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ABSTRACT 

Larry H. Small, Advisor 

 
The processes by which spoken language is comprehended are extremely 

complex, and the development of these processes is not fully understood. The 

comprehension of language is a difficult process that involves decoding the incoming 

signal, accessing stored semantic information in the mental lexicon (i.e., lexical access), 

and integrating that information into the overall context of the sentence, paragraph, or 

conversation. Several cues may be used to access semantic information in the mental 

lexicon, including sentential context and frequency information. Use of these cues can 

provide evidence for either an interactive or modular process of lexical access. Based on 

research with homophones, it appears that adults are able to use sentential context, in an 

interactive fashion, to aid in lexical access. Preschool children, however, are unable to 

use context in this way. It is unclear as to when children begin to use contextual cues in 

an interactive manner to facilitate lexical access. The purpose of this research was to 

investigate sixth-grade children’s use of context and frequency cues to resolve lexical 

ambiguities encountered in spoken language. 

Seventy-five sixth grade children participated in a lexical ambiguity resolution 

task in order to determine whether frequency information or sentential context aided in 

lexical access. The participants heard a sentence (spoken by a man) that ended in a 

homophone. The context of this sentence was biased toward the subordinate sense of the 

homophone. Immediately following the sentence, participants heard a word (spoken by a 

female). The participants were instructed to repeat the word spoken by the female as 

quickly as possible. The time to repeat this word was recorded. 
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Participants were faster to repeat words related to the subordinate sense of a 

homophone than they were to repeat unrelated words. However, for the dominant sense 

of a homophone, no significant difference in naming times were found compared to 

unrelated words. The results indicated that the sixth grade children were using sentential 

context, not frequency information, to aid in lexical access. The results support an 

interactive, rather than modular, model of lexical access, such as the context sensitive 

model of lexical ambiguity resolution. 
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INTRODUCTION 

 Most people understand spoken language with little difficulty, and they do so with 

minimal effort. However, the processes by which language is comprehended are 

extremely complex, and the development of these processes is not fully understood. In 

order to understand spoken language, the listener must decode the incoming acoustic 

stream, match this signal to a stored entry in the mental lexicon, access all relevant 

information about the lexical entry (e.g., semantic, syntactic, etc.), and integrate that 

information into the context of the sentence, paragraph, or conversation being heard. The 

simple listing of these steps does not draw attention to the difficulty these tasks actually 

entail. Additionally, this linear presentation does not allude to the debate that exists over 

the temporal course of these tasks, the interaction across tasks, or the factors that affect 

processing during each task. 

 The process of retrieving semantic information from the mental lexicon is referred 

to as lexical access. This process is often straightforward; generally, a word is recognized 

in the acoustic stream and its definition is accessed. During lexical access, several cues 

may aid in the retrieval of semantic information, and the use of these cues can indicate 

whether lexical access is a modular or interactive process. Sentential context (the 

supporting context of the sentence) and frequency information (how often a word is 

encountered in the language) are two cues that can affect lexical access. The effect of 

sentential context and frequency information on lexical access can be best measured by 

using lexically ambiguous words (i.e., those words with more than one meaning). With 

ambiguous words, more than one definition may be retrieved from the mental lexicon. In 
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retrieving this definition, a person could rely on frequency information, sentential 

context, or both of these cues combined.  

Lexically ambiguous words are frequent in the English language. In fact, the more 

common a word is, the more likely it is to be ambiguous (Miller, 1951). Yet, listeners 

hardly notice when an ambiguous word is encountered in spoken language. These words 

are often easily interpreted correctly. The following sentence demonstrates this fact:  

Lucky took his winnings to the bank. 

While not specifically mentioning a financial institution as opposed to a river bank, the 

meaning of ‘bank’ in this context is easy to comprehend. This easy interpretation could 

have resulted because the meaning of bank (as a financial institution) has a high 

frequency of occurrence in English. This meaning of bank is much more frequent than 

river ‘bank’; as such, the financial institution meaning is referred to as the dominant, or 

primary, meaning, while the river bank meaning is referred to as the subordinate, or 

secondary, meaning. During comprehension, probability may have affected access to 

meanings in the mental lexicon. Chances are the dominant sense of ‘bank’ (the financial 

institution) will be contextually appropriate. Additionally, the easy interpretation could 

have resulted from sentential context constraining lexical access. That is, ‘Lucky’ and 

‘winnings’ may bring to mind money, which is more consistent with the financial 

institution interpretation of ‘bank’. Perhaps this definition of ‘bank’ was exclusively 

accessed based on the contextual cues. As a third option, all meanings of ‘bank’ could 

have been accessed and the context of the sentence, in a post-lexical access stage, could 

have been used to select the appropriate meaning (financial institution) over any other 

meaning (river bank).   
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It is generally agreed that sentential context and frequency information (in an 

interactive manner) aid in the process of lexical access in adults, as determined by studies 

of lexical ambiguity resolution (e.g., Simpson, 1981; Vu, Kellas, Metcalf, & Herman, 

2000). Additionally, it appears that preschool children may rely on frequency information 

when faced with selecting the correct meaning of a homophone, which is the term used to 

refer to spoken ambiguous words with the same phonetic form (e.g., Backscheider, 

Gelman, Martinez, & Kowieski,1999; Doherty, 2000). However, it is unclear as to when 

children begin to use contextual cues in an interactive fashion to facilitate lexical access. 

By investigating lexical ambiguity resolution in children, the cues available to aid in 

lexical access can be determined. The purpose of this study is to investigate sixth-grade 

children’s use of context and frequency cues to resolve lexical ambiguities encountered in 

spoken language and to determine if lexical access in sixth graders is achieved in an 

interactive manner. 
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SPOKEN WORD RECOGNITION 

 As stated previously, comprehension of language requires a listener to perform 

many tasks. The steps mentioned above can be described in terms of spoken word 

recognition, which encompasses decoding the acoustic stream and matching it to a lexical 

entry, and lexical access, which encompasses retrieval and integration of relevant 

information about the lexical entry. In order to provide a better understanding of the 

process of spoken language comprehension in general, and before examining lexical 

access in depth, a brief review of spoken word recognition is provided.  

Models of spoken word recognition attempt to explain how the continuous 

acoustic stream is parsed into words and how these words are then mapped onto stored 

lexical entries. While many models have been presented over the years, the tenets of the 

most recent and popular models of adult word recognition are briefly discussed here. 

Additionally, the WRAPSA model (Jusczyk, 1997), which describes the development of 

word recognition abilities, is presented.  

Adult Models of Spoken Word Recognition  

Much of the current evidence in studies of spoken word recognition support 

interactive models such as the TRACE Model (McClelland & Elman, 1986) and the 

Distributed Cohort Model, or DCM, (Gaskell & Marslen-Wilson, 1997). These models, 

while differing in structure, make similar predictions about word recognition and 

incorporate bottom-up (such as distinctive features of phonemes) and top-down cues 

(such as contextual support) in the process.  

The TRACE model of word recognition is an interactive connectionist model 

containing three levels of representation: feature, phoneme, and word. Each feature, 
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phoneme, and word is represented by a node. The DCM, on the other hand, is a 

distributed model of lexical access where featural representations map directly onto 

lexical representations. There is no mid-level of representation, such as the phonemic 

level in TRACE, and no nodes. In both models, feed-forward and feedback is occurring 

at all times. As the speech stream is analyzed, features are detected and activate nodes (in 

TRACE) or are mapped onto distributed patterns (in DCM). Linguistic and higher-level 

lexical information is used in a top-down fashion to help in the recognition of the 

appropriate word. Competition occurs among nodes (in TRACE) and distributed patterns 

(in DCM) until one word eventually reaches a level of activation above all the others and 

is recognized. The speech stream is segmented based on this recognition and semantic 

information is retrieved.  

Development of Spoken Word Recognition Abilities: WRAPSA 

The two models presented above grew out of research with adult listeners. While 

it may be assumed that children (once they are capable of analyzing the acoustic stream 

in an adult-like manner) recognize words in the same manner, neither TRACE nor DCM 

specifically addresses children’s abilities. Spoken word recognition in children has been 

addressed in terms of the development of speech perception skills. A model of the course 

of development from initial speech perception abilities to spoken word recognition and 

lexical access has been proposed by Jusczyk (1997).   

 Juscyzk’s Word Recognition and Phonemic Structure Acquisition (WRAPSA) 

model provides a possible account of how infants’ early speech perception skills develop 

into a system that is capable of word recognition in continuous speech. There are four 
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steps to the model: preliminary analysis of the speech signal, weighting of the speech 

signal, pattern extraction, and matching and storing representations.  

 Preliminary analysis of the speech signal occurs during approximately the first 6 

months of an infant’s life. During this time period, infants are sensitive to many temporal 

and spectral features of the speech stream and are able to recognize phonemic distinctions 

in many languages (Eimas, Miller, & Jusczyk, 1987; Werker & Tees, 1984a). Infant 

speech perception at this stage is believed to be the result of innate acoustical abilities 

that allow infants to roughly categorize acoustical information in the speech stream (e.g., 

Jusczyk, 1997). According to Jusczyk’s WRAPSA model, infants are endowed with 

auditory analyzers that extract features from the incoming acoustic stream. The extracted 

features are those represented by the infants’ innate categorical organization of acoustic 

stimuli and may or may not be features that are prominent in the infants’ native language.  

 After some exposure to the native language, infants begin to learn which features 

are important for distinguishing phonemes in their language. Infants’ analysis of the 

speech stream then becomes more focused on those features that are more prominent in 

the native language. This process results in weighting of the speech signal. Features that 

are more likely to result in phonemic contrast in the native language are given greater 

weight than those that are not. Moreover, infants begin to discover principle word 

boundary cues of their language and attend to those.  

 Once infants more clearly understand important features in their native language, 

they are able to begin extracting patterns (e.g., possible words) from the speech signal. 

After a pattern has been extracted from the speech signal, it is compared to patterns 

stored in the mental lexicon. Much like TRACE and DCM, WRAPSA suggests that if the 
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extracted acoustic pattern sufficiently matches an existing stored representation, the word 

is recognized. Once recognized, semantic information, if available, is accessed. If no 

existing patterns match the extracted one, a new entry is made in the mental lexicon. 

Semantic information may or may not be stored at this time.  

 For the models of spoken word recognition described above, the end product of 

the model is word segmentation/recognition resulting in access to the information stored 

in the mental lexicon. WRAPSA does not mention whether any additional factors can 

influence this access. TRACE and DCM suggest that word recognition can be influenced 

by higher order linguistic information, such as sentential context. The discussion of 

lexical access that follows provides more insight as to factors (other than those utilized in 

spoken word recognition) that may have an influence on retrieving information from the 

mental lexicon.  
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LEXICAL ACCESS 

The models of word recognition described above allowed feed-forward and 

feedback to occur and aid in the process of spoken word recognition. Models such as 

TRACE and DCM, therefore, represent an interactive process of spoken word 

recognition. That is, many top-down cues, such as sentential context, were available to 

help the listener decipher the incoming acoustic stream. In theories of lexical access, 

though, a debate has existed regarding whether the process of accessing a word’s 

meaning is truly interactive.  

Several models of lexical ambiguity resolution have been proposed in the past to 

illustrate the process of lexical access. These models have differed by taking a modular 

(Fodor, 1983; Forster, 1979) or interactive (Marslen-Wilson, 1975; Marslen-Wilson & 

Tyler, 1980) approach to lexical access. Modular accounts of lexical access suggest that 

context does not play a role in lexical access, and therefore lexical ambiguity resolution; 

access to the mental lexicon is modular (i.e., encapsulated and separate from other 

language processes) and word recognition is autonomous (i.e., independent of outside 

influences, such as sentential context). Under a modular view, all meanings of an 

ambiguous word would be retrieved from the mental lexicon without being initially 

influenced by context. In opposition to this view, interactive models suggest that lexical 

access is one of many parallel processes that occur during comprehension (Marslen-

Wilson, 1975; Marslen-Wilson & Tyler, 1980). From an interactive standpoint, context 

and other sources of information (e.g., world knowledge) can immediately influence 

lexical access. Several specific models of lexical ambiguity resolution have been 

proposed based on a modular or interactive viewpoint or on a hybrid of the two. These 
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models have been based on the lexical access of adults. As such, a review of these adult 

models is presented before examining lexical access in children.   

Lexical Access in Adults 

Modular Models of Lexical Ambiguity Resolution  

 Early research in lexical ambiguity resolution led to the emergence of two popular 

modular models of lexical ambiguity resolution: the exhaustive access model and the 

ordered access models. These models agreed that context did not play a role in lexical 

ambiguity resolution, but they differed on how word frequency affected ambiguity 

resolution. Each of these models is discussed in detail below.  

Exhaustive Access Model  

In the exhaustive access model, all meanings of an ambiguous word are accessed 

when that word is heard or read. The activation of all meanings occurs regardless of the 

frequency of the different meanings or the contextual support provided. Exhaustive 

activation is thought to occur during the first stage of processing. In a second stage, 

selection of the appropriate meaning from all possible meanings occurs. In other words, 

after all meanings are accessed, context is used to select the appropriate meaning. Since 

context is only relevant in the second stage of processing, this model predicts that, 

whether the ambiguous word is presented in isolation or in a strongly biasing context, the 

same results occur: activation of all meanings of that word.  

 Evidence for the exhaustive model has been supported in several earlier studies of 

lexical ambiguity resolution (Onifer & Swinney, 1981; Seidenberg, Tanenhaus, Leiman, 

& Bienkowski, 1982; Swinney, 1979; Tanenhaus, Leiman, & Seidenberg, 1979; Van 

Petten, & Kutas, 1987). For example, Swinney (1979), using a cross-modal (i.e., 
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encompassing two modalities) semantic priming paradigm with a lexical decision task, 

found evidence for the exhaustive model in contexts of varying strength. Participants 

heard two sentences whose contexts were unbiased (contained neutral context) or biased 

(containing context supporting one meaning of an ambiguous word). Table 1 presents 

examples of stimuli utilized in this experiment. Immediately following the offset of the 

ambiguous word in the sentence (0 msec interstimulus interval), a string of letters was 

presented visually. Participants had to indicate if this string of letters did or did not make 

a word. Reaction times to make this decision were measured. At this short interstimulus 

interval (i.e., the time between the offset of the prime sentence and the onset of the target 

word- 0 msec in this case), exhaustive access was found in both contextual conditions. 

That is, regardless as to whether the context was neutral or biased toward one meaning of 

an ambiguous word, all meanings of that ambiguous word showed facilitation in 

comparison to unrelated words (i.e., the reaction time to make the lexical decision for 

words related to either meaning of an ambiguous word were faster than reaction times for 

unrelated words). Using the examples in Table 1, following both sentences, reaction 

times to the lexical decision for ‘ant’ and ‘spy’ were faster than those for ‘sew’.  
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TABLE 1 

Examples of Prime Sentences and Target Words from Swinney (1979)    

Neutral Context     Biased Context    

Rumor had it that, for years, the    Rumor had it that, for years, the  

government building had been    government building had been  

plagued with problems. The man   plagued with problems. The man 

was not surprised when he found   was not surprised when he found 

several bugs* in the corner of his    several spiders, roaches, and other 

room.        bugs* in the corner of his room.   

Note. * Indicates where the string of letters for the lexical decision task was visually 

presented.            

Visual words:  

ANT  (contextually appropriate) 

SPY  (contextually inappropriate) 

SEW  (unrelated)          

 

At longer interstimulus intervals (three syllables after the offset of the prime 

sentence, or approximately 750-1000 msec), only the contextually appropriate meaning 

remained activated; reaction times for lexical decisions for words related to the 

contextually appropriate use of the ambiguous word were faster than reaction times to 

words related to the contextually inappropriate meaning of the ambiguous word and 

unrelated words. Using the example in Table 1, following the biased sentence, the 

reaction time for the lexical decision to ‘ant’ was faster than to reaction times for ‘spy’ 
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and ‘sew’.  Swinney took these results as evidence of a two-stage process. Early 

exhaustive access of all meanings occurred first. During the second stage of processing, 

context was used to select the appropriate meaning. 

It is important to note one characteristic of Swinney’s ambiguous words that 

directly affect the interpretation of his results. The ambiguous words used were reported 

by the author to be equibiased. That is, both meanings of Swinney’s stimulus words occur 

with relatively equal frequency in the language; there is not one clearly dominant and one 

clearly subordinate meaning. With equibiased ambiguous words, one would expect that 

both meanings would be accessed simultaneously in the absence of context. Without 

frequency or contextual cues to provide information, it is equally likely that either 

meaning will be appropriate for the situation. Accessing both meanings in this situation 

makes sense and does not necessarily rule out interactive, or parallel, processing.   

 Onifer and Swinney (1981), also using a cross-modal lexical decision task, 

showed support for the exhaustive access model. Here, spoken sentences were presented 

to listeners. These sentences contained ambiguous words embedded in sentence contexts 

that were neutral or biased toward either meaning (dominant or subordinate) of an 

ambiguous word. The embedded ambiguous words in this study, unlike those in Swinney 

(1979), were biased; one meaning of the ambiguous word occurred more frequently (the 

dominant sense) than the other meaning (the subordinate sense). A string of letters was 

presented at the offset of the embedded ambiguous words or 1.5 sec. after. The reaction 

time to make a lexical decision to the visually presented letter string was measured. The 

target words to which lexical decisions were made were related to the dominant or 
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subordinate meaning of the ambiguous word, or they were unrelated. See Table 2 for 

examples of stimuli.   

 

TABLE 2 

Examples of Prime Sentences and Target Words from Onifer & Swinney (1981)   

Context Biased- Dominant     Context Biased- Subordinate   

The businessman took the checks and   The rudderless boat reached the edge 

receipts to the first nation city bank* on  of the water and ran onto the gently 

his way to the board meeting.    sloped bank* without so much as  

       scratching the paint on the hull.  

Note. * Indicates where the string of letters for the lexical decision task was visually 

presented. A letter sting was visually presented at this point or at 1.5 seconds after this 

point.              

Visual Words:  

Money  (related to dominant meaning of ‘bank’) 

Field  (control for ‘money’) 

River  (related to subordinate meaning of ‘bank’) 

Basic  (control for ‘river’)         

 

At the immediate interstimulus interval (0 msec ISI), exhaustive access was 

supported; quicker reaction times were seen for lexical decisions to words related to the 

dominant and subordinate senses of the ambiguous words than they were to unrelated 

control words. However, by 1.5. sec. after the offset of the ambiguous word, only the 



  - 14 -  

contextually appropriate meaning remained activated; faster lexical decision times were 

seen for the contextually appropriate meaning of the ambiguous word, but not for the 

contextually inappropriate meaning or the unrelated controls. The authors suggest that 

these results are indicative of a two-stage model of lexical access. All meanings of an 

ambiguous word are accessed initially and only after this initial access in context used to 

select the appropriate meaning.  

 Support for the exhaustive access model has been demonstrated with unimodal 

(i.e., within the same modality) tasks as well. Van Petten and Kutas (1987) used visual 

prime sentences and visual target words in a naming task. Stimulus onset asynchrony 

(i.e., the time between the onset of the ambiguous word and the onset of the target word) 

was manipulated to examine the time course of lexical ambiguity resolution. Stimulus 

onset asynchronies (SOA) of 216 (which is approximately equal to an ISI of 0 msec) and 

700 msec were used. Exhaustive access was indicated by increased priming (i.e., quicker 

reaction times) for both contextually appropriate and inappropriate targets at the short 

SOA. As SOA was increased, facilitation for the contextually appropriate target only was 

found (i.e., quicker reaction times were seen only for the contextually appropriate 

meaning of the ambiguous word).   

 Throughout the late 70s and early 80s, the exhaustive access model was the model 

of lexical ambiguity resolution that received the most empirical support (Simpson, 1984). 

However, the tasks and methods used to support this model have received criticism. 

Swinney (1979) and Onifer and Swinney (1981) used an interference form of the 

semantic priming paradigm. That is, the visual target was presented at the offset of an 

ambiguous word embedded within a sentence. It is possible that this task could interfere 
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with processing by interrupting natural comprehension of a sentence. The entire sentence 

could not be processed naturally due to the requirement that a second task be performed 

in the middle of the sentence.  

The experiments of Swinney (1979) and Onifer and Swinney (1981) also did not 

provide information about what made the sentential context ‘constraining’ toward one 

particular meaning of an ambiguous word (Tabossi, 1988a; Tabossi, Columbo, & Job 

1987). More recent studies have indicated that the strength of the supporting context may 

affect which meanings of an ambiguous word are primed (Paul, Kellas, Martin, & Clark, 

1992; Simpson, 1981; Simpson & Krueger, 1991; Tabossi, 1988a). That is, if previous 

context is too vague, it may allow for all meanings of an ambiguous word to be primed.   

An additional criticism of Swinney’s (1979) study was the use of only one control 

condition. In more recent experiments, two control conditions have been used. One 

unrelated target word is matched to the dominant related target word in length and 

frequency, while a second unrelated target word is matched to the subordinate related 

target word in length and frequency. This is done to insure that reaction times to 

unrelated target words are not increased or slowed by anomalies of frequency or length. 

Without this matching, Swinney’s results are less compelling. In conclusion, while the 

exhaustive access model gained popularity in the 1970s and 1980s, the methodological 

issues mentioned above have raised questions about the empirical support for this model 

and therefore resulted in the proposal of alternative models of lexical ambiguity 

resolution.  
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Ordered Access Model 

 The ordered access model (Hogaboam & Perfetti, 1975) is also a modular model 

of lexical ambiguity resolution in that it posits that context does not play a part in the 

initial activation of multiple meanings. However, this model does allow frequency to play 

a part in the order of activation; order of access is based on frequency. The most frequent 

meaning of an ambiguous word is accessed first. If the most frequent meaning fits the 

context, then searching stops. If it does not, the next most frequent meaning is accessed. 

This searching continues through all meanings of an ambiguous word until the 

appropriate meaning is selected. This model predicts that a dominant meaning of an 

ambiguous word will always be accessed before the subordinate meaning in biased 

ambiguous words.  

 The ordered access model has received some support, especially in the absence of 

context (i.e., in isolation). Yates (1978) investigated the processing of ambiguous words 

with a relatedness task. Participants saw a word on a computer screen. This word was 

then followed by two words (presented so that the words were vertical). The participants 

had to indicate if, in reference to the vertically presented word pairs, the “top concept” 

was the same as the “bottom concept” (Yates, 1978, p. 638). Response times to make this 

decision were measured. Examples of Yates’ stimuli appear in Table 3.  
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TABLE 3 

Examples of Stimuli from Yates (1978)        

Condition     Example Stimulus     

Primed Dominant    ‘mug’ preceded ‘mug-cup’ 

Primed Subordinate     ‘mug’ preceded ‘mug-face’ 

Unprimed Dominant     ‘flower’ preceded ‘mug-cup’ 

Unprimed Subordinate    ‘flower’ preceded ‘mug-face’    

 

Responses were faster to word pairs containing an ambiguous word and a word 

related to the dominant meaning of that word (e.g., mug-cup) than pairs representing the 

subordinate meaning (e.g., mug-face). Yates suggested that, upon encountering an 

ambiguous word, participants first accessed the dominant meaning, thus the faster 

response times to pairs in the dominant condition. In the subordinate condition, the 

dominant meaning of the ambiguous word appeared to have been accessed and rejected. 

