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ABSTRACT 

Non-native speech can cause perceptual difficulty for the native listener, but 

experience can moderate this difficulty. This study explored the perceptual benefits of 

brief exposure to non-native speech. A cross-modal word matching paradigm was used to 

investigate perception of foreign-accented speech by native English listeners during the 

first moments of exposure. In 5 experiments, processing speed was tracked by measuring 

reaction times to visual probe words following English sentences produced by non-native 

speakers. In Experiment 1, RTs decreased significantly over the course of 16 Spanish-

accented utterances and by the end were equal to RTs to a native voice. Control groups in 

Experiments 1 and 2 who heard a native voice for the first 12 trials were significantly 

slower than the experimental groups in the final 4 trials, ruling out practice and general 

strategy explanations for the rapid adaptation. The adaptation effect was replicated with a 

Chinese-accented voice in Experiment 3. Surprisingly, the control groups also adapted to 

the accented voice when they heard it at the end of the experiment. Post hoc analyses 

showed the difference between the control and experimental groups' means was large for 

the first 2 accented sentences, but attenuated as more sentence trials were included in the 

means, suggesting adaptation can occur within 2 to 4 sentence-length utterances. In 

Experiment 4, adaptation to one Spanish-accented voice improved perception of a new 

Spanish-accented voice, indicating that abstract properties of accented speech are learned 

during adaptation. In Experiment 5, adaptation to a Spanish-accented voice was as large 

whether the utterances consisted of English words or mostly legal nonwords. This finding 

suggested that some characteristics of accented speech can be learned without feedback 
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from lexical knowledge. Overall, the results emphasize the flexibility of the human 

speech processing system and the need for a mechanism to explain this adaptation in 

models of spoken word recognition. 
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CHAPTER 1 

INTRODUCTION 

Foreign accent is a source of variability in speech that can be particularly 

detrimental to speech perception. Non-native speech can cause misidentification of words 

(Lane, 1963; Munro & Derwing, 1995a, 1995b; van Wijngaarden, 2001) and increased 

processing time (Munro & Derwing, 1995b). However, recent research shows that 

experience with accented speech affects how it is perceived. Studies have demonstrated 

that after laboratory training with non-native speech, listeners' performance improves on 

word recognition in noise (Clarke, 2000; Weil, 2001) and echoing accuracy (Wingstedt & 

Schulman, 1987). The purpose of this dissertation is to investigate three issues 

concerning the effect of experience on the perception of foreign-accented speech. 

The first issue is how much (or little) experience is necessary for changes in 

perception to begin taking effect. Specifically, can changes in processing efficiency be 

detected within only seconds of exposure? If so, what is the timeline of these changes 

during the course of early exposure? Therefore, the first goal was to record on-line 

changes in the ease of processing accented speech. The second issue is what is learned 

during early exposure to accented speech that causes this adjustment or adaptation. In 

particular, this project investigated whether adaptation involves learning the abstract 

phonological patterns of the accent itself, learning that would improve perception of a 

new voice with the same accent, or only voice-specific infonnation. The third issue is the 

mechanism of adaptation. If it is assumed the increased processing efficiency is due to 

adjustments made at the phonological level of processing, is lexical feedback required for 
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these changes to occur? The investigation of these questions is couched within the 

broader issue of how the human speech perception system handles variability in speech in 

general. 

The literature review that follows covers four main areas. The section entitled 

Speech Perception and the Lack of Invariance Problem introduces the issue of variability 

in speech and how it has traditionally been dealt with in the field of speech perception. 

Age of Second Language Learning and Foreign Accent describes the ongoing debate 

about why accent is almost unavoidable for second language learners. Although the 

current study does not bear on this debate, an understanding of the source of foreign 

accent provides some insight into why native and non-native phonological patterns differ. 

Perception of Foreign-A ccen ted Speech covers a variety of techniques used to investigate 

how accented speech affects native listeners' perception and subjective judgments of 

accentedness. A review of accent detection and how segmental and suprasegmental errors 

affect accent perception is useful for considering the characteristics of accented speech 

that are potentially the source of perceptual difficulty and the object of perceptual 

learning. The literature on the perception of foreign-accented speech in general is 

relatively limited, and even more limited is work on the perceptual learning of accented 

speech. Therefore, most directly relevant to the current study is research concerning 

changes in perception after experience with various sources of variability in speech, such 

as rate, talker, and synthetic speech, in addition to the few studies of perceptual learning 

of foreign accent. This literature is reviewed in the section, Perceptual Learning of 

Speech Characteristics. 
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Definition of Terms 

The term adaptation is used here as a theory-neutral term to describe improved 

behavioral performance in the form of faster reaction times (RTs) or improved accuracy. 

