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This experiment investigated the role of sentence meaning in auditory language 

comprehension. Tokens from a GOAT-COAT speech voicing continuum were 

embedded in carrier sentences that were biased toward either a "goat" or "coat" 

interpretation and presented to subjects for a word identification task. The 

identification function showed a boundary shift in favor of the biased context, 

and an interaction localized to the ambiguous boundary region. Response times 

were largest in the boundary region and the interaction between the two factors 

was localized to the boundary region and the voiced endpoint. There was also a 

response time advantage for context consistent responses specifically in the 

boundary region. These results and those of earlier research (Connine, 1987; 

Connine & Clifton, 1987) are described in terms of interactive activation of 

potential response categories by acoustic parameter and sentence context. 
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Introduction 

Spoken language comprehension appears to proceed very naturally from 

the acoustic signal we call "speech". In many accounts of language processing, 

ultimate comprehension is the result of step by step processing of information 

contained in the speech stream. First, phonetic features are extracted from the 

signal, then the phonetic features are used to categorize the sounds into the 

abstract perceptual units called phonemes. Each unique combination of 

phonetic features is a "phone", but each natural language employs only a subset 

of these phones as the sounds of that language. Within each language, phones 

are further categorized into phonemes, the smallest units that convey differences 

between words. The phoneme sequences are then matched to corresponding 

words and morphemes, and it is at this level that most psycholinguistic research 

begins. 

The theoretical framework of modularity in language processing (Forster, 

1979; Fodor, 1983) proposes a hierarchy of specialized subprocessors or 

"modules" which can operate only on the output of the previous level. This 

account has been particularly fruitful for research because of its clear prediction 

that each autonomous process should not be influenced by any information 

outside its domain. One proposed level of processing is the selection of a word 
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meaning in response to its phonological form. Swinney (1979) used a CMLP 

(cross modal lexical priming) task to demonstrate priming for all meanings of a 

semantically ambiguous noun such as scale ("weight" or "fish") in its immediate 

temporal vicinity. A further experiment by Swinney demonstrated this same 

priming for all meanings, even when the preceding sentence context was 

strongly biased toward one interpretation. This was taken as evidence that 

lexical processing utilizes only the phonological form of the word, and not 

semantic sentence context, even when context is theoretically available. 

Similarly, Shapiro, Zurif, and Grimshaw (1987, 1989) demonstrated access to all 

possible argument structures of a verb immediately following its presentation in 

a sentence. Just as certain words can be semantically ambiguous (e.g., "scale"}, 

certain verbs can entail multiple argument structures and be syntactically 

ambiguous. Their findings suggested that sentence processing at the verb 

proceeded entirely from the phonological form of the verb and the argument 

structures it could entail, again regardless of unambiguous preceding syntactic 

information in the sentence that could, theoretically, specify the verb's 

appropriate argument structure. Swinney's (1979) research investigated 

responses to stimuli (nouns) that are ambiguous at the lexical level , and 

Shapiro, et. al. (1987, 1989) investigated stimuli (verbs) that were ambiguous at 

the syntactic level. The conclusion, in both cases, was that the processing of 

nouns and verbs at the lexical level was not immediately influenced by sentence 

context. 
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In some sentences, known as "garden paths", the proper role of a word, 

and hence the proper syntactic structure and, in fact, the whole 

comprehensibility of a sentence is temporarily ambiguous. In sentence (1 ), 

(1) The doctor sent for the patient arrived 

we experience surprise when we encounter the disambiguating word "arrived". 

Modular theories explain this response, and the occurrence of "garden paths" in 

terms of automatic initial analysis according to some "simplest parse" rule. In the 

'i' case of error, later information (like the surprise main verb "arrive") and overall 

context then guides re-analysis to produce the correct interpretation (Frazier & 

Rayner, 1982). 

An entirely different account of the occurrence and resolution of these 

temporary sentence ambiguities is provided by a constraint satisfaction model in 

which sentence processing is viewed in terms of lexical decisions based on 

parallel and interactive processing of multiple alternatives in which context aids 

appropriate selection (MacDonald, Pearlmutter, & Seidenberg, 1994). In this 

account, ambiguities can be resolved by constraints on the alternative lexical 

interpretations available from grammatical knowledge and semantic context, 

further modified by frequency information. Since words and sentences are often 

ambiguous at one level of representation, but not another, it is an important 

feature that resolution at one level can aid resolution at another level. In this 

model of language processing, the authors seek to subsume semantic, syntactic 
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and lexical levels of processing, as well as their separate subsystems, into a 

single interactive process of mutual constraint satisfaction. It seems reasonable 

to extend such an account to include the prosodic information present in spoken 

language. Nagel, Shapiro, & Tuller (1995) demonstrated that prosodic cues for 

appropriate sentence analysis are reliably produced in natural speech, and that 

listeners use these cues to guide interpretation. These findings may explain why 

potential "garden paths" are very common in everyday usage, but are only 

occasionally ambiguous outside the laboratory. 

One thing that all of these traditional approaches to ambiguity resolution 

have in common is the assumption that the form of the word itself is 

unambiguous. However, the acoustic signal from which the phonetic features 

are presumably extracted does not correspond to these features in any simple, 

direct fashion. 

The complexity of acoustic-perceptual mapping can be demonstrated in 

the case of phonemes. Each of these distinctive "sounds" of a language that 

form the building blocks of the words, phrases, and progressively larger units of 

discourse is not a physical description, but an abstract perceptual category. 

Linguists describe phonetic features and phonemes in terms of the physical and 

temporal characteristics of sound production, but the physical characteristics of 

the acoustic signal are not distinctive at all. For example, in English, the 

distinctive phonetic feature, presence or absence of "voicing" discriminates 

between the voiced stop consonants /b/, /d/, and /g/, and their voiceless 
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counterparts, /p/, /U, and /kl. Voicing is often measured by voice onset time 

(VOT), defined as the interval between the release of the stop and the onset of 

vocal fold vibration. One acoustic consequence of VOT is the length of the 

interval between the burst and the periodic energy. Smaller VOT's are 

associated with the perception of voiced stops, and longer VOT's with voiceless 

stops, but there is no direct correspondence between "voicing" and a specific 

range of VOT. In addition to the large individual and regional differences in rate, 

pitch, and pronunciation, even the same speaker will produce different VOT 

values for the same phoneme, especially at different speaking rates or in 

different contexts. Adjacent phonemes can also have such a large effect on 

VOT that a VOT of 14 ms. may be clearly perceived as the voiced /d/ in "dent" 

and a VOT of 60 ms. may be clearly perceived as the corresponding voiceless IU 

in "tent", while an even longer VOT of 64 ms. may be clearly perceived as the 

voiced /d/ in "drain" (Connine, 1987). Our perceptual system allows us to 

categorize speech sounds which are physically very different as the same 

phoneme, and thus capture, not the physical characteristics, but the intended 

meaning of an utterance. 

Each phoneme is not, however, a discrete category, but a range of 

acoustic parameter values which may overlap those of other phonemes. In the 

case of stop consonants, the duration of the initial aperiodic portion of the 

acoustic signal can be manipulated to produce a range of values which result in 

the perception of a voiced stop consonant (e.g., /d/) for the smallest values and 
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a voiceless one (e.g., /tl) for the largest values. Instead of a clear boundary 

point, there is an ambiguous range which is sometimes identified as voiceless 

and sometimes as voiced. Although the 50% identification point is often called 

the category boundary, it is actually the point of maximum ambiguity. 

Considering the substantial underspecification of a phoneme by an acoustic 

signal, speech comprehension is remarkably successful even when the acoustic 

signal is distorted, muffled or degraded by background noise. 

Traditional research in this field has focused on the search for some 

invariant element that is present in, or can be inferred from, the acoustic signal. 

