two non-words /kæk/ and/tʌs/.  When a standard word recognition 

model is applied to crossed-items such as these, the lexical parse results.  A strictly 

prosodic parse is not generated by this type of model.  Yet, the fact remains that adults 

                                                
40 These cases differ from the ambiguity inherent in the pair I scream versus ice cream 
since all of the words in the pair are real words of English.  In the case of nail, key versus 
nailkey the second item is a non-word. 
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and children are fully able to recognize non-words.  Therefore, there must be a 

mechanism for doing so built into SWR systems.  One possible version of such a 

mechanism is proposed here. 

Even in models such as Shortlist, which include phonetic details given by the 

prosodic characteristics of the signal in their computations of possible words, the non-

words created by the List Prosody parse of the Compound Bias word cactus will not be 

generated.  However, the novel compound word nailkey may be generated in such a 

model if the model gives sufficient weight to the prosodic factors, but this possibility has 

not been discussed directly in the literature (See a discussion in Section 3.3.2.2.4 of 

English Compounding Rules regarding why this may be the case.).  The problem for 

existing models is that the lexical parse is not always selected for these items, and the 

models have no mechanism for creating the prosodic parse that is selected.   

In Experiment 3, adults chose the prosodic parse over the lexical parse 60 percent 

of the time for the List Bias (nail~key) crossed-items (the novel compound nailkey was 

selected over the two word sequence nail, key).  In Experiment 2, children chose the 

prosodic parse of both types of crossed-items.  For example, non-words like /kæk/ and 

/tʌs/ were selected over familiar words like cactus 41% of the time by 4-year-olds and 

17% of the time by 6-year-olds.  Novel compounds, like nailkey, were selected over 

familiar words, like nail, key, 28% of the time by 4-year-olds and 31% of the time by 6-

year-olds.  Current SWR models account well for the adult results of Experiment 1, 

which represent typical speech situations but cannot account for and were not designed to 

account for, either the children’s troubles with the crossed-items or the adult results in 
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Experiment 3.  In the model being proposed here, any parse that utilizes all of the 

segments in the phonetic string (respecting the Possible-Word constraint) is a possible 

parse, even if it contains non-words.  If more than one possible parse is generated, all of 

the possible parses are evaluated further, regardless of their activation levels.  For the 

purposes of this model, all words are taken to have equal relative activation levels when 

parsing begins.41 

There is an additional assumption that is present, but often not explicitly 

addressed, in the literature that is important for the modified model being developed.  In 

Shortlist at least, SWR is assumed to utilize the prosodic content, including phonological 

phrase boundaries, pitch changes, durational differences and other phonetic content such 

as phonotactic probabilities in the utterance (McQueen, 2005; Pierrehumbert, 2003; 

Christophe et al., 2007; Norris & McQueen, 2008).  In particular, this information is 

supposed to be used after the segments have been found, during the portion of the 

processing where word boundaries are assigned.  A further assumption of many models is 

that phonological information, particularly stress placement and allophonic variation, is 

taken to be part of the lexical representation of the words in the lexicon (Pierrehumbert, 

                                                
41 As was noted in Chapter 5, the model assumed here refers to the relative activation of 
the items. However, the model outlined here is also compatible with the Bayesian model 
(Shortlist B) recently proposed by Norris and McQueen (2008).  Their model outputs the 
probability that a given parse will be selected and is able to include frequency effects 
without special additional factors, unlike most activation based models.  The discussion 
here will continue to be phrased in terms of activation, as this terminology has the widest 
current use.  The modification to SWR models proposed here is designed to work with 
several current SWR models, and Shortlist B is the only model currently focused on 
probabilities.  However, it would be possible, probably with only slight modifications, to 
phrase the current model in terms of the Bayesian probabilities used by Norris and 
McQueen. 
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2003; Hawkins, 2003; Goldinger & Azuma, 2003).  The trouble with this assumption is 

that it is difficult to account for parses that go against the prosodic content.  In fact, 

Christophe et al. (2007) make the explicit claim that adults do not search for words across 

phonological phrase boundaries, only within them.  Obviously, words that occur across 

phonological phrase boundaries can be parsed, abet with long RTs (as is shown in the 

current study), and words with incorrect stress or allophonic variation can be recognized 

(Smith, 2002).  Still, the question remains of how the listener recovers from a poor initial 

parse.  The modified model proposed here includes a mechanism for that recovery. 

In addition to the goals for the model detailed in the previous section, two more 

goals arise from the observations given in this section.  The proposed model needs to:  1) 

provide a mechanism for parsing words located across phonological phrase boundaries, 

and 2) account for the slower RTs to prosodically created ambiguities. 

6.4.3. Proposed Model 
The modified spoken word recognition model proposed here will be discussed in 

detail below.  The modified model of SWR will include Multiple Inputs and Parallel 

Processing and will be referred to as MIPP for short.  The MIPP model has three stages.  

The first stage begins once the segments have been identified in the speech stream42.  In 

this stage, the possible parses of the acoustic signal are generated based on the lexical, 

prosodic, and visual input.  Each of these inputs is processed in parallel and 

independently of the others in the first stage of the model (hence the name of the model 
                                                
42 This is consistent with TRACE and Shortlist, but not with some other current models of 
SWR, which map directly from the input to the lexicon without an intermediary segment. 
level.  For example, many exemplar based models do not include an explicit segmental 
level of analysis (Goldinger & Azuma, 2003; Pierrehumbert, 2003; Hawkins, 2003).   
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Multiple Inputs and Parallel Processing).  In the second stage, after the input has been 

processed, the possible parses are evaluated relative to each other.  As discussed above, a 

possible parse includes all of the segments in the speech stream divided into possible 

words with no two consecutive words that share a segment (Norris et al., 1997).  Thus, at 

the second stage, entire parses of ambiguous sequences are evaluated rather than 

individual words of these parses.  This fits with Salverda et al. (2003), who noted that, 

particularly in the case of initially embedded words, word boundaries cannot be found 

until after the offset of the word.  This means that ambiguities present in the auditory 

signal must be processed in chunks that are larger than the word level.   

In Stage Three of the MIPP model, prosodic cues that extend over more than one 

word and that contribute to the pragmatic understanding of the parse are used to 

disambiguate those sequences that continue to contain ambiguities.  This means that 

prosodic factors play two distinct roles in this model.  First, fine acoustic details are used 

to help parse the signal in the first stage.  This refers to the use of phonotactics to 

determine possible word boundaries (i.e. /zt/ does occur word internally; Mattys & 

Jusczyk, 2001) and to the use of pauses and pitches changes to determine phonological 

phrase boundaries.   Second, larger multi-word prosodic contours are used to resolve 

ambiguities with the help of pragmatic knowledge and the context of the utterance.  This 

refers to use of entire prosodic contours for pragmatic or discourse purposes. One 

example of prosodic contour that serves a pragmatic role is the fall-rise contour examined 

by Ward and Hirschberg (1985) that is used to implicate uncertainty.  Another example is 

the continuation rise, which is used in conversation to indicate more information is 
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coming, as discussed by Pierrehumbert and Hirschberg (1990).  These larger prosodic 

contours, of course, contribute to the fine acoustic details used earlier in the model, but in 

Stage Three they also play a more abstract role.  The specific interplay of prosody, 

pragmatics, and context in Stage Three is defined further below.  The first two stages 

happen online, in that they are basically automatic processes not subject to conscious 

control.  The third stage is largely offline and may or may not include intentional thought 

on the part of the listener.  

The model proposed here is designed specifically to account for the results of the 

experiments conducted for this dissertation and of related experiments that have been 

conducted with both children and adults.  It is meant to be an extension of existing 

models, not a replacement.  The MIPP model seeks to explain how spoken word 

recognition takes place in speech situations not directly addressed in other models, 

particularly in cases where the spoken word recognition system is taxed in some way.  

One such situation is when the prosodic characteristics of the signal mismatch the lexical 

content (as in the crossed-items tested here).  These cases are likely frequent enough in 

normal speech due to speech errors or deliberate intent to warrant investigation.  

Another case where the spoken word recognition system is taxed is during 

language acquisition.  As has been discussed above and in Chapter 1, it is arguable 

whether or not spoken word recognition during language acquisition is the same as 

spoken word recognition during adulthood.  However, since children are unlikely to 

know as many of the words in a given utterance as adults, the children’s task is somewhat 

different from the adults’ task.  The child must both recognize the words they are familiar 
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with and recognize the words they are not familiar with to begin to generate 

representations of those words.  The majority of the time, adults need only recognize 

familiar words.  However, adults do encounter new words in their day-to-day lives.  The 

MIPP model seeks to explain the mechanism used by children and adults to recognize 

unfamiliar words in the context of ambiguity.   

The MIPP model is not a completely implemented model.  The proposal given 

here uses a basic counting mechanism (explained below) to track the relative activation 

of the possible parses.  This is done to make the model more concrete and is not meant to 

represent real-world activation levels.  Instead, the numbers show how the model could 

be implemented if a mathematical system were devised that could account for all of the 

factors included here and those factors (e.g., frequency and neighborhood density) shown 

to influence word recognition.  That said, the numbers do give a reasonable 

approximation of how the word recognition process is theorized to work. 

6.4.4. Stage One – Generation of Possible Parses 
Stage One has three sub-parts, two of which act somewhat in conjunction with 

each other (the prosodic and lexical input) and one that acts independently (the visual 

input)43.  The input from Stage One into Stage Two for each sub-part is given.  The 

lexical part is discussed first.  It is the simplest to explain, as it consists primarily of the 

same sort of spoken word recognition model as is employed in Shortlist.  The visual part 

                                                
43 Note that this model could easily be expanded to include other types of input, should 
any be shown to influence SWR.  The three inputs discussed here were directly tested in 
the experiment, but there is no a priori reason to exclude additional inputs. 
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is slightly more complicated and is explained next.  The phonetic part is the first major 

addition to current models and is discussed last. 

6.4.4.1. Lexical Input 
The lexical processing portion of the model is assumed to progress in the same 

manner as a Shortlist-style model (Norris, 1994). The lexical portion of Stage One selects 

words from the lexicon based on recognized phonemes and generates one or more 

possible parses of the speech stream that utilize all of the segments in the signal.  There is 

one addition to the standard SWR models included in this section.  This is a formalization 

of an apparent inherent bias toward parsing the longest possible word consistent with the 

signal in the original Shortlist model.  Norris (1994) shows that given the sequence 

/hɔlɪdewikɛnd/, Shortlist will output the two-word string holiday weekend, despite the 

embedded words.  This could be taken as evidence for a longest word bias in the Shortlist 

model, though it is not discussed as such.   

Support for this bias comes from several sources.  The results of the experiment 

conducted here, as well the one conducted by Vogel and Raimy (2002), showed a 

consistent bias toward the longest word (the compound) in the Ambiguous (fruit~salad) 

items, even when the prosody supported the opposite parse.  Gow and Gordon (1995) 

also claimed that there was a longest word bias in parsing.  The activation of the possible 

parses generated by the SWR system employed to find words in the lexicon will 

contribute to the overall activation of the parses evaluated in Stage Two of the MIPP 

model.  In this simplified model, the activation contributed by the lexical input will be 

based on the number of segments of the longest word in the possible parse.  This will 
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capture the longest word bias and will act as a stand-in for the activation contributed by 

the lexical parse of the word. 

 Possible 
Parses 

Segments   

  /f ® u t s æ l \ d/ LWA 

fruit /   /       A 

salad     /    / 5 

B fruit-salad /        / 9 

Figure 6.5: Representation of the lexical input during Stage One of the MIPP model 
for the Ambiguous item, “I bought fruit~salad and chips at the store,” with the 
longest word bias counted.  LWA stands for the Longest Word Activation. 
 

The word boundaries that are present in the lexical parse are marked under the 

segmental representation of the input with slash marks.  The shading, under the 

segmental representation, indicates the segments used by the lexical items listed in the 

possible parse column.   The activation units shown above (in the LWA column) will 

combine with the activation units contributed by the phonetic and the visual components 

in Stage One of the MIPP model.  Parse A receives five activation units because the 

longest word in that possible parse consists of five segments.  Parse B receives nine 

activation units because the longest word in that possible parse consists of nine segments.  

Counting the number of segments used in the longest word of competing parses (possible 

parses using the same set of segments) allows for the longest word bias to contribute to 

the selection of the parse.  In Stage Two, the activation of all of the possible parses will 

be compared.  If the activation of a single parse is sufficiently higher than any competing 
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parses, it will be selected.  If not, then all of the possible parses will be evaluated further.  

In the next section, the contribution of the visual component is explained. 

6.4.4.2. Visual Input 
The MIPP model proposes that the visual input is independent of the segments 

found in the speech stream.  This means that the visual input contributes (additional) 

words to the possible parses of the utterance based on links between the semantic 

representation of the visual image and the lexical entry for the that semantic 

representation.  These words are then compared, during Stage Two of the model, to the 

word generated by the lexical input and checked for matches.  Thus, the visual input 

matters in its own right in the MIPP model. 

There are a variety of theories related to how pictures are recognized and named.  

Most people agree that the mental processes used to recognize a written word or a spoken 

word are largely, if not entirely, independent of the processes used to recognize a picture 

(e.g. Vitkovitch et al., 2006; Levelt et al., 1991).  Current theories of picture-naming 

claim that pictures are named based on selection from semantic memory (i.e. Vitkovitch, 

Cooper-Pye & Leadbetter, 2006; Levelt et al., 1991).  This differs from how written 

words are named, which involves recognition through orthographic links to the lexical 

representation and then to a phonological content (Forster, 1976)44.  Cirrin (1983) tested 

adults, kindergarteners, first graders, and third graders and found that the naming RTs to 

pictures for children and for adults are influenced by the same three factors.  These 

factors were word frequency, age of acquisition, and imageability.  There was also a 

                                                
44 Frost (1998) claims the orthography links to phonology directly. 
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developmental effect found, wherein adults were faster in their responses than children.  