At the beginning of this investigation, it was assumed the locus of improvement could be 

anything from remappings between acoustic-phonetic input and phonemic categories, to 

non-language-specific, conscious strategies for identifying words in difficult listening 

conditions. The question of why performance improves was left to be partly addressed by 

the experiments described here. 

The term foreign accent, as used in this dissertation, refers to the phonological 

character of non-native speech that differs from native speech as a result of a combination 

of the speaker's native language and the fact that the second language was not learned 

from birth. This includes differences in segment production, syllabification, intonation, 

and stress placement. Elsewhere this has been termed interlanguage phonology (Tarone, 

1987). In particular, the term foreign accent here does not refer to the character of the 

syntax or vocabulary of non-native speech. 

Speech Perception and the Lack of Invariance Problem 

Variahility in Speech 

The goal of the field of speech perception is to discover how meaning is extracted 

from the complex acoustic speech signal. The great challenge of this endeavor is 

understanding how the human perceptual system takes this highly variable and context-

sensitive physical signal and matches it with abstract linguistic knowledge stored in long-

term memory. Evidence of physical variability in speech was shown in an early study of 
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vowel production and perception by Peterson and Barney (1952). They measured the first 

and second formants (Fl and F2)' of English vowels produced by men, women, and 

children and plotted them on a "vowel space" grid (Fl plotted against F2). They also 

asked listeners to identify the vowels in a listening test. Although there was quite a bit of 

variability within each vowel in F1/F2 space, and substantial overlap among vowels, 

listeners were very good at identifying the intended vowels. 

Another classic demonstration of variability in speech was an examination of stop 

consonants by Liberman (1957). He reported that the strongest acoustic cue to stop 

consonants (such as /b, d, g/) is the formant transitions, the movement of F1 and F2 from 

the release of the stop to the formant levels of the next segment (or from the previous 

segment to the stop closure). However, the direction and extent of these transitions 

depends on the adjacent segment; there is no consistent acoustic cuc that is always 

present for a given stop percept. Therefore, it is not clear how the perceptual system 

achieves perceptual constancy, that is, perception of the same word or sound despite 

varied physical instantiations. Researchers have searched the speech signal for acoustic 

cues that reliably indicate each phoneme or phonetic feature, but few have been found 

(for a review, see Nearey, 1989). The failure to find invariant acoustic cues to linguistic 

units has been termed the lack of invarianceproblem. 

The cases discussed so far demonstrate two sources of variability: talker 

differences and phonetic context. Although there were some dialect differences among 

' Formants are frequency bands of high acoustic energy that are created by the resonances of the vocal 
tract. The frequencies of the first two formants, Fl and F2, are the strongest cues to vowel identity. 
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the speakers, most of the variabiHty in vowels in the Peterson and Barney (1952) study 

was probably due to physical differences among talkers. The size and shape of the vocal 

tract determine which frequencies have the most energy, and, hence, determine the F1 

and F2 values. In general, children's fonriants are higher than women's, and women's are 

higher than men's. In contrast, the variability in consonants shown by Liberman (1957) 

was due to phonetic context. The sound following the stop influenced the acoustic signal 

because of the natural coarticulation of adjacent segments. In addition to vocal tract size 

and shape and phonetic context, there are many other sources of variability in speech, 

including speaking rate, vocal emotion, stress placement, speech impediment, 

environmental reverberation, dialect, and foreign accent. 

Normalization 

Traditionally, variability in speech has been viewed as noise and an impediment 

to language perception. It was assumed that in the initial stages of speech processing, a 

normalization mechanism must strip away "non-linguistic" aspects of the signal (such as 

those due to vocal tract characteristics), revealing invariant acoustic cues to phonetic 

identity (Libennan, Cooper, Shankweiler, & Studdert-Kennedy, 1967; Shankweiler, 

Strange, & Verbrugge, 1977). 