A classic article by Liberman, Cooper, Shankweiler & Studdert-Kennedy (1967) 

describes the scope of the problem, and much current research deals with the 

same elusive invariance. While modular accounts of language processing 

predict that processing at the phonological level is impenetrable by higher level 

information, disambiguating context is usually available at the lexical, syntactic, 

semantic, and even pragmatic level. The probability of an identification, and 

hence, the position of the identification boundary are sensitive to many 

contextual factors, including, but not limited to: parameter range, frequency of 

stimulus presentation, and frequency of identification (Repp & Liberman, 1990); 

sequential vs. randomized order of presentation; and rate of sequential 

parameter change (Tuller, Case, Ding & Kelso, 1994; Case, Tuller, Barsky, Ding, 

& Kelso, 1994). The influence of linguistic context is of particular interest here, 
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in view of the modularity prediction that phonological processing should be 

unaffected by "higher order" information. 

One indication that sentence context may play a role in phoneme 

identification is the "speech restoration effect" (Warren, 1970). Subjects who 

listened to utterances in which a speech sound was missing or replaced by noise 

filled in the missing portion with context-appropriate information. Listeners 

reported hearing the noise, but they could not report where the noise occurred or 

that anything was missing. This seemingly unconscious and automatic 

reconstruction of missing segments from linguistic context alone demonstrates 

the ability of the speech comprehension system to utilize linguistic context- at 

least in the absence of any useful acoustic information. 

There also appears to be a lexical status effect in that phoneme detection 

is faster in words than non-words (Rubin, Turvey, & Van Gelder, 1976) and a 

word frequency effect in that the threshold for identifying words in noise is lower 

for high-frequency than for low-frequency words (Broadbent, 1967). 

Ganong (1980), combined this word advantage with the categorical 

perception of phonemes to explore the interaction between lexical and phonetic 

information. He constructed continua of acoustic sequences that varied in VOT 

for the initial consonant sound and in which only one categorization formed a 

word. Each voicing series biased toward a word at one end was paired with a 

series biased in the other direction, e.g. [DASH- TASH] and [DASK -TASK] so 
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that the effect of oppositely biased contexts on the identification function could 

be compared. The results showed a word preference in the identification of the 

initial phoneme that was significantly greater at the phoneme boundary than at 

the endpoints. This interaction suggests that lexical status has an effect before 

phonemic categorization is completed. If phonemic categorization occurred first, 

followed by an identification decision under the influence of word preference, 

lexical status could only act upon the outcome of phonemic categorization and 

would be more evenly distributed. 

In order to explore further the time course of the effect of lexical status, 

Connine and Clifton (1987) used stimuli very similar to those of Ganong, but 

reaction time as well as phoneme identification were recorded. The 

identification results essentially replicated those of Ganong. The reaction times 

reflected the same pattern of word advantage (identifications that resulted in 

words were faster than those that resulted in non-words near the phoneme 

boundary, but not at the endpoints). Furthermore, there was a significant 

position effect in that the average reaction times, regardless of whether the 

identification was consistent with a word or not, were 300 ms. faster at the 

endpoints than at the boundary. Since the word advantage for reaction time was 

also localized to the phoneme boundary, this pattern of reaction times cannot be 

explained solely by a simple word advantage. One possible explanation is that at 

the unambiguous endpoints, a response can be produced without lexical 

information, but at the ambiguous boundary, processing is delayed to include 
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lexical information so that a categorization that forms a word is both preferred 

and available earlier. 

Connine and Clifton then compared these findings to those of a second 

experiment in which the same voicing series were used, but the bias was not 

lexical status but a larger monetary payoff for one of the identifications. 

(Individual subject identification boundaries were previously calculated, and 

there was also a penalty for a voiceless identification for stimuli from the voiced 

half of the continuum and vice versa.) The results were similar for the 

identification function (a shift of boundary away from the biased response), but 

not for the reaction times. In contrast to the word advantage at the boundary, 

but not at the endpoints in the lexical status experiment, there was a significant 

reaction time advantage for the monetary payoff condition at the endpoints, but 

not at the boundary. Furthermore, the reaction time advantage in favor of the 

higher payoff was relatively constant for all unambiguous stimuli and absent for 

ambiguous stimuli . Thus the bias effect (lexical status or monetary payoff) did 

not correlate with speed of response. Connine and Clifton concluded that the 

lexical effect was attributable to an interactive process, the influence of a pre

existing phonological form (a word) in the lexicon on the interpretation of an 

acoustic event. In contrast, they interpreted the monetary payoff effect as 

representing purely post-perceptual processing because it was present only for 
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stimuli which could be clearly categorized on the basis of acoustic parameter 

alone. 

If lexical status information provides information for the phonological 

processing of acoustic stimuli, what would be the influence of even higher level 

information from a semantic sentence context? To explore this question, 

Connine (1987) constructed voicing series continua that formed a different word 

at each end and then embedded them in semantically biased sentences such as 

(2a) and (2b). 

(2a) She told the client to sell all the [GOLD/COLD] 

(2b) She closed the window to keep out the [GOLD/COLD] 

Identification, reaction time and judgment (sensible or anomalous) were 

recorded and analyzed. As expected, the identification function showed a 

significant effect of sentence context localized to the boundary region, in which 

the identification boundary for each context was shifted away from the 

semantically biased response. When reaction times for consistent vs. 

inconsistent responses were compared at the boundary there was only a small 

(12 ms.), non-significant consistency advantage, while at the endpoints, a 

considerably larger (75 ms.) effect was found. Again, this does not indicate a 

simple consistency advantage since it does not occur throughout the continuum. 

Connine concluded that the similarity of the reaction time pattern to that of the 

monetary payoff manipulation indicated a post-perceptual mechanism for both. 
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These results and their interpretation present something of a puzzle. 

How do lexical status and monetary payoff produce different effects? The most 

obvious difference between the two conditions is that lexical status is in the 

linguistic domain, and monetary payoff is not. The linguistic information (word or 

non-word) may be more available during the process of phoneme identification 

than the non-linguistic information regarding monetary payoff. In that case, why 

would another type of linguistic information, semantic sentence context, be 

treated in the same way as the non-linguistic monetary payoff? The answer to 

that may, of course, lie in the degree of autonomy of different modules within the 

language domain, but such a modular account would require the unlikely 

combination of a "semi-autonomous" phonological level that is both interactive 

with a word recognition system and impenetrable by semantic sentence context. 

Before accepting such a model, several shortcomings of the Connine 

(1987) sentence context experiment need to be remedied. First, the stimuli used 

were not optimal in that they included 1 0 tokens from each of seven VOT -voicing 

series, therefore, the range of VOT values included in each voicing series varied 

widely. Connine (1987) found a significant main effect of "item" (voicing series) 

in both the boundary and endpoint analyses as well as an "item" x "sentence 

bias" interaction in the boundary analysis and an "item" x "endpoint" interaction 

in the endpoint analysis. It seems likely that the variability introduced by the 

voicing series differences, including the necessary VOT range differences, plus 
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adjustments for analysis, may have obscured a consistency effect at the 

boundary. 

An additional issue is the identification task and testing procedure. 

Subjects responded with a phoneme identification for the initial sound of the last 

word in each sentence, but responded at the end of the sentence. This was 

followed by a sensibility judgment: i.e., "Did the labeled sound form a word that 

was sensible or anomalous with the sentence frame?". A later study by Connine, 

Blasko, and Hall (1991 ), reported an interaction between subsequent sentence 

context and syntactic boundary position (immediately after a phonetic-lexical 

ambiguity, or delayed). This suggests that the effect of the sentence end 

immediately following the target word may have been confounded with the 

sentence context effect in the earlier Connine (1987) experiment. 