The activation of the subordinate meaning then occurred, resulting in the slower 

responses in the subordinate condition.  

 Simpson and Burgess (1985) investigated the time course of lexical ambiguity 

resolution in the absence of context by manipulating SOA between visually presented 

prime and target words. Participants were presented with a prime word and then made a 

lexical decision to a letter string. The reaction time to make the lexical decision was 

measured. Target words were related to the dominant or subordinate meaning of an 

ambiguous word or they were unrelated to it. Results indicated that, at the shortest SOAs 

(16 msec, 100 msec), facilitation occurred for the dominant meaning of an ambiguous 
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word; reaction times to make a lexical decision to a word related to the dominant 

meaning of an ambiguous word were faster than to words related to the subordinate 

meaning or unrelated control words. At SOAs of 300 msec, the subordinate meaning 

reached its highest level of activation, with priming equal to that of the dominant 

meaning. In other words, lexical decision times for the subordinate sense of an 

ambiguous word were as fast as those to made to words related to the dominant sense, 

and faster than decisions made to unrelated control words. As SOAs lengthened to 500 

msec and 700 msec, only the dominant meaning was facilitated. In sum, the time course 

activation for ambiguous words in isolation appeared to proceed as follows: Dominant 

meanings were accessed first. This was followed by a rise in the activation of the 

subordinate meaning, culminating in equal amounts of activation for both dominant and 

subordinate meanings at 300 msec. After this time, in the absence of context, subjects 

appeared to return to activation of the dominant meaning only, relying on frequency 

information to lead activation.  

Similar results were found by Simpson and Krueger (1991) using sentences as 

primes rather than single words. Here, prime sentences ending in ambiguous words were 

read by participants. The sentences, though, were neutral in context (not biasing toward 

either the dominant or subordinate meaning of the ambiguous word- e.g., “I went to the 

bank”). The time course of lexical access was investigated by using ISIs of 0, 300, and 

700 msec. Results were similar to Simpson and Burgess (1985). At an ISI of 0 msec, 

facilitation occurred for the dominant meaning of the ambiguous word. At 300 msec, 

both the dominant and subordinate meanings were primed. At 700 msec, only the 
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dominant meaning was facilitated. This pattern of results fit well with the tenets of the 

ordered access model.   

The evidence supporting the ordered access model has occurred in the absence of 

context. In the studies presented above, single words or sentences with neutral context 

were used to investigate ambiguity resolution. As such, this model has not been 

demonstrated to be a viable model for describing lexical ambiguity resolution in 

sentences whose contexts are biased toward only one meaning of an ambiguous word. 

Due to the shortcomings of the modular models of lexical ambiguity resolution, 

interactive and hybrid models have more recently been proposed.  

Interactive Models of Lexical Ambiguity Resolution  

In interactive models of lexical ambiguity resolution, multiple sources of 

information combine to affect processing of ambiguous words. These sources include 

frequency and contextual support. Two interactive models are discussed below. The 

selective access model is an early interactive model which suggests that lexical access is 

affected by contextual cues. A more recent model, the context sensitive model, also 

suggests that context affects lexical access. However, in the context sensitive model, 

context can be weakly or strongly constraining, and frequency information plays a role in 

ambiguity resolution.  

Selective Access Model   

The selective access model supports the notion that lexical access is sensitive to 

context. Only the contextually appropriate meaning of an ambiguous word is activated. 

Context immediately influences activation of the correct sense of the ambiguous word. 
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The selective access model does not have multiple stages of processing, as the exhaustive 

and ordered access models do.  

 Using a phoneme-monitoring task (i.e., participants listen to sentences and 

indicate when a specific phoneme has been heard), Swinney and Hakes (1976) 

investigated the effect of context on lexical ambiguity resolution. There were three types 

of context used in this experiment. In one condition, the context was not biased strongly 

toward either meaning of an ambiguous word (contexts were neutral). In the other two 

conditions, context was biased toward one meaning of an ambiguous word. In neutral 

contexts, reaction times to detect targeted phonemes following ambiguous words were 

longer than reaction times to unambiguous words. The authors hypothesized that the 

increase in time to detect a certain phoneme was increased following ambiguous words 

because a longer time was taken to process the ambiguous word. That is, upon 

encountering the ambiguous word in the absence of supporting context, both meanings of 

the word were accessed, thus slowing down processing time in comparison to an 

unambiguous word (whose one meaning can be accessed more rapidly). In constraining 

contexts, reaction times to detect phonemes following ambiguous words were no 

different than reaction times following unambiguous words. These results indicated that, 

due to the constraining context, only the contextually appropriate meaning of the 

ambiguous word had been accessed. Thus, reaction times to subsequent target phonemes 

were not inhibited by longer processing of both meanings of the ambiguous word. 

Contextual support had allowed selective access of the appropriate meaning of the 

ambiguous word.  
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Context Sensitive Model  

The context sensitive model is an updated and more specified version of the 

selective access model. In this interactive model, multiple sources of information 

combine to affect processing of ambiguous words. These sources include frequency and 

contextual support. Importantly, context effects lie on a continuum; context can be 

weakly or strongly constraining. The strength of the supporting context plays a large role 

in the formulation of this model. In the context sensitive model, either frequency or 

context can lead to activation of the meanings of ambiguous words. Frequency can affect 

lexical access, but this effect can be moderated or eliminated by the strength of context.   

 The context sensitive model predicts that, in neutral contexts, the most frequently 

occurring (i.e., dominant) meaning of an ambiguous word will be accessed first upon 

word recognition. Without contextual support, frequency information drives activation. 

For example, in the neutral sentence “I saw the bank”, the financial institution meaning 

would be accessed. It is more frequently occurring. Without any context to guide the 

listener, probability dictates access. When context is weakly biased toward the less 

frequently occurring sense of an ambiguous word (i.e., the subordinate sense), both 

meanings will be activated. “The fog hung over the bank” is an example of a weakly 

biased sentence. It appears to lead the listener to the river bank sense of ‘bank’, yet a 

building could also have fog hanging over it. In this case, the context sensitive model 

predicts both meanings will be accessed. However, if context is biased strongly enough, 

only the contextually appropriate meaning of the ambiguous word will be accessed. This 

holds true even for the subordinate meaning of an ambiguous word. Therefore, in the 

sentence “Sally took her check to the bank”, only the dominant meaning (financial 
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institution) would be accessed from the mental lexicon; in the sentence “The fisherman 

walked along the bank”, only the subordinate meaning (river bank) would be accessed.  

 Simpson (1981) provided early evidence for a context-sensitive model of lexical 

ambiguity resolution. In this study, strength of context was manipulated to determine its 

effect on lexical ambiguity resolution. In a cross-modal lexical decision task, the 

participants were presented with spoken sentences ending in an ambiguous word; a 

lexical decision was made to a visually presented word occurring 120 msec after the 

offset of the ambiguous word. Reaction time for the lexical decision was recorded. If a 

decision to the related stimulus word was made more quickly following an ambiguous 

prime than to that same stimulus word following a non-ambiguous, non-related prime, 

facilitation (i.e., quicker lexical access) occurred. Three varying strengths of context were 

used in the prime sentences: neutral, weakly biased, and strongly biased. Examples of 

Simpson’s stimuli are presented in Table 4.  
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TABLE 4 

Examples of Prime Sentences and Target Words from Simpson (1981)    

Context Type   Example Sentence       

Neutral   We had trouble keeping track  of the count.  

Weak Dominant  The musician kept losing track of the count. 

Strong Dominant  My dog wasn’t included in the final count. 

Weak Subordinate  The king kept losing track of the count. 

Strong Subordinate  The vampire was disguised as a handsome count.    

Target Words 

Relation to Ambiguous Word   Target        

Dominant Sense    NUMBER 

Subordinate Sense    DUKE       

 

In the neutral context condition, only the dominant meanings of ambiguous words 

were facilitated (e.g., there were faster reaction times to ‘number’ following the neutral 

sentence in Table 4). In context that weakly constrained the subordinate meaning (weak 

subordinate condition in Table 4), both meanings of an ambiguous word showed 

facilitation. However, when context was strongly constraining, only the contextually 

appropriate word was facilitated, for both the dominant and subordinate senses. Several 

other researchers have reported similar results supporting the context sensitive model 

(e.g., Kellas, Paul, Martin, & Simpson, 1991; Paul, Kellas, Martin, & Clark, 1992; 

Martin, Vu, Kellas & Metcalf, 1999; Simpson & Krueger, 1991; Vu, Kellas, Metcalf, & 

Herman, 2000; Vu, Kellas, & Paul, 1998).  
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Simpson’s (1981) study has been criticized, though, for the use of a relatively 

long (120 msec) interstimulus interval (ISI), the amount of time between the offset of the 

prime word and the onset of the visual target word (e.g., Simpson & Kellas, 1989). 

Because meanings of auditorily presented words can be accessed prior to their offset, an 

ISI of 120 msec could have given participants enough time to exhaustively access all 

meanings of an ambiguous word and select the contextually appropriate meaning (e.g., 

Marslen-Wilson, 1984). If processing occurred quickly, the longer ISI used by Simpson 

may not have captured the appropriate processing time course for the stimulus words. In 

more recent studies, however, context sensitive selective access has been demonstrated at 

an ISI of 0 msec (Kellas et al., 1991; Paul et al, 1992; Simpson & Krueger, 1991; Tabossi 

et al., 1987; Vu et al., 1998; Vu et al., 2000). Furthermore, context sensitive effects were 

seen at time intervals with an ISI shorter than an ISI of 0 msec. Stimulus onset 

asynchrony (SOA), the amount of time between the onset of the prime and the onset of 

the target word, can be manipulated to be shorter than 0 msec. Context sensitive 

activation has been demonstrated at SOAs of 80 msec (Vu et al., 1998; Vu et al., 2000) 

and 50 msec (Paul et al., 1992) in both dominant and subordinate-biased contexts. 

Collectively, these studies demonstrated context sensitive access at several points along 

the temporal continuum of lexical access, thus negating the original criticism of Simpson 

(1981).  

 Another major criticism of studies showing support for the context sensitive 

model is that, in priming studies, facilitation for the target word is due to intralexical 

semantic priming rather than a top-down, interactive influence of overall sentence context 

(e.g., Simpson & Kellas, 1989). In other words, sentence primes used in previous 
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research contained a word that, on its own, primed the target word. In order to understand 

how this priming is different than that resulting from overall sentential context, a brief 

description of the mental lexicon and its organization might be helpful.   

The concept of the mental lexicon was described by Oldfield (1966) as the place 

where all knowledge of a word is stored. This knowledge includes information about the 

word’s phonological form, orthographic form(s), meaning(s), and syntactic role(s). 

Moreover, the mental lexicon contains information regarding a word’s relationship to 

other words. This relationship is often described as a network that is formed among 

related words. One concept of this network is represented by a spreading activation 

account (e.g., Anderson, 1983; Collins & Loftus, 1975; McNamara, 1992, 1994). In a 

spreading activation network, words are connected to each other through associative 

links. When a spoken word is recognized, it activates the node that represents that word 

in the mental lexicon. This activation in turn raises the activation levels of those nodes 

that are closely related, and associatively linked, to the recognized word (e.g., related 

semantically, phonologically, orthographically, etc.). Semantic priming is thought to be 

the result of the increased activation level of those words that are closely related to the 

originally recognized word. For example, hearing ‘bank’ raises the activation level of 

closely related words, like ‘money’. Therefore, participants are more likely to be primed 

for the word ‘money’ since it is slightly elevated in its activation level following ‘bank’. 

The use of nodes in a spreading activation network closely matches the ideas in the 

TRACE model of spoken word recognition (McClelland & Elman, 1986).  

A different model of the mental lexicon network is explained by a distributed 

account. In a distributed connectionist network, words are represented by distributed 
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patterns of features, and the patterns for closely related words are similar. This network 

more closely matches a model of spoken word recognition like DCM (Gaskell & 

Marslen-Wilson, 1997). In this model of the mental lexicon, semantic priming occurs as 

the result of overlapping distributed patterns (the patterns can be imagined as being made 

up of ones and zeros indicating presence or absence of semantic, syntactic, phonologic, or 

morphologic feature of a word). For example, hearing ‘bank’ activates the distributed 

pattern representing this word. Since ‘bank’ and ‘money’ have many closely related 

semantic features, their distributed patterns would be similar. The overlap of the patterns 

for ‘bank’ and ‘money’ would result in semantic priming effects. Similarly, hearing 

‘bank’ would also prime ‘tank’ because of the comparable phonological patterns. In 

either mental lexicon model, semantic priming can be achieved without any top-down, 

contextual information influencing lexical access. The priming is simply due to the 

structure of the mental lexicon.   

Simpson, Peterson, Casteel, and Burgess (1989) investigated whether such lexical 

priming effects were responsible for the facilitation seen in Simpson’s (1981) previous 

work. If simple semantic priming from a word in the prime sentence was responsible for 

earlier facilitation, then the order of words in the prime sentence should have no effect on 

facilitation. In other words, a prime sentence could be scrambled (i.e., words presented in 

an agrammatical order) and facilitation of the target word should still occur. However, 

when Simpson et al. presented scrambled sentences containing words considered to be 

‘good primes’(strongly semantically related to the target word), facilitation of the target 

word was eliminated. If intralexical priming (i.e., simple semantic priming based on the 

words in the sentence) was occurring, facilitation for the target word should have been 
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seen following the scrambled sentences; however, facilitation did not occur. In a second 

condition, sentence primes were used that were grammatical and also contained words 

related to the target. The sentences in this case, though, did not make sense, semantically. 

That is, they were grammatical, but nonsensical sentences (see Table 5 below). If 

intralexical priming was occurring, facilitation would still be found even with the 

semantic manipulation. As with the grammatical manipulation in the first condition, 

facilitation for the target word in the semantically manipulated condition was eliminated. 

The results from both conditions indicated it was the overall context, not just an 

individual word, that was priming the target word and affecting resolution of lexical 

ambiguities.  

TABLE 5 

Examples of normal, scrambled, and nonsensical sentences from Simpson et al., (1989)  

Sentence Type   Sentence         

Normal   The presence of the stranger made the baby cry. 

Scrambled    The made of the presence stranger the baby cry. 

Nonsensical    The permit with the talent let the baby cry.  

Normal    The author received much acclaim for his new book. 

Scrambled   For author acclaim his much received new the book.  

Nonsensical    The author tried many whispers on his back book.    
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Simpson and Krueger (1991) investigated intralexical effects after finding context 

sensitive activation following dominant- and subordinate- biased sentences. In their first 

experiment, a unimodal priming task was used; participants read a sentence ending with 

an ambiguous word and then named a visually presented word. For sentences biased 

toward the dominant meaning of an ambiguous word, naming times were faster to target 

words related to the dominant sense of the ambiguous word, but not the subordinate 

sense. Likewise, in sentences biased toward the subordinate sense, naming times were 

faster to target words related to the subordinate meaning of the ambiguous words than to 

target words related to the dominant sense. To check for intralexical priming, the authors 

conducted a second experiment in which the ambiguous word at the end of the prime 

sentence was replaced with a word that was not semantically related to the target. For 

example, the prime sentence “This has been a cold and rainy spring” became “This has 

been a cold and rainy night”. In the first experiment, ‘spring’ was followed by ‘summer’. 

In the second experiment (investigating intralexical priming), ‘night’ was followed by 

‘summer’.  

Intralexical priming is due to words in the sentential context directly semantically 

priming the target word (rather than the ambiguous word priming the target word). If 

intralexical priming had caused the facilitation in naming times in experiment one, then 

facilitation for naming should also been seen in experiment two. That is, even though a 

new word is ending the sentence (the word that is not semantically related to the target 

word), there should still be semantic priming occurring between the other words in the 

sentence and the target word. This, however, was not the case. There was no priming 

(quicker naming time) for the word ‘summer’ following the sentence “This has been a 
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cold and rainy night”. Therefore, intralexical priming effects cannot have been the reason 

for facilitation in the first experiment; instead, it was priming due to the ambiguous word.  

The results of Simpson et al. (1989) and Simpson and Krueger (1991) have been 

replicated by Vu et al. (1998). Here, an experiment using scrambled sentences (like 

Simpson et al., 1989) ruled out effects of intralexical priming. Additionally, replacement 

of a sentence final ambiguous word with a word that was not semantically related to the 

target (as in Simpson and Krueger, 1991) also did not support intralexical priming.  

The context sensitive model suggests that strength of context lies on a continuum, 

with greatly constraining contexts resulting in selective access (i.e., lexical access of the 

contextually appropriate meaning only) and neutral contexts resulting in exhaustive 

access (i.e., lexical access of both meanings). In order to better understand this 

continuum, factors that make context highly constraining have been investigated. Vu et 

al. (1998) suggested that, if context is too weak, many features of the ambiguous word 

will be primed, resulting in overlap between the two meanings. If context is constraining 

enough, only the features relevant to one meaning of an ambiguous word will be primed.  

Vu et al. (1998) investigated specific aspects of a sentence that could provide such 

a constraining context. The researchers used simple sentences as stimuli and manipulated 

either the verb or the subject. Examples of verb manipulation include:  

  He located the bat.  

  He splintered the bat. 

  He wounded the bat.  

Examples of noun manipulation include:  

  The man located the bat.  
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  The slugger located the bat.  

  The biologist located the bat.  

In both examples, the first sentence represents a neutral context. The second sentence 

primes the dominant meaning of ‘bat’ (a baseball bat), and the third sentence primes the 

subordinate meaning of ‘bat’ (a mammalian bat).  

 Participants read a prime sentence and named a visually presented word at an ISI 

of 0 msec. In the neutral context conditions (for both verbs and nouns), exhaustive access 

was seen (i.e., naming times to words related to the dominant and subordinate meaning of 

an ambiguous word were faster than to those words following an unambiguous word). In 

contexts constraining both the dominant and subordinate meanings, only the contextually 

appropriate targets were facilitated. The results provided support for the context sensitive 

model and demonstrated that even simple sentence contexts could be constructed in such 

a manner as to facilitate selective access.  

The Reordered Access Model: A Hybrid Approach 

  The reordered access model (Duffy, Morris, & Rayner, 1988) is a hybrid of 

modular and interactive models of lexical ambiguity resolution. In this model, context 

can have an immediate effect on the processing of an ambiguous word, but this effect is 

limited by frequency information. The reordered access model maintains modularity by 

hypothesizing that all meanings of an ambiguous word are exhaustively accessed. As in 

the ordered access model, the most frequent meaning of an ambiguous word is accessed 

first.  

The tenets of the reordered access model are based on empirical results from 

Duffy et al. (1988) using an eye-tracking paradigm. In this paradigm, participants are 
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fitted with head gear containing a camera that records their eye fixations to certain points 

on a computer screen. As subjects read a sentence, the camera measures eye fixation 

times to words in that sentence. Longer eye fixation times are believed to indicate a 

longer processing time for a word.   

In Duffy et al., eye fixation times were measured while participants read 

sentences containing various contextual conditions (either neutral or biasing toward one 

meaning of an ambiguous word). Eye fixation times for ambiguous words were compared 

to eye fixation times for control words (non-ambiguous words). The suppositions of the 

reordered access model were based on the following results. In neutral contexts, eye 

fixations to biased ambiguous words (i.e., those with one clearly dominant and one 

subordinate meaning) were no longer than to control words. This was thought to indicate 

that the dominant meaning of the ambiguous words, in the absence of context suggesting 

otherwise, had been accessed first. Moreover, this access of the dominant meaning was 

fast enough to make it comparable to the processing time for a non-ambiguous control 

word. For equibiased ambiguous words (i.e., those ambiguous words whose meanings are 

nearly equal in frequency), eye fixation times were longer to the equibiased ambiguous 

words than to biased ambiguous words or control words in neutral contexts. The 

processing of equibiased ambiguous words took longer than the processing of biased 

ambiguous words and control words. For equibiased ambiguous words, two meanings 

had to be accessed, since context could not help distinguish the appropriate meaning. For 

biased ambiguous words and control words, only one meaning was accessed, therefore 

resulting in shorter eye fixation times.  
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Supporting context can reorder this pattern of eye fixations described above. 

When context is biased toward one meaning of an ambiguous word, the activation of the 

meaning would be increased (i.e., resulting in faster eye fixations to ambiguous words). 

In other words, context could speed up the activation of the contextually appropriate 

meaning. However, context would not affect the inappropriate meaning, fitting with the 

modular nature of this model.  

Since the conception of the reordered access model, several studies have provided 

empirical evidence to support it (Binder & Morris, 1995; Dopkins, Morris, & Rayner, 

1992; Kambe, Rayner, & Duffy, 2001; Pacht & Rayner, 1993; Rayner & Frazier, 1989; 

Rayner & Morris, 1991; Rayner, Pacht, & Duffy, 1994; Sereno, Pacht, & Rayner, 1992). 

In neutral contexts, fixation times on equibiased words were longer than those on biased 

ambiguous words or unambiguous control words (Pacht & Rayner, 1993; Rayner & 

Duffy, 1986). According to the reordered access model, this demonstrated that both 

meanings of the equibiased word were accessed simultaneously. Also in neutral contexts, 

eye fixation times to biased ambiguous words were no longer than fixation times to 

unambiguous control words (Pacht & Rayner, 1993; Rayner & Duffy, 1986). With no 

biasing context, frequency guided lexical access. The most frequent meaning had been 

accessed and selected easily. See Table 6 for examples of possible stimuli. 



  - 33 -  

TABLE 6 

Examples of Stimuli for Testing the Reordered Access Model from Duffy et al. (1988)  

Condition     Example Sentence      

Equibiased Ambiguous Word   Because it was kept on the back of a high 

 (control word in parentheses)  shelf, the pitcher (whiskey) was often  

      forgotten.  

Biased Ambiguous Word    When she finally served it to her guests, the 

  (control word in parentheses)  port (soup) was a great success.   

 

The reordered access model states that context can speed up the activation of the 

meaning of an ambiguous word. When context alludes to the dominant meaning of an 

ambiguous word, it speeds up an already quick activation of the most frequent meaning. 

Results of eye-tracking studies demonstrated that, in such conditions, eye fixation times 

for an ambiguous word were no different from those for an unambiguous control word 

(Rayner & Duffy, 1986). When context alludes to either meaning of an equibiased 

ambiguous word, activation of the appropriate sense is speeded up. In such cases, eye 

fixation times for equibiased ambiguous words supported by preceding context were no 

different from fixation times for unambiguous control words (Duffy et al., 1988; Rayner 

& Frazier, 1989).  

The results above indicated that when context and frequency worked together, or 

at least were not in opposition, reading of ambiguous words was rather fluid. However, 

when frequency and context cues conflicted, another pattern of results was seen. When 

preceding context primed the subordinate meaning of an ambiguous word, fixation times 
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for the ambiguous word were longer than times for unambiguous control words (Binder 

& Rayner, 1998; Dopkins et al., 1992; Kambe, et al., 2001; Pacht & Rayner, 1993; 

Rayner & Frazier, 1989; Sereno et al., 1992). This is known as the subordinate bias 

effect. In this case, context has increased the time for activation of the subordinate 

meaning of a word. However, frequency information, acting in a modular fashion, 

allowed quick activation of the most frequent meaning. This resulted in the two meanings 

becoming activated at nearly the same time, possibly simultaneously (Duffy et al., 1988, 

p. 431).  