In the case of compensating for differences in vocal tract characteristics, 

normalization was thought to involve calibrating vowel perception according to the 

vowel space dimensions of each speaker (Sumnierfield & Haggard, 1975). Estimation of 

vowel space requires samples of other vowels from the speaker, for example in preceding 

speech. Evidence that vowel identification is indeed evaluated in a relative, rather than 
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absolute, manner came from a study by Ladefoged and Broadbent (1957). They found 

that listeners' identification of vowels in a /bVt/ context changed according to the 

frequency range of the carrier sentence, for example, in one sentence context a /bVt/ 

token was judged most often as bit, while in another the same token was more often 

judged as bet. In accordance with the normalization hypothesis, variability in the speech 

signal due to multiple talkers does seem to make the speech processor work harder, 

resulting in slower processing and increased error rales (Mullennix, Pisoni, & Martin, 

1989; Sommers, Nygaard, & Pisoni, 1994). 

However, recent findings indicate that the non-linguistic aspects of speech are not 

discarded, as the normalisation hypothesis implies, but rather are retained in long-term 

memory and can affect later speech processing (for a review, see Pisoni, 1997). For 

example, using a continuous recognition paradigm, Palmcri, Goldinger, and Pisoni (1993) 

found that listeners were faster at recognizing that a word had been presented previously 

in a list when it was presented in the same voice than when presented in a new voice. 

This would not be the case if the characteristics of specific voices are discarded by the 

speech perception system as it decodes the intended linguistic content. It seems that these 

"irrelevant" details are, in fact, retained in memory. Consequently, many researchers 

have argued that variability should be reconceptualized as useful information rather than 

noise and that speech perception models must incorporate variability as a fundamental 

aspect of spoken word recognition (Luce & M'^Lennan, to appear; Nygaard & Pisoni, 

1995; Pisoni, 1997). 
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Foreign Accent as a Source of Variability 

Foreign accent is a particularly interesting and potentially useful source of 

variability. Although encountering a non-native speaker of a language is more and more 

common in this age of travel and international business, very little research has been done 

on the perception of foreign-accented speech. Accented speech provides some interesting 

speech characteristics for study, such as phonetic deviations from native norms, non-

native phonetic context rules, syllable structure errors, and prosodic errors. 

The variation seen in accented speech might also be considered an extreme form 

of that seen among native speakers (Nygaard & Pisoni, 1998). For this reason, accented 

speech is also useful methodologically for investigating how the perceptual system 

handles variability in general. Because the characteristics of accented speech can cause 

significant perceptual difficulty, the cognitive/perceptual process of coping with them is 

strctched out in time. This extra time facilitates experimentation compared to the case of 

a native talker, in which the adjustment to talker-specific characteristics may occur too 

quickly to be measured. Hence, perception of foreign-accented speech is the topic of this 

research not only because it is interesting in and of itself, but also because it may be a 

window into the more general process of coping with variability in speech. Before 

exploring the effects of foreign-accented speech on perception and the perceptual 

learning of accented speech, it is useful to review the debate over the cause of foreign 

accent. 
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Age of Second Language Learning and Foreign Accent 

The Critical Period Hypothesis 

There is debate as to the maxiraum age a second language (L2) can be learned 

without resulting in an accent. Supporters of the Critical Period Hypothesis (CPU) 

contend that there is a relatively sharp cutoff of L2 pronunciation abilities at some age 

due to maturation and changes in neural plasticity. While many have speculated that the 

cutoff is puberty (Lenneberg, 1967; Patkowski, 1990; Scovel, 1988, cited in Scovel, 

2001), recent research suggests it may be as early as age 5 or 6 (see Long, 1990, for a 

review). For example, native English listeners rated native Chinese speakers who had 

learned English in childhood (mean age of learning: 7.6) as less accented than adult 

learners, but more accented than native English speakers (Flcge, 1988). However, native 

Spanish speakers who had learned English at the age of 5 or 6 were not judged to be more 

accented than native English speakers (Flege & Fletcher, 1992). Further, in a study of the 

production of stop consonants, Flege (1991) found that native Spanish speakers who had 

learned English at the age of 5 or 6 produced stops with voice onset times (VOTs) similar 

to monolingual English speakers, while adult learners produced VOTs with values 

between those of monolingual English and monolingual Spanish speakers. 

Evidence Against the Critical Period Hypothesis: A Sensitive Period 

Two pieces of evidence argue against the all-or-nothing idea that L2 learning 

before a critical age is completely successful and after that age completely unsuccessful. 