Another challenge for any presentation of linguistic stimuli is the effect of 

stimulus repetition. Large individual differences usually dictate a within-subject 

assignment of all experimental conditions, and a sufficient number of trials per 

subject per condition are required for statistical analysis. In the Connine (1987) 

experiment, each subject heard eight repetitions of each context-stimulus 

combination over the course of three days of testing. Since the same sentence 

context was used for all ten stimuli within each voicing series and biasing 

condition, there were only 14 unique sentence frames (7 items X 2 contexts), 
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heard 80 times each. After so many repetitions, current identification might be 

subject to interference from recall of a prior response. 

The present experiment sought to clarify whether semantic sentence 

context affects phonemic identification by: 

1. Using a single test series whose members differ only on initial VOT. 

2. Using a unique sentence frame for every trial, but assigning the same 

sentence elements within each biasing context. 

3. Eliciting responses by a visual probe, while the sentence continues 

uninterrupted well beyond the target item. 

The purpose of this experiment is: first, to test the effectiveness of a new 

set of materials and a new procedure by replicating earlier findings of a 

semantic sentence context effect on the identification function for embedded 

potential phonemic/lexical ambiguities; second, to find out whether the effect of 

consistency of identification and sentence context is similar to the effect of 

lexical status; and third, to investigate whether sentence level information can 

influence the initial perception of speech sounds, or only their post-perceptual 

processing. 

Method 

Subjects 

13 



Thirty-three undergraduates participated in this experiment in return for 

credit in their introductory psychology class. They identified themselves as 

monolingual native speakers of American English with normal hearing, normal or 

corrected to normal vision, and no known speech or language impairments. 

Stimulus preparation 

Original Sentences. Two semantic sentence contexts were biased 

toward "goat" or "coat". All of the sentences in each context condition contained 

. ., a different arrangement of the same set of elements, so that the sentences were 

similar, but unique. The components of all the GOAT -biased sentences are 

listed in table 1 a and the components of all the COAT -biased sentences are 

listed in table 1 b. 

Table 1 a. Components for GOAT -biased sentences 

The busy dairyman hurried to milk the [GOAT/COAT] in the garden 

The handsome farmer forgot to feed the [GOAT/COAT] in the barn 

The laughing children loved to tease the [GOAT/COAT] in the field 

The fussy zookeeper wanted to cage the [GOAT/COAT] in the pen 

The lively toddler ran to chase the [GOAT/COAT] in the pasture 

Table 1 b. Components for COAT-biased sentences 

The elderly grandma stopped to button the [GOAT/COAT] in the corner closet 

The careful laundress had to dry-clean the [GOAT/COAT] in the back bedroom 

The expert seamstress tried to shorten the [GOAT/COAT] in the tiny cloakroom 

The cheerful tailor hurried to press the [GOAT/COAT] in the dusty storeroom 

The foolish cleaner liked to wear the [GOAT/COAT] in the cluttered attic 
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A different combination of the five versions of each component was used 

for each sentence biasing, as in examples (3a) and (3b ). 

(3a) GOAT biased: The busy dairyman forgot to milk the [GOAT/COAT] 

in the drafty barn. 

(3b) COAT biased: The careful tailor hurried to press the 

[GOAT/COAT] in the dusty storeroom. 

Every component occurred two times in each VOT -context condition but 

,., subjects never heard the same sentence twice. The sentences were recorded 

onto cassette tape by a male monolingual speaker of American English, and 

then digitized onto a computer from the tape using a 16 bit audio card and a 

sampling rate of 22050 Hz. The spoken sentences included the context 

appropriate word, GOAT or COAT, although this was later replaced by the 

manipulated target stimuli items described below. The complete list of 

sentences is given in Appendix A. 

Target words. Each sentence contained one of ten target [GOAT/COAT] 

stimuli selected from a continuum of VOT values. Each stimulus was 

constructed by manipulating the recorded natural speech of the sentence 

reader, using a waveform editor. The VOT values which occurred in the /g/ and 

lkl of goat and coat were defined as the interval, in milliseconds from the initial 

release to the onset of periodicity. A sentence fragment "the coat in the" that 

contained a "good" /koU was excised from one of the COAT-biased sentences. 
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In order to preserve the natural variability in the aperiodic energy associated 

with the consonant bursts, as well as the natural transitions between the 

different states, the target stimuli were constructed by subtracting incremental 

segments (6 ms. each) from the midpoint of the aspiration of the /kl in COAT, as 

illustrated in figure 1. The first stimulus, VOT1, was equivalent to /g/ in the 

natural GOAT ( 1 0 ms. ), and the last stimulus, VOT1 0, was equivalent to /kl in 

the natural COAT (64 ms.). Table 2 shows each of the 10 stimulus values. 

Table 2. VOT Values for Each of the Acoustic Parameter Conditions 

VOT1 VOT2 VOT3 VOT4 VOT5 VOT6 VOT7 VOT8 VOT9 VOT10 

10 ms. 16 ms. 22 ms. 28 ms. 34 ms. 40 ms. 46 ms. 52 ms. 58 ms. 64 ms. 

Manipulated sentences. In each sentence, the fragment "the goat/coat in the" 

was replaced with one from the stimulus continuum using a waveform editor. 

Ten GOAT-biased sentences and ten COAT-biased sentences were produced 

for each of the ten VOT values for a total of 200 sentences. The splices were 

placed at zero crossings to avoid discontinuities, and furthermore, any unnatural 

acoustic effects introduced by the manipulation would be at some distance from 

the target word. A 1 000 Hz. tone was inserted at the offset of the target stimulus 

for the purpose of triggering the timer which controlled the presentation of a 

visual probe. This was placed on a second channel and was inaudible to the 

subjects. The manipulated sentences were then recorded back onto cassette 
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a) VOT1 0 (64ms.) 

b) VOT9 (58 ms.) 

c) VOT1 (10 ms.) 

;---------- 64 ms. ----------. 
i i 
I I 
I I 

i midp. oint l 
I : 
I : 
I I 
I I 
I I 
. I 

I 
I 
I 
I 
I 

i 
I 
1-. 

I I 
I , 

6 ms. 

--54 ms.----

I 
I 

----58 ms.-----

midpoint 

10 ms. 

I I 
1 I 
I I 

: : 
I I 

I 
I 

midpoint 

Figure 1 (a-c). The initial portions of VOT10, VOT9, and VOT1 illustrating the 
manipulation of the target [GOA TICOA 7] stimuli by deleting a segment from 
the midpoint of the 64 ms. aperiodic portion of a "natural" !kat/ a) VOT10 (64 
ms.) is the unaltered "natural" /kat/ The 6 ms. and 54 ms. segments that were 
deleted to produce VOT9 and VOT1 respectively, are also indicated. b) 
VOT9 (58 ms.) is the result of the 6 ms. deletion indicated above. The 
remainder of the stimuli were created by incrementing the value of the deleted 
segment in 6 ms. steps, resulting in c) VOT1 (10 ms.) when the deleted 
segment=54 ms. 
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tape for presentation to the listeners. Twenty additional sentences were 

constructed from the same components and embedded with the same target 

stimuli for presentation during a practice session. 

Visual probes. The visual probes consisted of the word GOAT or the 

word COAT which appeared on the CRT at the offset of the target word in each 

sentence. The probes were balanced within each context -VOT combination. 

Procedure 

The sentence order was randomized and each sentence was presented 

binaurally over headphones in a quiet room. Subjects were instructed to listen 

carefully to each sentence and pay attention to both the meaning of the 

sentence and to the word GOAT or COAT and to identify what they actually 

heard even though some of the words might sound like speech errors. The 

visual probe, GOAT or COAT appeared on the CRT at the offset of the target 

word (although the auditory sentence continued uninterrupted) and subjects 

were asked to press a YES or a NO button as quickly as possible. Because the 

probes were balanced within each context-VOT combination, a subject making, 

for example, the same GOAT identification response for every presentation of 

the same combination would do so by responding YES to GOAT on one-half of 

the trials, and NO to COAT on the other half. This strategy balanced any 

YES/NO response biases and also prevented subjects from responding prior to 

the presentation of the embedded target stimuli. The computer recorded both 
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the responses and the response times, measured from the onset of the visual 

probe, which was simultaneous with the offset of the target word. The 

experiment consisted of a 20 sentence practice session and two 1 00 sentence 

blocks separated by a rest period. Attention to the sentence context was 

encouraged and assessed by a sentence recall task after 20% of randomly 

selected trials. The criterion for including a subject in the data analysis was 

correct recall for 95% of the sentences. 