 A similar pattern was seen when disambiguating context followed the ambiguous 

word. When disambiguating context was consistent with the dominant meaning of an 

ambiguous word, eye fixations on the disambiguating context were no longer than 

fixations to control words (Duffy et al., 1988; Rayner & Duffy, 1986). However, when 

the disambiguating context supported the subordinate meaning of an ambiguous word, 

eye fixations to the disambiguating context were longer than fixations to control words 

(Dopkins et al., 1992; Rayner & Duffy, 1986). In this case, it appeared that the dominant 

meaning became activated quickly and was integrated into the sentence. With the 

disambiguating information, the subordinate meaning, which would have come to 

activation much more slowly, had to be integrated. See Table 7 for examples of 

disambiguating context following an ambiguous word.  
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TABLE 7 

Examples of Stimuli with Disambiguating Context After the Ambiguous Word from Duffy 

et al. (1988) 

Condition      Example Sentences     

Equibiased Ambiguous Word   Of course the pitcher (whiskey) was often 

 (control word in parentheses)  forgotten because it was kept on the back   

      of a high shelf.  

Biased Ambiguous Word    Last night, the port (soup) was a great 

  (control word in parentheses)  success when she finally served it to her 

       guests.      

   

A persistent criticism of the above findings was that the context was not strongly 

biased enough to result in selective activation of the subordinate sense of an ambiguous 

word (Kellas & Vu, 1999; Martin et al., 1999; Vu et al., 1998). In response, Rayner et al. 

(1994) and Kambe et al. (2001) attempted to eliminate the subordinate bias effect with 

strong contexts. Global (i.e., context occurring in sentences before the sentence 

containing an ambiguous word) and local (i.e., context occurring in the same sentence as 

the ambiguous word) context was used to bias the subordinate sense of an ambiguous 

word. Both investigations revealed similar findings.  Neither type of context eliminated 

the subordinate bias effect when used alone. More importantly, when local and global 

context were combined, the subordinate bias effect was still observed; eye fixation times 

to the ambiguous word (after context was biased toward the subordinate meaning) 

remained longer than eye fixations to unambiguous words. Additionally, the use of the 
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two types of context combined did not reduce the magnitude of the subordinate bias 

effect. That is, even when both global and local context together biased the subordinate 

meaning of the ambiguous word, eye fixation times to that word were as long as they had 

been when each type of context was used independently.   

 Given these results, the reordered access model suggests that the subordinate 

meaning of an ambiguous word could not be activated earlier than the dominant meaning. 

In other words, the subordinate bias effect would always be present. In fact, this assertion 

is often considered the main point of contention between the reordered access model and 

the context sensitive model. Binder and Rayner (1998, p. 272) summarized this well: 

“According to the reordered access model, the subordinate bias effect will be 

obtained even when the preceding context is strongly biased. According to the 

context-sensitive model, the subordinate bias effect will be obtained when the 

context that precedes the ambiguous word weakly biases the subordinate 

meaning, but the effect will not surface when the context is strongly biased.”   

The contention that the subordinate bias effect cannot be eliminated could be a 

problem for the reordered access model given the results of several studies that 

demonstrated elimination of the effect (Martin et al., 1999; Vu et al., 1998; Vu et al., 

2000). However, Rayner, Binder, and Duffy (1999) suggested that the reordered access 

model has been misinterpreted (in part due to their own writings) when it comes to the 

elimination of the subordinate bias effect.  

Rayner et al. (1999, p.845) indicated that ‘the subordinate bias effect is an 

empirical finding; it is not a fundamental tenet of the reordered access model’. The 

reordered access model, as put forth in Duffy et al. (1988), would agree that the 
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subordinate bias effect could be eliminated if the context were strong enough. While 

Rayner and colleagues have not been able to demonstrate this to date, they do not believe 

it is theoretically impossible.   

Taken together, the results of the eye-tracking studies are impressive; however, 

the use of an eye-tracking paradigm in the investigation of lexical ambiguity resolution 

has been criticized. Eye-tracking and self-paced reading studies do not directly test the 

predictions of the reordered access model (Kellas & Vu, 1999). The subordinate bias 

effect is assumed due to the longer eye fixation times; eye fixation times do not reveal the 

type of processing that is occurring. Researchers cannot determine which meaning has 

been activated and to what extent. Activation can only be inferred from eye fixations. 

 Given the statements of Rayner et al. (1999) and the empirical results presented 

above, the reordered access model appears to be very similar to the context sensitive 

model; however, the two models still differ on one important point. (See Table 8 for a 

graphic representation of the similarities and differences between these two models). The 

reordered access model posits that context does not affect the activation of the 

contextually inappropriate meaning. In other words, the modular idea of exhaustive 

access is the main point of contention between the reordered access model and the 

context sensitive model. As such, the burden of proof for modularity falls to supporters of 

the reordered access model. It lies with them to demonstrate that the contextually 

inappropriate meaning is accessed at some point in time. Until that time, it appears that 

the context sensitive model of lexical access most fits with the evidence provided by 

studies of adult lexical ambiguity resolution.   
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TABLE 8 

Comparison of the Context Sensitive Model and the Reordered Access Model   

Context Sensitive Model    Reordered Access Model   

Interactive Model     Hybrid Model (Interactive and 

       Modular Aspects)    

Neutral Context: predicts that most    Neutral Context: predicts that most 

frequent meaning of ambiguous word is  frequent meaning of ambiguous  

accessed first; subordinate meaning may  word is accessed first; subordinate 

be accessed since context is not strongly  meaning will be accessed eventually 

biasing       due to modularity of mental lexicon  

Context Weakly Biasing Dominant    Context Weakly Biasing Dominant 

Meaning: predicts that most frequent   Meaning: predicts that most frequent 

meaning of ambiguous word is   meaning of ambiguous word is 

accessed first; subordinate meaning may  accessed first; subordinate meaning 

be accessed since context is not strongly   will be accessed eventually due to  

biasing       modularity of mental lexicon   

Context Weakly Biasing Subordinate   Context Weakly Biasing Subordinate 

Meaning: predicts that both meanings   Meaning: predicts that both 

of ambiguous word are accessed    meanings are accessed; dominant  

       may still be accessed first- depends  

       on strength of context    
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TABLE 8 (continued) 

Comparison of the Context Sensitive Model and the Reordered Access Model   

Context Sensitive Model    Reordered Access Model   

Context Strongly Biasing Dominant   Context Strongly Biasing Dominant 

Meaning: predicts that only the    Meaning: predicts that the dominant 

dominant meaning of the ambiguous   meaning is accessed first; even  

word is accessed      though access of dominant meaning  

       is quick, modularity would predict 

       that the subordinate meaning would  

       eventually be accessed   

Context Strongly Biasing Subordinate  Context Strongly Biasing  

Meaning: predicts that only the    Subordinate Meaning: predicts that  

subordinate meaning of the ambiguous  speed of access to the subordinate 

word is accessed      meaning is increased; this meaning 

       may be accessed at the same time as  

        the dominant meaning.   

 
 

Lexical Access in Children 

 Lexical access in adults appears to be the result of an interactive process in which 

frequency and contextual cues aid in the retrieval of semantic information. However, 

models of lexical ambiguity resolution above have not been thoroughly investigated from 

a developmental perspective. As such, it is not clear what cues are available to aid 

children in retrieving the meaning of a homophone.  



  - 40 -  

Homophone Acquisition  

 Jusczyk’s WRAPSA model alluded to some of the difficulties that young children 

encounter when learning new words. The acoustic stream must be segmented correctly 

according to the rules of the native language. Once segmented, a representation of the 

word must be stored in the mental lexicon. Moreover, the representation in the mental 

lexicon should include semantic information (i.e., the meaning) of the newly learned 

word.  

Learning the meaning of a new word is not an easy task, although children make 

it appear this way. For example, a mother rolls a ball to her child and says ‘ball’. The 

child repeats ‘ball’. But, how did the child know what the mother was referring to? Based 

on the writings of Quine (1960), the child could entertain several hypotheses regarding 

the meaning of a novel word. ‘Ball’ could have referred to the object that was rolled, the 

act of rolling, the color of the ball, the material of which it was made, or any of several 

other possibilities.  

In order to learn new words efficiently, children need to limit the number of 

possible referents for a new word. Lexical constraints and principles (i.e., rules or 

concepts to facilitate word learning) have been proposed as a way to limit the number of 

possible referents for a novel word. These constraints and principles have been applied to 

children’s earliest attempts at word learning. Some principles suggest that children 

assume novel words refer to whole objects rather than a part of an object (e.g., Golinkoff, 

Mervis, & Hirsh-Pasek, 1994; Markman, 1989), novel words are interpreted based on 

taxonomic rather than thematic categories (e.g., Golinkoff et al., 1994; Markman & 

Hutchinson, 1984), and novel words are applied to unnamed referents (e.g., Golinkoff, et 
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al., 1994; Markman, 1989). The principles and constraints put forth for early word 

learning have not specifically addressed how children learn the meanings of homophones. 

However, principles regulating the application of a novel word to an unnamed referent 

indicate a preference for a one-to-one mapping between a word and a referent. Two such 

constraints include the principle of mutual exclusivity (Markman, 1989), and the novel-

name-nameless principle (Golinkoff, et al., 1994). These two principles appear to be 

more directly related to homophone acquisition and are reviewed and discussed below.     

 Mutual exclusivity (Markman, 1989) proposes that, upon hearing a new word, 

children prefer to attach the word to a novel object. In other words, an object will usually 

not have more than one name; most new words will have referents that are different from 

already known words. If there are no novel objects to be used as referents, children may 

assign a novel word to a part of an object. However, if enough information is available, 

Markman concedes that children will override the principle of mutual exclusivity and 

attach multiple labels to the same object (e.g., ‘sofa’ may be attached to what the child 

knows as ‘couch’). In sum, this constraint suggests that children prefer a one-to-one 

mapping, but it is not obligatory. It would be logical, then, to presume that the mutual 

exclusivity constraint would not be violated by the acquisition of homophones. In the 

earliest stages of word learning, children would probably prefer to have one word (i.e., 

one phonetic form) for one referent. However, the principle of mutual exclusivity would 

probably suggest that children could have the same word for more than one referent if 

enough information was given to suggest this strategy. 

 The novel-name-nameless principle (Golinkoff et al., 1994) is similar to the 

principle of mutual exclusivity in many respects. Like mutual exclusivity, the novel-
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name-nameless principle suggests that novel words map to unnamed objects. However, 

there is a subtle difference between the two principles. The main drive of mutual 

exclusivity is to avoid synonymy (Mervis, Golinkoff, & Bertrand, 1994). A referent is 

only given two names (e.g., sofa and couch) in the face of strong supporting evidence. 

The purpose of the novel-name-nameless principle is not to avoid synonymy but to name 

an unnamed object (Mervis et al., 1994). Therefore, the novel-name-nameless principle 

does not apply when children already have a word for a referent (e.g., it would not apply 

to a situation in which ‘couch’ and ‘sofa’ were both presented). Rather, the child would 

use linguistic and nonlinguistic cues to deduce that ‘sofa’ and ‘couch’ refer to the same 

object. From this reliance on linguistic and nonlinguistic cues to learn synonyms, it can 

be assumed that the same holds true for homophones. That is, children would learn 

homophones by using linguistic and nonlinguistic cues to figure out that one word refers 

to two objects.     

Taken together, the principles of mutual exclusivity and novel-name-nameless do 

not preclude the learning of homophones. However, it appears that children first assume a 

one-to-one mapping between word and referent. Mazzocco (1997) found evidence that 

would support this preference for one-to-one mapping in an investigation of the 

acquisition of homophones in preschoolers and second graders. Children in this study 

heard stories that contained pseudo-homophones, nonsense words, or familiar words. 

Pseudo-homophones were constructed by taking a word children knew and using that 

word to mean something else. For example, children heard a story in which the intended 

meaning of the word ‘door’ was ‘ice cream’. For stories with nonsense words, a word 
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such as ‘gler’ would be used to mean ‘ice cream’. A third story context had familiar 

words, such as ‘slide’, used to represent their actual meaning.  

The children were tested to see if they were able to rely on context to learn the 

meaning of nonsense words or pseudo-homophones. Results indicated that preschoolers 

and second graders were less likely to use context to figure out the meaning of pseudo-

homophones than they were for nonsense words. On 84% of trials, preschoolers 

incorrectly interpreted the pseudo-homophone during a picture selection task. That is, 

children heard a story that used ‘door’ to mean ‘ice cream’. Following the story, the 

children were asked to point to a picture of ‘door’. If children had used context to infer 

the homonymous meaning of ‘door’, they should have selected the picture depicting ‘ice 

cream’. However, as stated, on 84% of trials, the children selected a picture that matched 

their previously known meaning of ‘door’ (the picture of a door). This literal 

interpretation of ‘door’ was incongruent with story context (context indicated ‘door’ 

meant ‘ice cream’). Even second graders were not able to correctly interpret the newly 

presented meaning of pseudo-homophones. They selected the picture congruent with 

story context (e.g., a picture of ‘ice cream’ for ‘door’) only 59% of the time.    

The results of Mazzocco support a one-to-one mapping preference, especially in 

younger children. The children in this study had never heard the nonsense word before; 

therefore they mapped the novel word to an object. For the pseudo-homophones, though, 

children already had the phonetic form of that word mapped to another object. Some 

children were able to figure out the secondary meaning of this word from context, but this 

was obviously much harder than interpreting the nonsense word. In interpreting the 

pseudo-homophone, children already had a word for the object “ice cream”. In order to 
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interpret “door” as “ice cream”, children not only had to apply a homonymous meaning 

to “door”, but they had to accept a synonymous meaning for “ice cream”. The task of 

interpreting pseudo-homophones, therefore, may be much harder to accomplish than 

learning than actual homophones.  

In sum, it appears that children can use context to derive word meaning as 

evidence by the learning of the nonsense words. Deriving the meaning of a homophone 

from context, though, seems to be more difficult. The children would probably require 

more information to lead them to override the one-to-one mapping preference and learn a 

secondary meaning of a homophone. As such, Mazzocco concluded that “in order to 

learn secondary meanings of homonyms, children need to (1) understand that a single 

word can denote more than one referent, (2) recognize that a word is referring to a novel 

meaning despite the phonological familiarity of the word and the familiar meaning 

already associated with the word, and (3) be able to use context to induce the second 

meaning” (p. 442). 

Preschool Children’s Lexical Access of Homophones 

While the acquisition of homophones appears to be a complicated task, typically 

developing children learn many homophones in their preschool and early school age 

years. Still, at times, young children have difficulty accessing the subordinate meaning 

(i.e., the less frequently used meaning) of a homophone, even when a vocabulary task 

demonstrates knowledge of that meaning (Backscheider & Gelman, 1995; Backscheider, 

Gelman, Martinez, & Kowieski,1999; Beveridge & Marsh, 1991; Doherty, 2000). 

Peters and Zaidel (1980) conducted a pioneering study investigating children’s 

understanding of homophones. They asked children, ages three to six years, to find both 
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members of a homophone pair from four pictures when given the directions “Show me 

two pictures that sound just the same but mean different kinds of things”. For example, 

children would hear this instruction while looking at a board containing pictures of a 

baseball bat, a mammalian bat, a baseball glove, and a hat (though not a baseball cap). 

Although three-year-old children were able to complete this task and point to both 

pictures representing a homophone for at least one or two test items, performance was 

generally poor. In general, children of all ages were able to point to a picture representing 

the dominant meaning of a homophone (e.g., the baseball bat). For selection of  the 

second picture (again, children are supposed to select two pictures that sound the same 

but have different meanings), children often selected a picture that was semantically 

related to the dominant meaning of the homophone (e.g., the baseball glove) rather than a 

picture representing the subordinate meaning of a homophone (e.g., the mammalian bat).  

The authors noticed an increase in the ability to select pictures of both homophones by 

age 4;4.  

Several concerns regarding the methods used in Peters and Zaidel’s (1980) study 

have been noted. If children did not know the homophone pairs used in the study, the 

words were taught to them. Even if children had learned the homophones during the 

teaching phase, they may not have been able to recall them during the testing phase under 

more difficult circumstances (Backscheider & Gelman, 1995). That is, while the children 

were able to point to or name a mammalian bat while being taught the secondary 

meaning of the word ‘bat’, they may not have been able to select the picture of the 

mammalian bat following the difficult instructions, “Show me two pictures that sound 

just the same but mean different kinds of things”. The language used in these instructions 
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may have been too difficult for young children to comprehend (Backscheider & Gelman, 

1995). This point is made especially clear by the children’s preference to select 

semantically related items rather than both members of a homophone pair. Again, the 

instructions were, “Show me two pictures that sound just the same but mean different 

kinds of things”. By selecting semantically related items, it appears that children were 

interpreting the directions to mean “two things that are alike”. In that case, the 

semantically related items would be the correct choice.  

 Backscheider and Gelman (1995) replicated Peters and Zaidel’s (1980) study with 

modifications to account for the methodological weaknesses noted above. Backscheider 

and Gelman used homophones that were familiar to the children in their study. Also, the 

language used in the instructions was manipulated to reflect varying levels of difficulty. 

In one condition, children were given the same instructions as in Peters and Zaidel’s 

study. In a second condition, children were shown a picture of object representing one 

meaning of a homophone and then three other pictures (two distractors and one picture 

representing the second meaning of a homophone). The instructions given to the children 

were as follows: “See this?” (as the experimenter pointed to the first picture, i.e., a 

picture of a mammalian bat). “Can you find a picture that has the same name, but means 

a different kind of thing?” (at this time the child was to point to one of the three 

remaining pictures: a baseball bat and two distrator pictures). With these modifications 

(use of “same name” in instructions as opposed to “sounds the same”), three-year-old 

children were able to select pictures representing both meanings of a homophone with 

more success than the children in the Peters and Zaidel study. Children correctly selected 

the second picture of a homophone pair with 76% accuracy. In other words, children 
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were able to access both meanings of some homophones. However, on certain 

homophone items, children demonstrated exclusive selection of the dominant meaning of 

a homophone.  

In a similar study, Doherty (2000) found that three-year-old children were able to 

select both meanings of a homophone pair on 50% of the trials, whereas four-year old 

children selected both meanings with 83% accuracy. Their results suggest that children 

develop a greater ability to consciously access both meanings of a homophone around 

age four.  

The studies presented thus far seem to indicate that, in the absence of context, 

children younger than four years have difficulty consciously retrieving both meanings of 

a homophone. In the absence of supporting sentential context, younger children appear to 

interpret homophones according to their most frequent meaning (Backscheider & 

Gelman, 1995; Doherty, 2000; Peters & Zaidel, 1980). Some research has demonstrated 

that, even in the presence of supporting context, lexical access of the subordinate 

meaning of a homophone is difficult for young children (Beveridge & Marsh, 1991; 

Campbell & McDonald, 1983). Campbell and McDonald asked children aged 3-5 years 

to illustrate a story that used a homophone in its subordinate sense (e.g., the children were 

asked to draw the ‘wing’ of a castle). Thirty-one percent of children’s illustrations 

represented the dominant meaning of the homophone, while only 25% represented the 

correct, subordinate meaning. However, the context in the story was minimal and may 

not have provided the children with enough conflicting evidence to rule out the dominant 

meaning of the homophone. 
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Beveridge and Marsh (1991) provided children aged 3-7 years with stories 

constraining the subordinate meaning of a homophone and using varying amounts of 

context (10 sentence vs. 25 sentence stories). Following the story, children were asked to 

point to a picture representing the meaning of the homophone used in the story. Children 

could select from four pictures: one representing the dominant meaning of the 

homophone (e.g., a baseball bat), one representing the subordinate meaning of a 

homophone (e.g., a mammalian bat), one semantically related to the dominant meaning 

(e.g., a baseball glove), and one semantically related to the subordinate meaning (e.g., a 

ghost). The older children were more likely to select the picture representing the correct, 

subordinate sense of the homophone following the stories. Still, there was some selection 

of the dominant sense of the word. Even after hearing the story with additional context, 

38% of six-year-olds selected the dominant sense of the homophone. Younger children 

selected the dominant meaning at even higher rates. For four-year-olds listening to a story 

with fewer sentences, the dominant sense of the homophone (the sense that did not fit the 

context- e.g., baseball bat) was selected 70% of the time. However, children of all ages 

benefited from stories containing greater context and made more appropriate choices in 

this condition.  

The methodology in previous studies has involved children selecting a 

homophone in situations where pictures of both meanings were present. A situation like 

this usually does not occur in a natural setting. It may be difficult for a child to inhibit the 

dominant meaning of a homophone when a picture of that form is present (Backscheider, 

et al.,1999). Backscheider et al. compared children’s abilities to identify pictures 

representing the subordinate sense of a homophone when pictures of the dominant sense 
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were or were not present. The authors hypothesized that children would be better able to 

identify the secondary meaning of a homophone (e.g., a mammalian bat) if a picture 

representing the primary meaning (e.g., a baseball bat) was not visible. Children aged 3-4 

years listened to a story and then were asked to point to the picture of the homophone that 

was the subject of the story (e.g., “point to the bat in the story”). Children chose a picture 

of the dominant meaning of the homophone when it was available, even if it was not 

correct according to story context. Children only selected the contextually appropriate 

picture (the one representing the subordinate meaning) with 14% accuracy in this 

condition. Even when the picture of the dominant meaning was not present (e.g., a picture 

of ‘baseball bat’ was not provided as a response choice when a ‘mammalian bat’ was the 

topic of the story), the children still seemed unable to inhibit the dominant meaning of the 

homophone. Children only selected the subordinate sense in this condition with 47% 

accuracy. In this study, children ages 3-5 had difficulty accessing the correct sense of a 

homophone, even in the presence of supporting sentential context and the absence of a 

distracting visual context (i.e., a picture of the dominant meaning of a homophone).  

The previous studies appear to indicate that young children have difficulty 

accessing both meanings of a homophone. There are two predictions as to why this would 

occur. First, the frequency of the subordinate homophone and the order in which it was 

learned may be accounting for the difficulty in accessing its meaning. In word 

recognition studies, more frequently occurring words are more quickly recognized 

(Goldinger, Luce, & Pisoni, 1989) as are those words that have been judged to be learned 

earlier in life (Garlock, Walley, & Metsala, 2001). This is thought to be due, in part, to 

more well-developed neural pathways leading to the retrieval of more frequent, earlier-
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learned words (Newman & German, 2002). If a word has been retrieved more frequently 

from the mental lexicon, either because of its frequency of occurrence in the language, or 

its longevity in the lexicon, the pathways to that word will be more dependable. For 

young children, the subordinate meaning of a homophone has not only been learned later 

than the dominant meaning, but it is also heard less frequently. Moreover, if it is being 

misinterpreted at times, the pathway to the dominant meaning could be becoming even 

more reliable as the pathway to the subordinate meaning remains undeveloped. This 

mismatch in the development of the pathways to retrieval of homophones could account 

for the inability to retrieve the subordinate meaning of a homophone, even in cases where 

the child has demonstrated knowledge of that meaning.   