First, some have even challenged the position that natural exposure to an L2 prior to age 

5 or 6 will ensure native pronunciation. In an accent rating study with 240 Korean-
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English bilingual adults who had moved to the U.S. between the ages of 1 and 23, Yeni-

Komshian, Flege, and Liu (2000) found that even those who had arrived in the U.S. 

before age 3 (first exposed to English at 5, on average) were given significantly lower 

pronunciation ratings than native English speakers. In a similar accent rating study with 

240 Italian-English bilingual adults, at least one of the 10 native English listeners 

distinguished the youngest learners (first exposed to English at 4, on average) from the 

native English speakers (Flege, Munro, & MacKay, 1995). In another accent rating study 

of native Cuban learners of English, none of the native Cuban speakers who arrived in the 

U.S. between the ages of I and 6 was judged to be a native speaker of English (Asher & 

Garcia, 1969).' 

It should be kept in mind that all of these accent rating studies involved full 

bilinguals. It may have been the maintenance of two languages, or living in a bilingual 

language community, rather than age of learning, that prevented the early learners from 

attaining unaccented standard English. Of interest would be a study of L2 learners who 

lost their first language (LI), such as individuals who were adopted to another language 

community as children and raised by native speakers of the L2 as monolinguals. This 

type of study would remove the confound between bilingualism and age of L2 learning. 

The second argument against the Critical Period Hypothesis is evidence that the 

ability to attain native pronunciation gradually declines through childhood, rather than 

dropping precipitously. In both the Flege et al. (1995) and Yeni-Komshian et al. (2000) 

^ Caution should be taken, however, in interpreting the Asher and Garcia results. The speakers who arrived 
in the U.S. at the youngest ages were young children at the time of recording ( approximately 8 years old) 
and any mispronunciation may have been interpreted as non-native. This is suggested by the fact that 7 of 
the 30 American children were also labeled as "near native" rather than "native." 
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accent rating studies, a strongly linear correlation between age of learning and perceived 

accentedness was found, at least in the span of 5 to 13 years of age. The Yeni-Komshian 

et al. data, however, did suggest a leveling off of accent ratings after age 14, which has 

been interpreted as the ending of some kind of privileged period of language learning 

(Bialystok & Miller, 1999; Long, 1990). Importantly, there seemed to be no age at which 

pronunciation accuracy sharply dropped. 

For these reasons and others, several authors have suggested tliat childhood 

should be thought of as a sensitive period rather than a critical period for learning a 

second language. As presented by Long (1990), the sensitive period view is neutral as to 

the underlying causes of the decline; that is, it is not necessarily thought to be due to 

biological constraints, as the CPH holds. The idea of a sensitive period also allows for a 

gradual decline in learning ability with age rather than a sharp cutoff. For example, based 

on a review of the literature. Long (1990) concludes that for some people native 

pronunciation is only possible if the L2 is learned before age 6. After age 12, native 

pronunciation is close to impossible, and between ages 6 and 12, pronunciation success 

will vary. On this view, the sensitive period slowly closes between ages 6 and 12. This is 

consistent with the Flege et al. (1995) and Yeni-Komshian et al. (2000) accent rating 

findings: a linear decline in ratings between ages 5 and 13 and a leveling off thereafter. 

The equivocal findings on pronunciation success before age 5 or 6 are probably due to 

the difficulty in finding learners whose exposure to the L2 began prior to 5. Even for 

those with an age of arrival between 1 and 4, most were only massively exposed to the L2 

when they entered elementary school around age 5. Because of this, a more precise age at 
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which the sensitive period begins to close, if it is actually before age 5, may be difficult 

to ascertain. 

While the negative correlation of age of acquisition and ultimate pronunciation 

success is accepted by most researchers, a remaining point of debate is the underlying 

cause of the age related decline. Long (1990) advocates maturational constraints, 

specifically resulting from neuronal myelination which progresses through childhood and 

limits the brain's functional plasticity. In contrast, Flege (1995,1999) and Best (1995) 

argue that knowledge of the L I interferes with L2 learning and that biological constraints 

are not involved. Separately, Flege and Best have developed predictive models to 

describe the details of this interference (Best, 1995; Flege, 1995). They seek to explain 

not only why non-native sounds are difficult to master, but also why some are more 

difficult than others, a fact that is not obvious from a simple sensitive period explanation. 