This suggests that the children and the adults tested here were able to access the semantic 

representations of the images presented.  

With respect to the MIPP model, the set of possible words generated by the visual 

input is taken to be limited to the relevant visual input.  While in reality the available 

visual input includes anything within the listener’s visual sphere, the relevant visual input 

in these studies was limited to the items presented on the screen in front of the 

participants.  These are the items on which the participants have been asked to base their 

responses.  In day-to-day non-experimental situations, much conversation takes place 

about referents not present.  Thus, the visual input of the type proposed here is not 

necessary to the word recognition process.  However, the results given in Chapter 5 show 

that the visual input, when it is present, does influence how the speech stream is parsed, 

making it necessary to create an account that includes this type of content45.   

Additional evidence for the importance of visual information in SWR comes from 

the McGurk effect, wherein an auditory syllable such as /ba/ is presented with a visual 

image of a person saying the syllable /ga/, and yet the perceiver reports hearing the 

syllable /da/ (McGurk & MacDonald, 1976).  This auditory illusion is attributed to the 

automatic and unavoidable integration of the visual and the acoustic input (McGurk & 
                                                
45 The Motor Theory of Speech Perception (Liberman et al. 1967) and direct-realism 
(Fowler, 1986) both claim that speech perception is actually the perception of the 
articulations that are used to create the acoustic signal.  Some results used as support for 
this claim show that visual information about the articulations, when present, is highly 
salient.  However, the visual information is not needed.  This is another case, similar to 
the visual information in the current study, in which listeners use all of the information 
that is present to interpret the speech signal, even if they do not need all of those types of 
information. 
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MacDonald, 1976; Soto-Faraco, Navarra, & Alsius, 2004).  With respect to the current 

research, the visual input tested here does not cause auditory illusions, but it does 

influence the activation of lexical items and the resulting parse of the utterance.  This is 

shown by changes in the responses to the List Bias (nail~key) items said with Compound 

Prosody in Experiments 1 and 3.  When these items were presented with representational 

images (Experiment 1), the prosodically indicated compound parse (nailkey) was very 

rarely chosen by the adults.  In contrast, when the visual input included abstract shapes 

that had no relation to the lexical parse (Experiment 3), the compound parse was selected 

60 percent of the time.  

It is important to note that the retrieval of the semantic meaning of the images 

presented, and the subsequent activation of the lexical items linked to those images, is 

automatic (Lupker & Katz, 1981).  The picture-word interference paradigm shows that 

people are slower to name a picture in the presence of a written word that is semantically 

related to the picture (Lupker, 1979).  This is because once the semantics of the picture 

are accessed, the lexical form of the word related to those semantics is also accessed.  For 

example, saying the word car when a picture of a car is displayed with the word truck 

superimposed over it is slower than when the word table is superimposed over the 

picture.  This is attributed to the competition between the written word and the pictured 

word.  There are also semantic facilitation effects, wherein written words make it easier 

to name a semantically related picture (See Janssen, Schrim, Mahon, & Caramazza, 2008 

for review).  For example, participants are faster to name the word car when the word 
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drive is superimposed over it, than with an unrelated verb such as read (Mahon et al., 

2007).   

In the context of the current research, the images used were selected to match the 

words in the lexical parse for the Compound Bias (cac~tus) and the List Bias (nail~key) 

items.  For example, when the participants heard the phrase, “I saw a nail~key and bus at 

the park,” they were presented with visual images of a nail, a key, a bus, an unknown 

object46, a picnic basket, and a park.  As soon as the participants saw these images, the 

semantic content of those images was accessed.  This would result in the activation of the 

concepts of NAIL, KEY, BUS, PICNIC-BASKET47 and the concept of PIPE, since the 

unknown object in this case was a metal pipe of some kind.  These semantic concepts 

would, in turn, activate other related semantic concepts such as HAMMER, LOCK, 

CAR, and PLUMBER.  This semantic activation would also then activate the lexical 

forms of these items (Lupker & Katz, 1981).  These words are then added to the pool of 

possible parses evaluated in Stage Two of the model.  In a production task, such as the 

picture-word paradigm, when the picture on the screen and the written word are identical, 

there is generally a facilitation effect (Lupker & Katz, 1981).  It was hypothesized that 

this facilitation effect would also occur in the experiment conducted here, increasing 

activation of the lexical parses of the items.   

                                                
46 The unknown object in this case was a metal pipe of an odd shape.  In each case, the 
unknown object(s) were real things for which participants would be unlikely to have a 
name. 
47 Semantic objects are normally written in all capital letters to distinguish them from 
lexical items. 
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Figure 6.6 shows how the activation of the visual items is counted in Stage One of 

the MIPP model.  Each visually activated semantic concept (i.e. NAIL) receives one 

activation point to represent that the concept is active in the listener’s mind.  If one of the 

lexical items that becomes activated by association with the semantic concept is also 

found in the lexical parse of the auditory input, additional visual activation points would 

be granted to that item.  This is demonstrated in Stage Two of the model. 

Semantic Concepts lexical items VA 

NAIL nail(s), hammer 1 

KEY key(s), lock 1 

PIPE-OBJECT pipe(s), plumber 1 

PICNIC-BASKET picnic-basket, picnic, 
basket, ants 

1 

Figure 6.6: Representation of the Visual Input during Stage One of the MIPP model 
for the List Bias item, “ I saw a nail~key and bus in the park,” in Experiment 1.   
VA stands for visual activation. 
 

The visual content was changed in Experiment 3 to test the effect of the 

representational visual images on the selection of the lexical parse.  The results of 

Experiment 3 show that the representational visual images did increase the likelihood of 

the selection of lexical parse to the List Bias (nail~key) items.  Figure 6.7 shows the 

visual input during Stage One of the MIPP model for a sample item in Experiment 3.  In 

this example, the screen displayed one, two, or three blues squares, instead of 

representational images.  This results in the activation of the semantic concept SQUARE. 
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Semantic Concepts lexical items VA 

SQUARE square(s), circle(s), 
shape(s) 

1 

Figure 6.7: Representation of the Visual Input during Stage One of the MIPP model 
for the List Bias item, “ I saw a nail~key and bus in the park,” in Experiment a.   
VA stands for visual activation. 
 

The key point here is that relevant visual input can both add new words to the list 

of possible words (such as the words square and pipe in the examples above) and 

increase the activation of the possible words generated by the lexical parse (such as the 

activation of the word nail).  In Stage Two of the MIPP model, the interaction between 

the lexical parse and the visual parse of the items is explained.  Before this can be 

discussed, the activation units from the final portion of Stage One, the processing of the 

phonetic detail, must be considered. 

6.4.4.3. Boundary Input 
The final component of Stage One of the MIPP model involves the phonetic 

details present in the signal.  The importance of these details has been noted and 

commented upon by many researchers (Mehler et al. 1996; Pierrehumbert, 2003; 

Hawkins, 2003; Christophe et al., 2004; McQueen, 2005; Campbell, 2006).  Here, as 

segments are identified in the speech stream, they are granted activation units that will 

eventually contribute to the overall activation of the words in which those segments 

appear. 

This activation appears on segments that are phonetically marked as being located 

at a prosodic boundary.  This activation is similar to McQueen’s (1998) use of Norris et 
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al.’s (1997) Possible Word Constraint where pauses, phonotactics, and metrical factors 

are employed by the parser to segment the speech stream into words.  The strength of this 

activation is based on the type and number of acoustic cues present to indicate the 

boundary.  Clifton, Carlson, and Frazier (2002) found that the location and size of a 

prosodic boundary, relative to other boundaries, is used to resolve syntactic ambiguities.  

These cues include, but are not limited to, final segment lengthening (Beckman & 

Edwards, 1990), stress placement (Cutler & Carter, 1987; Quené & Port, 2005), domain-

initial strengthening (Cho, McQueen, & Cox, 2007), pauses (Christophe et al., 2004) and 

phonotactic probabilities (McQueen, 1998).   

Cho et al. (2007) propose a “prosody analyzer” with which “prosodic 

representations are extracted in parallel to segmental representations” to be used during 

SWR (p. 234).  The prosodic input that is attached to segments in Stage One of the MIPP 

model could easily act as the sort of prosodic analyzer they propose.  In the system 

proposed here, the prosodic effects under evaluation are limited to those effects that are 

used to indicate a word boundary.  Thus, the activation points that are assigned are 

referred to as Boundary Marks, which are combined to create the Boundary Activation 

(BA) points of a possible parse.  Once a segment is recognized, the fine details of its 

acoustic form are examined to create a representation of the prosodic content carried by 

that signal.  For example, if the segment is followed by a pause and exhibits lengthening, 

it will receive two activation points (since it has two prosodic boundary markers).  A 

segment before a pause but without lengthening would only have one activation point.  

This makes it possible for the prosodic details of segments to be quantified and 
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compared.  The boundary activation of the segment is added to the activation of any word 

where the segment appears.  It acts as positive activation if the segment appears at the 

edge of a word (near a possible boundary) and as negative or inhibitory activation if the 

segment appears word-internally (Christophe et al., 2004; Gout et al., 2004).  

Figure 6.8 shows how boundary activation points are assigned by the MIPP 

model.  Again, using a simplified system for explanatory purposes, each boundary cue 

present will add a boundary mark to the segment on which, or segments between which, 

the cue appears.  Only two (final lengthening and location near a pause) of the several 

possible factors that contribute to the marking of boundaries are counted in this 

simplified model.48   

Segments and boundary marks 

B   BB B    BB 

/f ɹ u t/ /s æ l ə d/ 

Figure 6.8: Representation of the Boundary (prosodic) Input during Stage One of 
the MIPP model for the Ambiguous item, “I bought fruit, salad, and chips at the 
store,” said with List Prosody.  B refers to a boundary mark based on the fine 
acoustic details of the segment.  
 

The string above (/fɹutsæləd/) is evaluated as if it were said in isolation with List 

Prosody.  The initial segment /f/ has one boundary activation mark for being located after 

a pause.  The next two segments have no boundary marks.  The segment /t/ has two 

                                                
48 This is similar to how Shortlist utilizes boundary information.  In that model, phonemes 
that match the phonemes in the lexical representation of a possible word receive one 
positive point, and phonemes that do not match the representation of the possible word 
receive three negative points.  This model uses pauses as phonemes of a sort, so pauses 
located inside possible words would receive three negative points (Norris, 1994). 
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boundary marks; it is lengthened because it is word final and it occurs before a pause.  

The segments /s/ and /d/ also occur next to pauses and, thus, both get one boundary mark.  

Segment /d/ gets an additional boundary mark for final-segment lengthening.  

Before the evaluation stage is explained, it is important to note that while the 

examples above are simplified, they are not that far-fetched.  For example, the degree of 

final-segment lengthening may influence how strongly that cue is weighted on that 

segment, with segments that have more lengthening being granted more than one 

boundary mark.  In a computer program designed to parse running speech, Campbell 

(1993) used final segment lengthening as the only cue to the location of prosodic 

boundaries.  The results showed a high degree of success.  While the actual system used 

by speakers likely makes use of substantially more information, this model does capture 

the general picture.  All of the activation units added by the three components of Stage 

One are computed and tallied in Stage Two to determine the overall activation of the 

possible parses. 

6.4.5. Stage Two – Evaluation 
The first stage acts to generate the possible parses of the utterance and the 

activation of those parses.  In Stage Two, the activation units from all three of the 

components of Stage One are combined.  The resulting parses are then compared with 

each other.  These parses compete for selection as the intended parse.  During Stage Two, 

either one of the possible parses becomes the actual parse by having substantially more 

activation than any other possible parse, or all the possible parses are forwarded to Stage 
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Three.  In Stage 3,  pragmatic and situational factors are then used to determine the 

outcome. 

There are eight basic conditions in the experiment conducted for this dissertation 

(twice that number when the additional factor of image-type is considered).  For four of 

these conditions, there is only one possible parse of the items; and for the other four, 

there are two possible parses.  This is summarized in Table 6.6.  The conditions are 

ranked from slowest to fastest mean RT for Experiment 1.  Notice that the four conditions 

that have only one parse are also the four conditions that have the fastest RTs.  Appendix 

R has a graph of the RTs.  For each condition, the lexical parse and the prosodic parse of 

the utterance is given, along with a description of how the parses compare.  For example, 

in Condition B (List Bias (nail~key) items said with List Prosody), there is one lexical 

parse (nail, key) and one prosodic parse (nail, key), and the two parses match.  In 

contrast, in Condition G (List Bias (nail~key) items said with Compound Prosody) there 

is one lexical parse (nail, key) and one prosodic parse (nailkey).  Here, the parses do not 

match. 
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Table 6.6: Summary of Conditions and Parsing Results for Adults 

 Condition Lexical Parse Prosodic Parse Comparison 

A Compound Bias - 
Compound Prosody 

cac~tus -> cactus cac~tus -> 
cactus 

Matching 

B List Bias -  
List Prosody 

nail~key -> nail, key nail~key -> 
nail, key 

Matching 

C Nonsense -         
List Prosody 

foon~gemp ->         
foon, gemp 

foon~gemp -> 
foon, gemp 

Matching 

D Nonsense - 
Compound Prosody 

foon~gemp -> 
foongemp 

foon~gemp -> 
foongemp 

Matching 

E Ambiguous -
Compound Prosody 

fruit~salad -> fruit, salad 
fruit~salad -> fruit-salad 

fruit~salad -> 
fruit-salad 

Prosody matches 
one lexical parse 

F Compound Bias - 
List Prosody 

cac~tus -> cactus cac~tus -> 
/kæk//tʌs/ 

Mismatch 

G List Bias -
Compound Prosody 

nail~key -> nail, key nail~key -> 
nailkey 

Mismatch 

H Ambiguous -      
List Prosody 

fruit~salad -> fruit, salad 
fruit~salad -> fruit-salad 

fruit~salad -> 
fruit, salad 

Prosody matches 
one lexical parse 

Note: The Ambiguous (fruit~salad) items have two lexical parses since they are lexically 
ambiguous, even when the prosody is present to disambiguate. 