A second possibility for the difficulty in accessing the subordinate meaning may 

lie with the methods used to investigate homophone comprehension in children. The 

methods outlined above represent an off-line task (i.e., children are asked to complete a 

task long after lexical access has occurred). Children are asked to select members of a 

homophone pair or to identify homophones previously heard in a story. These are both 

done at the level of consciousness (i.e., children have had time to think about the 

homophones and consciously allocate attention to one meaning) and require 

metalinguistic skills, which preschool children may not have obtained (Berko-Gleason, 

2001). Such tasks do not indicate which meanings of an ambiguous word are accessed 

when that word is initially heard. That is, children may know both meanings of a 

homophone and may be able to retrieve the semantic information of those meanings from 

the mental lexicon; however, they may not have the processing capacity to maintain both 

meanings at level of consciousness required to perform tasks such as picture selection. A 
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subordinate meaning of a homophone, though accessed from the mental lexicon, may 

quickly fade away and lose activation as a child allocates attention to the meaning that is 

probably needed (i.e., the more frequent, dominant meaning of the homophone). 

Swinney and Prather (1989) investigated preschool children’s processing of 

homophones with a cross-modal priming task. Children heard a sentence containing a 

homophone. Sentential context was biased toward the dominant or subordinate meaning 

of the homophone or it was neutral. The children then saw a picture that was related to 

the dominant or subordinate meaning of the homophone. Children were asked to make a 

categorical decision to the picture (e.g., was the object in the picture edible?). The time 

that was taken to make this decision was measured. These reaction times were evaluated 

for speed. If a child heard a sentence biased toward the dominant meaning of a 

homophone, reaction times to categorical decisions were measured for a word related to 

the contextually appropriate dominant meaning, a word related to the contextually 

inappropriate subordinate meaning of a word, and an unrelated word. If a correct 

categorical decision was made more quickly when the picture was related to the dominant 

or subordinate meaning of the homophone, facilitation (i.e., quicker lexical access) was 

thought to occur.  Younger children (ages 4;0 to 4;7) demonstrated facilitation for the 

dominant sense of the homophone only, regardless of the contextual bias. In other words, 

reaction times to categorical decisions on words related to the dominant meaning of a 

homophone were faster than reaction times to make decisions regarding words related to 

the subordinate meaning or unrelated words. The older group of children (ages 4;8 to 5;6) 

demonstrated facilitation to both meanings of the homophone. That is, reaction times for 
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categorical decisions to words related to both the dominant and subordinate meaning of a 

homophone were faster than reaction times to make decisions regarding unrelated words.  

Swinney and Prather (1989) were interested in testing for evidence of modularity 

(in lexical access) in children with the above experiment. At the time of this experiment, 

the authors stated that much of the previous research in lexical ambiguity resolution in 

adults had demonstrated a modular approach to resolution (i.e., all meanings of a word 

are accessed because the mental lexicon is encapsulated and not influenced by outside 

sources, such as context). The authors were interested in whether this modularity (which, 

at the time, was believed to exist almost unquestionably in adults) existed in children’s 

lexical ambiguity resolution. The authors stated that the results of their experiment 

demonstrated support for modularity in children. For older children (4;8-5;6), modularity 

was demonstrated by accessing (indicated by faster RTs) both the dominant and 

subordinate meaning of a homophone regardless of context. The younger children (4;0-

4;7) did not demonstrate this exhaustive access (access of both meanings) but had faster 

reaction times only to the dominant meaning. This, according to the authors, does not 

necessarily counter-indicate the presence of modularity in the lexical ambiguity 

resolution of younger children. Rather, the authors posited that younger children did not 

demonstrate exhaustive access due to their limited exposure to the less frequent 

(subordinate) meaning of a homophone. Due to this lack of exposure, younger children 

accessed only the dominant meaning of a homophone at the immediate ISI (0 msec) used 

in this experiment. The authors suggested that, had a longer ISI been used, eventual 

facilitation of the subordinate meaning of the homophone would have been detected, thus 

demonstrating exhaustive access and evidence of modularity.  
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Swinney and Prather’s (1989) results could also be interpreted as supporting the 

idea that the neural pathways to the subordinate meaning are not well-developed in young 

children. However, the results of this study should be viewed with caution as no other 

studies have replicated this finding. Furthermore, the task, while more on-line than 

previously reported experiments, still allowed for a long time to pass between when the 

child heard the homophone and when he/she had to perform an action related to it. 

School-Aged Children’s Lexical Access of Homophones  

 From the research presented above, it may be concluded that frequency and 

context play a role in the processing of ambiguous words by adults. For preschoolers, 

frequency appears to be the predominant cue used in the interpretation of ambiguous 

words; however, the results of the preschool data are clouded by methodological 

concerns, and it can not be stated with certainty what aids preschoolers in lexical access. 

For older school-age children, there is a sparse amount of research on the use of context 

or frequency cues to resolve lexical ambiguities; therefore, it is unclear as to whether 

school-age children’s lexical access is an interactive or modular process. As with the 

adult literature, ambiguity resolution in older children has been investigated in written 

language (with the use of homographs) and spoken language (with the use of 

homophones). Results of these studies are discussed in terms of possible developmental 

differences in using frequency and context cues to resolve lexical ambiguities and the 

effect that reading or listening tasks may have on this process.    

 Simpson and Foster (1986) examined children’s lexical ambiguity resolution in 

the absence of context. Children in second, fourth, and sixth grade were visually 

presented with an ambiguous word (i.e., a homograph) and then asked to read aloud a 
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visually presented target word. The target word was related to the dominant or 

subordinate meaning of the homograph or it was unrelated to the homograph. To 

investigate the time course of ambiguity resolution, SOAs of 150, 300, 500, and 750 

msec were used. At 150 msec, priming was not seen for either meaning of a homograph 

for any age group. The authors suggested this SOA was too brief to capture activation of 

either meaning. At 300 msec, all age groups demonstrated facilitation for both the 

dominant and subordinate meanings. Age differences in activation were seen at SOAs of 

500 and 750 msec. Children in second and fourth grade continued to show priming for 

both meanings at the longer SOAs. Children in sixth grade, however, were only primed 

for the dominant meaning of an ambiguous word at SOAs of 500 and 750 msec. In 

addition, at 750 msec, sixth graders showed inhibition for the subordinate meaning.  

 The results of Simpson and Foster (1986) demonstrated that, in the absence of 

context, children initially demonstrated exhaustive access of all meanings of an 

ambiguous word. After this initial access, sixth graders used frequency information and 

allocated attention to the most frequent meaning of an ambiguous word. This resulted in 

priming for the dominant meaning only, and eventual suppression of the subordinate 

meaning. Thus, in the absence of context, sixth graders used frequency information to 

select the appropriate meaning of an ambiguous word. Second and fourth graders did not 

appear to use frequency information to select a meaning of an ambiguous word. The 

younger children continued to demonstrate exhaustive activation throughout the time 

course.  

 The initial exhaustive access of all meanings and later use of frequency 

information to resolve the ambiguity may be seen as evidence of a modular process of 
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lexical ambiguity resolution. However, it should be noted that Simpson and Foster’s 

(1986) study used single words as primes; that is, there was no context available for the 

children to use to help resolve the ambiguity. Therefore, this investigation does not rule 

out an interactive process of lexical access in school-age children.  

 Simpson, Krueger, Kang, and Elofson (1994) investigated the use of context in 

lexical ambiguity resolution by third and sixth grade children. The children read, at their 

own pace, sentences ending in an ambiguous word. The sentences were strongly biased 

toward the dominant or subordinate meaning of an ambiguous word. Children named a 

visually presented target word following the sentence (i.e., they read a target word). The 

target word was contextually appropriate, contextually inappropriate, or unrelated. ISI 

was also manipulated with targets presented at 0, 300, or 700 msec after the sentence was 

read.  

 Third graders were primed for the contextually appropriate target word following 

both dominant- and subordinate-biased sentences at all ISIs. Naming times for the 

contextually inappropriate target word did not differ from the unrelated word in any 

condition. Therefore, even when the sentence context biased the subordinate meaning, the 

contextually appropriate meaning was primed. More importantly, in this condition, there 

was no difference in naming times between the contextually inappropriate target word 

(i.e., the one related to the dominant meaning) and an unrelated word. This indicated that 

the younger children used context, not frequency, to select the appropriate meaning of an 

ambiguous word during a reading task (Simpson et al., 1994). Additionally, these results 

seem to indicate an interactive process of lexical ambiguity resolution in third grade 

children.  
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 Sixth graders showed a different pattern of priming. For dominant-biased 

sentences, contextually appropriate words were primed, while the contextually 

inappropriate and unrelated words were not significantly different from each other. For 

subordinate-biased sentences, there was no priming for contextually appropriate 

meanings. In fact, there were no significant differences in naming times among 

contextually appropriate targets, contextually inappropriate targets, and unrelated targets. 

However, there was a 9 msec facilitation for contextually inappropriate meanings 

following subordinate-biased sentences. This indicated that reaction times to the target 

related to the dominant sense of the ambiguous word were the quickest.  While this 9 

msec facilitation was not significant, Simpson et al. interpreted the results as suggesting 

that the older children were driven more by frequency cues than by context. Sixth graders 

were always faster to respond to the dominant meaning, whether it was contextually 

appropriate or not. These results are more indicative of a modular process of lexical 

access. However, the use of a reading task with children may be complicating the results. 

This possible problem is addressed later.  

 The results of Simpson et al. (1994) revealed developmental differences in the 

processing of ambiguous words by children. The sentences in this task were strongly 

biased; based on the context sensitive model of lexical ambiguity resolution, only the 

contextually appropriate meaning of an ambiguous word should be accessed. In adults, 

this was true whether the task involved reading or listening. In children, though, selective 

access of the appropriate meaning was not seen for all ages. The third graders behaved as 

adults in this manner (lexical access being interactive), while the sixth graders did not. 
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Again, the older children showed access that appeared to be based more on frequency 

cues, and thus modular in nature.    

The lack of reliance on contextual cues in older children may at first seem 

counterintuitive. However, research has shown that older children and more advanced 

readers rely less on context while reading; younger children, on the other hand, rely on 

context to a greater extent (Schvaneveldt, Ackerman, & Semlear, 1977; Schwantes, 1981; 

Schwantes, Boesl, & Ritz, 1980; Simpson & Lorsbach, 1983; Stanovich, West, & 

Freeman, 1981). As children become better readers and their decoding skills increase, 

they do not need to depend on context for aid in word recognition (Catts & Kahmi, 2005; 

Perfetti & Roth, 1981). For the third grade children in Simpson et al. (1994), reading was 

a new skill. In fact, children at this age are only beginning to make the transformation in 

reading purpose that occurs between third and fourth grades. That is, the switch from 

‘learning to read’ to ‘reading to learn’ (e.g., Chall, 1983, 1996). The third graders, still 

uncertain in their reading abilities, may have been attending more closely to context due 

to their frequent use of this context to help decipher unknown written words. Sixth 

graders, on the other hand, are more fluent readers. As previously state, more fluent 

readers do not rely as much on context to aid in word recognition (Catts & Kahmi, 2005; 

Perfetti & Roth, 1981). As such, the sixth graders in Simpson et al. may not have 

attended to the biasing context as much as the third graders. Moreover, the attention to 

context in Simpson et al.’s study was not investigated. That is, participants were not 

asked comprehension questions about the prime sentences to ensure attention to context. 

Without this test of comprehension, it is unclear if the sixth graders were truly attending 

to context. If they were not, then the reliance on frequency cues would be expected; they 
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were treating the homograph as a single word (in the absence of context) and thus 

frequency information would be the expected cue to aid in lexical access. Therefore, it 

could be predicted that the reading task itself was the cause of the counterintuitive results 

(lack of context sensitive access) seen in the sixth graders in Simpson et al. (1994).  

Marmurek and Rossi (1993) conducted a study of ambiguity resolution using 

auditorily presented target sentences in a cross-modal naming task. Children in fourth and 

sixth grade listened to sentences ending in a homophone. The homophone was presented 

in a neutral context (e.g., ‘It was a deck’). Following the sentence, at an SOA of 500 

msec, a visually presented word appeared on a computer screen. Children were asked to 

read this word as quickly as possible. For fourth grade children, facilitation was seen for 

both the dominant and subordinate meaning of the homophone. For sixth grade children, 

facilitation was only seen for the dominant meaning. In other words, fourth grade 

children appeared to exhaustively access both meanings of the homophone, whereas sixth 

grade children used frequency cues to selectively access only the dominant meaning of 

the homophone. The sixth graders use of frequency cues in the absence of biasing context 

was consistent with the results of the adults in Simpson’s (1981) study. In that 

investigation, adults accessed the most frequent meaning of an ambiguous word in 

neutral context situations.  

As with Simpson and Foster (1986), the results of Marmurek and Rossi’s (1993) 

investigation could be considered evidence for a modular model of lexical access. Again, 

though, the primes used in this investigation did not contain contextual support. As such, 

the ability of school-age children to use context in an interactive process of lexical access 

cannot be ruled out.  
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The Present Investigation: Lexical Access in Sixth Grade Children  

Language comprehension requires decoding of the incoming signal (spoken or 

written), matching of this signal to a stored entry in the mental lexicon, accessing relevant 

information (e.g., semantic, syntactic, etc.), and integrating that information into the 

contextual setting (e.g., sentence, paragraph, etc.). Lexical ambiguity resolution provides 

a way to investigate what cues are utilized in accessing semantic information from the 

mental lexicon (i.e., lexical access), and also if the process of lexical access is modular or 

interactive. More than one meaning is available upon encountering a lexically ambiguous 

word (such as a homophone). If the context surrounding the ambiguous word is irrelevant 

to lexical access (i.e., access is modular), then contextually inappropriate meanings may 

be accessed from the mental lexicon. If context plays a role in lexical access (i.e., access 

is interactive), then the contextually appropriate meaning of an ambiguous word should 

be accessed selectively (at least if context is clearly and strongly biasing only one 

meaning).    

 Previous research appears to indicate that, for preschool children, the frequency of 

an ambiguous word’s meaning, and not contextual cues, is the basis for lexical access 

(Beveridge & Marsh, 1991; Campbell & McDonald, 1983; Swinney & Prather, 1989- See 

Table 9 for a summary of this research). However, this research cannot rule out the 

possibility of an interactive process of lexical access. For preschoolers, the amount of 

exposure to the meanings of ambiguous words may play a great role in the process of 

lexical access. Greater exposure to the most frequent meaning of an ambiguous word 

would result in the establishment of stronger neural pathways leading to that meaning, 

while limited exposure to a less frequent meaning of an ambiguous word would leave that 
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neural pathway underdeveloped (Newman & German, 2002). Preschool children’s 

reliance on frequency information may be the result of an incomplete development of 

neural pathways to information in the mental lexicon. Additionally, the methods used to 

investigate homophone comprehension in preschoolers are off-line tasks (tasks that tap 

into a time period after initial lexical access has occurred). These tasks are most likely not 

demonstrating preschoolers’ true processes of lexical access. As such, it remains unclear 

as to whether preschool children’s lexical access is an interactive process that can utilize 

contextual information, or if it is a modular process capable of utilizing frequency 

information only.  
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TABLE 9 

Summary of Lexical Ambiguity Research with Preschool Children      

Study   Method    Results     

Beveridge &  Non-priming; 3-7 yr. olds heard Older children picked correct 

Marsh (1991)  stories biased toward subordinate picture (subordinate) more  

meaning; child picks picture often, but all picked picture 

representing a word in the story  of dominant meaning at   

         times; more context helps  

 
Campbell &  Non-priming; 3-5 yr. olds heard  Children more likely to draw 

McDonald (1983) stories biased toward subordinate picture representing dominant 

   neaning; child asked to draw  meaning of ambiguous word  

   picture of word used in the story in the story    

 
Swinney &  Cross-modal priming: 4-5;6 yr.  Younger children use  

Prather (1989)  olds heard prime sentence;  frequency cues for lexical  

   answered question regarding   access; older children show  

    visual target (picture)   exhaustive access   

  

In adults, contextual cues can aid in lexical access, as evidenced by research 

showing selective access of the contextually appropriate meaning of an ambiguous word 

in strongly biasing sentential contexts (Kellas, et al., 1991; Paul, et al., 1992; Martin, et 

al., 1999; Simpson, 1981; Simpson & Krueger, 1991; Vu, et al., 2000; Vu, et al., 1998). 

Moreover, the use of contextual cues in lexical ambiguity resolution has been 
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demonstrated in adult studies utilizing reading (Kellas, et al., 1991; Paul, et al., 1992; 

Martin, et al., 1999; Simpson & Krueger, 1991; Vu, et al., 2000; Vu, et al., 1998) and 

listening to spoken language (Simpson, 1981). This evidence supports an interactive 

model of lexical access. Still, some research has exhibited reliance mainly on frequency 

information, in a modular fashion, in lexical ambiguity resolution (e.g., Binder & Rayner, 

1998; Kambe, et al., 2001). Overall, though, the majority of evidence appears to support 

interactive lexical access in adults in which frequency and contextual cues are used to 

resolve lexical ambiguities. See Table 10 for a summary of lexical ambiguity research in 

adults.  
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TABLE 10 

Summary of Lexical Ambiguity Research with Adults        

Study   Method    Results     

Binder &  Reading time study: reading time Eye tracking: eye fixations 

Rayner (1998)  measured with eye fixation times indicated frequency cues  

   in eye tracking paradigm and   used in access; dominant  

   with self-paced reading. Context sense accessed in dominant 

   weakly or strongly biased toward biased contexts; both senses  

dominant or subordinate meaning.  accessed in subordinate 

biased contexts. Reading 

         latencies indicated the same.  

Kambe et al.   Reading time study: reading time Eye fixations indicated 

(2001)   measured with eye fixation times frequency cues used in 

   in eye tracking paradigm. Read access. Longer fixations to 

paragraphs with context biasing ambiguous word in 

subordinate sense of ambiguous subordinate context indicated  

    word.     both senses accessed.    

Kellas et al.  Visual priming: read prime   Selective access seen for  

(1991)    sentence; made lexical decision contextually appropriate 

   to visual target word. 0 msec ISI. meaning: dominant and  

   Context biased toward dominant subordinate senses. 

    or subordinate meaning.        
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TABLE 10 (continued) 

Summary of Lexical Ambiguity Research with Adults        

Study   Method    Results     

Paul et al.   Visual priming: read prime  At all time intervals: 

(1992)   sentence: modified Stroop task for exhaustive access for neutral 

   visual target word (named color context; selective access in  

   in which word was presented).  biased contexts.  

   0, 300, 600 msec. ISI; 50 msec SOA  

   Context neutral or biased dominant  

    or subordinate meaning.        

Martin et al.  Reading time study: read two  Reading latencies indicated  

 (1999)   sentences biased weakly or  frequency cues used to access   

   strongly toward  dominant or   meaning of ambiguous word  

   subordinate sense. Reading latency   in weak contexts; context  

   on ambiguous word measured. sensitive access in strong    

    Faster reading time indicates access. contexts.   

Simpson (1981) Cross-modal priming: heard  Use of frequency cues in   

   prime sentence; made lexical  neutral and weak context 

   decision to visual target wd.  (dominant accessed). Context 

   120 msec ISI.     sensitive access in strongly 

   Context varied in strength:  biased contexts.  

   neutral, weakly, strongly biasing.      
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TABLE 10 (continued) 

Summary of Lexical Ambiguity Research with Adults        

Study   Method    Results     

Simpson &  Visual priming: read prime   Use of frequency cues in  

Krueger (1991) sentence; named visual target  neutral context: dominant  

   word. 0, 300, 700 msec ISI.    access at all ISIs; subordinate  

   Context neutral or strongly biased access at 300. Context  

    toward dominant or subordinate sensitive access in biased  

     meaning.    contexts, at all ISIs.   

Vu et al.   Visual priming: read prime  Even with supporting context 

(2000)   sentence; named visual target  presented in 1st sentence,  

   word. 0 msec ISI; 80 msec SOA. context sensitive access seen 

   Two sentences in context: 1st   at 0 msec ISI and 80 msec 

   sentence biased dominant or   SOA.  

   subordinate meaning; 2nd neutral 

    and ended in ambiguous word.      

Vu et al.   Visual priming: read prime  Exhaustive access in neutral 

(1998)   sentence; named visual target  context at both time intervals. 

   word. 0 msec ISI; 80  msec SOA. Context sensitive access in  

   Context neutral or strongly biased biased contexts at both time 

    toward dominant or subordinate intervals. 

     meaning.          
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The paucity of data on school age children’s lexical ambiguity resolution is 

confusing. Younger school-age children (e.g., third and fourth graders) seem to use 

context to help with ambiguity resolution, and thus are demonstrating an interactive 

process of lexical access. When context clearly biases one meaning (as in Simpson et al., 

1994), younger school-age children appear to selectively access the contextually 

appropriate meaning. Likewise, in neutral contexts (as in Marmurek & Rossi, 1993) 

younger school age children access both meanings of an ambiguous word (since either 

would make sense in the contextual condition). Older school age children (e.g., sixth 

graders) demonstrate a pattern of lexical ambiguity resolution different than their younger 

peers. Although the task and strength of context varied between Simpson et al. (1994) 

and Marmurek and Rossi (1993), the sixth graders showed the same reliance on 

frequency cues in accessing meanings of an ambiguous word, which is more indicative of 

a modular process of lexical access. See Table 11 for a summary of Marmurek and Rossi 

(1993) and Simpson et al. (1994).  
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TABLE 11 

Summary of Lexical Ambiguity Research with School Age Children     

Study   Method    Results     
 
Marmurek &  4th & 6th grade. Cross-modal  4th grade: exhaustive access  

Rossi (1993)  priming: heard sentence and   of both senses. 

   named visual target word.   6th grade: use of frequency 

   500 msec SOA.    cues; only dominant sense  

    Sentence context neutral.   accessed.     

 
Simpson et al.   3rd & 6th grade. Visual   3rd grade: context sensitive 

(1994)   priming: read prime; named   access at all ISIs.  

visual target word. 0, 300, 700  6th grade: in dominant  

msec ISI. Context strongly   context, dominant meaning  

biased dominant or subordinate primed at all ISIs; in  

sense.   subordinate, no significant 

         priming of either sense.  

 
 

Children’s use of context and frequency cues in spoken lexical ambiguity 

resolution, and the impact this has on the question of modularity in lexical access, is the 

focus of the current investigation. While Marmurek and Rossi (1993) utilized spoken 

language in their research, they did not use strongly biasing context. Rather, prime 

sentences with neutral contexts were utilized. Without supporting sentential context, the 

authors were unable to investigate how contextual cues would affect lexical ambiguity 
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resolution; therefore, they did not allow a look into the interactive or modular basis of 

lexical access. Simpson et al. (1994) used strongly biasing contexts in their prime 

sentences and analyzed the effects of frequency and context cues on children’s ambiguity 

resolution; thus, their research could provide information on modularity. However, their 

investigation utilized a reading task, not spoken language. Several differences exist 

between the processing of spoken and written language. Reading rate can be controlled 

and letters and words are easily distinguished from one another; in listening, rate of 

presentation cannot be controlled by the listener and the acoustic stream is not as easily 

segmented as the written word (Ferreira & Anes, 1994). Also, school age children have 

had more extensive exposure to spoken language than to the written word (Ferreira & 

Anes, 1994). Because of the differences between spoken and written language, the results 

of Simpson et al. (1994) cannot be used to hypothesize how children resolve lexical 

ambiguities in spoken language.  

In sum, the research of Marmurek and Rossi (1993) and Simpson et al. (1994) do 

not address how children use contextual or frequency cues when encountered with lexical 

ambiguity in spoken language. However, each of these studies indicated a processing 

difference between younger (third and fourth graders) and older (sixth graders) children. 