With regard to the maturational hypothesis, exactly how changes in neural plasticity 

result in the pattern of changes in phonological learning ability is not clear. However, it 

should be noted that the idea that LI knowledge interferes with or influences the learning 

of the L2 is not at all incompatible with the neural plasticity hypothesis. Kuhl (2000) uses 

the term "neural commitment" (p. 11855) to describe infants' mapping of LI 

phonological space during development. With the reduction of neural plasticity through 

infancy and childhood, the commitment to LI phonological patterns becomes stronger 

and harder to modify; therefore, the later an L2 is introduced, the more likely perception 

a n d  a r t i c u l a t i o n  a r e  t o  b e  i n f l u e n c e d  b y  t h e  L I .  
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Perception of Foreign-Accented Speech 

Accent Detection 

Untrained listeners are generally good at detecting accent in non-native speech 

samples (Flege, 1988; Munro & Derwing, 1995a) and agree with one another on degree 

of accentedness (Brennan, Ryan, & Dawson, 1975; Derwing & Munro, 1997). Reliable 

accent detection has been found not only for long speech samples, but also for samples as 

short as one segment (Flege, 1984). Flege (1984) recorded native French and American 

speakers producing short phrases such as "two little dogs" and "TV programs." 

Phonetically-trained American listeners were highly accurate in identifying the native 

French speakers from the full phrases as well as from the /tu/ syllable in isolation. 

Although less accurate, phonetically-naive listeners also reliably detected the French 

speakers' productions of the initial /tu/ and /ti/ syllables. 

In a final experiment, listeners reliably detected the French tokens from just the 

spectral information of the initial /t/ segments in a two-altemative forced-choice task with 

a one second interstimulus interval. Importantly, the acoustic differences between the 

French  and  Amer ican  / t / s  were  subca tegor ica l ;  bo th  vers ions  would  be  ca tegor ized  as  I I I .  

Although the task may have been less accent detection and more detection of acoustic 

differences (the author stated that the tokens did not sound very speech-like), only 1 of 

the 10 listeners "mislabeled" the categories by consistently identifying the French tokens 

as native. This was true even though listeners received no training or feedback during the 

experiment. 
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Flege and R. Hammond (1982) also found evidence of the detection of 

subcategorical pronunciation deviations in an accent imitation experiment. Without any 

immediate model, participants imitated a Spanish accent. When the acoustic 

characteristics of the [t]s in the imitations were measured, it was found that voice onset 

time (VOT) was shorter (more like that of Spanish Hf) than unaccented control 

productions. This suggests that listeners who heard Spanish-accented speech could 

represent subcategorical deviations in the accented pronunciations of English /t/ and 

could store these such that they could produce III with those accented characteristics 

during the imitation task. 

The findings of detection of subcategorical deviations appear to be inconsistent 

with the extensive categorical perception literature. One of the most basic findings in the 

field of speech perception is categorical perception: the decreased ability to detect within-

category compared to between-category differences in speech sounds, in particular for 

consonants (Liberman, Harris, Hoffman, & Griffith, 1957). Two sounds that are 

acoustically different but categorized as the same phoneme are more difficult to 

discriminate than two sounds that differ by the same amount acoustically but are 

categorized as different phonemes. In fact, a popular idea about the cause of foreign 

accent is that a listener's native phonology acts as a filter for all phonetic input, for 

example because of language-specific attentional weightings of acoustic-phonetic cues 

(Jusczyk, 1992). Linguistically distinct sounds in the L2 that correspond to a single 

phonetic category in the LI are often not perceived as different (Best, 1995; Flege, 1995). 

The listener therefore does not form a new category representation nor produce the 
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problems in perception and production would seem to suggest that a native listener 

should also not detect subcategorical deviations from native prototypes in non-native 

speech. 

A resolution of this apparent contradiction may come by looking at cross-

linguistic perception as half full rather than half empty. First, while within-category 

discrimination is poorer than between-category discrimination, it is not as poor as would 

be predicted by categorization ability alone (Liberman et al., 1957); that is, it is above 

chance. Further, within-category discrimination varies with presentation format. For 

example, accuracy has been improved by presenting tokens in an A-X format and 

reducing the inter-stimulus interval (Pisoni, 1973). It could be argued that a natural 

listening situation is much different from a carefully controlled discrimination task, and 

the attentional and processing demands of a full conversation would reduce the ability to 

hear subcategorical deviations. However, it is possible that a consistent pattern of subtle 

mispronunciations brings them to conscious attention even though any single deviation 

from the native prototype would be ignored as random variation. 

Second, Flege (1995) argues that L2 learners can perceive acoustic differences 

between sounds that are linguistically equivalent in their LI and succeed in producing a 

distinction between them in their own speech. However, they often accomplish this by 

building up new "realization rules" for the single original LI category, rather than by 

creating two new categories (Flege, 1991, p. 407). The result is often pronunciation that 

falls between the LI and L2 norms (Flege, 1987, 1991). Thus, L2 learners may indeed 
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have auditory access to new phonetic distinctions, but their success in producing them is 

anchored by their native phonological system. 