6.4.5.1. Single Possible Parse Conditions 
All of the conditions where only one parse remains after the evaluation of the 

possible parses are able to skip Stage Three and directly select the remaining parse as the 

intended parse.  This is the normal case for day-to-day speech and what is modeled in the 

majority of word recognition models.  Figure 6.9 shows a visual representation of the 

connections between each of the three inputs in Stage One, using Example A from the 

table above.  
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Figure 6.9: Visual Representation of MIPP model during Stage Two for the 
Compound Bias item cac~tus said with Compound Prosody.  Each arrow represents 
a positive activation point. 
 

Figure 6.10 shows a formalized tabular version of the same target item as in 

Figure 6.9.  The remainder of the examples of Stage Two evaluation will be shown in this 

tabular form.  In this format, the Possible Parses column shows the lexical, the semantic, 

and the prosodic parses generated by the components of Stage One.  The lexical parse is 

shown in italics.  The semantic parse (from the visual input) is shown in capital letters.  

The prosodic parse (if it does not match the lexical parse) is given in IPA.   

The evaluation of the possible parses is based on the similarities between the 

parses generated by the separate components of Stage One.  For example, when a given 

parse (Parse A in Figure 6.10) has matching lexical and visual input, that parse receives 

Lexical Input 
 

cactus 

Visual Input 
 

CACTUS          PLANTS 

Prosodic Input 
 

/k/ = after pause ; /s/ = before pause; /s/ = final lengthening 

/k/  /æ/  /k/  /t/  /ʌ/  /s/ 
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two visual activation points.  One point comes from the match between the semantic 

content of the lexical parse and the semantic content of the visual parse.  The other point 

comes from the match between the lexical item linked to the semantic content of the 

visual parse with the lexical item suggested by the lexical parse.  In Figure 6.9, this was 

shown with two arrows between the lexical and the visual components.   

If there is only one entry in the Possible Parse column for a given parse (i.e. Parse 

B in Figure 6.10), there is no match between the possible parses generated during Stage 

One.  In the example below, the semantic notion of PLANTS was activated by the visual 

image of a cactus, but the segmental input did not include the word plants as a possible 

parse, and there is no match.  In addition to the visual activation points, Parse A receives 

three boundary activation points from the segments /k/ and /s/ and six longest-word 

activation points for a total of eleven activation points.  This contrasts with Parse B, 

which only has one visual activation point.  

Segments and Boundary Marks Evaluation Possible 
Parses 

B     BB     

  /k æ k t ʌ s/ BA LWA VA TA 

A cactus / 
CACTUS 

/     / 3 6 2 11 

B PLANTS         1 1 

Figure 6.10: Stage Two evaluation of the Compound Bias item, “I saw cac~tus and 
soap at the mall,” said with Compound Prosody in Experiments 1 and 2. BA counts 
the total number of positive boundary active points.  LWA stands for longest word 
activation.  VA stands for Visual Activation.  TA shows the total activation for the 
entire parse. 
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In the example above, Parse A receives three boundary activation points.  The 

initial segment /k/ is marked for being near a boundary.  The final segment, /s/, is marked 

for final lengthening and for being near a boundary.  Parse A receives six longest word 

activation points for each of the segments in the word since it is the longest (and in this 

case the only) word in the parse.  Finally, Parse A receives two visual activation points 

because the visual input activates the semantic concept CACTUS, for one point, and the 

semantic concept CACTUS in turn is activated by the lexical item cactus for a second 

point.  This results in a total activation of 11 points for Parse A.  In contrast, Parse B has 

one activation point from the semantic concept PLANTS, also activated by the image of a 

cactus. 

The evaluation system used here visually resembles the tableaux employed in 

Optimality Theory (OT) to evaluate candidates (Prince & Smolensky, 1993).  This 

resemblance is more in form than in function.  Within OT, possible words are generated 

and evaluated against a set of strictly ranked constraints.  The words that have the fewest 

violations of the higher ranked constrains are selected for production.  Boersma (1998) 

proposed a “perception grammar” that employed OT in the perception and production of 

words.  In Perception Grammar, constraints are designed based on evaluation of the 

auditory signal (i.e. if the F1 of a vowel is 440Hz should it be categorized as low, mid, or 

high vowel?).  The ranking of constraints determines how speakers of the language will 

perceive a given acoustic signal (in one language a vowel with and F1 of 440Hz may be a 

mid vowel while in another it may be high).  Such a model could be made to work with 

the MIPP model in that direct auditory content is used to determine the likelihood that a 
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segment appeared at a word boundary.  For example, a constraint could be proposed such 

that segments longer than Xms are at a boundary.   

Currently, however, the MIPP model is designed to function as a connectionist 

model, wherein an input string receives activation relative to its similarity to forms stored 

in memory.  There are some inherent similarities between OT and connectionist models.  

Both seek to find an optimal or harmonic solution to a problem and both refer to the input 

and the output to do so (Tesar, Grimshaw, & Prince, 1999).  In fact, Stochastic OT 

(Boersma & Hayes, 2001), is a version of OT that uses gradient grammaticality 

judgments and noisy evaluation to create a grammar, is similar to many connectionist 

systems. 

Returning to the MIPP model, evaluation of the Nonsense (foon~gemp) items is 

complicated by the fact that there is not a lexical representation of these items.  As 

discussed in Chapter 5, there are two possible ways that the participants could have 

parsed these items.  The simplest parsing strategy is to rely strictly on the prosodic 

content and pair the number of prosodic words indicated by the prosody with the image 

set containing the corresponding number of objects.  This is shown in Figure 6.11.  
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Segments and boundary marks Evaluation Possible 
Parses 

B      BB    

 /f u ŋ g ɛ m p/ BA LWA VA TA 

/fu˜g´mp/        3   3 

Figure 6.11: Stage Two evaluation of the Nonsense item, “I saw a foongemp and ank 
at the zoo,” said with Compound Prosody in Experiments 1 and 2.  Abbreviations as 
in Figure 6.10. 
 

In the example above, the prosodic word /fuŋgɛmp/ has three boundary activation 

marks.  One boundary mark comes from the segment /f/, and the other two come from the 

segment /p/.  There is no activation from the longest word, as this is not a lexical item.  

There is also no activation from the visual input, as the listener does not have a name for 

any of the images of novel animals displayed (Though the semantic concept ANIMAL is 

likely activated.).  The total activation for this item, then, comes from the three points 

contributed by the prosodic input.  Though this is not much activation, as there are no 

competitors, it is enough activation for this parse to be selected. 

There is a second possible parsing strategy for the nonsense words delineated by 

the prosody.  This is for the words to be fast-mapped to one of the visual images.  As 

discussed in Section 2.4.3, fast-mapping is the rapid linking of an unknown object with 

an unfamiliar word (Carey & Bartlett, 1978).49  Fast-mapped items have been shown to 

                                                
49 If an exemplar style model is used, rather than a model like Shortlist, the fast-mapping 
that takes place would function in basically the same way.  In an exemplar model, each 
token of a form is stored in memory, though the level of detail stored about the form 
varies from model to model.  In any case, through fast-mapping, a new exemplar 
representation of the lexical form would be created. 
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create a representation in the minds of children that include information about the lexical 

content and the phonological form after only one exposure (Dollaghan, 1985).  Here, in 

Experiments 1 and 2, these items were paired with images of novel animals.  If fast-

mapping took place, then there would be visual activation points for these items.  Fast-

mapping is not necessary for these items to be parsed, but the effect of fast-mapping 

becomes more important for items where the lexical and the prosodic content conflict, as 

discussed below.  Further, the mapping of the nonsense words to the nonsense images 

may be what causes these items to have slower reaction times than the other items with 

only one parse.  Figure 6.12 shows the resulting activation of a Nonsense (foon~gemp) 

item if fast-mapping occurs. 

Segments and boundary marks Evaluation Possible Parses 

B      BB    

 /f u ŋ g ɛ m p/ BA LWA VA TA 

/fuŋgɛmp/ 

UNKNOWN 1 

/      / 3  1 4 

Figure 6.12: Stage Two evaluation of the Nonsense item, “I saw a foon~gemp and 
ank at the zoo,” said with Compound Prosody in Experiments 1 and 2 in the case of 
fast-mapping. Abbreviations as in Figure 6.10. 
 

In this example the prosodic activation is the same as in Figure 6.11.  There is still 

no activation contributed by the lexical parse.  The visual input, however, does contribute 

one activation point for the link between the unknown semantic concept and the prosodic 

parse.  This results in a total of four activation units. 
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6.4.5.2. Two Possible Parse Conditions – Ambiguous (fruit~salad) 
Items 

The evaluation in Stage Two is even more complicated in the cases where there 

are two possible parses.  Figure 6.13 shows the relative contributions of the prosodic, the 

visual, and the lexical inputs for an Ambiguous (fruit~salad) item said with List Prosody. 

Figure 6.14 evaluates the same phrase, but this time the phrase is said with Compound 

Prosody.  

 Segments and boundary marks Evaluations 

 

Possible 
Parses 

B   BB B    BB  

  /f ɹ u t/ /s æ l ə d/ BA LWA 
 

VA 
 

TA 

A fruit / FRUIT /   /      3  2 15 

 salad / 
SALAD 

    /    / 3 5 2  

B fruit-salad / 
FRUIT-SALAD 

/        /  9 2 11 

Figure 6.13:  Stage Two evaluation of the Ambiguous item, “ I bought fruit, salad, 
and chips at the store,” said with List Prosody in Experiments 1 and 2. 
Abbreviations as in Figure 6.10. 
 

In Figure 6.13, the effect of mismatching boundary marks is shown.  In Parse A, 

all of the segments containing boundary marks are aligned with the edges of the words 

taken from the lexicon.  For example, the segment /t/ has two boundary marks assigned to 

it.  In Parse A, the segment /t/ is aligned with the edge of the word fruit, thus, both of 

these boundaries act as positive activation for the possible parse containing the word 

fruit.  In contrast, in Parse B, the segment /t/ falls within a word, not at a word boundary.  
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Because of this, the boundary marks on the segment /t/ act as negative activation for that 

possible parse.  This reduces the overall activation of the compound word fruit-salad.  

Parse B has three positive boundary activation marks (from the segments /f/ and /d/) and 

three negative boundary activation marks (from the segments /t/ and /s/), resulting in the 

entire parse receiving no activation from the prosodic input.   

As mentioned previously, Figure 6.14 shows the Stage Two evaluation of the 

same Ambiguous (fruit~salad) item said with Compound Prosody instead of List 

Prosody. 

 Segments and boundary marks Evaluations 

 

Possible Parses 

B        BB  

  /f ɹ u t s æ l ə d/ BA LWA VA TA 

A fruit / FRUIT /   /      1 2 

 salad / 
SALAD 

    /    / 2 

5 

2 

12 

B fruit-salad / 
FRUT-SALAD 

/        / 3 9 2 14 

Figure 6.14:  Stage Two evaluation of the Ambiguous item, “ I bought fruit-salad 
and chips at the store,” said with Compound Prosody in Experiments 1 and 2. 
Abbreviations as in Figure 6.10. 
 

In Figure 6.14, the longest word activation and the visual activation are the same 

as they were in Figure 6.13.  The difference in these figures is in the boundary marks.  

When the phrase is said with Compound Prosody, the list parse is not penalized as much 

as the compound parse was penalized by the List Prosody version of the phrase.  Here, 

the initial segment /f/, in both the compound word fruit-salad and the single word fruit, 
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receives one activation point.  The final segment, /d/, contributed two activation points to 

both the compound word fruit-salad and the single word salad.   

An interesting observation can be made about the examples above (Figures 6.13 

and 6.14).  In the MIPP model, the presence of a prosodically boundary-marked segment 

in the signal that is not present in lexical entry for a possible parse (Parse B in Figure 

6.13) is more damaging to the parse (results in more negative activation) than failing to 

have a boundary mark where one should be based on the lexical representation (Parse A 

in Figure 6.14).  In many cases, the prosodic factors that can be used to disambiguate 

these lexical items are optional.  One finding that is consistent in the literature on the 

prosodic marking of word boundaries is that these cues located in the fine acoustic details 

of the segments are highly variable and by no means consistent (e.g. Christophe et al., 

2004; Cooper, Cutler, & Wales, 2002; McQueen, Cutler, & Norris, 2003).  In the system 

proposed here, it is assumed that if the prosodic content (such as final segment 

lengthening and pauses) is present, it is there to convey a specific meaning and so should 

be addressed.  However, if the prosodic content (of this type) is absent, there is no way to 

know if that absence is also intentional.  A distinction is made here between the phonetic 

details used to indicate the presence of word boundary and the pitch changes used to 

indicate entire prosodic contours.  The rise-fall pitch change in the Compound Contour is 

still present, but in the system proposed, this content is not used until Stage Three. 

There are two possible parses in both of the examples (Figures 6.13 and 6.14) above.  

Parse A includes the words fruit and salad, while Parse B includes the word fruit-salad.  

The combined activation of Parse A is higher than the activation of Parse B in Figure 
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6.13, and the reverse is true in Figure 6.14.  Based on the RT results, neither parse is 

selected at this time (since Ambiguous (fruit~salad) items such as these have the slowest 

overall reaction times).  In the proposed model, this is due to the fact that both parses, in 

both of the examples above, are active.  Thus, both parses will be considered further in 

Stage Three.   