This seems to suggest that a developmental difference is occurring sometime before sixth 

grade. As such, this present investigation focused on the process of lexical access in sixth 

grade children. It is unclear if sixth graders will demonstrate reliance on frequency cues 

(and provide evidence for a modular process of lexical access) in the presence of a 

strongly biasing auditory context or if they will selectively access only the contextually 

appropriate meaning of a homophone (in an interactive fashion).  
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The present investigation is interested in sixth grade children’s use of context and 

frequency cues to resolve spoken lexical ambiguities (i.e., homophones) and whether the 

process of lexical access in these children in interactive or modular in nature. It is 

unknown whether children will use contextual cues (in an interactive fashion) in 

auditorily presented stimuli (spoken language) in the same manner as they do those 

presented visually (during a reading task). It might be that the use of a reading task could 

affect the process of lexical access for ambiguous words. The sixth grade children’s lack 

of reliance on context in Simpson et al. (1994) could be dependent on the reading task 

and the advanced word decoding skill of the children. The use of frequency cues in 

Marmurek and Rossi (1993) may have been the result of the neutral sentence context. 

These issues are investigated by addressing the following research questions:  

1. While listening to sentences, do sixth graders use sentence context to access the 

contextually appropriate meaning of a homophone?  

2. While listening to sentences, do sixth graders use frequency cues to access the 

dominant meaning of a homophone, regardless of contextual cues to the contrary? 

 If lexical access is a modular process, it is predicted that children will use 

frequency cues to access only the dominant meaning of a homophone even when 

contextual cues suggest the subordinate meaning is appropriate. However, if lexical 

access is interactive, the children will use sentential context to access only the 

contextually appropriate (in this case, the subordinate sense) meaning of a homophone. 

Additionally, the results of this investigation may illuminate possible differences between 

reading and listening tasks. The sixth graders in Simpson et al. (1994) did not use 

sentential context to aid in lexical access during a reading task. If children in this 
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investigation use contextual cues to selectively access the contextually appropriate 

meaning of a homophone during a listening task, it will suggest that there is a 

fundamental difference in the processing of spoken and written language, at least in 

children.  
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METHOD 

Participants 

Seventy-five sixth-graders participated in this study. Sixth grade children were 

selected for this investigation based on the developmental shift that appears to occur in 

processing ambiguities between earlier grades (third and fourth grades) and sixth grade 

(e.g., Marmurek & Rossi, 1993; Simpson et al., 1994) Parental permission forms were 

sent home with sixth grade students from two school districts in western Pennsylvania 

and one school district in west-central Ohio. Eighty-one permission forms were returned 

giving parental permission for participation in this experiment. Of those 81 children, 77 

were available to participate in the experiment. The remaining four could not participate 

due to illness on the day(s) the experiment was being conducted. All participants were 

native speakers of English and spoke regional dialects found in western Pennsylvania and 

west-central Ohio. The 77 sixth-graders (m= 39; f= 38) ranged in age from 11 years 3 

months to 13 years 6 months, with a mean age of 12 years 2 months. A copy of letters to 

school districts, parents, and students along with all consent forms can be found in 

Appendices A - E. 

The 77 participants had the procedures explained to them by the investigator. 

Each child was then asked to sign a permission form indicating his/her assent to 

participate in the experiment. All agreed to participate.  

A hearing screening was administered to all participants. The passing criterion 

was a response to a 20 dB pure tone at 500, 1000, 2000, and 4000 Hz, bilaterally. 

Additionally, participants were given the Peabody Picture Vocabulary Test- 3rd Edition 

(Dunn & Dunn, 1997) to assess their receptive vocabulary. Average vocabulary was 
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considered necessary as it was believed that students with poor vocabulary would have a 

lesser knowledge of homophones. Students who scored below one standard deviation of 

the mean were excluded from the study. Two female students were excluded from the 

study based on the results of their hearing and vocabulary screenings. One female failed 

the hearing screening; one female failed both the hearing and vocabulary screenings. As 

such, all data analysis is based on the 75 participants who passed both the hearing and 

vocabulary screenings.  

Stimuli 

Thirty-two homophones were selected as stimuli. For each homophone, an 

associate related to its dominant meaning and an associated related to its subordinate 

meaning were also selected. The homophones and associates were chosen based on the 

results of a two-part normative procedure.  

 The norming procedure involved 77 fourth and fifth grade students. Fourth and 

fifth grade students were utilized for the norming procedure to help ensure that sixth 

graders would know the homophones selected as stimuli. The students were recruited 

from two school districts in Ohio. As with the experimental task, permission for inclusion 

in the norming procedure was obtained from parents and students.  

 The first norming task was a free-association task that was administered to groups 

of children. Fifty-seven homophones were selected and randomly placed in a list with 43 

non-ambiguous words (i.e., non-homophones) to make a list of 100 words. A word was 

read to the students. They were then asked to write down the first word that came to 

mind. The words that were read did not appear on the child’s answer sheet (i.e., they had 
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no visual presentation of the homophone). A copy of the list of 100 words and the answer 

sheet can be found in Appendices F and G.  

 The second normative task was designed to assess children’s knowledge of both 

meanings of the 57 homophones selected as possible stimuli. Twenty-six of the 77 

participants from the first norming task were randomly chosen to complete the second 

task. Each of the 26 children met individually with the investigator. Sentences containing 

the 57 homophones were read to each child. The sentences contained context that was 

biased toward the subordinate meaning of the homophones. Following the sentence, the 

child was asked to explain what the homophone meant in that sentence. A list of these 

sentences can be found in Appendix H.  

The children’s free-association lists were analyzed for responses to each of the 57 

homophones. Free association words given by the children were grouped into categories 

based on meaning. There was a range of two to four predominant meanings per 

homophone. Any homophone that resulted in more than two meanings was excluded as a 

possible stimulus. For example, the word ‘trunk’ resulted in free association words 

related to a car, an elephant, and a tree. Subsequently, it was excluded from the list of 

possible stimuli.  

 Homophones that clearly had two predominant meanings were analyzed for the 

strength of their dominant/subordinate relationship. Homophones that did not show one 

distinct dominant meaning were excluded. Criteria for the dominant/subordinate 

relationship was a dominant meaning that was mentioned in free association 60% of the 

time or more, and a subordinate meaning that was mentioned 35% of the time or less. 

Additionally, the results of the second normative task had to indicate that children 
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understood the subordinate meaning of the homophone. This was demonstrated as 

children were able to correctly define the subordinate sense of the homophone used in the 

sentences. Thirty-two homophones met the above criteria and were selected as stimuli. A 

list of these words and their dominant/subordinate relationships along with a list of 

homophones not used and their dominant/subordinate relationships can be found in 

Appendix I.   

 Based on the answers given in the free-association task, two words were selected 

as associates of the homophone. One associate was related to the dominant sense of the 

homophone and the other was related to the subordinate sense. In the experimental task, 

the homophone served as the prime and the associates served as the target words.  

 Sentences were constructed for the 32 homophones. The sentences contained 

context that was biased toward the homophones’ subordinate meaning. No sentences 

were constructed to bias the dominant meaning. This was not deemed necessary as 

dominant-biased sentences do not clearly distinguish between the use of contextual and 

frequency cues. That is, in dominant-biased sentences, both context and frequency 

information are leading toward the same meaning of an ambiguous word. In subordinate-

biased sentences, however, contextual and frequency cues are at odds, thereby allowing 

investigation into which cue leads access. The 32 homophones were presented as the last 

word of the sentence. Sixty-four filler sentences (i.e., those not containing homophones) 

were constructed, for a total of 96 stimulus sentences.  

Four stimulus lists were developed, each containing 96 sentences. Sixty-four of 

these sentences were filler sentences. The other 32 sentences ended in homophones. Eight 

homophones in each list appeared in one of the four following conditions:  
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Condition 1:  Contextually Appropriate/Subordinate Related 

Sentence biases subordinate meaning; target related to subordinate 

meaning. 

Condition 2:  Contextually Inappropriate/Dominant Related 

Sentence biases subordinate meaning; target related to dominant meaning.  

Condition 3:  Unrelated Control- Subordinate Target 

Sentence biases subordinate meaning; target unrelated to homophone. 

Condition 4:  Unrelated Control- Dominant Target 

Sentence biases subordinate meaning; target unrelated to homophone. 

These conditions are graphically displayed in Table 12. The four lists, containing prime 

sentences and target words, are located in Appendix J. 

 

TABLE 12 

Four Experimental Conditions          

       Relatedness                

Dominance  Related    Unrelated    

Dominant  Condition 2    Condition 4 

   “We fished from the bank”  “The teacher told a tale” 

     “money”    “money”    

Subordinate  Condition 1    Condition 3 

   “We fished from the bank”  “The teacher told a tale” 

    “river”     “river”     

Note. The difference in response time to related and unrelated conditions was measured.  
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Participants were presented with one of four lists. Participants heard 16 

homophones in the experimental conditions (conditions 1 and 2); the other 16 

homophones were presented as control items (conditions 3 and 4). To form the unrelated 

conditions (i.e., control items), target word associates of the homophones were re-paired 

with homophones with which they were not associated (see condition examples above). 

The associates were matched according to syllable length of prime and target word. 

Additionally, list production was balanced for homophone frequency to prevent several 

strongly biased words from appearing on one list. To ensure frequency balance, the 

stimulus words were listed according to their dominant/subordinate relationship. That is, 

the homophone with the highest percentage of dominant responses in the word 

association norming task was listed first. The homophone with the second highest 

percentage of dominant responses in the word association task was listed second, and so 

on. The list of homophones was then divided equally into four lists of stimulus and prime 

word pairs based on frequency information. The four stimulus/prime word lists were 

compiled so that children did not hear any homophone more than once.   

Procedure 

 The experimental procedure was an auditory-auditory priming task. The children 

heard sentences (spoken by a male), some of which ended in homophones. Following a 

sentence, the children heard a word (spoken by a female) that they had to name as 

quickly as possible. An auditory-auditory task (e.g., both prime and target presented in an 

auditory modality) was chosen because this investigation was interested in children’s 

auditory comprehension. Having the children read the prime sentences themselves would 

not indicate how they understood spoken language. Additionally, based on the results of 
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Simpson et al. (1994) and Marmurek and Rossi (1993), it appeared that using context to 

resolve ambiguities in reading may follow a different developmental path than it does in 

listening. The naming task (i.e., repeating the target word) was also presented auditorily 

to eliminate the possible confounding factor of reading skill level in sixth grade children.  

All children were seen individually in a quiet room. The hearing screening and 

vocabulary test were administered. Following these procedures, children put on 

headphones and sat facing a MacIntosh I-Book computer screen. Children were 

instructed that they would hear a man saying a sentence followed by a woman saying a 

word. They were instructed to repeat the word that the woman said as quickly as possible. 

Additionally, they were instructed to listen closely to the man’s sentence as they may be 

asked questions about those throughout the procedure. This was done to ensure that the 

children were attending to the prime sentence rather than merely listening for the target 

word. Following the instructions, the children were presented with ten practice items.   

When it appeared that the children were attending to the computer screen, the 

researcher clicked the mouse to initiate the experimental sequence. The spoken prime 

sentence was presented through the headphones. Immediately following the offset of the 

last word of the sentence (i.e., 0 msec ISI), the target word, spoken by a female, was 

heard through the headphones. Children repeated the target word into a microphone 

(RadioShack 33-3018 Unidirectional Dynamic Microphone) that was placed 

approximately three inches in front of their mouths. The microphone, which was voice-

activated, measured the reaction time of the children’s repetition via a Psyscope Button 

Box (model PSYBB-dom). Reaction times were recorded by the program Psyscope 1.2.5 

(Cohen, MacWhinney, Flatt, & Provost, 1993).  
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The time interval that occurred between the prime sentence and the target word 

could have been measured in one of two ways. An interstimulus interval (ISI) measures 

the time between the offset of the last word of the prime sentence and the onset of the 

target word. Stimulus onset asynchrony (SOA) measures the time from the onset of the 

last word of the prime sentence to the onset of the target word. For this investigation, the 

interval between the prime and target was equalized by the incorporation of an ISI. Since 

the prime sentences were spoken, the presentation of the final word could not be made 

uniform. That is, the amount of time taken to speak the final word of each prime sentence 

varied. As such, the use of SOA to determine the time interval between prime and target 

would have resulted in variable time intervals. For example, it generally takes longer to 

speak the word ‘letter’ (a two-syllable word) than it does to speak the word ‘bat’ (a one-

syllable word). Therefore, the SOA from the onset of ‘letter’ to the onset of the following 

target word would be longer than the SOA from the onset of ‘bat’ to the onset of the 

following target word. Since the use of SOA could not result in a uniform time interval, 

an ISI was utilized. In the case of this experiment, an ISI of 0 msec was used (the 

presentation of the target word began immediately after the offset of the last word in the 

prime sentence). An ISI of 0 msec was used to capture immediate access of either 

meaning of the homophones. Because Simpson et al. (1994) did not find changes in the 

pattern of activation across a time course ranging from 0 msec ISI to 700 msec ISI, 

longer ISI conditions were not investigated.  

Throughout the experimental procedure, the children were encouraged to continue 

to attend to all stimuli and instructions to “say the word as quickly as possible” were 

repeated. Additionally, at random intervals, children were asked questions about the 
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prime sentence. These questions were asked to ensure that the children were attending to 

the prime sentence (which contained the context biasing the subordinate sense of the 

homophone) rather than simply attending to the female voice saying the target word that 

was to be repeated. Each child was asked three questions probing comprehension of the 

prime sentence during the testing procedure. The questions were asked after the child 

repeated the target word. Examples of comprehension questions are presented in Table 

13. The comprehension questions that were presented to the children were specifically 

designed to be easy to answer. The purpose of these questions was not to quiz the 

children, but rather they were used as a tool to guarantee attention to task. All children 

answered the comprehension questions correctly. Several children commented on the 

simplicity of the questions and the task (repeating the word spoken by a female). 

Moreover, many children expressed pleasure at participating in the project and 

performing the experimental task (in comparison to work in the classroom).   

 

TABLE 13 

Examples of Comprehension Questions       

Prime Sentence    Comprehension Question    

We fished from the bank.   What did we do from the bank?  

The teacher told a tale.   Who told a tale?     
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RESULTS 

The purpose of this investigation was to answer the following research questions:  

1.  While listening to sentences, do sixth graders use sentence context to access 

the contextually appropriate meaning of a homophone?  

2.  While listening to sentences, do sixth graders use frequency cues to access the 

dominant meaning of a homophone, regardless of contextual cues to the contrary? 

To answer these questions, analyses of variance were conducted using 

participants (F1) and items (F2) as random variables. The independent variables were 

relatedness (whether the target word was or was not related to the last word of a prime 

sentence) and dominance (whether the target word represented the dominant or 

subordinate sense of a homophone). These variables were within subjects and between 

items. List was included as a between subjects dummy variable to stabilize variance that 

may result from rotating participants over lists (Pollatsek & Well, 1995). Response time 

to name the target word was the dependent variable. Response times in related and 

unrelated conditions were compared between dominant and subordinate target words.  

If children use context to access the meaning of a homophone, they would name 

the target word in the subordinate-related condition (condition 1) significantly faster than 

the same target word in the subordinate-unrelated condition (condition 3). Likewise, if 

children use frequency cues to access the meaning of a homophone, they would name the 

target word in the dominant-related condition (condition 2) significantly faster than the 

same target word in the dominant unrelated condition (condition 4). See Table 12 for a 

review of the four experimental conditions. While it may seem interesting to compare 

naming times for target words in conditions 1 (subordinate-related) and 3 (dominant-
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related), this analysis was not completed. In order to obtain comparable naming times, the 

target words to be repeated must be the same. In an auditory presentation, different target 

words may be processed at differing speeds. Therefore, the time to process and repeat one 

word (e.g., river) is not comparable to the time to process and repeat another word (e.g., 

money). As such, response times to the same target word (e.g., river to river) were 

analyzed.  

Results of the ANOVA indicated that participants named target words that were 

related to homophones faster than those that were unrelated, leading to a main effect of 

relatedness, F1 (3, 71) = 28.649, p = 0.0001; F2 (1, 31) = 13.549, p = 0.0009. On average, 

related words pairs were responded to 25 msec faster than unrelated words (see Table 

15). There was also a main effect of dominance, F1 (3, 71) = 30.539, p = 0.0001; F2 (1, 

31) = 3.515, p = 0.0703. This effect occurred because reaction times for subordinate 

associates of homophones were responded to an average of 24 msec faster than those of 

dominant associates (see Table 14). 

 

TABLE 14 

Mean Reaction Times: Relatedness and Dominance Conditions      

Condition   Mean RT   Standard Error    

Related   671.30    8.014 

Unrelated   696.08    8.179     

Dominant   695.74    7.975 

Subordinate   671.64    8.224     
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The mean RTs for all participants by condition is given in Table 15. There was a 

significant interaction of dominance and relatedness, F1 (1, 71) = 16.355, p = 0.0001; F2 

(1, 31) = 9.673, p = 0.004 (See Figure 1). That is, participants were only faster in naming 

related associates in the subordinate condition. Planned comparisons indicated that 

naming reaction times were significantly faster to words related to the subordinate sense 

of a homophone than to unrelated words, F1 (1, 71) = 45.78, p = 0.0001; F2 (1, 31) = 

27.539, p = 0.0001. For words related to the subordinate sense of a homophone, reaction 

times were 42 msec faster than reaction times to unrelated words. For example, reaction 

time to name “river” following the sentence “We fished from the bank” was significantly 

faster than to “river” following “The teacher told a tale”. Planned comparisons for the 

dominant sense of a homophone, indicated no significant difference in naming reaction 

times compared to unrelated words, F1 (1, 71) = 1.096, p = 0.2988; F2 (1, 31) = 0.721, p = 

0.4022. For words related to the dominant sense of a homophone, a nonsignificant 

difference of just 7 msec was found between reaction times to related and unrelated 

words. That is, reaction times to “money” following the sentence “We fished from the 

bank” were not significantly faster than reaction times to “money” following “The 

teacher told a tale”. ANOVA results by participants (F1) and items (F2) are located in 

Appendix K. 
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TABLE 15 

Mean Reaction Times (in msec) for All Participants by Condition      

       Relatedness                

Dominance   Related    Unrelated   

   Mean RT Standard Error  Mean RT Standard Error 

Dominant  692.307 10.944   699.173 11.664   

Subordinate  650.293 11.266   692.987 11.537   

 

 

FIGURE 1 

Interaction Plot Demonstrating Facilitation of Subordinate Related Condition   
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 As can be seen in Figure 1 and Table 15, the RTs in the subordinate-related 

condition were much faster than the RTs in any other condition. Additionally, the three 

other conditions (subordinate-unrelated, dominant-related, and dominant-unrelated) had 

very similar mean RTs. While the RTs in the dominant-related condition could not be 
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directly compared to the subordinate-related condition (as per explanation of auditory 

processing effects above), it is evident that target words related to the subordinate sense 

of a homophone were named more quickly than those words related to the dominant 

sense of a homophone (650.293 msec for subordinate sense vs. 692.307 msec for 

dominant sense).  

 The above results indicated that sixth grade children were significantly faster to 

name target words associated to the subordinate sense of a homophone than they were to 

name target words in any other condition. The next sections describe any effects of 

gender, school district, age, and PPVT-III performance on reaction times in the various 

conditions. Additionally, effects of gender, school district, and age on PPVT-III 

performance are analyzed. 

Effects of Gender 

 Of the 75 participants, 36 were female and 39 were male. Female subjects ranged 

in age from 11 years 6 months to 13 years 6 months, with a mean age of 12 years 1 

month. Male subjects ranged in age from 11 years 3 months to 13 years 3 months, with a 

mean age of 12 years 2 months. Table 16 provides descriptive data on gender, school 

district, age, and PPVT-III performance for the participants. The mean score for the 

PPVT-III among females was 102, with a range of 85-117 and a standard deviation of 

7.71. The mean score for the PPVT-III among males was 106, with a range of 85-119 and 

a standard deviation of 6.66. An independent samples t-test was conducted to examine 

gender effects on PPVT-III scores. There was no significant difference in gender groups 

for PPVT-III scores, p = 0.196. 
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TABLE 16 

Participant Breakdown by Gender, School District, Age, and PPVT Performance   

School District Gender  Number Mean Age Mean PPVT      

(St.Dev.) 

School District 1 female  16  12;2  102 (9.47) 

   male  18  12;2  106 (7.97) 

   total SD1 students 34  12;2  104 (8.90)  

School District 2 female  10  11;11  103 (3.83) 

   male  12  12;0  105 (3.32) 

   total SD2 students 22  12;0  104 (3.63)  

School District 3 female  10  12;2  100 (7.80) 

   male  9  12;4  105 (7.67) 

   total SD3 students 19  12;3  102 (7.95)  

Participants from female  36  12;1  102 (7.71) 
all 3 districts 
   male  39  12;2  106 (6.66) 

   total participants  75  12;2  104 (7.43)  

 

A 2 x 2 ANOVA was conducted to investigate any effects of gender on the results 

of the participant analysis. Within subjects variables were relatedness and dominance. 

Between subjects variables were gender and list (discussed later). In this ANOVA, the 

effects of dominance, relatedness, and the interaction of dominance and relatedness were 

unchanged. There was no effect of gender, F (1, 67) = 0.094, p = 0.7597. Additionally, 

the interactions between dominance and gender, F (1, 67) = 0.099, p = 0.7537, 
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relatedness and gender, F (1, 67) = 0.016, p = 0.9007, and dominance by relatedness by 

gender, F (1, 67) = 0.039, p = 0.8432, were not significant. These results indicate that the 

effects found in the participant analysis generalized across gender. That is, priming was 

found equally between genders. Mean reaction times for gender are represented in Table 

17, and ANOVA results are presented in Appendix L.  

 

TABLE 17  

Mean Reaction Times by Gender         

Gender    Mean RT   Standard Error   

Female    686.056   8.276  

Male    681.506   8.044    

 

Effects of School District 

 Of the 75 participants, 34 were from School District 1 (in Pennsylvania), 22 were 

from School District 2 (in Pennsylvania), and 19 were from School District 3 (in Ohio). 

The mean score on the PPVT-III for School District 1 students was 104, with a range of 

85-119 and a standard deviation of 8.90. For School District 2 students, the mean score 

on the PPVT-III was also 104, with a range of 94-111 and a standard deviation of 3.63. 

School District 3 students had a mean score on the PPVT-III of 102, with a range of 85-

115 and a standard deviation of 7.95. See Table 16 for descriptive data. A one-way 

ANOVA was conducted to examine school district effects on PPVT-III scores. The 

independent variable was school district and the dependent variable was PPVT-III score. 
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There was no significant difference by school districts for PPVT-III scores, F (2, 72) = 

0.456, p = 0.636. 

A 2 x 2 ANOVA was conducted to investigate any effects of school district on the 

results of the participant analysis. Within subjects variables were relatedness and 

dominance. Between subjects variables were school district and list. In this ANOVA, the 

effects of dominance, relatedness, and the interaction of dominance and relatedness were 

unchanged. There was no effect of school district, F (1, 63) = 0.587, p = 0.5591. 

Additionally, the interactions between dominance and school district, F (1, 63) = 0.616, p 

= 0.5433, relatedness and school district, F (1, 63) = 0.572, p = 0.5672, and dominance 

by relatedness by school district, F (1, 63) = 2.241, p = 0.1147, were not significant. 