So it seems that a listener's native language acts as a partial, rather than an 

absolute, filter for phonetic input. Acoustic deviations from phonetic norms within a 

category are detectable. In the case of the native listener and non-native speaker, the 

subcategorical pronunciation deviations in the non-native speech may indeed contribute 

to the impression of an accent in addition to more obvious segmental cues such as 

substitution, deletion, or epenthesis. 

Factors Affecting Accent Perception 

A handful of studies have investigated specifically which speech characteristics 

most affect the perception of accented speech. However, the variety of techniques and 

accents used makes generalization difficult. One exception to this is a series of studies by 

Munro and Derwing (1995a, 1995b; Derwing & Munro, 1997) investigating the 

relationships among several measures of accent perception by native listeners: accent 

judgments, comprehensibility judgments, and intelligibility. In these studies, accent 

judgments were subjective ratings of accent strength, and comprehensibility j udgments 

were subjective ratings of how difficult a speaker was to understand. A scale from 1 to 9 

was used for both of these ratings. Intelligibility was defined as percent correct in an 

orthographic transcription task, counting all words in each utterance. 

The pattern of findings suggested that although accent judgments, 

comprehensibility judgments, and intelligibility were significantly interrelated for most 

listeners, they tapped somewhat different aspects of accent perception. The correlations 
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among the measures were only in the moderate range on average, and varied considerably 

across listeners. In addition, accent appeared to be judged more severely than 

comprehensibility, and both were more severe than the objective measure of intelligibility 

(Derwing & Munro, 1997). In particular, for those utterances that were transcribed 

perfectly by all listeners (100% intelligibility), the associated accent judgments covered 

almost the entire range on the rating scale, and the associated comprehensibility 

-J 

judgments extended from high to moderate (Munro & Derwing, 1995a). Further, for 

those utterances that were given one of the two highest comprehensibility ratings, the 

accent judgments again extended the entire range of the rating scale (Munro & Derwing, 

1995b). Therefore, one of the important findings of this research was that, although a 

stronger accent tends to be more difficult to understand, heavily accented speech can be 

highly intelligible. 

Several other studies, described below, have focused on pinpointing the 

phonological characteristics of foreign-accented speech that most affect accent judgments 

and intelhgibility. Segmental and suprasegmental characteristics have been investigated, 

and both types seem to play a part. However, the relative importance of accent factors 

seems to depend on the accent under study. 

Segmental errors 

Segmental errors, including substitutions, deletions, and subphonemic deviations, 

appear to contribute to judgments of accent strength. In an early study of Spanish-

^ This finding should be qualified by the fact that the utterances were naturally produced (i.e., unscripted) 
and, therefore, likely contained semantic context cues. Use of these types of speech samples may have 
artificially increased the intelligibility rate by hiding instances of unintelligible words that were correctly 
guessed from the semantic conte.xt. 
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accented English, Brennan et al. (1975) found the number of segmental errors to be 

correlated with listeners' ratings of accentedness, although whether the errors were 

phonemic or subphonemic was not specified. Munro and Derwing (1995a) found a 

correlation for most listeners between accent judgments and both the number of 

phonemic (substitutions, deletions, etc.) and phonetic (subphonemic deviations) errors in 

Mandarin-accented speech. In a similar study by Derwing and Munro (1997), only a few 

listeners showed a correlation between accent judgments and phonemic errors; however, 

this may be because four accents were included: Cantonese, Japanese, Polish, and 

Spanish. If segmental errors are more prominent, or have more effect on accent 

judgments, in some accents than others, the weakened correlation overall would be 

expected. Separate analyses by language were not performed. 

In a study of Arabic-accented English, Munro (1993) correlated the acoustic 

characteristics of front vowels with accent judgments. Depending on the vowel, the 

measurements of Fl, F2, change in PI, change in F2, or duration were reliable predictors 

of accent judgments. Most of the di fferences between the accented and native acoustic 

characteristics could be explained by the differences between the Arabic and English 

vowel systems (e.g., the insufficient diphthongization of some English vowels was 

probably due to the fact that there is less diphthongization in the corresponding Arabic 

vowels). Therefore, the authors concluded that none of the acoustic characteristics were 

inherently important for accent judgments, but rather that their deviation from native 

norms was what native listeners detected. 
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In another study, Magen (1998) moved beyond correlation by manipulating the 

typical characteristics of Spanish-accented English to examine their effect on accent 

judgments. Using a wave-form editor, she altered acoustic characteristics of consonant 

and vowel errors in naturally produced Spanish-accented speech so that they were more 

native-like. Removal of certain errors (substitution of lax for tense vowels, final /s/ 

deletion following clusters, substitution of /c/ for /J/), but not others (lack of vowel 

reduction in unstressed syllables, substitution of /s/ for Izl intervocalically, and initial stop 

voicing) improved accent judgments. 