The relative activation of one parse as compared to another is not considered in 

the current simplified model.  In Figure 6.11 the entire parse only had an activation level 

of three points, yet, as there was only one parse active at all, that parse was selected.  In 

Figure 6.14 one parse has an activation of 12 points and the other has an activation of 14 

points.  In this case, neither parse is selected at Stage Two because both are still active.  

In the MIPP model there is no activation threshold that a parse must reach for selection.  

In Shortlist B (Norris & McQueen, 2008), the model can use either a target activation 

level that acts as a threshold, or the model can be designed to select whichever parse is 

the most active at given point in time.  It is this second option that is employed in the 

MIPP model.  If only one parse is active after Stage Two, it is selected.  If two (or more) 

parses are active, then all of the parses are considered further in Stage Three.  At the end 

of the Stage Three, whichever parse is the most active is selected.  Thus, the relative 

activation of the parses does affect the outcome, but not until Stage Three. 

6.4.5.3. Two Possible Parse Conditions – Crossed-items 
The final types of items to be discussed are the crossed-items created when the 

prosodic and the lexical content conflict.  These items also have two possible parses, as 

can be seen in Figures 6.15 and 6.16.  In Figure 6.15, a parse is generated (Parse B) 
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which has no lexical support.  This parse has a high activation level due to the boundary 

marks.  If the participant were to fast-map the novel words /kæk/ and /tʌs/ to the 

unfamiliar objects on the screen (in this case a potato ricer and a cow-head-clock), then 

this parse would also receive activation from the visual input.   

Segments and boundary marks Evaluation Possible Parses 

B  BB B  BB     

  /k æ k/ /t ʌ s/ BA LWA VA TA 

A cactus / 
CACTUS 

/     / 0 6 2 8 

B /kæk/ / 
(UNKNOWN 1) 

/  /    3  (1) 

 /tʌs/ / 
(UNKNOWN 2) 

   /  / 3  (1) 

6 

(8) 

Figure 6.15: Stage Two evaluation of the Compound Bias item, “I saw cac, tus, and 
soap at the mall,” said with List Prosody in Experiments 1 and 2.  The items in 
parentheses are only present if fast-mapping takes place. Abbreviations as in Figure 
6.10. 
 

There is less visual activation from the fast-mapping of the novel words to the 

unfamiliar objects than there is from the mapping of a known word (cactus) to a familiar 

object (Parse A).  This is because the mapping would be uni-directional.  In the visual 

representation of the MIPP model given above (Figure 6.9), there are two arrows 

connecting the lexical and the visual input.  This is because the lexical and visual input 

support each other.  In the case of fast-mapping, it seems unlikely that full lexical 

representation of the fast-mapping item is formed during the initial parse.   
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Figure 6.16 shows an example of the other type of crossed item.  In this case, the 

novel compound word nailkey, created by the prosodic parse, competes with the two 

known words nail and key. 

 Segments and boundary marks Evaluation 

 

Possible 
Parses 

B    BB     

  /n e l k i/ BA LWA VA TA 

A /nelki/ / 
UNKNOWN 1 

/    / 3 (5) (1) 3 
(9) 

B nail / NAIL /  /   1 3 2 

 key/ KEY    / / 2  2 

10 

Figure 6.16: Stage Two evaluation of the List Bias item, “I saw a nailkey and bus at 
the park,” said with Compound Prosody In Experiments 1 and 2.  Parentheses show 
the results after fast-mapping.  Abbreviations as in Figure 6.10. 
 

In Figure 6.16, the prosodic parse (Parse A) only receives activation from the 

prosodic input.  According to Figure 6.11, which evaluated a Nonsense (foon~gemp) 

item, this is enough activation for a parse to be selected when there is no competitor.  

However, the lexical parse (Parse B) receives activation from the prosodic, the lexical, 

and visual input, making it a strong competitor.  Based on the results of this study, the 

difference in the activation between the two parses is not sufficient to select one parse 

over the other.  This is more understandable given that three activation points were 

enough to select a parse in the case of the Nonsense (foon~gemp) items.  Both of the 

possible parses are considered further during Stage Three of the MIPP model, at which 

point the difference in the relative activation of the parses becomes important. 
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This is the first condition where there is an interesting difference between the 

results of Experiments 1 and 3.  When this type of item is evaluated with respect to 

Experiment 3, the relative activation of the two parses is much closer (Figure 6.17).  As 

discussed above, while the relative activation does not play a role during Stage Two, it is 

important during Stage Three.  It is during Stage Three that the decision would be made 

by the participant to choose the lexical parse ( Parse B) in Experiment 1 and the prosodic 

parse (Parse A) in Experiment 3.   

 Segments and boundary marks Evaluation 

 

Possible 
Parses 

B    BB     

  /n e l k i/ BA LWA VA TA 

A /nelki/ /    / 3   3 

B nail  /  /   1 3  

 key    / / 2   

6 

Figure 6.17:  Stage Two evaluation of the List Bias item, “I saw a nailkey and bus at 
the park,” said with Compound Prosody in Experiment 3.  Abbreviations as in 
Figure 6.10. 
 

Once the evaluation and assigning of activation points is complete during Stage 

Two, any ambiguous sequences that remain are evaluated further in Stage Three.  

Ambiguous sequences are defined as sequences that have more than one possible parse 

with a relatively high activation level.  If there is a set of possible parses where one parse 

has substantially higher activation than the other (as in Figure 6.10), the most activated 

parse is selected in Stage Two, and Stage Three is skipped. 
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6.4.6. Stage Three – Pragmatic and Situation Based Reasoning 
It is during this portion of the spoken word recognition process that the factor of 

Age becomes important.  All of the processing that takes place in Stage One and Stage 

Two is claimed to be automatic and not directly related to age or situation.  If the listener 

is familiar with the intended lexical items, can recognize the visual input, and can 

interpret the prosodic content of the utterance, then processing during those stages will 

proceed in the same way regardless of age.  As the children tested in the current study 

knew the lexical items, and as children in the same age range could identify the visual 

images, any difference during the first two stages of processing between children and 

adults must be due to the children’s knowledge of the prosodic content.  This observation 

brings the dissertation full circle, back to the original plan to investigate how children 

acquire prosody. 

The results for the children suggest that they are aware of the meaning of the 

prosodic content of the two contours tested here at three years old.  While prosody is not 

a significant factor at this age, the responses of the 3-year-olds consistently trend as 

though the children were basing their responses on the prosodic content.  Taking this, for 

the sake of argument, as evidence that children do understand the prosodic content at age 

three, the question then becomes:  Why do the children take so long to use this 

knowledge in an adult-like manner?  The answer proposed here is that the difference in 

the responses of the adults and the children is due to the pragmatic and the situation-

based reasoning which all listeners use during Stage Three of the MIPP model, rather 

than a difference in the automatic processing that takes place during Stage One and Stage 

Two. 
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Continuing within the framework of a parallel activation model, the parses that 

have been forwarded to this stage will increase in activation and compete directly with 

one another until one parse emerges as the most highly activated.  There are several 

factors contributing to the activation of parses at this level.  One of these is pragmatic 

reasoning which id discussed in the next section.  A second contributing factor is the 

situation itself which is discussed in Section 6.4.6.2. 

6.4.6.1. Pragmatic Reasoning at Stage Three 
Of primary importance to the pragmatic reasoning that takes place in Stage Three 

of the MIPP model are the pitch changes that make up the prosodic contours used in the 

current study.  As was discussed in Section 2.2, the prosodic contours used in the 

experiments differ in two dimensions:  1) the presence versus the absence of a pause and, 

2) the direction of the pitch contour.  The effect of the pause is seen in Stage One of the 

MIPP model, where the pause acts to mark segments on either side of it as being located 

near a prosodic boundary.  During Stage Three, listeners are able to employ their 

knowledge of the pragmatics of English to infer that the pitch change in the contour must 

have occurred for a reason and should not be ignored.50 

In relation to current pragmatic theory, as originally formatted by Grice (1975), 

there are several maxims of conversation that speakers are assumed to follow and that 

listeners can use to interpret the speaker’s intended meaning.  Two of these maxims 

                                                
50 Another possibility is that the pitch change is directly linked to specific segments in the 
same manner as the boundary information.  If this is the case, then this segmental 
information would be evaluated during Stage Two of the model.  The point made above, 
that the pitch change was done for a reason and should not be ignored, would still be 
focused on during Stage Three of the MIPP model. 
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(Quality and Quantity) combine to say that speakers are clear when they speak and say no 

more than necessary.  With respect to prosody, these maxims imply that speakers do not 

generally use pitch changes and other prosodic indicators without reason (doing so would 

mean including unnecessary information, and would make the message less clear).  For 

example, when a listener hears the phrase, “I saw a nailkey and bus at the park,” said with 

Compound Prosody, these maxims can be employed by the listener to select the prosodic 

parse over the lexical parse.  For this to occur, the listener would need to believe that the 

speaker said the phrase in that manner, with that specific pitch pattern, so as to indicate 

the presence of a compound.  This reasoning will change the evaluations of the possible 

parses in two ways.  First, the positive evidence supplied by the boundary marks in the 

signal will increase, thereby increasing the activation of Parse A (in Figure 6.17).  

Second, the absence of boundary marks where the lexical entries expect them to 

be will now cause a decrease in the activation of Parse B.  This is because the listener has 

decided that the prosody of the utterance is intentional and clear.  Whereas before the 

parse was evaluated in such a manner as to allow for the possibility that the speaker 

simply failed to mark these word boundaries, now it is clear to the listener that the 

prosody present is the intended prosody.  This results in the mismatch between the lexical 

entries in Parse B and the prosodic content of the signal playing a larger role in the 

evaluation of the parses (see Figure 6.18).  

A second factor contributing to the activation of parses during this stage is general 

linguistic knowledge.  For example, this knowledge includes the fact that English allows 

the formation of novel compounds.  According to Windsor (1993), novel compounds are 



  274 

formed by children and adults, both to fill lexical gaps and to more precisely 

communicate an idea.  The knowledge of how compound words are formed (with 

Compound Prosody) and, more importantly, the knowledge of when novel compound 

words are likely to be created (in the context of an unfamiliar object), can be used by the 

listener to interpret the List Bias (nail~key) crossed-items.  The images on the screen for 

these items included an unfamiliar object that could, perhaps, be associated with the 

novel compound.  

These facts can be combined to increase the activation of the compound parse and 

cause it to be selected.  In Figure 6.18 Parse A, the combined effect of the increase of the 

boundary activation marks and the fast-mapping of the unknown object to the novel 

compound results in a large increase in the total activation.  For Parse B, since the 

mismatch of the boundaries marks is now a factor, there is a decrease in the total 

activation.  The resulting difference in the activations of the two possible parses allows 

for the selection of Parse A over Parse B in Stage Three.  
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 Segments and boundary marks Evaluation 

 

Possible 
Parses 

BB    BBB     

  /n e l k i/ BA 
(x2) 

LWA VA TA 

A /nelki/ / 
PIPE-

OBJECT 

/    / 10 5 1 16 

B nail / NAIL /  /   0 3 2 

 key/ KEY    / / 0  2 

7 

Figure 6.18: Stage Three re-evaluation of the List Bias item, “I saw a nailkey and 
bus at the park,” said with Compound Prosody in Experiments 1 and 2.   (x2) 
denotes the increased activation of the prosodic information carried by the 
boundary marks. Abbreviations as in Figure 6.10. 
 

A comparison of the Stage Three evaluation of the List Bias item, “I saw a 

nailkey and bus at the park,” said with Compound Prosody with the Stage Two 

evaluation of the same items shows a number of changes.  The boundary marks assigned 

to the initial and final segments (shown with a letter B above the segments) are increased 

in Stage Three to indicate that the boundary information, carried by the location of 

pauses, has been given more weight.  The segment /n/ now has two boundary marks 

instead of one, for being located after a pause.  The segment /i/ now has three boundary 

marks instead of two, also for being located before a pause.  (It still receives one point for 

showing final segment lengthening.)  The total boundary activation points for the 

prosodic parse (Parse A) have been doubled based on the presence of the pitch change 

used to indicate the formation of a compound word.  Parse A has also been given one 

visual activation point and five longest word activation points for having undergone fast-
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mapping.  The total activation of Parse A is now 16 points, significantly higher than the 3 

activation points the same parse in Stage Two.  At the same time, Parse B has decreased 

in activation.  In Stage Two, this parse had ten activation points (three from boundary 

activation, three from longest word activation, and four from visual activation).  In Stage 

Three, Parse B receives no boundary activation points since it is not a compound word 

and the prosody indicates a compound word is present.  The other activation points 

remain the same, resulting in a total activation of seven points for Parse B.   

The increased difference in the relative activation of the two parses in Stage Three 

results in the selection of Parse A.  The results of the experiments show that, in 

Experiment 1, adults tend to select Parse B for items of this type while, in Experiment 2, 

children are likely to select Parse A.  This suggests that the children are giving more 

attention to the prosodic content during Stage Three than are the adults.  The reason for 

this difference is explained more in the next section. 

6.4.6.2. Situation-Based Reasoning at Stage Three 
Situation-based reasoning can also make use of the listener’s unconscious 

knowledge of their language.  This type of reasoning accounts for the experiment-specific 

effects.  For example, the same sort of unconscious linguistic knowledge that can induce 

the listener to accept the novel compound parse of a List Bias (nail~key) crossed-item can 

encourage the listener to ignore the pitch changes and pauses present in the Compound 

Bias (cac~tus) crossed-items.  An adult native speaker of English likely believes that they 

know most, if not all, of the monosyllabic nouns of their language.  (This belief may have 

been strengthened in the participants in the current study because they were told that the 
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experiment was designed for children, who would have smaller vocabularies.)  This 

belief could then, in turn, make the listener less willing to accept the non-words created 

by the prosodic parse.  In the model, this has the effect of boosting the lexical parse, 

which, in turn, boosts the activation points of the visual match and the longest word 

activation points (Figure 6.19).  