These results indicate that the effects found in the participant analysis generalized across 

school district. That is, priming was found equally between all three school districts. 

Mean reaction times for school district are represented in Table 18, and ANOVA results 

are presented in Appendix M. 

 

TABLE 18  

Mean Reaction Times by School District        

School District  Mean RT   Standard Error   

School District 1  679.985   9.175  

School District 2  672.057   10.587  

School District 3  703.789   9.628    
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Effects of Age and PPVT-III Scores 

 As age and PPVT-III score are continuous variables, the effect of each was 

measured by correlations to reaction times in the four experimental conditions. See Table 

14 above for a review of these conditions. Age was not found to be significantly 

correlated with PPVT-III scores, r = -0.131, p = 0.263.  

Age 

 The age range for the 75 participants was 11 years 3 months to 13 years 6 months, 

with a mean age of 12 years 2 months. Age was not found to be significantly correlated 

with reaction times in any of the four conditions (dominant related, r = 0.047, p = 0.691; 

dominant unrelated, r = 0.038, p = 0.744; subordinate related, r = 0.003, p = 0.979; and 

subordinate unrelated, r = 0.086, p = 0.461). 

PPVT-III Scores 

 Standard scores for the PPVT-III ranged from 85-119, with a mean score of 104 

and a standard deviation of 7.43. PPVT-III scores were not found to be significantly 

correlated with reaction times in any of the conditions (dominant related, r = 0.140, p = 

0.230; dominant unrelated, r = 0.106, p = 0.367; subordinate related, r = 0.099, p = 0.399; 

and subordinate unrelated, r = 0.125, p = 0.284). 

Effects of List  

 The four lists used in this experiment were designed to avoid any effects of items 

on the participants’ performance. That is, lists were compiled in such a way as to evenly 

distribute homophones across the lists according to their dominant/subordinate 

relationship. If one of the lists were to include several highly polarized homophones (i.e., 

homophones with a striking difference between dominant and subordinate senses), then 
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this could have caused reaction times to name target words after homophones on this list 

to be either significantly faster or slower than to the other lists. Therefore, each list was 

designed to include homophones of all ranges of polarity. Moreover, homophones were 

matched across lists based on their level of polarity (polarity being determined by the 

percentage of responses in the norming procedure that reflected the dominant or 

subordinate sense of the homophone). 

Results of the 2 x 2 factorial ANOVA conducted on participant performance 

revealed that there was no significant effect of list on the participants’ performance, F1 (3, 

71) = 0.294, p = 0.8298 (see Appendix K for ANOVA results). However, the interactions 

of dominance by list (F1 (3, 71) = 4.638, p = 0.0051), relatedness by list (F1 (3, 71) = 

2.786, p = 0.0469), and dominance by relatedness by list (F1 (3, 71) = 4.578, p = 0.0055), 

were significant. These significant interactions were due to the significant main effects of 

dominance (F1 (1, 71) = 30.539, p = 0.0001), relatedness (F1 (1, 71) = 28.649, p = 

0.0001), and the interaction of dominance and relatedness (F1 (1, 71) = 16.355, p = 

0.0001); interactions were not due to effects of list. Overall, these results indicate that list 

construction was not a factor in participant performance.  

Comprehension Questions  

 As mentioned previously, each participant was asked three comprehension 

questions at random intervals during the experimental procedure. These questions were 

asked to ensure that participants were attending to context and not simply listening to 

repeat the word spoken by the female. Attention to context was necessary to determine if 

participants were using contextual or frequency cues to resolve lexical ambiguities. Each 

participant correctly answered all three comprehension questions.  
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DISCUSSION 

 The purpose of this experiment was to investigate sixth-grade children’s use of 

context and frequency to determine the correct meaning of homophones. If sixth graders 

use sentential context to retrieve only the contextually appropriate meaning of a 

homophone, then an interactive model of lexical access would be supported. If sixth 

graders use frequency cues and access a contextually inappropriate meaning of a 

homophone, then a modular model of lexical access would be supported.  

Sixth graders in this study were presented with a spoken sentence ending in a 

homophone. The sentence was biased toward the subordinate sense of the homophone. 

Immediately following presentation of this sentence (0 msec ISI), the sixth graders heard 

and repeated a spoken word that was either related to the dominant or subordinate 

meaning of the homophone, or was unrelated to it. Naming reaction times were 

significantly faster to words related to the subordinate sense of a homophone than to 

unrelated words. However, for the dominant sense of a homophone, no significant 

difference in naming reaction times were found compared to unrelated words. 

Interactive vs. Modular Accounts of Lexical Access 

 When reviewing the current models of lexical ambiguity resolution, the results of 

the present experiment appear to fit with the context sensitive model, an interactive 

model that allows top-down cues such as sentential context to affect lexical access. In the 

current experiment, prime sentences were constructed to strongly bias the listener toward 

the subordinate sense of the homophone (which occurred at the end of the sentence). 

With these strong contextual cues, sixth graders were able to access only the contextually 

appropriate meaning of a homophone (in this case, the subordinate meaning). At the 
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immediate ISI (0 msec after the offset of the homophone at the end of the prime sentence) 

used in this experiment, frequency cues did not appear to be used to access the dominant, 

and contextually inappropriate, meaning of the homophone. This was evidenced by a lack 

of facilitation (i.e., faster reaction times to name the target word) for words related to the 

dominant sense of a homophone. Words related to the dominant sense of a homophone 

were not named more quickly than unrelated words, indicating that the participants had 

not accessed this meaning (dominant) of the homophone immediately following the 

offset of the prime sentence. In this experiment, if words related to the dominant sense of 

the homophone had been named more quickly than unrelated words, the results would 

have been more consistent with a modular or hybrid account of lexical access. In modular 

accounts, all meanings of the homophone would have been accessed due to the 

encapsulated nature of the mental lexicon. However, while the results of this study best 

support a context sensitive model of lexical access (through faster naming times only to 

the subordinate, and contextually appropriate, sense of the homophone), other models 

cannot yet be ruled out.  

 This investigation measured lexical access at only one moment in time 

(immediately after the offset of a homophone at the end of a sentence). However, lexical 

access does not occur in a single moment of time but is a continuous process. Therefore, 

various ISIs and SOAs should be used to investigate how lexical access occurs over time. 

The results of this experiment would more strongly support the context sensitive model if 

various ISIs had been used to show that the dominant meaning of the homophone was 

never accessed. If the dominant meaning had been accessed at any point in time (either at 

longer or shorter time intervals), then a modular account of lexical access would have 
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received support. However, in adult studies, context sensitive lexical access has been 

demonstrated at various ISIs and SOAs, including 50 msec SOA (Paul et al., 1992), 80 

msec SOA (Vu et al., 1998; Vu et al., 2000), 0 msec ISI (Kellas et al., 1991; Paul et al, 

1992; Simpson & Krueger, 1991; Tabossi et al., 1987; Vu et al., 1998; Vu et al., 2000), 

and 120 msec ISI (Simpson, 1981). Because of the adult literature, it is predicted that 

using various ISIs in this experiment also would have yielded context sensitive activation 

of only the contextually appropriate meaning.  

 One of the main tenets of the context sensitive model of lexical access is that the 

strength of context affects which meaning of a homophone is accessed. Contextual 

strength lies on a continuum and lexical access varies accordingly. In neutral contexts, 

the context sensitive model states that the dominant meaning of a homophone is accessed 

(frequency cues drive activation in the absence of other cues). In context that weakly 

biases the subordinate meaning, both meanings of a homophone are accessed (the context 

is not strong enough to completely override frequency cues). However, if context is 

strongly biasing toward the subordinate meaning, only the contextually appropriate 

meaning (i.e., the subordinate meaning) is accessed. The current investigation utilized 

context in the priming sentences that was strongly biasing toward the subordinate 

meaning of a homophone. As such, and in accordance with the context sensitive model, 

only the subordinate meaning was facilitated compared to unrelated words. To truly test 

the tenets of the context sensitive model, though, this experiment could have used 

sentences that contained varying strengths of contextual support. If access to the meaning 

of a homophone had varied based on manipulation of strength of sentential context, then 

the context sensitive model would have been fully supported.  
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 While the present investigation did not use varying levels of contextual strength, 

it should be noted that the condition used (strongly biasing context in favor of the 

subordinate meaning) is the best condition to separate the context sensitive model (an 

interactive model) from modular models of lexical access. The context sensitive model 

does not vary from modular accounts in its predictions of lexical access under less 

constraining (i.e., weaker) sentential contexts. The context sensitive model predicts 

activation based (in part) on frequency cues in sentences with neutral contexts or contexts 

weakly biasing the subordinate sense. As such, it is predicted that using weaker contexts 

could not clearly distinguish support for interactive or modular accounts of lexical access. 

Use of Frequency vs. Contextual Information  

 Sixth grade children in this investigation did not demonstrate use of frequency 

cues to access the meaning of a homophone. If lexical access had been guided by 

frequency cues, the participants would have had significantly faster naming times to 

target words related to the dominant sense of a homophone than to the subordinate sense. 

The results did not show a trend in this direction. Rather, participants more quickly 

named words related to the subordinate sense of a homophone. The faster naming times 

for the subordinate sense of a homophone indicate that the children were attending to the 

overall meaning of the sentence and using contextual cues to access only the appropriate 

meaning of the homophone. This was true regardless of gender, age, school district 

attended, or score on the PPVT-III.  

 The sixth graders’ attention to context was also demonstrated by their ability to 

correctly answer comprehension questions presented during the experimental procedure. 

Each participant was presented with three comprehension questions at random intervals 
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during the experimental procedure. These questions were not difficult (following “The 

teacher told a tale” the student was asked “Who told a tale?”); they were merely used to 

ensure attention to the prime sentence. All participants were able to answer the three 

questions correctly, thereby demonstrating their attention to context.  

 The results of the current study are somewhat consistent with several previous 

investigations of children’s lexical access of homophones, in that context does appear to 

be used to determine the meaning of a homophone. Beveridge and Marsh (1991) found 

that children were attending (although not exclusively) to contextual cues to determine 

the meaning of a homophone. When children, ages 3-7, were provided with a story 

containing 25 sentences of contextual support as opposed to 10 sentences, they were 

more successful at selecting the subordinate (and contextually appropriate) sense of a 

homophone that had been presented in the story. If children had only been attending to 

frequency cues, the additional context would not have made a difference in the selection 

of the subordinate (and contextually appropriate) meaning of a homophone.  

 Mazzocco (1997) found that some preschoolers and second graders were able to 

correctly interpret pseudo-homophones (taking a word that children already know and 

using it to mean something else, such as ‘door’ to mean ‘ice cream’) that had been used 

in a story. This indicates that the children were attending to contextual cues (at least in 

part) rather than taking the pseudo-homophone at its face value (thinking ‘door’ actually 

meant ‘door’).  

 The results of the present investigation also support Simpson et al.’s (1994) 

findings for third grade children. These children, during a reading task, were primed for 

the contextually appropriate meaning of a homonym (including the subordinate 
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meaning). However, the sixth graders in their study used frequency cues, not contextual 

cues, to interpret homonyms. Similarly, sixth graders in Marmurek and Rossi’s (1993) 

investigation were primed for only the dominant sense of a homophone during a listening 

task. The results for the sixth grade students in the Simpson et al. and Marmurek and 

Rossi studies (which conflict with those of the current investigation) could have been due 

to several factors, including the task used (in the auditory or visual modality) or the 

strength of contextual support. These issues will be addressed in detail.  

 The sixth grade students in the current study clearly showed use of context to 

resolve lexical ambiguities. However, several factors can affect lexical access and may in 

fact be contributing to the current results. These factors include the time course of lexical 

access, strength of context, intralexical priming, and the use of spoken vs. written 

language.  

Time Course of Lexical Access 

 The processes of word recognition and lexical access occur over time, rather than 

at one single moment. Thus, the use of varying ISIs (interstimulus interval- the interval 

between the offset of the prime word and the onset of the target word) or SOAs (stimulus 

onset ansynchrony- the interval between the onset of the prime word and the onset of the 

target word) in research will affect the results obtained. Different ISIs and SOAs used in 

studies allow researchers to tap into many discrete times across the process of lexical 

access, therefore yielding conflicting results. For instance, Simpson and Burgess (1985) 

demonstrated the impact that varying SOAs have on the results in ambiguity resolution 

research. In a single word (i.e., context free) priming task with visual presentation, 

Simpson and Burgess found that the dominant meaning of a homonym was primed at 
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very short SOAs (16 and 100 msec). At 300 msec, the dominant and subordinate 

meanings of a homonym were primed, followed by priming only of the dominant 

meaning at longer SOAs (500 and 700 msec). These results demonstrated that the 

selection of SOAs or ISIs may impact the results obtained during priming studies.  

 Again using a single word priming task with visual presentation, Simpson and 

Foster (1986) found similar results in school age children. At 300 msec, children in 

second, fourth, and sixth grade showed priming for both meanings of a homonym. Sixth 

graders were primed for only the dominant sense of a homonym at longer SOAs (500 and 

750 msec). However, some differences in children and adults were noted. At very short 

SOAs (150 msec) facilitation was not seen in any age group for either meaning of a 

homonym; second and fourth graders continued to be primed for both meanings of a 

homonym at the longer SOAs (500 and 750 msec).  

Even in studies utilizing sentences as primes (rather than single words), the 

importance of time course of lexical access is demonstrated. Simpson and Krueger (1991) 

showed that, following sentence primes containing neutral context, the dominant meaning 

of an ambiguous word was accessed first (at 0 msec ISI). This initial stage of access was 

followed by access of both meanings (at 300 msec ISI), and then eventual access of only 

the dominant meaning (at 700 msec ISI). Still, the results demonstrate the importance of 

time course on lexical ambiguity resolution.  

 The use of various SOAs and ISIs may be one explanation for the differences 

between the results of the current study and the results of previous priming studies. 

Swinney and Prather (1989) used a priming technique to investigate lexical access for 

homophones in children ages 4-6. Here, children heard sentences biased toward one 
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meaning of a homophone and then saw a picture that was related to the dominant or 

subordinate meaning of the homophone or a picture that was unrelated to the homophone. 

Younger children (ages 4;0 to 4;7) were primed for only the dominant sense of a 

homophone and older children (ages 4;8 to 5;6) were primed for both meanings. 

However, this task did not provide a set SOA or ISI. The children were asked to make a 

categorical decision to the picture (e.g., was the object in the picture edible?). The 

amount of time taken to make this decision may have affected the results. If so, this 

experiment would be tapping into a different temporal slice of lexical ambiguity 

resolution than the current investigation. That is, in order to make a categorical decision, 

the participants may have needed more processing time and thus looked at the pictures 

for a longer period of time. In the current investigation, participants simply repeated a 

word presented at an ISI of 0 msec. Therefore, the current investigation may have 

examined a more immediate stage of lexical access.   

 In early lexical ambiguity studies of adults, the use of an immediate ISI (0 msec) 

yielded facilitation for both meanings of a homophone while context sensitive priming 

(i.e., priming of only the contextually appropriate meaning) was not obtained until ISIs 

were lengthened (Onifer & Swinney, 1981; Swinney, 1979; Van Pettern & Kutas, 1987). 

While these results conflict with those of the present investigation, it should be noted that 

there were criticisms of these early studies. Information on the strength of the sentential 

context was not provided (see discussion on sentential context below) and only one 

control condition was utilized. In later, more tightly controlled studies, use of an 

immediate ISI yielded results similar to that of the current investigation, that is, priming 

of only the contextually appropriate sense of a homophone (Kellas et al., 1991; Paul et 
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al., 1992; Simpson & Krueger, 1991; Tabossi et al., 1987; Vu et al., 1998; Vu et al., 

2000). Additionally, Simpson & Krueger (1991) demonstrated context sensitive access of 

the contextually appropriate meaning of an ambiguous word at several ISIs (0, 300, and 

700 msec.). Context sensitive lexical access has also been seen at time intervals shorter 

than 0 msec ISIs, such as at SOAs of 80 msec (Vu et al., 1998; Vu et al., 2000) and 50 

msec (Paul et al., 1992). The similar results across various time intervals (that is, context 

sensitive lexical access) suggest that ISI may not be the reason for the conflicting results 

between the current investigation and previous investigations of children’s lexical 

ambiguity resolution; conflicting results may be due to other factors, such as strength of 

context.  

Strength of Context  

 The contextual cues available in this study were sufficient to allow for selective 

access to only the contextually appropriate meaning of a homophone. However, this is 

not always the case. Sentential context is not an all or none variable; rather, it lies on a 

continuum. In an early investigation looking at the effect of strength of sentential context 

on lexical ambiguity resolution in adults, Simpson (1981) found that neutral contexts (not 

biased toward either meaning of a homophone) yielded priming for only the dominant 

meaning of a homophone. When context weakly biased the subordinate sense of a 

homophone, both meanings were facilitated. When context was strongly biased toward 

either sense of the homophone, only facilitation of the contextually appropriate meaning 

was seen (for both the dominant and subordinate senses). Since the time of Simpson’s 

(1981) study, context sensitive selective access has been demonstrated at several ISIs and 

SOAs, including 0 msec ISI (Kellas et al.; 1991, Paul et al, 1992; Simpson & Krueger, 
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1991; Tabossi et al., 1987; Vu et al., 1998; Vu et al., 2000), 80 msec SOA (Vu et al., 

1998; Vu et al., 2000) and 50 msec SOA (Paul et al., 1992) in both dominant and 

subordinate-biased contexts. Even though this research was conducted on adults, previous 

findings (Beveridge & Marsh, 1991) lead to the expectation that the strength of 

contextual support would also affect children’s processing of lexical ambiguities.  

 In the current research, sentences were constructed to have a strong bias toward 

the subordinate sense of a homophone. This was done to allow context sensitive 

activation of only the appropriate sense of the homophone (in this case, the subordinate 

sense). Conflicting results between the present investigation and previous studies on 

children’s resolution of spoken ambiguities may have been due to differing strengths of 

context.  

  Marmurek and Rossi (1993) used a cross modal naming task with an auditorily 

presented prime sentence (ending in a homophone) and a visually presented target word. 

The prime sentences contained neutral context (not biased toward either meaning of the 

homophone). Children in fourth grade showed facilitation for both meanings of a 

homophone, while children in sixth grade were primed only for the dominant sense. 

Neither of these outcomes coincides with the results of the present study. However, since 

the context was not strongly constraining in Marmurek and Rossi’s stimuli, it would not 

be expected that exclusive activation (i.e., context sensitive activation) of the contextually 

appropriate sense of a homophone would occur.  

 The differing results between the current investigation and Simpson et al.’s (1994) 

investigation, though, cannot be due to strength of context. In Simpson et al.’s 

investigation, sentences were strongly biased toward either the dominant or subordinate 
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meaning of an ambiguous word. Still, the sixth graders did not show context sensitive 

lexical access for the subordinate meaning of an ambiguous word (naming times to target 

words related to the subordinate sense of an ambiguous words were not faster than 

naming times to dominant related words or unrelated words). Therefore, the conflicting 

results between Simpson et al.’s investigation and the current investigation may be due to 

a factor other than strength of context (such as the use of spoken vs. written language- 

discussed below).  

Intralexical Priming 

 The results of previous studies of lexical ambiguity resolution in adults have been 

criticized for demonstrating intralexical priming rather than semantic priming between 

the ambiguous word and the target word (e.g., Simpson & Kellas, 1989). In other words, 

associative priming between a word (or words) in the context of the sentence has 

semantically primed the target word, instead of the ambiguous word affecting the 

priming. One concern in using strong contexts to support a subordinate meaning of an 

ambiguous word is that intralexical priming may occur as a result of the words in the 

sentential context.  

 The possibility of intralexical priming was not investigated in the current study. 

However, previous adult research (utilizing context similar in strength to the current 

study) has not found effects of intralexical priming (Simpson et al., 1989; Simpson & 

Krueger, 1991; Vu et al., 1998). This previous research appears to suggest that 

intralexical priming effects are not generally the cause of priming in lexical ambiguity 

research. Therefore, it seems unlikely that the results of the current investigation were 

affected by intralexical priming.  
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Spoken Language vs. Written Language 

 The present investigation was interested in the processing of spoken language, 

specifically ambiguous words, by children. However, in several investigations of 

ambiguity resolution in children and adults, reading and auditory tasks have been used 

and compared as though they were compatible. In reference to differences between 

reading and listening, Ferreira and Anes (1994) stated:  

“The general view seems to be that reading and spoken language processing differ 

only in the modality through which word information is acquired...” p. 33. 

Because of this belief, it is generally assumed that whatever is found in one modality 

(visual or auditory) will generalize to the other modality. This line of thought is flawed, 

though, as spoken and written language differ in several key ways. Ferreira and Anes 

highlighted four such differences. First, people are exposed to spoken language more 

often than written language. In fact, for the first five years of life, exposure is almost 

exclusively auditory. Secondly, reading rate can be controlled. One does not have such 

control over the rate of incoming auditory information. Thirdly, visual presentation of 

language is easily segmented. Letters are effortlessly discriminated from each other, 

words have spaces between them, and sentences have periods at the end. The auditory 

speech stream is not full of these luxuries. The speech stream is continuous and requires 

constant monitoring to determine word boundaries, sentence boundaries, etc. Finally, 

spoken language contains prosodic cues, which is an advantage over written language in 

processing some syntactically complex sentences.  

 While the above four differences are general in nature, empirical evidence does 

exist to indicate a difference in the processing of spoken and written language. 
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Behavioral studies and event-related brain potential studies have found differences in the 

processing of spoken and written language (Anderson & Holcomb, 1995; Gomes, Ritter, 

Tartter, Vaughan, & Rosen, 1997; Holcomb & Neville, 1990).  

 Holcomb and Neville (1990) investigated whether the semantic priming for visual 

and auditory stimuli were operating similarly. Participants were presented with word 

pairs and were asked to make a lexical decision to the second word. The word pairs were 

either semantically related, semantically unrelated, or word/non-word pairs. An ISI of 

1150 msec was utilized between the first and second words of the pair. In one condition, 

word pairs were presented auditorily; in the second condition, word pairs were presented 

visually. Reaction times to make the lexical decision were measured to gather behavioral 

data, and N400 amplitudes were analyzed for electrophysiological data.  

For the behavioral measurements, reaction times in both modalities to related 

words were significantly faster than to unrelated words. There were some modality 

differences, though. Reaction times in the visual condition were 105 msec (on average) 

faster than reaction times in the auditory condition. A second difference occurred in the 

size of the priming effects. For the auditory condition, the average size of the priming 

effect was 109 msec. That is, reaction times to lexical decisions for semantically related 

words in the auditory conditions were about 109 msec faster than reaction times to lexical 

decisions for unrelated words. In the visual condition, the size of the priming effect was 

only, on average, 33 msec. In this condition, the reaction times for related words were 

approximately 33 msec faster than reaction times for unrelated words.  

The electrophysiological data in Holcomb and Neville (1990) demonstrated 

evidence of semantic priming in both the auditory and visual modalities. The amplitude 
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of the N400 was smaller when word pairs were related (which indicates semantic 

priming). There were also differences between modalities, with visually presented words 

causing larger N400 amplitudes over the left hemisphere. For auditorily presented words, 

the N400 effect appeared earlier and lasted longer than it did in the visual condition.  