Overall, the results of these accent judgment studies suggest that native listeners 

attend to at least some of the segmental errors in accented speech when rating accent 

strength. Further, the findings are consistent with the proposal that accent ratings are 

based on detection of deviations from native norms or prototypes (Flege, 1984; Munro, 

1993): All of these studies, whether implicitly (Brennan et al, 1975; Derwing & Munro, 

1997; Munro & Derwing, 1995a) or explicitly (Magen, 1998; Munro, 1993), examined 

the relation between accent judgments and segmental deviations from native norms, 

rather than the absolute acoustic-phonetic characteristics of accented speech (although 

see Munro, 1993). Whether a particular deviation in a particular segment contributes to 

the impression of an accent may depend on the attentional weight given to that acoustic-

phonetic characteristic by native listeners. 

Fewer studies have addressed the influence of segmental errors on objective 

intelligibility measures. Munro and Derwing (1995a; Derwing & Munro, 1997) found 

only weak evidence of correlation between segmental errors and intelhgibility; however, 



the accented sentences rated in these experiments were unscripted and therefore likely 

contained semantic context cues that could lead to an overestimation of inteUigibility. In 

a study by van Wijngaarden (2001), intelligibility of English-accented consonants (Cs) 

and vowels (Vs) in Dutch was tested more stringently with a semi-open-response CVC 

test. The vowels in the non-native productions were found to reduce intelligibility more 

than the consonants. The pattern of vowel misidentifications was attributed to the 

differences between the Dutch and English vowel inventories: those vowels that do not 

exist in American English were more commonly misidentified by Dutch listeners 

(presumably because they were more commonly mispronounced by the native English 

speakers). Because no direct measurement was made of pronunciation errors in the 

accented productions, it is not clear whether consonants had less effect on intelligibility 

because (a) they were pronounced more accurately than vowels, or (b) because 

perception of even mispronounced consonants is more robust. 

Suprasegmental errors 

Several studies have investigated the influence of suprasegmental characteristics 

of accented speech on accent judgments and intelligibility. These errors include non-

native intonation, lexical and phrasal stress, syllable structure, and timing. Using 

Mandarin-accented and native English that had been filtered so that segmental content 

was unintelligible, Munro (1995) found that native listeners were able to differentiate 

native and non-native utterances based on prosodic differences alone. However, accent 

ratings for the filtered and unfiltered versions of the same accented utterances were not 

correlated, suggesting that different speech characteristics were attended to in the two 
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conditions. Magen (1998) demonstrated the cffcct of suprasegmental factors on accent 

judgments by experimentally manipulating Spanish-accented speech. Removal of 

epenthetic schwas (syllable structure error) and correction of lexical and phrasal stress 

errors improved native listeners' accent ratings of the non-native utterances. Munro and 

Derwing (1995a) found a significant correlation between intonation ratings of Mandarin-

accented speech and accent judgments for 89% of their native listeners. Although the 

correlation between these two factors was weak in their follow-up study (Derwing & 

Munro, 1997), the inclusion of four highly varied accents may have weakened the effect. 

Anderson-Hsieh, Johnson, and Koehler (1992) claimed that prosodic factors have 

an even greater effect on pronunciation j udgments than do segmental factors. In a study 

of a large variety of accents, they perfomied a regression analysis with prosody ratings 

and segmental error percentages as the predictor variables and global pronunciation 

ratings obtained from English as a Second Language (ESL) teachers as the outcome 

variable. Although both factors were significantly correlated with pronunciation ratings, 

the coefficients were larger for prosody ratings than for segmental errors. 

There are several reasons, however, for caution in interpreting these findings. 

First, the differences between the prosody and segmental coefficients were not analyzed 

statistically, so it was not clear whether they were reliable. Further, as Munro (1995) 

pointed out in his review of this study, the higher correlation for prosody may have been 

an artifact of the fact that ratings scales were used for both prosody and global 

pronunciation j udgments, while the segmental factor was based on error percentage. 