Segments and boundary marks Evaluation Possible Parses 

B  BB B  BB     

  /k æ k/ /t ʌ s/ BA LWA 
(x2) 

VA 
(x2) 

TA 

A cactus / 
CACTUS 

/     / 0 12 4 16 

B /kæk/ / 
(UNKNOWN 1) 

/  /    3   

 /tʌs/ / 
(UNKNOWN 2) 

   /  / 3   

6 
 

Figure 6.19: Stage Three re-evaluation of the Compound Bias item, “I saw cac, tus, 
and soap at the mall,” said with List Prosody in Experiments 1 and 2. (x2) denotes 
the increased activation of the lexical and the visual  information. Abbreviations as 
in Figure 6.10. 
 

In Figure 6.19, both the longest word activation from the lexical input and the 

visual activation from the visual input have been doubled.  This is done because the 

listener has decided that the speaker is trying to be as clear as possible (as per the Maxim 

of Quality). The listener believes that speaker is trying to describe the pictures, and the 

pictures show a cactus.  Thus, it is more clear for the speaker to use a familiar word such 

as cactus than to use unfamiliar words such as /kæk/, and /tʌs/ to describe the picture. 
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Individual differences in the application of pragmatic maxims will result in different 

decisions about which parse should be chosen.  As a whole, the adults tend to apply the 

maxims in one way, and the children tend to apply them in another.  For example, while 

an adult native speaker is likely to believe that they know the monosyllabic words of their 

language, and thus reject a parse containing monosyllabic non-words, a 5-year-old is still 

encountering new words everyday.  For the 5-year-old, the knowledge that speakers use 

pitch to indicate word boundaries is highly salient.  This would mean that the children are 

always, or nearly always, going to act as the adult listener did in the example (Figure 

6.18) above and attribute greater attention to the prosodic content.  In contrast, the adult 

thinks that they know the monosyllabic words, and that speakers sometimes mis-speak.  

In Figure 6.19, the adult listener has decided to ignore prosody and attend to the lexical 

and visual content instead.   

Figure 6.20 shows how a 5-year-old could apply the pragmatic Maxim of Quality 

to a Compound Bias List Prosody item.  Five-year-olds are also accustomed to hearing 

words they do not know, which would encourage them to follow the pragmatic maxim 

that leads them to believe the new words were intended.  This could result in fast-

mapping between the unknown objects and the unfamiliar words, further increasing the 

activation of Parse B. 
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Possible Parses Segments and boundary marks Evaluation 

 BB  BBB BB  BBB     

  /k æ k/ /t ʌ s/ BA 
(x2) 

LWA VA  TA 

A cactus / 
CACTUS 

/     / 0 5 2 7 

B /kæk/ / 
(UNKNOWN 1) 

/  /    10 3 1 

 /tʌs/ / 
(UNKNOWN 2) 

   /  / 10  1 

25 

 

Figure 6.20: Stage Three re-evaluation of the Compound Bias item, “I saw cac, tus, 
and soap at the mall,” said with List Prosody in Experiments 1 and 2. (x2) denotes 
the increased prosodic activation of the boundary marks. Abbreviations as in Figure 
6.10. 
 

As in Figure 6.18, the number of boundary marks assigned to the initial and final 

segments for being located near a pause, have been increased.  Further, the total boundary 

activation for the parse that matches the prosodic parse (Parse B) has been doubled.  Both 

of the words in Parse B have been fast-mapped to the unfamiliar objects increasing the 

visual and lexical activation of this parse.  This results in 25 activation points for Parse B. 

The separation of the contributions of the prosodic, the lexical, and the visual content in 

the MIPP model allows for each of these inputs to be affected independently of the others 

based on situational and pragmatic factors.  Individual listener variation based on world 

knowledge and experience is enough, during Stage Three, to explain the responses of 

adults and children within the MIPP model. 
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6.5. Summary of the MIPP Model and Conclusions 
The data presented in this dissertation has been used to argue that children and 

adults process language in the same way.  Further, differences in the behavior of adults 

and children can be attributed to differential use of the same pragmatic functions based 

on the listeners’ experiences with the world.  The MIPP model presented here uses 

multiple inputs and parallel processing to allow for the independent contributions of the 

prosodic, the lexical, and the visual inputs present in day-to-day speech situations.  The 

contributions from the various components can be bolstered by pragmatic or contextual 

factors, making the model flexible enough to account for the observed differences 

between the responses of children and adults without having to make recourse to different 

processing systems for the two groups. 

6.5.1. Future Research 
There are two large tasks remaining.  The first is to further quantify and test the 

pragmatic and situation-based reasoning that happens during Stage Three of the MIPP 

model.  One possible way to do this would be through manipulation of the experimental 

context., perhaps by changing the instructions given to the participants.  If the adult 

participants were told that the experiment was designed to teach them new words, rather 

than that the experiment was designed to test children’s abilities, they may change their 

parsing strategy during Stage Three.  The prediction would be that the adults would 

increase their attention to the prosodic component, since this is the component that is 

creating new words in the experiment.  In doing so, the adults would become more child-

like in their responses.  The instructions would create a situation where new words were 
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expected by the adults, just as they are normally expected by the children.  This is just 

one possible experimental manipulation that could result in a different use of the 

pragmatic factors discussed in Stage Three of the MIPP model. 

There are also a number of follow-up studies not based on manipulation of the 

instructional context that would provide further information.  For example, the video 

recordings of the children could be further reviewed to estimate the reaction times of the 

children and to document the children’s hesitations.  This would provide a clearer picture 

of the difference between the children’s responses and those of the adults.  Eye-tracking 

data for both children and adults could be used to better pinpoint the timing of the lexical 

and the visual recognition aspects of the model.  Children could be tested on the abstract 

images used in Experiment 3 to see how the lack of visual input influences their 

responses.  Manipulation to the contours themselves, both the pitch changes and the 

pauses, could also be tested.51  All of these studies would it make it possible to better 

refine the MIPP model. 

The second large task remaining is the creation of a more precise , fully-

implemented version of the proposed model.  While the simple expenditure of tallying up 

segments and boundary marks does result in an approximation of the response and RT 

results, a more concrete system that includes additional factors known to influence word 

recognition, such as lexical frequency, needs to be created.  In the current version of the 

model, the rapid and consistent responses to the Nonsense items and the matched items 
                                                
51 A pilot experiment was run as part of the current experiment that manipulated the 
duration of the pauses in the contours while, at the same time, removing the pitch cues.  
The results suggest that the pauses alone are enough to partially cue the prosodic content, 
but the pitch cues are needed for the contours to be fully understood.   
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(Compound Bias (cac~tus) items said with Compound Prosody and List Bias (nail~key) 

items said with List Prosody) are accounted for.  Adults respond faster and more 

consistently to these items than to the Ambiguous (fruit~salad) and the crossed-items.  

The model also provides a clear mechanism for the resolution of both the lexical 

ambiguity present in the ambiguous items and, more importantly, the resolution of the 

prosodically created ambiguity in the crossed-items. 

An expanded version of the MIPP model would need to specify exactly what 

SWR model is used in the lexical input portion of Stage One and how the resulting 

activation from that model would fit with the activation generated by the visual and the 

prosodic input.  It would also need to specify as many as possible of the fine acoustic 

details that are marked on the segments by the prosodic component.  A hierarchy of 

prosodic boundary types, similar to those given in Beckman (1996) and Nesper and 

Vogel (1986), would need to be incorporated and quantified in the model.  Finally, the 

range of pragmatic and situational factors that can be used during the re-evaluation of the 

ambiguous results of Stage Two needs to be more clearly defined. 

6.5.2. Final Thoughts 
This final section returns to one of the analogies given Chapter One.  This 

analogy compared the acquisition of prosody to learning to walk.  It claimed that, while a 

toddler and an adult may appear to have different walking styles, they have both solved 

the problem of how to walk in the same manner.  Both pick one foot up and place it down 

before lifting the other foot.  Differences between the walking abilities of toddlers and of 

adults are related to differences in their experience with the world.  Adults can rapidly 
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change how they walk to fit with different terrain, while toddlers are more apt to fall 

down.  Similarly, adults can use pragmatic and contextual information to determine the 

parse most likely intended by the speaker without apparent effort, while children tend to 

stick to one (prosody based) strategy.  In both learning to speak and learning to walk, the 

progression from childhood to adulthood is complex, but at the same time, it is linear and 

systematically related to innate linguistic and biological factors. 
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Appendix A:  List of Items 
 
A1) – Ambiguous Items - “I bought target-target and filler at the store.”   
A2) – Nonsense Items - “I saw target~target and filler at the zoo.” 
 

A1) – Ambiguous Items  A2) – Nonsense Items 

 Target-Target Filler   Target Filler 

1 Fruit~Salad Chips  1 kɹɛn dɑθ bɹɛk 

2 Straw~Berries Noodles  2 bejp gɛt ͡ʃ θijl 

3 Chicken~Soup Potatoes  3 von flaʊ kɹɛsp 

4 Pepperoni~Pizza Lettuce  4 t ͡ʃop ʃæn wɑθ 

5 Sugar~Cookies Lemons  5 glɛp θɑg t ͡ʃun 

6 Water~Melon Grapes  6 fun gɛmp ɑŋk 

7 Candy~Apples Nuts  7 θɹɛl zijn ʃɹej 

8 Chocolate~Milk Ketchup  8 glɛm θejk sɑlf 

9 Paper~Towels Honey  9 gwɛt æt ͡ʃ bejm 

10 String~Cheese Muffins  10 dɪθ gɛlm wɑb 

11 Jelly~Beans Fish  11 flɑŋk ʃop gɪs 
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A3) – Compound Bias Items – “I saw a tar~get and filler at the mall.” 
 

  IPA of Target  

 Target Compound Contour List Contour Filler 

1 Cac~tus kæktʌs kæk, tʌs Soap 

2 Vac~uum vækjum væk, jum Broom 

3 Blen~der blɛndɚ blɛn, dʌɹ Bottle 

4 Vi~sor vaɪzɚ vaɪ, zʌɹ Alligator 

5 Ath~lete æθlit æθ, lit Camera 

6 Gar~bage gɑɹbɪd͡ʒ gɑɹ, bɪd͡ʒ Combs 

7 Vul~ture vʌlt ͡ʃɚ vʌl, t ͡ʃɚ Bench 

8 Mu~sic mjuzɪk mju, zɪk Stairs 

9 Pen~guin peŋgwɪn peŋ, gwɪn Necklace 

10 Leop~ard lɛpɚd lɛp, ʌɹd Puzzle 

11 Gir~affe d͡ʒɚæf d͡ʒʌɹ, æf Stroller 

12 Cou~ger kugɚ ku gʌɹ Lamp 
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A4) – List Bias Items - “I found a target~target and filler at the park.” 
 

 Target Filler 

1 Nail~Key Bus 
2 Tie~Sled Squirrel 

3 Car~Mop Bubbles 
4 Pen~Jacks Doll 

5 Spoon~Dress Box 
6 Jar~Clay Can 

7 Train~Cup Book 
8 Door~Bat Stove 

9 Doe~Leaf Fork 
10 Van~Hook Truck 

11 Bell~Card Scarf 
12 Shell~Tack Crib 
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Appendix B:  Pause Length Variations 
 
All values are in milliseconds.   
 
B1) Compound Bias Items  
 
 Compound Prosody List Prosody 

Item 
Pause 1 
duration 

Pause 2 
duration 

Pause 1 
duration 

Pause 2 
duration 

ath~lete 0 43 166 55 
blen~der 0 14 333 71 
cac~tus 0 0 217 64 
cou~gar 0 0 255 0 
gar~bage 0 31 280 21 
gir~affe 0 0 212 21 
leop~ard 60 45 230 70 
mu~sic 0 0 197 89 
pen~guin 0 0 240 54 
vac~uum 0 0 226 90 
vis~or 0 13 267 72 
vul~ture 0 37 238 55 

 
B2) List Bias Items 
 
 Compound Prosody List Prosody 

Item 
Pause 1 
duration 

Pause 2 
duration 

Pause 1 
duration 

Pause 2 
duration 

bell~card 0 0 279 79 
car~mop 0 27 272 77 
doe~leaf 0 0 256 69 
door~bat 0 21 267 78 
jar~clay 0 0 264 68 
nail~key 0 0 261 38 
pen~jacks 0 0 220 75 
shell~tack 0 0 262 80 
spoon~dress 0 0 202 76 
tie~sled 0 0 244 79 
train~cup 0 24 264 88 
van~hook 0 0 202 62 
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B3) Ambiguous Items 
 
 Compound Prosody List Prosody 

Item 
Pause 1 
duration 

Pause 2 
duration 

Pause 1 
duration 

Pause 2 
duration 

candy~apples 0 0 235 97 
chicken~soup 0 0 259 79 
chocolate~milk 0 38 275 83 
fruit~salad 0 38 280 79 
icecream~sandwiches 0 10 249 44 
jelly~beans 0 36 268 76 
paper~towels 0 0 255 72 
pepperoni~pizza 0 26 261 81 
straw~berries 0 20 270 60 
string~cheese 0 0 278 96 
sugar~cookies 0 0 250 57 
water~melon 0 37 277 79 

 
B4) Nonsense Items 
 
 Compound Prosody List Prosody 

Item 
Pause 1 
duration 

Pause 2 
duration 

Pause 1 
duration 

Pause 2 
duration 

baip~gech 0 0 304 51 
choap~shan 0 0 281 52 
cren~dath 0 27 260 72 
dith~gelm 51 0 261 108 
flonk~shoap 0 38 232 88 
foon~gemp 0 0 260 32 
glep~thog 0 47 251 73 
gwet~atch 0 0 260 39 
moog~lath 0 22 297 107 
glem~thaik 0 0 290 77 
threel~zeen 0 0 247 81 
von~flau 0 0 281 80 
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Appendix C:  Presentation Orders 
 

There were two lists of items.  Half of the items were presented on the first day 

and half of the items were presented on the second day.  The order of the presentations of 

the lists was varied.  Half of the participants received List 1 first and the other half 

received List 2 first.  Participants were randomly assigned to which list and which list 

version they would receive.  The same lists, and list versions were used in all three 

experiments.  Each list has the four lexical types explained in the dissertation, and a fifth 

level that acted as a pilot experiment.  This pilot experiment is discussed briefly in 

Chapter 6, and is called Pause Duration.  In this pilot, three additional lexical Items of 

each type were created, and artificial pauses were spliced into the utterances of either 

100ms or 400ms. 