Results 

Data from 30 subjects are included in all analyses (three subjects were 

excluded for failure to meet the sentence recall requirement). 

The identifications were reconstructed from the yes/no responses of 

subjects. As previously described, a GOAT identification could be made by 

responding "yes" to GOAT or "no" to COAT. The effect of identification by a yes 

or by a no was not significant (p>.8), nor were there any significant interactions 

of yes or no response with VOT or context. For ease of discussion, subjects' 

yes/no responses will be referred to in terms of GOAT or COAT identifications. 

All 30 subjects displayed classic identification functions in that identification was 

near 100% GOAT (voiced /g/) at the shortest VOT, and near 100% COAT 

(voiceless /kl) at the longest VOT. Even though the boundary value (VOT 

closest to 50% identification) varied among subjects, the expected shift of the 

boundary away from the biased context was observed for every subject as well 

19 



as for the mean across subjects. Figure 2 illustrates this effect on the mean 

identification function. The few (1 %) contrary responses at the acoustically clear 

endpoints were interpreted as response errors and were not included in the 

ANOVA for identification by VOT and sentence context. The effect of each 

factor and their interaction were all significant: for context, F(1 ,29) = 11.41, 

p<.0021; for VOT, F(9,261) = 388.79 p< 0001; and for context x VOT, F(9,261) 

= 2.37, p<.01371
. The interaction was due to the localization of the context 

effect to the boundary region where, for the same VOT stimulus, a greater 
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Figure 2. The mean identification function by acoustic parameter and sentence 
context (30 subjects). Error bars indicate one standard error above and below 
the mean. 

1 The results of the same analysis with the 1% contrary endpoint responses 
included: context, F (1 ,29) = 9.89, p<.00381; VOT, F(9,261) = 359.51, 
p<.0001; context x VOT, F(9,261) =1 .83, p<.06204. The significant simple 
effects were identical. 
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percentage of COAT identifications were made in the COAT -biased context than 

in the GOAT -biased context. The effect of context at each level of VOT was 

significant only for the following levels of VOT: 

VOT4 (28 ms.) 

VOT5 (34 ms.) 

F(1 ,29) = 4.12 

F(1 ,29) = 14.61 

p<.0502 

p<.OOO? 

The response times for identification were then examined. Each subject's 

percent COAT identification by context-VOT combination was paired with the 

corresponding mean response time and those means were averaged over five 

identification ranges as shown in figure 3. The two unambiguous 0% and 1 00% 

categories were fastest (808 ms. and 780 ms. ), the single ambiguous 40%-60% 

1100 

40-50-60% 

- 1000 
Cl) 

E 
10-20-30% 

70-80-90% -Q) 
900 E 

i= 
Q) 
Cl) 

800 c 
0 
a.. 
Cl) 
Q) 

0::: 700 

600 

%Coat Identification 

Figure 3. Mean response times for five identification ranges. Each subject's 
percent COAT identification by context-VOT combination was paired with the 
corresponding mean response time and those means were averaged over each 
identification range. 

21 



----- ------

category was slowest (1 005 ms.), and the two intermediate 10%-30% and 70%-

90% categories were in between (896 ms. and 917 ms.). In order to test the 

linear correlation with response time, ambiguity for identification was defined as 

the absolute value of .50 minus the proportion of COAT identifications. The 

result was a weak, but significant linear correlation in the expected inverse 

direction (r= -.262, F = 43.914, p <.001 ). Mean response times were greater for 

mid-range VOT, and the peak response time for each biased context was shifted 

away from the biased endpoint, like the identification function. This was the 

same pattern observed when the bias was lexical status or monetary payoff 

(Connine & Clifton, 1987) and the same pattern observed earlier for biasing by 

semantic sentence context (Connine, 1987). The results for all four experiments 

are shown in figure 4(a-d). This analysis considered response time by 

presentation condition, not by identification. 

Another way to partition the data considers whether the identification was 

consistent with the sentence context. To explore the effect of this consistency 

for response time, we partitioned the identifications into two categories: a 

consistent category in which the identification matched the biasing context (i.e., 

GOAT identifications for GOAT -biased sentence contexts; COAT identifications 

for COAT-biased sentence contexts) and an inconsistent category in which the 

identification did not match the sentence context (i.e., COAT identifications for 

GOAT -biased sentences, etc.). The mean response times were generally longer 

for inconsistent identifications and for stimuli close to the identification boundary. 
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Figure 4 (a-b). Mean response time by acoustic parameter value and biasing 
context for a) lexical status and b) monetary payoff (Connine & Clifton, 1987). 
[*Data for 35 ms. were not reported: plotted values are 30 /40 ms. averages.] 
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Figure 5 shows that the magnitude of this consistency advantage was greater 

near the boundary as well. An ANOVA for VOT and the consistency of the 

identification with the sentence context showed a significant interaction: F(9,261) 

= 2.63, p<.0064; as well as main effects for both consistency: F(1 ,29) = 7.61 , p < 

.01 00; and VOT: F (9, 261) = 15.32, p < 0001 ). The effect of consistency at each 

VOT was significant only for: 

1000 

950 -ui 
E 900 -G) 

E 
t= 850 
G) 
1/) 
c: 
0 

800 a. 
1/) 
G) 

0::: 
750 

700 
10 

VOT 4 (28 ms.) 

VOT5 (34 ms.) 

VOT6 ( 40 ms.) 

16 22 28 

F(1 ,29)=13.13 

F(1 ,29 )=12.24 

F(1 ,29 )= 6.36 

p< .0012 

p<.0016 

p< .0175 

- - <> - · Consistent 
• Inconsistent 

34 40 46 52 

Acoustic Parameter (ms.) 
58 64 

Figure 5. Mean response time by acoustic parameter value and consistency of 
response with the biased sentence context (30 subjects). Consistent = GOAT 
identifications in the GOAT-biased context plus GOAT identifications in the 
GOAT-biased context; Inconsistent = GOAT identifications in the GOAT-biased 
context plus GOAT identifications in the GOAT-biased context. Error bars 
indicate one standard error above and below the mean. 

25 



Thus far we have analyzed response times without regard to the 

identification, and with regard to the consistency of the identification with the 

biased context. We must also consider the consistency of the identification with 

the acoustic parameter. In part because VOT values do not correspond with a 

single identification, we can only say that the endpoint with a shorter VOT is 

more consistent with a GOAT identification than the endpoint with a longer 

VOT, and the longer VOT endpoint is more consistent with a COAT identification 

than the shorter one. The mean response times for GOAT and COAT 

identifications for each VOT and for the two different sentence contexts are 

shown in figure 6(a-b). For the GOAT identification, response times increased 

as the VOT got longer; for the COAT identification, the relationship was less 

clear. As is evident from the identification functions, the number of observations 

for each identification was far greater at the acoustically consistent endpoint 

than at its opposite. The number of observations for each combination of VOT, 

identification, and sentence context are shown in table 3. 
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Figure 6 (a-b) . Mean response time by VOT and context for a) GOAT 
identifications and b) COAT identifications. All trials per VOT-context-identification 
combination were averaged, although, as is evident from the identification 
function, the number of trials included in each mean varied greatly as shown in 
table 3. Error bars represent one standard error above and below the mean. 