Taken together, the behavioral and electrophysiological data demonstrate 

differences in processing visual and auditory stimuli. However, a criticism of Holcomb 

and Neville’s (1990) study was the use of a long ISI. Therefore, Anderson and Holcomb 

(1995) performed a similar study using a smaller delay between stimulus and prime. In 

this study, lexical decisions were again made to the second word of an auditorily or 

visually presented word pair. The word pairs were semantically related, semantically 

unrelated, or word/non-word pairs. Reaction times and N400 measurements were again 

calculated. Here, though, varying SOAs were used (0 msec, 200 msec, 800 msec).  

Behavioral results of Anderson and Holcomb (1995) revealed differences in 

modalities. As in Holcomb and Neville (1990), response times in the visual condition 

were faster to those in the auditory condition (on average, 104 msec), but the priming 

effect was larger in the auditory condition. The use of differing SOAs also indicated 

modality differences. As the SOA was lengthened, the priming effect decreased in the 

visual modality. The opposite occurred in the auditory modality, with the priming effect 

increasing with lengthening SOAs. Electrophysiological data confirmed the modality 

differences. The visual condition revealed N400 effects across all SOAs, with the greatest 

effect at 0 msec. N400 effects in the auditory condition were greatest at the 800 msec 

SOA.  
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In accordance with Holcomb and Neville (1990) and Anderson and Holcomb 

(1995), Gomes et al. (1997) found that priming was greater (i.e., RTs were faster to 

lexical decisions) for semantically related auditory-auditory word pairs than the same 

words presented in a visual-visual task. Additionally, a larger mean N400 amplitude was 

discovered for auditory tasks as opposed to visual tasks. The behavioral and 

physiological results of all three studies point to differences between processing of 

orthographic and phonological words.  

 Because of these apparent differences in the processing of spoken and written 

language, it is difficult to compare the results of the present investigation with those of 

Simpson et al. (1994). There, the children read sentences ending in a homonym. While 

sixth graders did not use contextual cues to disambiguate the homonym, third graders did. 

The context of the sentences was similar to that in the current study (strongly biasing) 

and immediate ISIs were used. Yet, the sixth grader’s use of cues to resolve lexical 

ambiguity in the current study was completely opposite from those in Simpson et al. (use 

of contextual cues in this investigation and use of frequency cues in Simpson et al.). This 

contradiction might be explained by considering the differences between the processing 

of written and spoken language. Lexical ambiguities presented in reading appear to be 

processed in a different manner than those presented auditorily. This statement appears 

especially true given the behavioral and electrophysiological differences that have been 

demonstrated in priming research (Anderson & Holcomb, 1995; Gomes, et al., 1997; 

Holcomb & Neville, 1990).  

 While the variables of time course, strength of context, and modality have been 

presented separately in this discussion, it should be noted that all interact in lexical access 
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and are not as easily separated as this presentation may suggest. For instance, varying the 

strength of context may alter the time course of lexical access, as may the use of spoken 

or written language. Strength of context may affect visual and auditory processing in 

different ways. Further research is required to determine the specific interaction of these 

variables.   

Future Research 

 The scope of this research was narrow. It investigated sixth graders’ use of 

contextual cues in spoken language to access the correct meaning of a homophone. As 

such, there are many additional areas to be researched in order to gain a full picture of 

children’s lexical access. Each of these is discussed below.  

Investigating Varying Time Intervals and Strengths of Context 

 The present investigation focused on sixth grade children’s lexical ambiguity 

resolution of a spoken homonym immediately at its offset. As mentioned above, this is 

only one point in time in the continuous process of lexical access and meaning activation. 

While it is predicted that strong contextual cues would result in context sensitive access 

at any point in time (based on the context sensitive model and such results in adult 

studies), it has yet to be demonstrated in a study of children. It is important to determine 

that the dominant meaning of a homophone is never accessed in order to truly 

demonstrate the interactive nature of children’s lexical access.  

 Strength of context is also an important variable to manipulate to support an 

interactive model of lexical access. In an interactive model of lexical ambiguity 

resolution, contextual cues and frequency information should interact in disambiguating 

homophones. This interaction is not demonstrated in the present research. Strongly 
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biasing context, under the context sensitive model, would not allow for frequency cues to 

play a part in lexical access. Therefore, varying strengths of context should be 

investigated to demonstrate this interaction of frequency and contextual cues in children’s 

ambiguity resolution.  

Lexical Ambiguity Resolution During Reading 

 Spoken and written language appear to be processed differently. Further research 

is needed to demonstrate the exact differences between spoken and written lexical 

ambiguity resolution in children. The difference in the auditory and visual modalities in 

children may be more striking than the differences in adults due to the novel nature of 

reading (i.e., children are only just learning how to read; it is not yet an easy process as it 

is for adults).  

In Simpson et al. (1994), children in sixth grade used frequency cues to access the 

dominant meaning of a homophone, even when that meaning was not contextually 

appropriate. In this current investigation, though, children were able to use contextual 

cues, rather than frequency information, to access only the contextually appropriate 

(subordinate) meaning of a homophone. It would be beneficial to take the same stimuli 

used in the current experiment and present them to sixth grade children in a reading task. 

By using the same stimuli and the same ISI (0 msec), a cleaner comparison of the 

differences between reading and listening to lexical ambiguities could be made.  

Development of the Ability to Use Contextual Cues 

 The sixth graders in this investigation performed similarly to adults in comparable 

experiments (e.g., Kellas et al., 1991; Paul et al, 1992; Simpson & Krueger, 1991; 

Tabossi et al., 1987; Vu et al., 1998; Vu et al., 2000). This indicates that, by sixth grade, 
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children are able to use contextual cues (if sentential context is strong enough) to 

selectively access the contextually appropriate meaning of a word during listening. Yet, it 

is unclear at what age children acquire the ability to use strong sentential context in a 

manner similar to adults.  

 Previous studies of preschool children ascertained that young children were not 

efficient at using auditory context to select, or interpret, the appropriate meaning of a 

homophone (Beveridge & Marsh, 1991; Mazzocco, 1997; Swinney and Prather, 1989). 

Furthermore, studies of school age children, using listening and reading tasks, have found 

results that differ according to grade level (Marmurek & Rossi, 1993; Simpson & Foster, 

1986; Simpson et al., 1994). In particular, the previous studies appear to show at least 

three age groups that perform differently: preschool, early school age children (2nd-4th 

grade), and later school age years (5th-6th grades). However, the differences in age 

performance have been determined using tasks unlike the one used in this investigation 

(e.g., using reading tasks rather than listening; using single words rather than sentences). 

It would be interesting to establish, using a priming task, when children are able to use 

context to access the appropriate meaning of a homophone and what, if any cues, they are 

using to access the meaning of a homophone before contextual cues are utilized.  

Spoken Lexical Ambiguity Resolution and Language Skill 

 The participants in this study were children whose vocabulary skills were within 

normal limits. It would be interesting to investigate how frequency and contextual cues 

are used in spoken and written lexical ambiguity resolution in children whose language 

skills were not within normal limits (i.e., children with language disorders). There is 

some evidence in the adult literature to indicate that, at the single word level, persons 
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with poorer language skills do not access meanings of homonyms in the same manner as 

persons with better language skills. Those with better language skills are primed for both 

meanings of a homophone at the single word level (absence of context) while persons 

with poorer language skills are only primed for the dominant meaning (Atchley, Story, & 

Buchanan, 2001; Gooding & Hare, 2004). This effect of language skill on lexical 

ambiguity resolution should be investigated in children as well.  

 Conclusion 

 Studies of lexical ambiguity resolution provide a unique way to investigate what 

cues listeners/readers use to aid in lexical access. Because ambiguous words have more 

than one meaning, the process of lexical access is not as simple as it would be for words 

with only one meaning. Therefore, ambiguous words can provide insight as to how the 

correct meaning is selected from the mental lexicon. For adults, research seems to 

indicate that frequency and contextual cues can both be used to help resolve lexical 

ambiguities. Frequency information and contextual support aid an adult in accessing and 

integrating the correct meaning of a homophone in a sentence. Research has shown that 

for preschool children, contextual cues do not seem to play an important role in 

determining the meaning of a homophone (or at least the methods used with preschool 

children have not been able to demonstrate this). Rather, preschool children, who have 

had limited experience with the subordinate meaning of a homophone, seem to assume 

that the dominant meaning is what is needed in most contexts.  

 School age children’s use of context and frequency cues to resolve lexical 

ambiguities are less clear. Depending on modality (visual or auditory presentation), 

school age children may use frequency or contextual cues to access the meaning of a 
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homophone. In the adult literature, the difference between reading and listening to 

sentences has not been thoroughly investigated in lexical ambiguity resolution studies, 

yet the difference between these two modalities may be significant to school age children. 

School age children have been listening to language all their lives, while learning to read 

for only a few years. As such, there may be significant differences in how children 

process and resolve lexical ambiguities in reading vs. spoken language.  

 The purpose of the current study was to investigate children’s use of frequency 

and contextual cues to resolve lexical ambiguities encountered in spoken language. 

Specifically, the research questions were:  

1. While listening to sentences, do sixth graders use sentence context to access the 

contextually appropriate meaning of a homophone?  

2. While listening to sentences, do sixth graders use frequency cues to access the 

dominant meaning of a homophone, regardless of contextual cues to the contrary? 

 In regard to question one, the sixth grade children in this investigation used 

contextual cues to access only the contextually appropriate meaning of a homophone 

presented in a listening task. Following sentences biased toward the subordinate sense of 

a homophone, target words related to the subordinate meaning of the homophone were 

named more quickly than words related to the dominant meaning or to unrelated words. 

This indicates that, at least immediately following the offset of the homophone at the end 

of the prime sentence, sixth grade children had accessed the subordinate and contextually 

appropriate meaning of the homophone only.  

 For the second research question, there is no evidence to indicate that the sixth 

graders in this study used frequency cues to access the dominant meaning of a 
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homophone when contextual cues indicated the subordinate meaning. If the dominant 

meaning had been accessed, reaction times to name words related to the dominant sense 

of a word following a prime sentence would have been faster than naming times to 

unrelated words. This was not the case in the present investigation. Naming times to 

target words related to the dominant sense of a homophone were not different than 

naming times for unrelated words, indicating the dominant meaning of the homophone 

had not been accessed.  

The access to the contextually appropriate meaning by sixth graders in this study 

was immediate (0 msec ISI). The results of the current study appear to support an 

interactive model of lexical access (such as the context sensitive model of lexical 

ambiguity resolution) due to the context sensitive access to the appropriate meaning of a 

homophone that occurred.  
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APPENDIX A 

Letter to School Districts 

Dear ***,  
 
My name is Christine Gooding and I am working toward my Ph.D. degree at Bowling 
Green State University. I am currently conducting research for my dissertation, entitled 
“Lexical Ambiguity Resolution in Children: Frequency and Context Effects”. This study 
investigates how children understand sentences containing words with more than one 
meaning (e.g., ‘bank’). I am writing to request your permission to recruit fourth, fifth and 
sixth grade students from your district (or program) to participate in this research study. 
If you agree to allow me to recruit from your district (or program), the following will 
happen: 
 

I will provide your fourth, fifth and sixth grade teachers with letters to send home 
to parents explaining the study. I have enclosed copies of these letters for your 
review. If parents agree to allow their child to participate, they will return a signed 
permission form to their child’s teacher. I will collect these forms from the 
teachers.  
 
I will meet with the teachers to decide on appropriate dates and times to conduct 
my research. We will work out a schedule so that I am not conducting research 
during required class activities. Rather, I will arrange to see students during free 
time activities or before school begins.  
 

The enclosed parent letters will provide a more detailed description of the specific 
procedures involved in my research. I will call you within the week to discuss my 
research further and answer any questions you may have. If you would like to contact me, 
I have provided my phone numbers and email address at the bottom of this letter. If you 
have questions regarding the conduct of the study or concerns regarding the rights of 
research participants, you may contact the Chair of the Human Subjects Review Board at 
Bowling Green State University at 419-372-7716. 
 
I appreciate you taking the time to review this information. I look forward to discussing 
my research with you.  
 
Sincerely, 
 
 
Christine M. Gooding, M.S., CCC-SLP 
Home:  (937) 638-0083 
Office:  (419) 372-4320 
Email:   gooding@bgnet.bgsu.edu 
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APPENDIX B 

Parental Letter/Consent Form: Norming Procedure 

Title of Experiment:   
Lexical Ambiguity Resolution in Children: Frequency and Context Effects  

 
Principal Investigators:  

Christine Gooding, Doctoral Student   
Department of Communication Disorders, Bowling Green State University 
Office: (419) 372-4320    Home: (937) 638-0083  
Email:  gooding@bgnet.bgsu.edu 

 
 Larry Small, Associate Professor  
  Department of Communication Disorders, Bowling Green State University 
  Office: (419) 
  Email:  lsmall@bgnet.bgsu.edu 
 
We are conducting a research study to learn more about how children understand words 
that have more than one meaning (e.g., ‘bank’). We are looking for fourth and fifth grade 
students to participate in this research study. If you agree to let your child participate in 
this study, he/she will be asked to perform one or both of the tasks described below: 
 
Task 1:  
Your child will complete this task along with other fourth or fifth grade students. All 
students will be given a piece of paper with blank lines next to corresponding numbers. A 
word will be read to the students. For example, your child will hear, "Number 1- Bank". 
On the line next to number 1, the students will write the first word that they think of 
when they hear the word 'bank'. Students will be encouraged to use creative spelling if 
they are unsure of how to spell a word. Approximately 50 words will be read to the 
students. This procedure will take approximately 20 minutes. 
 
Task 2:  
Your child will be asked to meet individually with the first investigator listed above 
(Christine Gooding). The investigator will read a sentence that contains a word with two 
meanings to the student. For example "Mom cashed her check at the bank". Your child 
will be asked what the word 'bank' means in that sentence. Approximately 20 sentences 
will be read to your child. This procedure will take approximately 10 minutes. 
 
The procedures described above will be scheduled with the input of your child’s teacher. 
Your child will not miss required class activities by taking part in this experiment. The 
risks associated with this procedure are minimal and are no more than those normally 
encountered in daily life. This study will benefit society by adding to the understanding 
of how children understand words with more than one meaning; however, your child will 
not directly benefit from participation in this study.  
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All information provided by you and your child will be held in the strictest confidence. 
Your child’s identity will not be revealed in the findings of the study.  
 
If you agree to allow your child to participate in this study, I will also ask for your child’s 
assent to participate. I will provide your child with a written description of the 
procedures. I will then verbally explain the procedure and ask your child if he/she has any 
questions. If your child agrees to participate, he/she will be asked to sign a form giving 
his/her assent. Your child’s participation in this study is completely voluntary. He/she is 
free to stop the research procedure at any time. If your child does decide not to take part, 
it will not affect his/her grades or relationship with the teacher.  
 
This research is being conducted to help the first investigator complete the Ph.D. degree 
at Bowling Green State University. If you have any questions or would like more 
information on this study, please contact Christine Gooding at either of the phone 
numbers or the email address listed at the top of this letter. If you have questions 
regarding the conduct of the study or concerns regarding your rights as a research 
participant, you may contact the Chair of the Human Subjects Review Board at Bowling 
Green State University at 419-372-7716. 
 
Sincerely,  
 
Christine Gooding, M.S., CCC-SLP   Larry H. Small, Ph.D., CCC-A 
 
 

******************************************* 
PERMISSION FORM 

 
If you wish to give consent for your child to participate in the study entitled “Lexical 
Ambiguity Resolution in Children: Frequency and Context Effects”, please complete this 
permission form. Detach the form from this letter. Keep the letter for your records and 
return the permission slip to your child’s teacher.  
 
 
I         give permission for my child  
 (print your name) 
 
        to participate in the study entitled  
 (print your child’s name) 
 
“Lexical Ambiguity Resolution in Children: Frequency and Context Effects”. It has been 
explained to me what my child is expected to do to be a participant in this study. I have 
had all my questions answered.  
 
            
Signature of Parent/Guardian      Date 
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APPENDIX C 

Student Letter/Consent Form: Norming Procedure 

Title of Experiment:   
Lexical Ambiguity Resolution in Children: Frequency and Context Effects  

 
Principal Investigators:  

Christine Gooding, Doctoral Student   
 Larry Small, Associate Professor  
 
We are looking for fourth and fifth grade students to help with a project on understanding 
words. If you agree to help with this project, you will be asked to play the following word 
game.   
 
You will be given a piece of paper with lines on it. You will hear a word. After you hear 
this word, you will write down the first word that you think of. You will do this as fast as 
you can. For example, if you hear the word “sky”, you might write down “blue”.   
 
Don’t worry about spelling. Just do the best you can. You will not be graded on this game 
or on your spelling. There are no right or wrong answers. Only the researcher (the person 
saying the words) will know your answers.   
 
After this game is over, you might be asked to help with a project. For the project, you 
will listen to a sentence. Then, you will be asked to tell what a word in that sentence 
means. You will not be graded on this. Only the researcher (the person reading the 
sentences) will know your answers. 
 
You don’t have to help with this project.  You can agree to help now and change your 
mind later. Your decision will not affect your grades in your class. Your teacher’s attitude 
toward you will not change. If you have any questions, please ask them now. If you agree 
to help with the project, please sign or write you name on the line below.  
 
 
** I agree to help with this project. I have had the project explained to me. I have 
had all my questions answered.  
 
 
        
Name 
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APPENDIX D 

Parental Letter/Consent Form: Experimental Task 

Title of Experiment:   
Lexical Ambiguity Resolution in Children: Frequency and Context Effects  

 
Principal Investigators:  

Christine Gooding, Doctoral Student   
Department of Communication Disorders, Bowling Green State University 
Office: (419) 372-4320    Home: (937) 638-0083  
Email:  gooding@bgnet.bgsu.edu 

 
 Larry Small, Associate Professor  
  Department of Communication Disorders, Bowling Green State University 
  Office: (419) 
  Email:  lsmall@bgnet.bgsu.edu 
 
We are conducting a research study to learn more about how children understand 
sentences that are spoken and read. We are looking for sixth grade students to participate 
in this research study. If you agree to let your child participate in this study, the following 
will happen. Your child will be given a hearing screening to check for healthy hearing. 
Additionally, your child will be given a language screening to check his/her current level 
of language understanding/use. Following the screenings, your child will be asked to 
perform the task described below: 
 

Your child will wear headphones and sit facing a computer screen. A spoken 
sentence will be presented through the headphones, spoken in a female voice. 
Following this sentence, your child will hear another word, spoken in a male 
voice. Your child will be asked to repeat the word spoken in the male voice as 
quickly as possible. Your child will repeat the word into a microphone that will be 
placed in front of the computer. Additionally, your child will be asked to answer a 
few comprehension questions about the spoken sentences. 

 
This entire procedure (screenings and the task) will take approximately 30 minutes. The 
procedure will be scheduled with the input of your child’s teacher. Your child will not 
miss required class activities by taking part in this experiment. The risks associated with 
this procedure are minimal and are no more than those normally encountered in daily life. 
This study will benefit society by adding to the understanding of how children understand 
spoken and read sentences. Your child will benefit by receiving free hearing and 
language screenings, the results of which will be made available to you.  
 
All information provided by you and your child will be held in the strictest confidence. 
Your child’s identity will not be revealed in the findings of the study. Additionally, the 
results of your child’s hearing and language screenings will only be shared with you. The 
results will be sent to you in a sealed envelope.  
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If you agree to allow your child to participate in this study, I will also ask for your child’s 
assent to participate. I will provide your child with a written description of the 
procedures. I will then verbally explain the procedure and ask your child if he/she has any 
questions. If your child agrees to participate, he/she will be asked to sign a form giving 
his/her assent. Your child’s participation in this study is completely voluntary. He/she is 
free to stop the research procedure at any time. If your child does decide not to take part, 
it will not affect his/her grades or relationship with the teacher.  
 
This research is being conducted to help the first investigator complete the Ph.D. degree 
at Bowling Green State University. If you have any questions or would like more 
information on this study, please contact Christine Gooding at either of the phone 
numbers or the email address listed at the top of this letter. If you have questions 
regarding the conduct of the study or concerns regarding your rights as a research 
participant, you may contact the Chair of the Human Subjects Review Board at Bowling 
Green State University at 419-372-7716. 
 
Sincerely,  
 
Christine Gooding, M.S., CCC-SLP   Larry H. Small, Ph.D., CCC-A 
 
 

******************************************* 
PERMISSION FORM 

 
If you wish to give consent for your child to participate in the study entitled “Lexical 
Ambiguity Resolution in Children: Frequency and Context Effects”, please complete this 
permission form. Detach the form from this letter. Keep the letter for your records and 
return the permission slip to your child’s teacher.  
 
 
I         give permission for my child  
 (print your name) 
 
        to participate in the study entitled  
 (print your child’s name) 
 
“Lexical Ambiguity Resolution in Children: Frequency and Context Effects”. It has been 
explained to me what my child is expected to do to be a participant in this study. I have 
had all my questions answered.  
 
 
             
Signature of Parent/Guardian      Date 



  - 127 -  

APPENDIX E 

Student Letter/Consent Form: Experimental Procedure 

Title of Experiment:   
Lexical Ambiguity Resolution in Children: Frequency and Context Effects  

 
Principal Investigators:  

Christine Gooding, Doctoral Student   
 Larry Small, Associate Professor  
 
 
We are looking for sixth grade students to help with a project on understanding 
sentences. If you agree to help with this project, you will be asked to do the following:  
 
1.  You will have your hearing checked. You will put on headphones and listen for beeps 
in each of your ears.  
 
2.  You will show me how many words you know. You will do this by pointing to 
pictures.  
 
3. You will wear headphones and sit facing a computer screen. You will hear a man say a 
sentence. After this sentence, you will a woman say a word. You will repeat the word 
said by the woman as quickly as possible. Every once in a while, you will be asked to 
answer a question about the sentence you heard.  
 
It will take about 30 minutes to do these things. You will not receive a grade for doing 
any of these things. Only the researcher (the person helping you with the tasks) will know 
how you did on any of the tasks.  
 
You don’t have to help with this project.  You can agree to help now and change your 
mind later. Your decision will not affect your grades in your class. Your teacher’s attitude 
toward you will not change. If you have any questions, please ask them now. If you agree 
to help with the project, please sign or write you name on the line below.  
 
 
** I agree to help with this project. I have had the project explained to me. I have 
had all my questions answered.  
 
 
        
Name 
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APPENDIX F 

List of 100 Words Used in Norming Procedure (Free Association Task) 

 
1.    cup   41.  pants   81.  light 
2.    farm   42.  shot   82.  coat 
3.    pen   43.  boy   83.  play 
4.    ball   44. chair   84.  sundae/Sunday 
5.    water   45.  ring   85.  shoe 
6.    plane/plain  46.  chest   86.  wrap/rap 
7.    diamond   47. day    87.  bat 
8.    rabbit   48.  wave   88.  truck 
9.    present   49.  horse   89.  letter 
10.  stair/stare   50.  box   90.  table 
11.  school   51.  paper   91.  bicycle 
12.  one/won   52.  hat    92.  calf 
13.  company   53.  pitcher   93.  hot 
14.  crayon   54.  week/weak  94.  club 
15.  pass   55.  desk   95.  trunk 
16.  flower/flour  56.  break/brake  96.  beach 
17.  teacher   57.  fair   97.  watch 
18.  movie   58.  shower   98.  lion 
19.  punch   59.  pop   99.  sink 
20.  sail/sale   60.  write/right   100. note 
21.  grass   61.  snow 
22.  check   62.  bark 
23.  song   63.  flew/flu 
24.  bank   64.  house 
25.  straw   65.  pizza 
26.  computer   66.  fall 
27.  aunt/ant   67.  tale/tail 
28.  horn   68.  see/sea 
29.  milk   69.  big 
30.  chicken   70.  spring 
31.  window   71.  nail 
32.  foot   72.  cow 
33.  knight/night  73.  yard 
34.  juice   74.  television 
35.  bow   75.  fly 
36.  sun/son   76.  skinny 
37.  leg    77.  bored/board 
38.  zoo   78.  cap 
39.  jam   79.  tree 
40.  bubbles   80.  hamburger  
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APPENDIX G 

Example of Norming Answer Sheet 

Name:       Birthday:     Age:     
 
 
1.        16.         
 