 

List 1, Version 1 – Ambiguous, Compound Bias, Nonsense, List Bias, Pause Duration 

List 1, Version 2 – Nonsense, Ambiguous, List Bias, Pause Duration, Compound Bias 

List 2, Version 1 – Compound Bias, Pause Duration, Ambiguous, Nonsense, List Bias 

List 2, Version 2 – List Bias, Nonsense, Pause Duration, Compound Bias, Ambiguous 
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Appendix D:  Sample Screens for Each Lexical Type, 
Experiments 1 & 2 
 
D1) Compound Bias (cac~tus) Items – “I saw a gir~affe and stroller at the mall.” 

 
Box A – This is the distractor image. 

Box B – This is the two-item picture, representing the Compound 
interpretation. 

Box C – This is the three-item picture, representing the List interpretation. 
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D2) List Bias (nail~key) Items – “I saw a shell~tack and crib at the park.” 

 
Box A – This is the two-item picture, representing the Compound 
interpretation. 
Box B – This is the distractor image. 

Box C – This is the three-item picture, representing the List interpretation. 
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D3) Ambiguous (fruit~salad) Items – “I bought fruit~salad and chips at the store.” 

 
Box A – This is the two-item picture, representing the Compound 
interpretation. 

Box B – This is the three-item picture, representing the List interpretation. 
Box C – This is the distracter image. 
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D3) Nonsense (foon~gemp) Items – “I saw a cren~doth and brek at the zoo.” 

 
Box A – This is the three-item picture, representing the List interpretation. 

Box B – This is the distractor image.  
Box C – This is the two-item picture, representing the Compound 
interpretation. 
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Appendix E:  Experiment 1 Results 
 
2 factor ANOVA 
 
 Percent 2 item Percent 3 item 
 By Subs By Items By Subs By Items 
Interaction F1(3,60)= 

183.567, 
p<.001 

F2(3,44) = 
112.556, 
p<.001 

F1(3,60)= 
202.127, 
p<.001 

F2(3,44)= 
393.378, 
p<.001 

Prosody F1(1,20)= 
554.705, 
p<.001 

F2(1,44)= 
379.216, 
p<.001 

F1(1,20)= 
553.776, 
p<.001 

F2(1,44)= 
1359.898, 
p<.001 

Lexical 
Type 

F1(3,60)= 
727.851, 
p<.001 

F2(3,44)= 
398.060, 
p<.001 

F1(3,60)= 
540.569, 
p<.001 

F2(3,44)= 
1067.826, 
p<.001 

 
Simple effect of Prosody by Lexical Type 
 
 Percent 2 item Percent 3 item 
 By Subs By Items By Subs By Items 
Compound 
Bias 

t(20) = 1.451,  
p>.05 

t(11) = 1.483, 
p>.05 

t(20) = -1.000, 
p>.05 

t(11) =-1.000, 
p>.05 

List Bias t(20) = 1.805,  
p>.05 

t(11) =2.419, 
p<.05 

t(20) = -2.251, 
p<.05 

t(11) = -2.916, 
p<.05 

Ambiguous t(20) =21.141, 
p<.001 

t(11) =26.906, 
p<.001 

t(20) = -
21.141, p<.001 

t(11) =-21.320, 
p<.001 

Nonsense t(20) = 15.490, 
p<.001 

t(11) = 9.750, 
p<.001 

t(20) = 17.692, 
<.001 

t(11) = -
43.182, p<.001 
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Appendix F: Reaction Time Values for Each Item 
 
Measured from the start of the utterance.  All values are given in milliseconds. 
 
F1) Compound Bias Items 
 
Prosody Item StartTarget1 StartTarget2 EndTarget2 
Compound ath~lete  512   746   856  
Compound blen~der  562   754   898  
Compound cac~tus  410   610   882  
Compound cou~gar  375   581   752  
Compound gar~bage  375   527   811  
Compound gir~affe  383   519   730  
Compound leop~ard  494   700   818  
Compound mu~sic  420   532   732  
Compound pen~guin  460   648   831  
Compound vac~uum  462   629   837  
Compound vis~or  455   603   804  
Compound vul~ture  597   765   958  
List ath~lete  613   1,195   1,620  
List blen~der  531   1,288   1,643  
List cac~tus  364   1,076   1,463  
List cou~gar  558   1,239   1,594  
List gar~bage  462   1,133   1,483  
List gir~affe  393   996   1,319  
List leop~ard  498   1,185   1,532  
List mu~sic  573   1,074   1,542  
List pen~guin  419   1,061   1,406  
List vac~uum  442   1,072   1,363  
List vis~or  556   1,204   1,588  
List vul~ture  628   1,260   1,554  
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F2) List Bias Items  
 
Prosody Item StartTarget1 StartTarget2 EndTarget2 
Compound bell~card  478   669   880  
Compound car~mop  414   631   764  
Compound doe~leaf  348   554   727  
Compound door~bat  466   667   864  
Compound jar~clay  482   647   804  
Compound nail~key  421   637   754  
Compound pen~jacks  372   590   858  
Compound shell~tack  366   573   822  
Compound spoon~dress  517   758   1,010  
Compound tie~sled  446   646   875  
Compound train~cup  394   628   759  
Compound van~hook  498   693   877  
List bell~card  442   1,122   1,435  
List car~mop  449   1,196   1,512  
List doe~leaf  519   1,195   1,484  
List door~bat  470   1,163   1,488  
List jar~clay  418   1,115   1,479  
List nail~key  464   1,148   1,456  
List pen~jacks  395   1,053   1,405  
List shell~tack  434   1,138   1,491  
List spoon~dress  434   1,157   1,483  
List tie~sled  371   1,048   1,627  
List train~cup  485   1,249   1,447  
List van~hook  475   1,126   1,408  
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F3) Ambiguous Items 
 
Prosody Item StartTarget1 StartTarget2 EndTarget2 
Compound candy~apples  377   729   1,029  
Compound chicken~soup  335   661   975  
Compound chocolate~milk  350   684   974  
Compound fruit~salad  285   454   788  
Compound icecream~sandwiches  288   669   1,232  
Compound jelly~beans  463   710   1,048  
Compound paper~towels  305   600   960  
Compound pepperoni~pizza  266   744   1,155  
Compound straw~berries  282   543   910  
Compound string~cheese  272   545   820  
Compound sugar~cookies  337   639   1,019  
Compound water~melon  343   568   859  
List candy~apples  483   1,230   1,629  
List chicken~soup  327   1,131   1,499  
List chocolate~milk  296   1,047   1,413  
List fruit~salad  481   1,250   1,719  
List icecream~sandwiches  369   1,192   1,767  
List jelly~beans  335   1,034   1,332  
List paper~towels  401   1,199   1,614  
List pepperoni~pizza  365   1,311   1,753  
List straw~berries  328   1,101   1,467  
List string~cheese  340   1,099   1,608  
List sugar~cookies  340   1,134   1,579  
List water~melon  359   1,077   1,455  
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F4) Nonsense Items 
 
Prosody Item StartTarget1 StartTarget2 EndTarget2 
Compound baip~gech  366   590   799  
Compound choap~shan  330   543   736  
Compound cren~dath  452   677   805  
Compound dith~gelm  381   648   893  
Compound flonk~shoap  423   687   951  
Compound foon~gemp  459   696   889  
Compound glep~thog  546   783   1,010  
Compound gwet~atch  419   582   786  
Compound moog~lath  328   583   789  
Compound glem~thaik  370   618   806  
Compound threll~zeen  365   593   828  
Compound von~flau  489   686   924  
List baip~gech  490   1,198   1,552  
List choap~shan  442   988   1,481  
List cren~dath  464   1,166   1,486  
List dith~gelm  515   1,146   1,531  
List flonk~shoap  481   1,242   1,680  
List foon~gemp  674   1,378   1,682  
List glep~thog  475   1,078   1,423  
List gwet~atch  464   1,077   1,372  
List moog~lath  665   1,362   1,719  
List glem~thaik  498   1,236   1,511  
List threel~zeen  518   1,217   1,664  
List von~flau  548   1,276   1,816  
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Appendix G:  Percent One-, Two-, and Three-Item 
Responses by Experiment 
 
G1) Compound Bias Items 
 

  % 1-item 
responses 

% 2-item 
responses 

% 3-item 
responses 

Compound 
Prosody 0 100 0 

Experiment 1 - 
Adults 

List Prosody 0 99 0 
Compound 
Prosody 15 64 20 

Experiment 2 – 
Age 3 

List Prosody 17 50 31 
Compound 
Prosody 10 66 23 

Experiment 2 – 
Age 4 

List Prosody 11 45 41 
Compound 
Prosody 8 80 11 

Experiment 2 – 
Age 5 

List Prosody 8 55 36 
Compound 
Prosody 3 93 2 

Experiment 2 – 
Age 6 

List Prosody 7 76 17 
Compound 
Prosody 

5 92 3 Experiment 3 - 
Shapes 

List Prosody 4 80 16 
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G2) List Bias Items 
 

  % 1-item 
responses 

% 2-item 
responses 

% 3-item 
responses 

Compound 
Prosody 3 6 91 

Experiment 1 - 
Adults 

List Prosody 1 2 97 
Compound 
Prosody 15 42 42 

Experiment 2 – 
Age 3 

List Prosody 14 30 53 
Compound 
Prosody 14 28 55 

Experiment 2 – 
Age 4 

List Prosody 10 14 74 
Compound 
Prosody 15 40 44 

Experiment 2 – 
Age 5 

List Prosody 5 10 84 
Compound 
Prosody 8 31 61 

Experiment 2 – 
Age 6 

List Prosody 2 4 93 
Compound 
Prosody 15 60 24 

Experiment 3 - 
Shapes 

List Prosody 4 2 94 
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G3) Ambiguous Items 
 

  % 1-item 
responses 

% 2-item 
responses 

% 3-item 
responses 

Compound 
Prosody 1 94 6 

Experiment 1 - 
Adults 

List Prosody 2 13 85 
Compound 
Prosody 11 56 31 

Experiment 2 – 
Age 3 

List Prosody 13 43 43 
Compound 
Prosody 5 61 28 

Experiment 2 – 
Age 4 

List Prosody 10 45 39 
Compound 
Prosody 3 70 26 

Experiment 2 – 
Age 5 

List Prosody 13 39 48 
Compound 
Prosody 3 84 13 

Experiment 2 – 
Age 6 

List Prosody 10 52 38 
Compound 
Prosody 5 85 11 

Experiment 3 - 
Shapes 

List Prosody 3 27 70 
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G4) Nonsense Items 
 

  % 1-item 
responses 

% 2-item 
responses 

% 3-item 
responses 

Compound 
Prosody 20 71 8 

Experiment 1 - 
Adults 

List Prosody 1 2 97 
Compound 
Prosody 29 42 27 

Experiment 2 – 
Age 3 

List Prosody 33 35 27 
Compound 
Prosody 30 41 27 

Experiment 2 – 
Age 4 

List Prosody 11 28 56 
Compound 
Prosody 27 52 20 

Experiment 2 – 
Age 5 

List Prosody 11 16 73 
Compound 
Prosody 22 69 8 

Experiment 2 – 
Age 6 

List Prosody 3 15 81 
Compound 
Prosody 26 60 14 

Experiment 3 - 
Shapes 

List Prosody 5 11 85 
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Appendix H:  Instructions and Narration 
Instructions and Practice 

Screen 1:  
Today we are going to play a game.  The point of the game is to collect 5 butterflies.  To 
get the butterflies we will to listen to a story about a girl named Sara and you will point to 
some pictures on the computer screen.  

(Picture of butterflies all over screen) 
 
Screen 2: 
For example, if Sara says: “I saw puppies and kittens on the farm”. Can you point to the 
picture that best fits what Sara said? 

(Three images sets appear – one has images of horses and cows, one images of 
puppies and kittens and one has an image of birds) 

 
Screen 3: 
Good job! Lets try another one.  If Sara said: “I got a balloon, game and sweater for my 
birthday.”  Can you point to the picture that best fits what Sara said?  

(Three images sets appear – One set consists of an image of a balloon, a game and 
a sweater, one set consists of a wrapped present and one set consists of a teddy 
bear, a boat and socks)  

 
Screen 4: 
Great!  Ready to start?  Remember after each activity you will get a butterfly to put in the 
boxes.  Once you have all five butterflies you get a prize. Here we go.  

(Picture of butterfly catcher, 5 butterflies in air, and box with outlines for each 
butterfly) 

 
Narration 
 
Screen 5: 
Sara had a very busy day yesterday.  She is going to tell us about all of the things she did.  
 (Picture of thee character Sara) 
 
Screen 6: 
First Sara went to the store to buy groceries.  Listen closely as she tells us some of the 
things that she bought at the store.  Then point to the picture of what she bought.  

(Picture of Sara going to store) 
 
[Ambiguous Items] 
 
Screen 7: 
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Good job! Here is your first butterfly.  Lets see what Sara did next.  
(Picture of butterfly catcher with a butterfly in first outline and 4 blank outlines) 

 
Screen 8: 
Next Sara went to the mall.  At the mall she found lots of different things.  Some of the 
things she found were things that she had never seen before, and others were things that 
she knew all about.  Now Sara is going to tell us some of the things that she found in the 
mall.  Listen closely and then point to the picture of what she found.  