T bl 3 N b f T . I b VOT ld tT f a e um ero na s lY I en 1 1ca 1on an d s t en ence c ontext 
VOT 10 16 22 28 34 40 46 52 58 64 
ID=GOAT goat context 291 292 295 285 259 151 57 22 9 8 

coat context 285 287 288 269 232 136 48 22 13 6 
ID=COAT goat context 7 7 5 15 40 147 243 278 290 292 

coat context 15 10 11 29 68 163 251 278 287 294 
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Discussion 

Although natural language comprehension conditions do not usually 

require an explicit selection response, the demands of ongoing sentence 

analysis do require ambiguity resolution. The results of this and other language 

experiments allow us to capture at least a few features of this process. The 

results of this investigation of the role of semantic sentence context in phoneme 

categorization will be discussed in relation to the results of three other 

experiments: a) biasing by lexical status (Connine & Clifton, 1987); b) biasing by 

monetary payoff contingencies (Connine & Clifton, 1987); and c) a previous 

experiment using semantic sentence context as the biasing condition (Connine, 

1987). 

Our subjects' identification functions for each context condition exhibited 

the classic patterns associated with the perception of two phonemic categories. 

This is exactly as we expected, based upon the VOT ranges of /g/ and /kl, and 

the ambiguity for mid-range values of the acoustic parameter. As figure 2 

illustrates, the identification boundary for each context was shifted away from the 

context biased response (i.e., in the boundary region, the probability of a context 

consistent response was greater than for an inconsistent response). This result 

is consistent with earlier studies of the effects of lexical status, monetary payoff, 

and sentence context on identification. This also confirmed the sensitivity of our 
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stimulus materials and experimental paradigm to both acoustic and sentence 

context effects. Different biasing conditions had a similar "pull" on identification. 

The general observation that response times were sensitive to the 

acoustic parameter, and to the phonemic boundary as defined by the 

identification function, confirmed the value of looking at response times for a 

finer grained analysis of processing differences. Longer response times are 

usually interpreted as greater "load" on the processor, or as a delay that may 

allow additional information to become available. The results of all four 

experiments indicate that identification is faster at the acoustically clear 

endpoints than at the boundary. This endpoint advantage would not be 

predicted by an account in which relative difficulty or "processing load" 

increased with the degree of conflict between different sources of information. 

The conflict between acoustic parameter and context would be maximized, and 

hence predicted response time greatest, when the context of one endpoint was 

biased toward the opposite one. For all four experiments, the observation that 

response times were greater for mid-range VOT, and that the peak response 

time was shifted away from the biased endpoint like the identification function, 

indicates that context was not simply an additional component of response time, 

but depended on acoustic parameter value. 

In a modular account of sentence processing, "higher level" linguistic 

information such as lexical status or sentence meaning, operates only on the 
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outcome of earlier modules (such as a "lower-level" phonological processor). By 

contrast, an interactive model of language processing proposes that multiple 

sources of information are used as soon as they become available. One such 

model of speech perception and lexical selection (McClelland & Elman, 1986) 

describes the possible interaction of phonetic, phonemic, and word level 

"detectors" to produce a moving "trace" of the relative strengths of competing 

percepts which is constantly updated as the speech stream unfolds in time. 

MacDonald, et. al. (1994) proposed a parallel interactive model of sentence 

processing in which multiple sources of information contribute to the relative 

strength of different candidates for lexical selection. Neither this experiment, nor 

the three prior experiments reviewed here, can truly discriminate between 

modular and interactive accounts, however, we will be discussing some of the 

possibilities that are consistent with the results. 

The principal criteria by which Connine (1987) and Connine and Clifton 

(1987) discriminated between early and late influence of context was the effect 

of consistency of response to the biasing context -whether at the endpoints, or 

at the boundary, and it is in these results that the experiments differ. The finding 

of any significant interaction between consistency and the acoustic parameter 

argues against a simple anomaly effect (longer times for inconsistent responses 

in every case) because the balanced context conditions in each experiment and 

the relatively small identification differences (and only for ambiguous stimuli), 
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mean that "mismatches" are almost evenly distributed throughout the VOT 

range. We therefore need to examine the specific circumstances associated 

with the consistency effect in each of the experiments. 

Both the present sentence context experiment and the Connine (1987) 

lexical status experiment showed a consistency advantage at the boundary, but 

not at the endpoints. In the monetary payoff experiment (Connine & Clifton, 

1987), and the Connine (1987) sentence context experiment, a consistency 

advantage was found at the endpoints, but not near the boundary. The most 

puzzling finding is the contradictory results of the two sentence context 

experiments. As discussed previously, Connine used seven different voicing 

series, each with its own VOT range. The differences between these items 

within subjects, plus the between subject differences on each item required 

Connine, for a boundary analysis, to locate the VOT value closest to the 

theoretical boundary by using identification functions per item per subject per 

context (voiced or voiceless). A further constraint on these necessary 

adjustments was that they could only be made in 5-6 ms. increments of VOT in a 

region where the slope of the identification function is so steep that it can 

change as much as 30% (mean for all subjects) in a single step. These factors 

may have obscured a consistency effect in the boundary region . By contrast, 

our analysis required no adjustment for item or acoustic parameter range, and 

did not adjust for subjects' different identification functions. Even though the 

adjustments were used by Connine only for the boundary analysis, the range 
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and item differences may also account for the consistency effect found at the 

endpoints. Across subjects, the boundary analysis included stimuli as little as 9 

ms. from the endpoints - very close to the boundary. By contrast, our "closest 

boundary value" was at least 24 ms. away from the endpoint for 58 of the 60 (30 

subjects x 2 contexts) identification functions, and 18 ms. away for the remaining 

two. In view of our results, there does seem to be a consistency advantage in 

the boundary region but not at the endpoints when responses are biased by 

semantic sentence context just as when biased by lexical status. 

There also seemed to be a response time advantage for identifications 

that were consistent with the acoustic parameter and, at the clearly identified 

endpoints, this seemed to be the overriding factor. Comparing the response 

time means for each VOT -context combination separately for each GOAT or 

COAT identification is, in effect, considering the consistency of the identification 

with the sentence context at each level of consistency with the acoustic 

parameter (i.e., at each VOT). The advantage for sentence-consistent 

identifications only at the boundary and not at the endpoints is similar to the 

results of the lexical status experiment rather than those of the earlier sentence 

context or monetary payoff experiments. How, then, are linguistic biases like 

sentence context and word status different from non-linguistic biases like 

monetary payoff contingencies? 
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The monetary payoff experiment (Connine & Clifton, 1987) resulted in a 

response time advantage for responses consistent with a high payoff at the 

endpoints - and, in fact, for all but the two stimuli that were not consistently 

identified. This was interpreted as a "post-perceptual" effect because there was 

no consistency advantage for the ambiguous stimuli. However, as Connine and 

Clifton point out in their discussion, the expected result of a "pure" response bias 

based on monetary payoff would be a consistency advantage for .ill! stimuli . The 

results may have been due to the particular payoff arrangement, which is shown 

in table 4. Note the penalty for responses that the experimenters defined as 

inconsistent with the acoustics, the immediate feedback, and the strong 

incentive to maximize points. 

Table 4. Payoff Contingencies as a Function of Stimulus Subset and Subject's 
Response for the 0 Bias and T Bias Conditions (from Connine & Clifton. 1987) 

Condition & Response 

0 bias condition 0 response 

T response 

T bias condition 0 response 

T response 

Voiced subset 

24 

-24 

4 

-4 

Voiceless subset 

-4 

4 

-24 

24 

Points for each trial and cumulative points per session were displayed after 
each trial and subjects were paid $.001 per point for their participation. 

Subjects could have effectively maximized monetary payoff by avoiding penalties 

for "incorrect" responses. Since all except the 20 ms. and 25 ms. stimuli were 

consistently identified, all except those boundary stimuli could be confidently 

judged for "correctness". The response time advantage for responses 
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consistent with high monetary payoff for all except the boundary stimuli supports 

an interpretation of this effect as a post-perceptual consistency judgment in 

which inconsistent responses would be delayed only where penalty responses 

could be identified (everywhere except the boundary). 