 
2.        17.         
 
 
3.        18.         
 
 
4.        19.         
 
 
5.        20.         
 
 
6.        21.         
 
 
7.        22.         
 
 
8.        23.         
 
 
9.        24.         
 
 
10.        25.         
 
 
11.        26.         
 
 
12.        27.         
 
 
13.        28.         
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APPENDIX H 

Norming Procedure: Stimulus Sentences for Second Norming Task 

1. The princess danced at the ball all night.  
2. Grandpa and I stood on the bank and fished.  
3. The bark was falling off the tree.  
4. The bat flew around the attic. 
5. Robinhood carries a bow and arrow.  
6. He was going to box in the Olympics.  
7. His calf hurt from running so much.  
8. The cap is not on tightly enough.  
9. My mom gave the check to the store clerk.  
10. The pirate found the chest buried under the sand.  
11. The cave man picked up the club.  
12. Our company did not leave until 9:00.  
13. The diamond was wet because it had been raining all day.  
14. We went to the fair and ate cotton candy.  
15. In the fall, it gets colder.  
16. The 747 can fly high above the clouds.  
17. He can jump a foot into the air.  
18. The horn broke when the deer ran into the tree.  
19. There was a jam in the printer and my assignment didn’t come out.  
20. I write grandma a letter every week.  
21. The feather was light.  
22. I broke my nail when I was playing baseball.  
23. He hit a wrong note during that song.  
24. The dog pants a lot in the summer.  
25. He is going to pass it to me.   
26. The animal was in the pen.  
27. The pitcher was full of water.  
28. The play was exciting to watch. 
29. I saw the bubbles pop.   
30. We learned how to write in the past and present.  
31. The punch tasted good.  
32. The ring was very loud.  
33. The hunter shot the bird.  
34. The rock began to sink.  
35. The spring in the mattress was loose.  
36. The straw made a nice bed for the horse.  
37. Dad opened the trunk.  
38. The watch did not have the right time.  
39. The big wave knocked over the swimmer.  
40. The ball rolled a yard.  
41. My aunt gave me a teddy bear.  
42. He was bored that afternoon.  
43. I put on the brake but nothing happened.  
44. My mom used flour to bake the cake.  
45. He began to stare at the clock.  
46. His son lives in down the street.  
47. The knight rode his horse.  
48. The sundae tasted good.   
49. The tale was about a horse and a grasshopper. 
50. They won by a lot.   
51. The horse was weak and hungry after a long run.  
52. I like to listen to rap.  
53. He gave me a plain piece of paper.  
54. Turn right at the next street.  
55. The big shoe sale lasted only a few days.   
56. The sea was stormy yesterday.  
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APPENDIX I 

Homophones and Their Dominant/Subordinate Relationship 

32 Homophones Used as Stimuli and Other Homophones Normed (but not used) 

 

Stimulus Word 
% 
Dom/Sub  Unused Ambig Wds 

% 
Dom/Sub 

     
ant/aunt 72/24  bored/board 59/34 
ball 97/1  bow 53/20/16 
bank 97/1  break/brake 48/24/24 
bark 72/27  cap 43/35/15 
bat 69/29  check 43/24/20 
box 84/9  club 48/13/7 
calf 89/7  company 57/34 
chest 73/18  fall 50/47 
diamond 92/4  flower/flour 92/0 
fair 74/23  fly 56/34 
flu/flew 66/34  horn 46/36/10 
foot 90/3  jam 70/16/11 
letter 79/27  note 79/10/10 
light 82/10  one/won 67/32 
nail 63/31  pass 34/22 
night/knight 80/20  plane/plain 64/13/16 
pants 97/1  pop 81/4/15 
pen 94/4  rap/wrap 69/25 
pitcher 71/27  sea/see 55/33/6 
play 83/11  shot 66/26/4 
present 94/5  sink 41/29/28 
punch 77/23  stare/stair 55/38 
ring 85/7  straw 55/38 
sail/sale 71/28  trunk 63/12/10 
spring 85/11  write/right 43/33/18 
sun/son 75/23    
Sunday/sundae 76/23    
tail/tale 98/2    
watch 72/22    
wave 70/26    
weak/week 69/30    
yard 89/9    
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APPENDIX J 

Four Experimental Lists Used in Psyscope Program 

Lists 1 and 2 

 List 1  List 2  
Prime Sentence  Target Condition Target Condition  
He likes onions on his salad. attack f_unrel attack f_unrel 
The car was parked outside. slide f_unrel slide f_unrel 
The teddy bear had brown fur.  dollhouse f_unrel dollhouse f_unrel 
The boy painted the fence.  cookie f_unrel cookie f_unrel 
I don't like to go to the doctor.  joke f_unrel joke f_unrel 
The monkey ate the banana.  trash f_unrel trash f_unrel 
Pizza is my favorite food.  carpet f_unrel carpet f_unrel 
The heat melted the sundae.  icecream t_sub monday t_dom 
He was stung by a bee.  carrot f_unrel carrot f_unrel 
The red balloon popped.  hose f_unrel hose f_unrel 
She is my favorite aunt.  day c_dom armor c_sub 
The flowers were purple and yellow.  cereal f_unrel cereal f_unrel 
The zookeeper saw the bat.  time c_dom look c_sub 
The pancakes were covered with 
syrup.  folder f_unrel folder f_unrel 
The baby learned to wave.  ocean t_dom hello t_sub 
The bridge was closed for repairs.  dinner f_unrel dinner f_unrel 
That camera takes good pictures.  zipper f_unrel zipper f_unrel 
The dog followed me to school.  cough f_unrel cough f_unrel 
The bear ate the bark.  dog t_dom tree t_sub 
He dropped the plate.  door f_unrel door f_unrel 
The train left the station.  umbrella f_unrel umbrella f_unrel 
He has a son.  drink c_sub hit c_dom 
The toothpaste was in the cupboard.  pumpkin f_unrel pumpkin f_unrel 
We fished from the bank.  animal c_dom story c_sub 
Mom pushed the shopping cart.  mud f_unrel mud f_unrel 
That's the show I like to watch.  look t_sub time t_dom 
The circus came to town.  basket f_unrel basket f_unrel 
The team was on the diamond.  hot c_sub clothes c_dom 
The french fries needed salt.  number f_unrel number f_unrel 
The pirate found the chest.  treasure t_sub body t_dom 
The lawn mower is in the garage.  waiter f_unrel waiter f_unrel 
Her swimsuit was pink and white.  mailbox f_unrel mailbox f_unrel 
The students learned a new letter.  monday c_dom icecream c_sub 
Grandma baked an apple pie.  scissors f_unrel scissors f_unrel 
The baby slept in the crib.  color f_unrel color f_unrel 
The chair had a broken spring.  summer t_dom bounce t_sub 
I like to go to the pool. sing f_unrel sing f_unrel 
He was a very brave knight.  armor t_sub day t_dom 
The children ate peanuts.  airplane f_unrel airplane f_unrel 
I like mustard on my hamburger.  hand f_unrel hand f_unrel 
He's coming next week.  bird c_sub sick c_dom 
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She got her hair cut yesterday.  button f_unrel button f_unrel 
The mouse ran across the floor.  apple f_unrel apple f_unrel 
She fed the rabbit. sled f_unrel sled f_unrel 
The boy learned to box.  pencil c_dom pig c_sub 
The students put their papers on the 
table.  king f_unrel king f_unrel 
Our class watched a play.  fun t_dom act t_sub 
The keys were locked in the car. watermelon f_unrel watermelon f_unrel 
The pillow was light.  body c_dom treasure c_sub 
Mom bought a loaf of bread. shower f_unrel shower f_unrel 
The boy sat in the chair. spoon f_unrel spoon f_unrel 
The frisbee flew.  sick t_dom bird t_sub 
We're going to a wedding on 
Saturday. machine f_unrel machine f_unrel 
Dad put new cabinets in the kitchen. razor f_unrel razor f_unrel 
The game was not fair.  hello c_sub ocean c_dom 
Dad put the money in his wallet.  star f_unrel star f_unrel 
That goat will eat anything.  building f_unrel building f_unrel 
The teacher told a tale.  story t_sub animal t_dom 
The remote control is broken.  necklace f_unrel necklace f_unrel 
In the winter, I wear a hat and scarf. rocket f_unrel rocket f_unrel 
The tired dog pants.  clothes t_dom hot t_sub 
The farmer milked the cow. finish f_unrel finish f_unrel 
We go to the lake every weekend. sack f_unrel sack f_unrel 
He rode his bicycle down the street.  bottle f_unrel bottle f_unrel 
He jumped a foot.  act c_sub fun c_dom 
He turned on the sprinkler.  hospital f_unrel hospital f_unrel 
The farmer opened the pen.  pig t_sub pencil t_dom 
Peanut butter and jelly sandwiches 
are good. carry f_unrel carry f_unrel 
I poured a glass of milk.  factory f_unrel factory f_unrel 
A bird hopped across the driveway. camel f_unrel camel f_unrel 
The girl went to the ball.  now c_sub gift c_dom 
The chicken laid three eggs.  kick f_unrel kick f_unrel 
The line of ants was long. doghouse f_unrel doghouse f_unrel 
Mom bought some punch.  hit t_dom drink t_sub 
He forgot to bring his science book 
home.  dollar f_unrel dollar f_unrel 
She dropped the pitcher.  hammer c_dom finger c_sub 
It began to snow. test f_unrel test f_unrel 
Yesterday was my birthday.  closet f_unrel closet f_unrel 
The runner injured his calf.  bounce c_sub summer c_dom 
She drank orange juice at breakfast.  window f_unrel window f_unrel 
My favorite song is playing on the 
radio.  baker f_unrel baker f_unrel 
I heard a loud ring.  grass c_dom feet c_sub 
The geese gathered at the pond.  line f_unrel line f_unrel 
He couldn't find the red crayon.  lock f_unrel lock f_unrel 
The man raked the leaves.  butter f_unrel butter f_unrel 
The story was written in the present.  gift t_dom now t_sub 
She put the saddle on the horse.  rain f_unrel rain f_unrel 
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It measured a yard.  feet t_sub grass t_dom 
The bed was soft.  tiger f_unrel tiger f_unrel 
I brushed my hair.  pepper f_unrel pepper f_unrel 
The store had a sale.  tree c_sub dog c_dom 
I picked up the book. fire f_unrel fire f_unrel 
I could see the nest on the branch.  happy f_unrel happy f_unrel 
The paint brush fell off the ladder.  big f_unrel big f_unrel 
The girl broke her nail.  finger t_sub hammer t_dom 
I put my socks on.  candle f_unrel candle f_unrel 

 

 

Lists 3 and 4 

 List 3  List 4  
Prime Sentence  Target Condition Target Condition 
He likes onions on his salad. attack f_unrel attack f_unrel 
The car was parked outside. slide f_unrel slide f_unrel 
The teddy bear had brown fur.  dollhouse f_unrel dollhouse f_unrel 
The boy painted the fence.  cookie f_unrel cookie f_unrel 
I don't like to go to the doctor.  joke f_unrel joke f_unrel 
The monkey ate the banana.  trash f_unrel trash f_unrel 
Pizza is my favorite food.  carpet f_unrel carpet f_unrel 
The heat melted the sundae.  alphabet c_sub envelop c_dom 
He was stung by a bee.  carrot f_unrel carrot f_unrel 
The red balloon popped.  hose f_unrel hose f_unrel 
She is my favorite aunt.  bug t_dom uncle t_sub 
The flowers were purple and yellow.  cereal f_unrel cereal f_unrel 
The zookeeper saw the bat.  glove t_dom fly t_sub 
The pancakes were covered with 
syrup.  folder f_unrel folder f_unrel 
The baby learned to wave.  carnival c_dom even c_sub 
The bridge was closed for repairs.  dinner f_unrel dinner f_unrel 
That camera takes good pictures.  zipper f_unrel zipper f_unrel 
The dog followed me to school.  cough f_unrel cough f_unrel 
The bear ate the bark.  boat c_dom cheap c_sub 
He dropped the plate.  door f_unrel door f_unrel 
The train left the station.  umbrella f_unrel umbrella f_unrel 
He has a son.  boy t_sub moon t_dom 
The toothpaste was in the cupboard.  pumpkin f_unrel pumpkin f_unrel 
We fished from the bank.  money t_dom river t_sub 
Mom pushed the shopping cart.  mud f_unrel mud f_unrel 
That's the show I like to watch.  fly c_sub glove c_dom 
The circus came to town.  basket f_unrel basket f_unrel 
The team was on the diamond.  baseball t_sub ring t_dom 
The french fries needed salt.  number f_unrel number f_unrel 
The pirate found the chest.  heavy c_sub dark c_dom 
The lawn mower is in the garage.  waiter f_unrel waiter f_unrel 
Her swimsuit was pink and white.  mailbox f_unrel mailbox f_unrel 
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The students learned a new letter.  envelop t_dom alphabet t_sub 
Grandma baked an apple pie.  scissors f_unrel scissors f_unrel 
The baby slept in the crib.  color f_unrel color f_unrel 
The chair had a broken spring.  cow c_dom leg c_sub 
I like to go to the pool. sing f_unrel sing f_unrel 
He was a very brave knight.  uncle c_sub bug c_dom 
The children ate peanuts.  airplane f_unrel airplane f_unrel 
I like mustard on my hamburger.  hand f_unrel hand f_unrel 
He's coming next week.  month t_sub strong t_dom 
She got her hair cut yesterday.  button f_unrel button f_unrel 
The mouse ran across the floor.  apple f_unrel apple f_unrel 
She fed the rabbit. sled f_unrel sled f_unrel 
The boy learned to box.  cardboard t_dom fight t_sub 
The students put their papers on the 
table.  king f_unrel king f_unrel 
Our class watched a play.  shoe c_dom inch c_sub 
The keys were locked in the car. watermelon f_unrel watermelon f_unrel 
The pillow was light.  dark t_dom heavy t_sub 
Mom bought a loaf of bread. shower f_unrel shower f_unrel 
The boy sat in the chair. spoon f_unrel spoon f_unrel 
The frisbee flew.  strong c_dom month c_sub 
We're going to a wedding on 
Saturday. machine f_unrel machine f_unrel 
Dad put new cabinets in the kitchen. razor f_unrel razor f_unrel 
The game was not fair.  even t_sub carnival t_dom 
Dad put the money in his wallet.  star f_unrel star f_unrel 
That goat will eat anything.  building f_unrel building f_unrel 
The teacher told a tale.  river c_sub money c_dom 
The remote control is broken.  necklace f_unrel necklace f_unrel 
In the winter, I wear a hat and scarf. rocket f_unrel rocket f_unrel 
The tired dog pants.  ring c_dom baseball c_sub 
The farmer milked the cow. finish f_unrel finish f_unrel 
We go to the lake every weekend. sack f_unrel sack f_unrel 
He rode his bicycle down the street.  bottle f_unrel bottle f_unrel 
He jumped a foot.  inch t_sub shoe t_dom 
He turned on the sprinkler.  hospital f_unrel hospital f_unrel 
The farmer opened the pen.  fight c_sub cardboard c_dom 
Peanut butter and jelly sandwiches 
are good. carry f_unrel carry f_unrel 
I poured a glass of milk.  factory f_unrel factory f_unrel 
A bird hopped across the driveway. camel f_unrel camel f_unrel 
The girl went to the ball.  dance t_sub throw t_dom 
The chicken laid three eggs.  kick f_unrel kick f_unrel 
The line of ants was long. doghouse f_unrel doghouse f_unrel 
Mom bought some punch.  moon c_dom boy c_sub 
He forgot to bring his science book 
home.  dollar f_unrel dollar f_unrel 
She dropped the pitcher.  catcher t_dom water t_sub 
It began to snow. test f_unrel test f_unrel 
Yesterday was my birthday.  closet f_unrel closet f_unrel 
The runner injured his calf.  leg t_sub cow t_dom 
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She drank orange juice at breakfast.  window f_unrel window f_unrel 
My favorite song is playing on the 
radio.  baker f_unrel baker f_unrel 
I heard a loud ring.  gold t_dom bell t_sub 
The geese gathered at the pond.  line f_unrel line f_unrel 
He couldn't find the red crayon.  lock f_unrel lock f_unrel 
The man raked the leaves.  butter f_unrel butter f_unrel 
The story was written in the present.  throw c_dom dance c_sub 
She put the saddle on the horse.  rain f_unrel rain f_unrel 
It measured a yard.  bell c_sub gold c_dom 
The bed was soft.  tiger f_unrel tiger f_unrel 
I brushed my hair.  pepper f_unrel pepper f_unrel 
The store had a sale.  cheap t_sub boat t_dom 
I picked up the book. fire f_unrel fire f_unrel 
I could see the nest on the branch.  happy f_unrel happy f_unrel 
The paint brush fell off the ladder.  big f_unrel big f_unrel 
The girl broke her nail.  water c_sub catcher c_dom 
I put my socks on.  candle f_unrel candle f_unrel 
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APPENDIX K 

ANOVA Results: Participants and Items 

 

ANOVA Results: 2 x 2 Factorial by Participants       

Source df Sum of Squares Mean Square F-Value P-Value G-G H-F

list 3 30494.052 10164.684 .294 .8298

Subject(Group) 71 2456792.368 34602.709
Dominance 1 42548.708 42548.708 30.539 .0001 .0001 .0001

Dominance * list 3 19385.799 6461.933 4.638 .0051 .0051 .0051

Dominance * Subject(Group) 71 98921.701 1393.263

Relatedness 1 46380.630 46380.630 28.649 .0001 .0001 .0001

Relatedness * list 3 13531.884 4510.628 2.786 .0469 .0469 .0469

Relatedness * Subject(Group) 71 114942.736 1618.912

Dominance * Relatedness 1 24855.123 24855.123 16.355 .0001 .0001 .0001

Dominance * Relatedness * list 3 20869.220 6956.407 4.578 .0055 .0055 .0055

Dominance * Relatedness * Subj… 71 107897.467 1519.683

Dependent: RT

Type III Sums of Squares

  

 

 

 

ANOVA Results: 2 x 2 Factorial by Items        

Source df Sum of Squares Mean Square F-Value P-Value G-G H-F
Subject 31 294995.500 9515.984

Dominance 1 20553.781 20553.781 3.515 .0703 .0703 .0703
Dominance * Subject 31 181252.219 5846.846

Relatedness 1 19306.125 19306.125 13.549 .0009 .0009 .0009
Relatedness * Subject 31 44172.875 1424.931

Dominance * Relatedness 1 10046.531 10046.531 9.673 .0040 .0040 .0040
Dominance * Relatedness * Subj… 31 32198.469 1038.660

Dependent: RT

Type III Sums of Squares
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APPENDIX L 
 

ANOVA Results: Gender  

 

Source df Sum of Squares Mean Square F-Value P-Value G-G H-F
List 3 29900.888 9966.963 .298 .8268

Gender 1 3154.875 3154.875 .094 .7597

List * Gender 3 211895.168 70631.723 2.111 .1070

Subject(Group) 67 2241274.238 33451.854
Dominance 1 39679.913 39679.913 27.382 .0001 .0001 .0001

Dominance * List 3 17759.439 5919.813 4.085 .0100 .0100 .0100

Dominance * Gender 1 143.796 143.796 .099 .7537 .7537 .7537

Dominance * List * Gender 3 1686.728 562.243 .388 .7620 .7620 .7620
Dominance * Subject(Group) 67 97090.943 1449.119

Relatedness 1 42168.442 42168.442 27.003 .0001 .0001 .0001

Relatedness * List 3 15809.149 5269.716 3.375 .0234 .0234 .0234

Relatedness * Gender 1 24.477 24.477 .016 .9007 .9007 .9007
Relatedness * List * Gender 3 10290.202 3430.067 2.196 .0966 .0966 .0966

Relatedness * Subject(Group) 67 104627.638 1561.607

Dominance * Relatedness 1 25902.528 25902.528 16.606 .0001 .0001 .0001
Dominance * Relatedness * List 3 22675.902 7558.634 4.846 .0041 .0041 .0041

Dominance * Relatedness * Gender 1 61.479 61.479 .039 .8432 .8432 .8432

Dominance * Relatedness * List * Gender 3 3355.096 1118.365 .717 .5453 .5453 .5453

Dominance * Relatedness * Subject(Group) 67 104507.948 1559.820
Dependent: RT

G-G Epsilon H-F Epsilon

Dominance 1.000 1.106

Relatedness 1.000 1.106

Dominance * Relate… 1.000 1.106

Table of Epsilon Factors for df Adjustment 
Dependent: RT

NOTE: Probabilities are not corrected for values 
          of epsilon greater than 1.

Type III Sums of Squares
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APPENDIX M 

ANOVA Results: School Districts 

 

Source df Sum of Squares Mean Square F-Value P-Value G-G H-F
School 2 41256.188 20628.094 .587 .5591

List 3 57766.110 19255.370 .548 .6515

School * List 6 195270.021 32545.004 .926 .4828

Subject(Group) 63 2214756.877 35154.871
Dominance 1 37994.608 37994.608 25.385 .0001 .0001 .0001

Dominance * School 2 1844.065 922.033 .616 .5433 .5433 .5433

Dominance * List 3 15085.390 5028.463 3.360 .0242 .0242 .0242

Dominance * School * List 6 2927.826 487.971 .326 .9209 .9209 .9209
Dominance * Subject(Group) 63 94292.589 1496.708

Relatedness 1 40720.327 40720.327 23.010 .0001 .0001 .0001

Relatedness * School 2 2025.108 1012.554 .572 .5672 .5672 .5672

Relatedness * List 3 12033.403 4011.134 2.267 .0894 .0894 .0894
Relatedness * School * List 6 1469.854 244.976 .138 .9906 .9906 .9906

Relatedness * Subject(Group) 63 111491.631 1769.708

Dominance * Relatedness 1 19018.395 19018.395 13.579 .0005 .0005 .0005
Dominance * Relatedness * School 2 6278.561 3139.281 2.241 .1147 .1147 .1147

Dominance * Relatedness * List 3 19416.793 6472.264 4.621 .0055 .0055 .0055

Dominance * Relatedness * School * List 6 14574.236 2429.039 1.734 .1276 .1276 .1276

Dominance * Relatedness * Subject(Group) 63 88233.445 1400.531
Dependent: RT

G-G Epsilon H-F Epsilon

Dominance 1.000 1.177

Relatedness 1.000 1.177

Dominance * Relate… 1.000 1.177

Table of Epsilon Factors for df Adjustment 
Dependent: RT

NOTE: Probabilities are not corrected for values 
          of epsilon greater than 1.

Type III Sums of Squares
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