(Picture of Sara going to mall) 
 
[Compound Bias Items] 
 
Screen 9: 
Awesome! Here is another butterfly. Ready to see what Sara did next?  

(Picture of butterfly catcher with butterflies in two outlines and 3 blank outlines) 
 
Screen 10: 
Next Sara went to the zoo.  At the Zoo she saw all sorts of new and strange animals that 
she had never even heard of before.  Now Sara is going to tell us the names of all of the 
animals that she saw at the zoo.  Listen closely and then point to the picture of what she 
saw. 
 (Picture of Sara outside of the zoo) 
 
[Nonsense Items] 
 
Screen 11: 
Great Work!  Now you have three butterflies.  Keep going and find out where Sara goes 
next.  

(Picture of butterfly catcher with 3 butterflies in outlines and 2 blank outlines) 
 
Screen 12: 
Next Sara went for a walk in the park.  In the park she found all sorts of interesting stuff.  
Some of the stuff she found was new to her, and some of the stuff she had seen before.  
Now Sara is going to tell us about the stuff she found in the park.  Listen closely and then 
point to the picture of what she found. 

(Picture of Sara walking in a park) 
 

[List Bias Items] 
 
Screen 13: 
Keep it up! You’ve got four butterflies, only one more to catch.  Lets see what Sara did at 
the end of her busy day.  

(Picture of butterfly catcher with 4 butterflies in outlines and 1 blank outline) 
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Screen 14: 
Finally Sara went to her friend Ben’s house to watch TV.  On the TV she saw 
commercials for lots of interesting things.  Now Sara is going to tell us about what she 
saw on TV. Listen closely and then point to the picture of what she saw. 
 (Picture of Sara going into a house) 
 
[Pilot – pause duration Items] 
 
Screen 15: 
Congratulations!  You have caught all of the butterflies! Now you can pick out your 
prize. 

(Picture of butterfly catcher with 5 butterflies in outlines) 
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Appendix I:  Experiment 2 Results 
 
I1) Three factor ANOVA 
 Percent 2 item Percent 3 item 
 By Subs By Items By Subs By Items 
3 way 
Interaction 

F1(9,123) = 
2.647, p <.01 

F2(9,132)= 
1.916, p=.055 

F1(9,123)= 
5.326, p<.001 

F2(9,132)= 
5.800, p<.001 

Prosody X 
Lexical Type 

F1(3,123)= 
1.879, p>.05 

F2(3,44)= 
.583, p>.05 

F1(3,123)= 
12.234, p<.001 

F2(3,44)= 
5.839, p<.005 

Lexical Type 
X Age 

F1(9,123)= 
7.959, p<.001 

F2(9,132)= 
8.995, p<.001 

F1(9,123)= 
10.676, p<.001 

F2(9,132)= 
10.818, p<.001 

Prosody X 
Age 

F1(3,41)= 
7.534, p<.001 

F2(3,132)= 
11.114, p<001 

F1(3,41)= 
8.387, p<.001 

F2(3,132)= 
22.365, p<.001 

Prosody F1(1,41)= 
137.857, 
p<.001 

F2(1,44)= 
84.731, p<.001 

F1(1,41)= 
120.367, 
p<.001 

F2(1,44)= 
137.892, 
p<.001 

Lexical Type F1(3,123)=  
145.388, 
p<.001 

F2(3,44)= 
31.931, p<.001 

F1(3,123)= 
129.929, 
p<.001 

F2(3,44)= 
37.166, p<.001 

Age F1(3,41)= 
5.978, p<.01 

F2(3,132)= 
12.256, p<.001 

F1(3,41) = 
3.667, p<.05 

F2(3,132)= 
7.714, p<.001 

 
I2) Two Factor ANOVAs 
 
Compound Bias Items 
 
 Percent 2 item Percent 3 item 
 By Subs By Items By Subs By Items 
Interaction F1(3,41)= .781, 

p>.05 
F2(3,33)= .536, 

p>.05 
F1(3,41)= 

1.132, p>.05 
F2(3,33)= 

1.201, p>.05 
Prosody F1(1,41)= 

57.528, p<.001 
F2(1,11)= 

12.516, p<.01 
F1(1,41)= 

39.607, p<.001 
F2(1,11)= 

45.646, p<.001 
Age F1(3,41)= 

12.781, p<.001 
F2(3,33)= 

16.238, p<.001 
F1(3,41)= 

11.417, p<.001 
F2(3,33)= 

9.377, p<.001 
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List Bias Items 
 
 Percent 2 item Percent 3 item 
 By Subs By Items By Subs By Items 
Interaction F1(3,41)= 

2.789, p=.053 
F2(3,33)= 

2.421, p>.05 
F1(3,41)= 

5.022, p<.01 
F2(3,33)= 

5.025, p<.01 
Prosody F1(1,41)= 

53.900, p<.001 
F2(1,11)= 

18.626, p<.005 
F1(1,41)= 

83.076, p<.001 
F2(1,11)= 

19.060, p<.005 
Age F1(3,41)= 

6.840, p<.005 
F2(3,33)= 

12.969, p<.001 
F1(3,41)= 

10.935, p<.001 
F2(3,33)= 

23.612, p<.001 
 
Ambiguous Items 
 
 Percent 2 item Percent 3 item 
 By Subs By Items By Subs By Items 
Interaction F1(3,41)= 

3.488, p<.05 
F2(3,33)= 
3.033, p<.05 

F1(3,41)= 
1.241, p>.05 

F2(3,33)= 
1.465, p>.05 

Prosody F1(1,41)= 
72.119, p<.001 

F2(1,11)= 
19.088, p<.005 

F1(1,41)= 
30.795, p<.001 

F2(1,11)= 
24.794, p<.001 

Age F1(3,41)= 
5.311, p<.005 

F2(3,33)= 
6.308, p<.005 

F1(3,41)= 
2.481, p>.05 

F2(3,33)= 
2.691, p>.05 

 
Nonsense Items 
 
 Percent 2 item Percent 3 item 
 By Subs By Items By Subs By Items 
Interaction F1(3,41)= 

7.551, p<.001 
F2(3,33)= 
8.911, p<.001 

F1(3,41)= 
11.881, p<.001 

F2(3,33)= 
33.870, p<.001 

Prosody F1(1,41)= 
48.724, p<.001 

F2(1,11)= 
46.126, p<.001 

F1(1,41)= 
72.703, p<.001 

F2(1,11)= 
85.424, p<.001 

Age F1(3,41)= 
1.701, p>.05 

F2(3,33)= 
2.360, p>.05 

F1(3,41)= 
7.498, p<.001 

F2(3,33)= 
10.383, p<.001 

 
I3) Simple effect of Prosody 
 
Age 3  
 
 Percent 2 item Percent 3 item 
 By Subs By Items By Subs By Items 
Ambiguous t(10)=2.015, 

p>.05 
t(11)=1.856, 

p>.05 
  

Nonsense t(10)=1.392, 
p>.05 

t(11)=1.011, 
p>.05 

t(10)=-0.122, 
p>.05 

t(11)=-0.129, 
p>.05 
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Age 4 
 
 Percent 2 item Percent 3 item 
 By Subs By Items By Subs By Items 
Ambiguous t(10)=2.753, 

p<.05 
t(11)=2.190, 

p=.051 
  

Nonsense t(10)=1.320, 
p>.05 

t(11)=1.906, 
p>.05 

t(10)=-2.773, 
p<.05 

t(11)=-5.506, 
p<.001 

 
Age 5 
 
 Percent 2 item Percent 3 item 
 By Subs By Items By Subs By Items 
Ambiguous t(10)=5.573, 

p<.001 
t(11)=4.215, 

p<.005 
  

Nonsense t(10)=4.658, 
p<.005 

t(11)=4.000, 
p<.005 

t(10)=-6.211, 
p<.001 

t(11)=-6.181, 
p<.001 

 
Age 6 
 
 Percent 2 item Percent 3 item 
 By Subs By Items By Subs By Items 
Ambiguous t(11)=8.373, 

p<.001 
t(11)=4.244, 

p<.005 
t(11)=-5.000, 

p<.001 
t(11)=-4.696, 

p<.005 
Nonsense t(11)=6.680, 

p<.001 
t(11)=8.623 , 

p<.001 
t(11)=-7.069, 

p<.001 
t(11)=-15.466, 

p<.001 
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Appendix J:  Post Hoc, Adults and 6-year-olds  
 
J1) Three factor ANOVA 
 
 Percent 2 item Percent 3 item 
 By Subs By Items By Subs By Items 
3 way 
Interaction 

F1(3,93)= 
31.032, p<.001 

F2(3,44)= 
30.640, p<.001 

F1(3,93)= 
31.566, p<.001 

F2(3,44)= 
59.905, p<.001 

Prosody X 
Lexical 
Type 

F1(3,93)= 
86.937, p<.001 

F2(3,44)= 
39.452, p<.001 

F1(3,93)= 
106.562, 
p<.001 

F2(3,44)= 
134.713, 
p<.001 

Lexical 
Type X 
Age 

F1(3,93)= 
21.814, p<.001 

F2(3,44)= 
17.653, p<.001 

F1(3,93)= 
19.221, p<.001 

F2(3,44)= 
27.925, p<.001 

Prosody X 
Age 

F1(1,31)= 
4.349, p<.05 

F2(1,44)= 
4.463, p<.05 

F1(1,31)= 
4.263, p<.05 

F2(1,44)= 
10.895, p<.005 

Prosody F1(1,31)= 
568.148, 
p<.001 

F2(1,44)= 
268.012, 
p<.001 

F1(1,31)= 
453.867, 
p<.001 

F2(1,44)= 
772.693, 
p<.001 

Lexical 
Type 

F1(3,93)= 
537.445, 
p<.001 

F2(3,44)= 
199.613, 
p<.001 

F1(3,93)= 
501.757, 
p<.001 

F2(3,44)= 
354.359, 
p<.001 

Age F1(1,31)= 
18.886, p<.001 

F2(1,44)= 
8.198, p<.01 

F1(1,31)= 
23.441, p<.001 

F2(1,44)= 
52.138, p<.001 

 
J2) Two factor ANOVAs 
 
 Compound Bias Items 
 
 Percent 2 item Percent 3 item 
 By Subs By Items By Subs By Items 
Interaction F1(1,31)= 

87.232, p<.001 
F2(1,11)= 

5.914, p<.05 
F1(1,31)= 

74.552, p<.001 
F2(1,11)= 

11.550, p<.01 
Prosody F1(1,31)= 

104.748, 
p<.001 

F2(1,11)= 
6.616, p<.026 

F1(1,31)= 
83.127, p<.001 

F2(1,11)= 
11.856, p<.01 

Age F1(1,31)= 
45.134, p<.001 

F2(1,11)= 
35.924, p<.001 

F1(1,31)= 
54.156, p<.001 

F2(1,11)= 
20.386, p<.005 
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List Bias Items 
 
 Percent 2 item Percent 3 item 
 By Subs By Items By Subs By Items 
Interaction F1(1,31)= 

17.326, p<.001 
F2(1,11)= 

42.654, p<.001 
F1(1,31)= 

19.199, p<.001 
F2(1,11)= 

46.075, p<.001 
Prosody F1(1,31)= 

31.763, p<.001 
F2(1,11)= 

44.728, p<.001 
F1(1,31)= 

40.814, p<.001 
F2(1,11)= 

43.126, p<.001 
Age F1(1,31)= 

30.780, p<.001 
F2(1,11)= 

48.335, p<.001 
F1(1,31)= 

17.316, p<.001 
F2(1,11)= 

86.160. p<.001 
 
Ambiguous Items 
 
 Percent 2 item Percent 3 item 
 By Subs By Items By Subs By Items 
Interaction F1(1,31)= 

69.136, p<.001 
F2(1,11)= 

65.195, p<.001 
F1(1,31)= 

79.399, p<.001 
F2(1,11)= 
168.445, 
p<.001 

Prosody F1(1,31)= 
373.757, 
p<.001 

F2(1,11)= 
131.758, 
p<.001 

F1(1,31)= 
281.490, 
p<.001 

F2(1,11)= 
169.811, 
p<.001 

Age F1(1,31)= 
23.595, p<.001 

F2(1,11)= 
10.179, p<.01 

F1(1,31)= 
38.129, p<.001 

F2(1,11)= 
40.263, p<.001 

 
Nonsense Items 
 
 Percent 2 item Percent 3 item 
 By Subs By Items By Subs By Items 
Interaction F1(1,31)= 

3.378, p>.05 
F2(1,11)= 

5.452, p<.05 
F1(1,31)= 

2.450, p>.05 
F2(1,11)= 

6.842, p<.05 
Prosody F1(1,31)= 

211.418, 
p<.001 

F2(1,11)= 
112.693, 
p<.001 

F1(1,31)= 
251.461, 
p<.001 

F2(1,11)= 
1673.727, 

p<.001 
Age F1(1,31)= 

3.125, p=.087 
F2(1,11)= 

2.726, p>.05 
F1(1,31)= 

5.472, p<.05 
F2(1,11)= 

8.746, p<.05 
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Appendix K:  Experiment 3 Images 
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Appendix L:  Experiment 3 Results 
 
Two-factor ANOVA 
 
 Percent 2 item Percent 3 item 
 By Subs By Items By Subs By Items 
Interaction F1(3,39)= 