By contrast, the lexical status and sentence context experiments had no 

"correct" answers. The goal of speech comprehension is the successful retrieval 

of an intended meaning, and when acoustic information is insufficient, the use of 

other sources of information (i.e., consistency with a known word or a sensible 

sentence) might be an effective (but more time-consuming) strategy. A context 

consistent potential response selected as a result of acoustic information plus 

biasing context might be quickly accepted, but a categorization that is 

inconsistent with lexical status or sentence context might entail additional 

evaluation. Thus, the contrast with the monetary payoff experiment seems more 

likely to arise from inherently different response criteria rather than a different 

temporal development of the consistency effect. 

If, as we suggest, identification is a function of acoustic stimulus 

parameter and bias, then further evaluation might also occur prior to the 

response thus increasing response time. It does seem that information 

regarding the relative ambiguity of a VOT-context combination influences the 

criteria for further evaluation (i.e., a non-sensible word or sentence that may be 

resolved with delay; an expectation of low monetary payoff). Connine, et. al. 
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(1991) investigated the influence of subsequent sentence context on the 

categorization of "phonemic-lexical ambiguities", and concluded that it can 

influence identification, at least for a limited time period or until clausal closure 

requires earlier resolution. This indicates that at least during sentence 

processing, contextually inconsistent categorizations may be delayed or even 

modified. One possibility is that consistency is simply a slower developing 

component that only influences slower responses, but its effect at the faster 

endpoints in the monetary payoff experiment suggests that it is more dependent 

on decision strategy than time alone. The finding of Connine, Blasko, & Wang 

(1994) of priming for multiple alternatives for "perceptual-lexical ambiguities" 

suggests that parallel interpretations may remain temporarily available. The 

availability of such multiple alternatives may determine whether there is a delay 

for consistency judgment. 

In each of the experiments, the observed behavior is more constrained 

than it might be in natural language comprehension in that phoneme 

categorization involves only two preset possibilities, the response must be one 

of only two alternatives, and the acoustic parameter values occur with equal 

probability. However, when the complexities of an ongoing speech stream do 

reduce to the kind of acoustic stimuli and mutually exclusive interpretations 

exploited by these experiments, the results might be described in terms of the 

interactions of multiple sources of information. This account incorporates the 

idea that acoustic parameter and a previously established biasing condition can 
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contribute a combined effect to the relative strength of alternative potential 

responses at a given point in time. 

In the sentence context experiment reported here, subjects are instructed 

to listen for the word GOAT or COAT in every sentence. Only the phonological 

and semantic levels of representation will be considered because the carrier 

sentences were syntactically identical and very similar in all other respects (see 

Appendix A). The alternative potential responses will be considered the 

identifications GOAT and COAT, although the responses were, of course yes or 

no to the visual probe. If we presume that each is strengthened by response 

consistent information, the relative strengths of the two potential responses 

under each context x VOT stimulus condition will be a function of the combined 

effects of the acoustic parameter value and the prior semantic sentence context. 

Similarly, in the Connine (1987) sentence context experiment, the categories 

were the voiced or voiceless phoneme and the required response was one of 

two letter choices for "the first sound of the last word" . In both the lexical status 

and monetary payoff experiments (Connine & Clifton, 1987), the categories were 

/d/ and It! and the choices were D or T. 

In terms of an activation model, shorter VOT's strongly activate a voiced 

category (i.e., /g/), relative to a voiceless category (i.e., /k/) . Because of their 

spectral structure, stimuli with short VOT's (e.g., 10 ms., 16 ms., and 22 ms. in 

the present experiment) also raise the activation level of the voiceless category, 
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but to a lesser degree. This dual activation is supported by the finding of 

Connine, Blasko, and Titone (1994) that priming for a base word such as 

"SERVICE" was facilitated by a non-word such as "ZERVICE" whose initial 

sound differed by only one distinctive feature, but not by a non-word such as 

"GERVICE" which differed by several features. At longer VOT values, the 

voiced response is less activated, while the voiceless response is strengthened. 

At the longest VOT value (in our case 64 ms.), the voiceless response is 

strongly activated relative to the voiced. 

A second potential source of activation in this type of model is a biasing 

context. While one might argue that unambiguous sentences unequivocally 

strengthen only one response, Connine, Blasko, & Wang (1994) reported 

priming for multiple meanings of "perceptual-lexical ambiguities" that may 

indicate multiple activation of alternative potential responses, at least 

temporarily. 

In the lexical status experiment (Connine & Clifton, 1987), the biasing 

context was whether the stimulus was a word or not. If, as Connine and Clifton 

suggest, the lexical effect is attributable to " ... interactive processes between the 

acoustic-phonetic representation of the input and a prestored lexical 

representation (p.298)" then any potential response that is consistent with a 

word would be somewhat activated while a potential response that is 

inconsistent with a word, by definition, would not. The differential activation of 
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each potential response from the combination of acoustic parameter and 

sentence context or lexical status is shown in figure ?a. 

In the monetary payoff experiment (Connine and Clifton, 1987), the 

biasing effect was directly specified by the payoff contingencies. Note that 

unlike sentence context or lexical status, the monetary payoff bias is dependent 

on acoustic parameter value, but the combination of acoustic parameter and 

bias only enhances the differences in potential response strengths at the 

endpoints as shown in figure ?b. 

The consequence of the relative activation of the two potential responses 

for identification is that equal activation of both potential responses occurs at a 

shorter VOT when biased toward the voiceless identification than when biased 

toward the voiced identification. This is consistent with the observed boundary 

shift in favor of the biased context. The consequence for response time relies 

on the interpretation of the relative strengths of activation of potential responses 

as a measure of "difficulty" and that it is simply more difficult to identify a 

stimulus when activation levels are close. This description is consistent with the 

observed response time advantage at the endpoints, and the shift of the 

response time function away from the biased endpoint. 

Of course, the relative strength of activation of alternative potential 

responses is certainly not the only way to describe our data (or for that matter, 

phonemic categorization and response selection). Perception and cognition are 
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component does not depend on acoustic parameter value. In b) the bias 
component is a reward/penalty contingency as outlined in table 3 and does 
depend on acoustic parameter value. 
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particularly amenable to description in terms of dynamical systems rather than 

as the results of computation over static representations. Recent investigations 

in speech perception (Tuller, Case, Ding & Kelso, 1994; Case, Tuller, Barsky, 

Ding, & Kelso, 1994; Case, Tuller, Ding, & Kelso, 1995) and perception of 

alternative meanings of sentences (Kelso, Case, Holroyd. Horvath, 

Raczaszek,Tuller & Ding, 1994; Raczaszek, 1995) have purposely exploited 

context effects to explore the rich dynamics of perceptual categorization. The 

data from those experiments (including the observation of hysteresis and 

contrast) were modeled using a two-well potential system where the slope of the 

potential and thus the relative stability of the alternative responses was 

dependent on the acoustic stimulus, as well as on short and long-term context 

effects. However, as those investigations underscore, the methods used in most 

current experiments, including those used here, are not designed to uncover 

perceptual dynamics. A logical next step is to use the target stimuli and bias 

conditions of this experiment, but with systematic and sequential manipulation of 

VOT and/or context to explore the potential dynamics of the language 

comprehension process. 

A second important issue that was not addressed by this experiment is 

the temporal development of acoustic and contextual influences on 

categorization. On the one hand, biasing information is present prior to the 

target stimulus and could modify the criteria for phonemic categorization. On the 

other hand, biasing information continues to be available for some time, and may 
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only modify the outcome of initial, autonomous phonemic categorization. The 

present experiment lays the groundwork for further research into the time course 

of development of these components by establishing a set of stimuli that can be 

used with a different experimental task, such as cross modal lexical decision 

(CMLD) that is presumably sensitive to earlier processing differences. An

important distinction between lexical status and sentence context is that the 

phonological form of a word can be "prestored", but sentence meaning must be 

constructed anew as the sentence unfolds in time. A finding of a VOT -sentence 

context interaction for CMLD response times would be clearer evidence of 

active participation of sentence context in the phoneme categorization process. 
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APPENDIX A: SENTENCES 

Sentences were constructed from the interchangeable components within 

each sentence context that were listed in table 1 a and 1 b. This produced a set of 

unique, but very similar sentences. 