14.014, p <.001 
F2(3,44)= 

14.799, p<.001 
F1(3,39)= 

16.498, p<.001 
F2(3,44)= 

66.698, p<.001 
Prosody F1(1,13)= 

52.040, p<.001 
F2(1,44)= 

248.524, p<.001 
F1(1,13)= 

50.072, p<.001 
F2(1,44)= 
1022.567, 

p<.001 
Lexical 
Type 

F1(3,39)= 
37.622, p<.001 

F2(3,44)= 
81.059, p<.001 

F1(3,39)= 
30.729, p<.001 

F2(3,44)= 
134.823, p<.001 

 
 Simple effect of Prosody 
 
 Percent 2 item Percent 3 item 
 By Subs By Items By Subs By Items 
Compound Bias t(13)= 2.009, 

p>.05 
t(11)=4.262 , 

p<.005 
t(13)=-1.991, 

p>.05 
t(11)=-6.775, 

p<.001 
List Bias t(13)=8.347, 

p<.001 
t(11)=9.215, 

p<.001 
t(13)=-7.320, 

p<.001 
t(11)=-17.657, 

p<.001 
Ambiguous t(13)=6.047, 

p<.001 
t(11)=20.306, 

p<.001 
t(13)=-6.719, 

p<.001 
t(11)=-22.160, 

p<.001 
Nonsense t(13)=5.729, 

p<.001 
t(11)=5.876, 

p<.001 
t(13)=-5.792, 

p<.001 
t(11)=-16.718, 

p<.001 
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Appendix M:  Experiment 1, RT from Start of Target 1 
and Start of Target 2 
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Appendix N:  Post-Hoc Experiments 1 & 3  
 
N1) Three factor ANOVA  
 
 Percent 2 item Percent 3 item 
 By Subs By Items By Subs By Items 
3 way 
Interaction 

F1(3,99)= 
35.166, 
p<.001 

F2(3,44)= 
53.886, 
p<.001 

F1(3,99)= 
33.459, 
p<.001 

F2(3,44)= 
112.701, 
p<.001 

Prosody X 
Lexical Type 

F1(3,99)= 
87.181, 
p<.001 

F2(3,44)= 
44.939, 
p<.001 

F1(3,99)= 
94.887, 
p<.001 

F2(3,44)= 
220.936, 
p<.001 

Lexical Type 
X 
Experiment 

F1(3,99)= 
20.617, 
p<.001 

F2(3,44)= 
50.665, 
p<.001 

F1(3,99)= 
25.202, 
p<.001 

F2(3,44)= 
83.193, 
p<.001 

Prosody X 
Experiment 

F1(1,33)= 
1.159, p>.05 

F2(1,44)= 
5.616, p<.05 

F1(1,33)= 
2.126, p>.05 

F2(1,44)= 
26.389, 
p<.001 

Prosody F1(1,33)= 
238.067, 
p<.001 

F2(1,44)= 
388.107, 
p<.001 

F1(1,33)= 
221.828, 
p<.001 

F2(1,44)= 
1903.287, 

p<.001 
Lexical Type F1(3,99)= 

290.855, 
p<.001 

F2(3,44)= 
234.653, 
p<.001 

F1(3,99)= 
252.190, 
p<.001 

F2(3,44)= 
657.383, 
p<.001 

Experiment F1(1,33)= 
1.663, p>.05 

F2(1,44)=  
9.378, p<.005 

F1(1,33)= 
19.988, 
p<.001 

F2(1,44)= 
67.282, 
p<.001 
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N2) Two factors ANOVAs Experiments 1 & 3 
 
Compound Prosody 
 
 Percent 2 item Percent 3 item 
 By Subs By Items By Subs By Items 
Interaction F1(3,99)= 

52.810, p<.001 
F2(3,44)= 

55.007, p<.001 
F1(3,99)= 

63.819, p<.001 
F2(3,44)= 
139.499, 
p<.001 

Lexical 
Type 

F1(3,99)= 
167.829, 
p<.001 

F2(3,44)= 
52.052, p<.001 

F1(3,99)= 
132.121, 
p<.001 

F2(3,44)= 
229.742, 
p<.001 

Experiment F1(1,33)= 
2.237, p>.05 

F2(1,44)= 
9.345, p<.005 

F1(1,33)= 
20.005, p<.001 

F2(1,44)= 
75.785, p<.001 

 
List Prosody 
 
 Percent 2 item Percent 3 item 
 By Subs By Items By Subs By Items 
Interaction F1(3,99)= 

7.675, p<.001 
F2(3,44)= 

42.242, p<.001 
F1(3,99)= 

6.226, p<.005 
F2(3,44)= 

31.445, p<.001 
Lexical 
Type 

F1(3,99)= 
241.716, 
p<.001 

F2(3,44)= 
777.658, 
p<.001 

F1(3,99)= 
213.588, 
p<.001 

F2(3,44)= 
728.494, 
p<.001 

Experiment F1(1,33)<0, 
p>.05 

F2(1,44)<0, 
p>.05 

F1(1,33)<0, 
p>.05 

F2(1,44)= 
9.047, p<.005 
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N3) Simple effect of Experiment 
 
Compound Prosody 
 
 Percent 2 item Percent 3 item 
 By Subs By Items By Subs By Items 
Compound 
Bias 

t(33)=  1.810, 
p>.05 

t(11)= 4.733, 
p<.005 

t(33)= -1.524, 
p>.05 

t(11)= -2.803, 
p<.05 

List Bias t(33)= -9.382, 
p<.001 

t(11)= -9.026, 
p<.001 

t(33)= 10.435, 
p<.001 

t(11)= 17.683, 
p<.001 

Ambiguous t(33)= 1.417, 
p>.05 

t(11)= 2.985, 
p<.05 

t(33)= -1.171, 
p>.05 

t(11)= -1.473, 
p>.05 

Nonsense t(33)= -1.736, 
p>.05 

t(11)= 2.220, 
p<.05 

t(33)= -1.073, 
p>.05 

t(11)= -1.977, 
p>.05 

 
List Prosody 
 
 Percent 2 item Percent 3 item 
 By Subs By Items By Subs By Items 
Compound 
Bias 

t(33)= 2.824, 
p<.01 

t(11)= 11.083 , 
p<.001 

t(33)= -2.935, 
p<.01 

t(11)= -8.113, 
p<.001 

List Bias t(33)= -0.108, 
p>.05 

t(11)= -0.220, 
p>.05 

t(33)= 0.629, 
p>.05 

t(11)= 3.084, 
p<.05 

Ambiguous t(33)= -1.881, 
p>.05 

t(11)= -3.484, 
p<.01 

t(33)= 1.975, 
p>.05 

t(11)= 3.518, 
p<.01 

Nonsense t(33)= -1.722, 
p>.05 

t(11)= -7.176, 
p<.001 

t(33)= 1.616, 
p>.05 

t(11)= 8.443, 
p<.001 

 



  317 

Appendix O: Word Knowledge Survey 
Please complete the word knowledge survey below by putting a check mark next to the 
words that your child knows.  The information you provide here will not influence your 
child’s ability to participate in the study, but will be used in the analysis of the responses 
for the entire group. 
If you do not want to complete this form please check the box on the right.       
 



  318 

1 apples  

2 bat  

3 beans  

4 bell  

5 bench  

6 berries  

7 Blender  

8 book  

9 bottle  

10 box  

11 bread  

12 broom  

13 bubbles  

14 bus  

15 cactus  

16 camera  

17 can  

18 candy  

19 candy-apples  

20 car  

21 card  

22 cheese  

23 chicken  

24 chicken-soup  

25 chips  

26 chocolate  

27 chocolate-milk  

28 clay  
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29 combs  

30 cookies  

31 corn  

32 crib  

33 cup  

34 doll  

35 door  

36 dough  

37 dress  

38 fish  

39 flowers  

40 Fruit  

41 fruit-salad  

42 garbage  

43 giraffe  

44 glitter  

45 grapes  

46 honey  

47 hook  

48 ice-cream  

49 ice-cream-sandwiches  

50 jacks  

51 jar  

52 jelly  

53 jelly-beans  

54 ketchup  

55 key  

56 lamp  
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57 leaf  

48 lemons  

49 leopard  

60 log  

61 markers  

62 melon  

63 milk  

64 mop  

65 nail  

66 necklace  

67 noodles  

68 nuts  

69 oven  

70 paper  

71 paper-towels  

72 penguin  

73 pepperoni  

74 pepperoni-pizza  

75 pigeon  

76 pizza  

77 potatoes  

78 puzzle  

79 ruler  

80 salad  

81 sandals  

82 sandwiches  

83 scarf  

84 shell  
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85 shoe  

86 sled  

87 soap  

88 soup  

89 spoon  

90 stairs  

91 stickers  

92 straw  

93 strawberries  

94 string  

95 string-cheese  

96 stroller  

97 sugar  

98 sugar-cookies  

99 tack  

100 tie  

101 towels  

102 truck  

103 vacuum  

104 van  

105 vulture  

106 water  

107 watermelon  

108 zebra  
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Appendix P: Experiment 2 Graphs for Prosody by 
Lexical Type 
 
P1) Three-year-olds, Prosody by Lexical Type 
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P2) Four-year-olds, Prosody by Lexical Type 
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P3) Five-year-olds, Prosody by Lexical Type 
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P4) Six-year-olds, Prosody by Lexical Type 
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Appendix Q:  Experiment 2 Pair Wise Comparisons 
Between Ages 
 
Q1) Compound Prosody 
 
Age (3-year-olds & 4-year-olds) X Lexical Type 
 
 Percent 2 item Percent 3 item 
 By Subs By Items By Subs By Items 
Interaction F1(3,48) = .813, 

p>.05 
F1(3,44) = 
1.464, p>.05 

F1(3,48) = 
1.732, p>.05 

F1(3,44) = 
1.532, P>.05 

Age F1(1,16) = .295, 
p>.05 

F1(1,44) = 
1.140, p>.05 

F1(1,16) = 
1.006, p>.05 

F1(1,44) = 
1.067, p>.05 

Lexical 
Type 

F1(3,48) = 
15.309, p<.001 

F1(3,44) = 
9.145, p<.001 

F1(3,48) = 
17.141, p<.001 

F1(3,44) = 
7.169, p<.005 

 
Age (4-year-olds & 5-year-olds) X Lexical Type 
 
 Percent 2 item Percent 3 item 
 By Subs By Items By Subs By Items 
Interaction F1(3,48) = .023, 

p>.05 
F1(3,44) = .021, 
p>.05 

F1(3,48) = .495, 
p>.05 

F1(3,44) = .285, 
p>.05 

Age F1(1,16) = 
4.494, p=.05 

F1(1,44) = 
8.752, p<.01 

F1(1,16) = 
4.831, p<.05 

F1(1,44) = 
4.469, p<.05 

Lexical 
Type 

F1(3,48) = 
20.690, p<.001 

F1(3,44) = 
11.070, p<.001 

F1(3,48) = 
23.045, p<.001 

F1(3,44) = 
10.089, p<.001 

 
Age (5-year-olds & 6-year-olds) X Lexical Type 
 
 Percent 2 item Percent 3 item 
 By Subs By Items By Subs By Items 
Interaction F1(3,54) = 

3.505, p<.05 
F1(3,44) = 
3.858, p<.05 

F1(3,54) = 
5.315, p<.005 

F1(3,44) = 
7.490, p<.001 

Age F1(1,18) = 
2.735, p>.05 

F1(1,44) = 
6.614, p<.014 

F1(1,18) = .731, 
p>.05 

F1(1,44) = 
1.458, p>.05 

Lexical 
Type 

F1(3,54) = 
56.932, p<.001 

F1(3,44) = 
15.034, p<.001 

F1(3,54) = 
42.470, p<.001 

F1(3,44) = 
20.122, p<.001 
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Q2) List Prosody 
 
Age (3-year-olds & 4-year-olds) X Lexical Type 
 
 Percent 2 item Percent 3 item 
 By Subs By Items By Subs By Items 
Interaction F1(3,48) = 

1.168, p>.05 
F1(3,44) = .990, 
p>.05 

F1(3,48) = 
5.872, p<.005 

F1(3,44) = 
6.938, p<.005 

Age F1(1,16) = 
1,293, p>.05 

F1(1,44) = 
2.538, p>.05 

F1(1,16) = 
3.512, p>.05 

F1(1,44) = 
15.773, p<.001 

Lexical 
Type 

F1(3,48) = 
19.477, p<.001 

F1(3,44) = 
9.663, p<.001 

F1(3.48) = 
18.419, p<.001 

F1(3,44) = 
13.343, p<.001 

 
Age (4-year-olds & 5-year-olds) X Lexical Type 
 
 Percent 2 item Percent 3 item 
 By Subs By Items By Subs By Items 
Interaction F1(3,48) = 

2.349, p>05 
F1(3,44) =1.385, 
p>.05 

F1(3,48) = 
1.990, p>.05 

F1(3,44) =1.369, 
p>.05 

Age F1(1,16) = 
1.471, p>.05 

F1(1,44) = 
2.557, p>.05 

F1(1,16) = 
2.121, p>.05 

F1(1,44) = 
7.225, p<.05 

Lexical 
Type 

F1(3,48) = 
46.514, p<.001 

F1(3,44) = 
16.815, p<.001 

F1(3,48) = 
43.515, p<.001 

F1(3,44) = 
27.268, p<.001 

 
Age (5-year-olds & 6-year-olds) X Lexical Type 
 
 Percent 2 item Percent 3 item 
 By Subs By Items By Subs By Items 
Interaction F1(3,54) = 

4.393, p<.01 
F1(3,44) =4.631, 
p<.01 

F1(3,54) = 
4.678, p<.01 

F1(3,44) =5.604, 
p<.005 

Age F1(1,18) = 
4.592, p<.05 

F1(1,44) = 
6.810, p<.05 

F1(1,18) = .855, 
p>.05 

F1(1,44) = 
3.096, p>.05 

Lexical 
Type 

F1(3,54) = 
80.017, p<.001 

F1(3,44) = 
32.803, p<.001 

F1(3,54) = 
82.915, p<.001 

F1(3,44) = 
45.903, p<.001 
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