GOAT-BIASED SENTENCES 
VOT [11 

111 . The busy dairyman hurried to milk the GOAT in the kitchen garden. 

112. The handsome farmer forgot to feed the GOAT in the drafty barn. 

113. The laughing children loved to tease the GOAT in the grassy field. 

114. The fussy zookeeper tried to cage the GOAT in the crowded pen. 

115. The lively toddler ran to chase the GOAT in the quiet pasture. 

411 . The busy dairyman hurried to milk the GOAT in the quiet pasture. 

412. The handsome farmer forgot to feed the GOAT in the kitchen garden. 

413. The laughing children loved to tease the GOAT in the drafty barn. 

414. The fussy zookeeper tried to cage the GOAT in the grassy field. 

415. The lively toddler ran to chase the GOAT in the crowded pen. 

VOT[21 

121 . The busy farmer hurried to milk the GOAT in the drafty barn. 

122. The handsome children forgot to feed the GOAT in the grassy field. 
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123 The laughing zookeeper loved to tease the GOAT in the crowded pen. 

124. The fussy toddler tried to cage the GOAT in the quiet pasture. 

125. The lively dairyman ran to chase the GOAT in the kitchen garden. 

421. The busy farmer hurried to milk the GOAT in the kitchen garden. 

422. The handsome children forgot to feed the GOAT in the drafty barn. 

423. The laughing zookeeper loved to tease the GOAT in the grassy field. 

424. The fussy toddler tried to cage the GOAT in the crowded pen. 

425. The lively dairyman ran to chase the GOAT in the quiet pasture. 

VOT[3] 

131 . The busy children forgot to feed the GOAT in the grassy field . 

132. The handsome zookeeper loved to tease the GOAT in the crowded pen. 

133. The laughing toddler tried to cage the GOAT in the quiet pasture. 

134. The fussy dairyman ran to chase the GOAT in the kitchen garden. 

135. The lively farmer hurried to milk the GOAT in the drafty barn. 

431 . The busy children forgot to feed the GOAT in the drafty barn. 

432. The handsome zookeeper loved to tease the GOAT in the grassy field. 

433. The laughing toddler tried to cage the GOAT in the crowded pen. 

434. The fussy dairyman ran to chase the GOAT in the quiet pasture. 

435. The lively farmer hurried to milk the GOAT in the kitchen garden. 

VOT[4] 

141 . The busy zookeeper forgot to feed the GOAT in the crowded pen. 

142 The handsome toddler loved to tease the GOAT in the quiet pasture. 
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143 The laughing dairyman tried to cage the GOAT in the kitchen garden. 

144 The fussy farmer ran to chase the GOAT in the drafty barn. 

145 The lively children hurried to milk the GOAT in the grassy field. 

441. The busy zookeeper forgot to feed the GOAT in the grassy field. 

442. The handsome toddler loved to tease the GOAT in the crowded pen. 

443. The laughing dairyman tried to cage the GOAT in the quiet pasture. 

444. The fussy farmer ran to chase the GOAT in the kitchen garden. 

445. The lively children hurried to milk the GOAT in the drafty barn. 

VOT[5J 

151 . The busy toddler loved to tease the GOAT in the quiet pasture. 

152. The handsome dairyman tried to cage the GOAT in the kitchen garden. 

153. The laughing farmer ran to chase the GOAT in the drafty barn. 

154. The fussy children hurried to milk the GOAT in the grassy field. 

155. The lively zookeeper forgot to feed the GOAT in the crowded pen. 

451 . The busy toddler loved to tease the GOAT in the crowded pen. 

452. The handsome dairyman tried to cage the GOAT in the quiet pasture. 

453. The laughing farmer ran to chase the GOAT in the kitchen garden. 

454. The fussy children hurried to milk the GOAT in the drafty barn. 

455. The lively zookeeper forgot to feed the GOAT in the grassy field. 

VOT[6] 

161 . The busy dairyman loved to tease the GOAT in the kitchen garden. 

162. The handsome farmer tried to cage the GOAT in the drafty barn. 
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163. The laughing children ran to chase the GOAT in the grassy field. 

164. The fussy zookeeper hurried to milk the GOAT in the crowded pen. 

165. The lively toddler forgot to feed the GOAT in the quiet pasture. 

461 . The busy dairyman loved to tease the GOAT in the quiet pasture. 

462. The handsome farmer tried to cage the GOAT in the kitchen garden. 

463. The laughing children ran to chase the GOAT in the drafty barn. 

464. The fussy zookeeper hurried to milk the GOAT in the grassy field. 

465. The lively toddler forgot to feed the GOAT in the crowded pen. 

VOT[7] 

171 . The busy farmer tried to cage the GOAT in the drafty barn. 

172. The handsome children ran to chase the GOAT in the grassy field. 

173. The laughing zookeeper hurried to milk the GOAT in the crowded pen. 

17 4. The fussy toddler forgot to feed the GOAT in the quiet pasture. 

175. The lively dairyman loved to tease the GOAT in the kitchen garden. 

471. The busy farmer tried to cage the GOAT in the kitchen garden. 

472. The handsome children ran to chase the GOAT in the drafty barn. 

473. The laughing zookeeper hurried to milk the GOAT in the grassy field. 

474. The fussy toddler forgot to feed the GOAT in the crowded pen. 

475. The lively dairyman loved to tease the GOAT in the quiet pasture. 

VOT[8] 

181 . The busy children tried to cage the GOAT in the grassy field. 

182. The handsome zookeeper ran to chase the GOAT in the crowded pen. 

45 



183. The laughing toddler hurried to milk the GOAT in the quiet pasture. 

184. The fussy dairyman forgot to feed the GOAT in the kitchen garden. 

185. The lively farmer loved to tease the GOAT in the drafty barn. 

481. The busy children tried to cage the GOAT in the drafty barn. 

482. The handsome zookeeper ran to chase the GOAT in the grassy field. 

483. The laughing toddler hurried to milk the GOAT in the crowded pen. 

484. The fussy dairyman forgot to feed the GOAT in the quiet pasture. 

485. The lively farmer loved to tease the GOAT in the kitchen garden. 

VOT[9) 

191 . The busy zookeeper ran to chase the GOAT in the crowded pen. 

192. The handsome toddler hurried to milk the GOAT in the quiet pasture. 

193. The laughing dairyman forgot to feed the GOAT in the kitchen garden. 

194. The fussy farmer loved to tease the GOAT in the drafty barn. 

195. The lively children tried to cage the GOAT in the grassy field. 

491 . The busy zookeeper ran to chase the GOAT in the grassy field. 

492. The handsome toddler hurried to milk the GOAT in the crowded pen. 

493. The laughing dairyman forgot to feed the GOAT in the quiet pasture. 

494. The fussy farmer loved to tease the GOAT in the kitchen garden. 

495. The lively children tried to cage the GOAT in the drafty barn. 

VOT[101 

1 01 . The busy toddler ran to chase the GOAT in the quiet pasture. 

102. The handsome dairyman hurried to milk the GOAT in the kitchen garden. 
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1 03. The laughing farmer forgot to feed the GOAT in the drafty barn. 

104. The fussy children loved to tease the GOAT in the grassy field. 

105. The lively zookeeper tried to cage the GOAT in the crowded pen . 

.401. The busy toddler ran to chase the GOAT in the crowded pen. 

402. The handsome dairyman hurried to milk the GOAT in the quiet pasture. 

403. The laughing farmer forgot to feed the GOAT in the kitchen garden. 

404. The fussy children loved to tease the GOAT in the drafty barn. 

405. The lively zookeeper tried to cage the GOAT in the grassy field. 

COAT-BIASED SENTENCES 
V0Tf11 

211. The elderly grandma stopped to button the COAT in the corner closet. 

212. The careful laundress had to dry-clean the COAT in the back bedroom. 

213. The expert seamstress tried to shorten the COAT in the tiny cloakroom. 

214. The cheerful tailor hurried to press the COAT in the dusty storeroom. 

215. The foolish cleaner liked to wear the COAT in the cluttered attic. 

511 . The elderly grandma had to dry-clean the COAT in the cluttered attic. 

512. The careful laundress tried to shorten the COAT in the corner closet. 

513. The expert seamstress hurried to press the COAT in the back bedroom. 

514. The cheerful tailor liked to wear the COAT in the tiny cloakroom. 

515. The foolish cleaner stopped to button the COAT in the dusty storeroom. 

V0Tf21 

221. The elderly laundress stopped to button the COAT in the back bedroom. 
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222. The careful seamstress had to dry-clean the COAT in the tiny cloakroom. 

223. The expert tailor tried to shorten the COAT in the dusty storeroom. 

224. The cheerful cleaner hurried to press the COAT in the cluttered attic. 

225. The foolish grandma liked to wear the COAT in the corner closet. 

521 . The elderly laundress had to dry-clean the COAT in the corner closet. 

522. The careful seamstress tried to shorten the COAT in the back bedroom. 

523. The expert tailor hurried to press the COAT in the tiny cloakroom. 

524. The cheerful cleaner liked to wear the COAT in the dusty storeroom. 

525. The foolish grandma stopped to button the COAT in the cluttered attic. 

VOT[3] 

231 . The elderly seamstress had to dry-clean the COAT in the tiny cloakroom. 

232. The careful tailor tried to shorten the COAT in the dusty storeroom. 

233. The expert cleaner hurried to press the COAT in the cluttered attic. 

234. The cheerful grandma liked to wear the COAT in the corner closet. 

235. The foolish laundress stopped to button the COAT in the back bedroom. 

531 . The elderly seamstress tried to shorten the COAT in the back bedroom. 

532. The careful tailor hurried to press the COAT in the tiny cloakroom. 

533. The expert cleaner liked to wear the COAT in the dusty storeroom. 

534. The cheerful grandma stopped to button the COAT in the cluttered attic. 

535. The foolish laundress had to dry-clean the COAT in the corner closet. 

VOT[4] 

241 . The elderly tailor had to dry-clean the COAT in the dusty storeroom. 
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242. The careful cleaner tried to shorten the COAT in the cluttered attic. 

243. The expert grandma hurried to press the COAT in the corner closet. 

244. The cheerful laundress liked to wear the COAT in the back bedroom. 

225. The foolish seamstress stopped to button the COAT in the tiny cloakroom. 

541. The elderly tailor tried to shorten the COAT in the tiny cloakroom. 

542. The careful cleaner hurried to press the COAT in the dusty storeroom. 

543. The expert grandma liked to wear the COAT in the cluttered attic. 

544. The cheerful laundress stopped to button the COAT in the corner closet. 

545. The foolish seamstress had to dry-clean the COAT in the back bedroom. 

VOT[5J 

251 . The elderly cleaner tried to shorten the COAT in the cluttered attic. 

252. The careful grandma hurried to press the COAT in the corner closet. 

253. The expert laundress liked to wear the COAT in the back bedroom. 

254. The cheerful seamstress stopped to button the COAT in the tiny cloakroom. 

255. The foolish tailor had to dry-clean the COAT in the dusty storeroom. 

551. The elderly cleaner hurried to press the COAT in the dusty storeroom. 

552. The careful grandma liked to wear the COAT in the cluttered attic. 

553. The expert laundress stopped to button the COAT in the corner closet. 

554. The cheerful seamstress had to dry-clean the COAT in the back bedroom. 

555. The foolish tailor tried to shorten the COAT in the tiny cloakroom. 

VOT[6J 

261. The elderly grandma tried to shorten the COAT in the corner closet. 
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262. The careful laundress hurried to press the COAT in the back bedroom. 

263. The expert seamstress liked to wear the COAT in the tiny cloakroom. 

264. The cheerful tailor stopped to button the COAT in the dusty storeroom. 

265. The foolish cleaner had to dry-clean the COAT in the cluttered attic. 

561. The elderly grandma hurried to press the COAT in the cluttered attic. 

562. The careful laundress liked to wear the COAT in the corner closet. 

563. The expert seamstress stopped to button the COAT in the back bedroom. 

564. The cheerful tailor had to dry-clean the COAT in the tiny cloakroom. 

565. The foolish cleaner tried to shorten the COAT in the dusty storeroom. 

VOT[7J 

271 . The elderly laundress hurried to press the COAT in the back bedroom. 

272. The careful seamstress liked to wear the COAT in the tiny cloakroom. 

273. The expert tailor stopped to button the COAT in the dusty storeroom. 

27 4. The cheerful cleaner had to dry-clean the COAT in the cluttered attic. 

275. The foolish grandma tried to shorten the COAT in the corner closet. 

571. The elderly laundress liked to wear the COAT in the corner closet. 

572. The careful seamstress stopped to button the COAT in the back bedroom. 

573. The expert tailor had to dry-clean the COAT in the tiny cloakroom. 

57 4. The cheerful cleaner tried to shorten the COAT in the dusty storeroom. 

575. The foolish grandma hurried to press the COAT in the cluttered attic. 

VOT[8] 

281 . The elderly seamstress hurried to press the COAT in the tiny cloakroom. 
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282. The careful tailor liked to wear the COAT in the dusty storeroom. 

283 The expert. cleaner stopped to button the COAT in the cluttered attic. 

284. The cheerful grandma had to dry-clean the COAT in the corner closet. 

285. The foolish laundress tried to shorten the COAT in the back bedroom. 

581 . The elderly seamstress liked to wear the COAT in the back bedroom. 

582. The careful tailor stopped to button the COAT in the tiny cloakroom. 

583 The expert. cleaner had to dry-clean the COAT in the dusty storeroom. 

584. The cheerful grandma tried to shorten the COAT in the cluttered attic. 

585. The foolish laundress hurried to press the COAT in the corner closet. 

VOT[9] 

291 . The elderly tailor liked to wear the COAT in the dusty storeroom. 

292. The careful cleaner stopped to button the COAT in the cluttered attic. 

293. The expert grandma had to dry-clean the COAT in the corner closet. 

294. The cheerful laundress tried to shorten the COAT in the back bedroom. 

295. The foolish seamstress hurried to press the COAT in the tiny cloakroom. 

591 . The elderly tailor stopped to button the COAT in the tiny cloakroom. 

592. The careful cleaner had to dry-clean the COAT in the dusty storeroom. 

593. The expert grandma tried to shorten the COAT in the cluttered attic. 

594. The cheerful laundress hurried to press the COAT in the corner closet. 

595. The foolish seamstress liked to wear the COAT in the back bedroom. 

VOT[101 

201 . The elderly cleaner liked to wear the COAT in the cluttered attic. 
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202. The careful grandma stopped to button the COAT in the corner closet. 

203. The expert laundress had to dry-clean the COAT in the back bedroom. 

204. The cheerful seamstress tried to shorten the COAT in the tiny cloakroom. 

205. The foolish tailor hurried to press the COAT in the dusty storeroom. 

501 . The elderly cleaner stopped to button the COAT in the dusty storeroom. 

502. The careful grandma had to dry-clean the COAT in the cluttered attic. 

503. The expert laundress tried to shorten the COAT in the corner closet. 

504. The cheerful seamstress hurried to press the COAT in the back bedroom. 

505. The foolish tailor liked to wear the COAT in the tiny cloakroom. 
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