Finally, the prosody ratings were made by the authors by listening to unfiltered 



33 

recordings of the accented utterances. As Munro (1995) notes, it is not known how much 

segmental errors influence subjective ratings of prosody when both error types are 

present in the speech sample. The authors may have inadvertently allowed global 

pronunciation to influence their prosody ratings, thereby inflating the correlation between 

the two factors. 

While non-native prosody dearly influences subjective accent ratings, the effect 

of suprasegmental factors on objectively measured intelligibility of accented speech is 

not as clear. Munro and Derwing (1995a; Derwing & Munro, 1997) found a correlation 

between intonation ratings and intelligibility for only a few listeners. However, as 

mentioned before, the unscripted utterances may not have provided an accurate test of 

intelligibility. Although prosody was not the focus of his study, van Wijngaarden (2001) 

flattened the pitch contour of native and English-accented Dutch utterances to test 

whether the intelligibility difference between the native and non-native speakers was due 

to odd intonation in the accented utterances. As expected, inteUigibility suffered for both 

speaker groups when the pitch contour was flattened, but the difference between groups 

did not decrease. 

Tajima, Port, and Dalby (1997), however, found strong effects of timing on 

intelligibility. They modified the temporal characteristics of Mandarin-accented English 

phrases to match the temporal characteristics of a native model. The modifications 

included expanding or compressing segments, and inserting and deleting segments when 

needed. Intelligibility in a four-altemative forced-choice task increased by 19 percentage 

points with the temporal corrections. In addition, modifying the native phrases to match 



the temporal characteristics of the non-native phrases reduced intelligibility by 11 

percentage points. These results show the significant role of timing factors in the 

intelligibility of Mandarin-accented speech, although even after temporal correction, 

intelligibihty of the non-native utterances was still 35 percentage points less than the 

original native utterances. 

The Tajima et al. study examined the perceptual effects of temporal, as opposed 

to spectral and source, characteristics of accented speech. The temporal changes 

effectively altered stress placement, syllable structure, segment content, and phonetic 

context effects on segment length, and therefore cannot strictly be categorized as 

suprasegmental changes. This may help explain the larger effects found by Tajima et al. 

compared to those of Munro and Derwing (1995a; Derwing & Munro, 1997) and van 

Wijngaarden (2001). However, this point also highlights the need for examining 

separately the different types of suprasegmental speech characteristics, such as lexical 

stress versus phrasal stress versus sentence intonation. In addition, as with segmental 

errors, the severity and perceptual importance of suprasegmental errors may depend on 

the accent in question; effects should always be interpreted keeping in mind the 

differences between the speakers' native and target languages. For example, if the native 

and target languages under study do not differ substantially in intonation patterns, a lack 

of effect of non-native intonation on intelligibility should not be interpreted as the 

unimportance of intonation in any accent. 

To summarize, both segmental and suprasegmental errors in non-native speech 

seem to be associated with judgments of accentedness by native listeners. The picture is 
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less clear regarding the effects of these errors on intelligibility. Few studies have used 

stringent tests of intelligibility in which the influence of semantic context cues is 

removed (but see van Wijngaarden, 2001). Even when intelligibility is measured more 

accurately, the relative effects of different error types is not clear because error base rates 

in the accented speech samples under study are not typically reported. A better 

understanding of the impact of phonological errors on the intelligibility of accented 

speech will require controlled experimental manipulations of the phonological 

characteristics of accented speech (see, for example, Magen, 1998). 

Word Intelligibility and Processing Speed 

In one of the earliest experimental studies of the perception of foreign-accented 

speech. Lane (1963) established that word identification was poorer for accented than for 

native speech. Lane presented English words produced by a native English speaker and 

three non-native speakers (native Serbian, Japanese, and Punjabi speakers, respectively). 

Word identification accuracy for accented speech was approximately 36% lower than for 

native speech in all signal-to-noise ratio (SNR) and filtering conditions, including those 

for which word identification was close to perfect for native speech. More recent work 

has also shown lower intelligibihty for accented speech compared to native speech for a 

Mandarin accent in 12 learners of English (Munro & Derwing, 1995a, 1995b), and an 

English accent in L2 learners of Dutch (van Wijngaarden, 2001). By adding noise to 

accented and non-accented sentences and using the sentence reception threshold method 

to gauge intelligibility, van Wijngaarden found that the reduction in intelligibility for the 
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accented speech of fluent non-natives was equivalent to lowering native speech by 3 to 4 

decibels (dB). 

In addition to poorer word identification, accented speech can cause slower 

perceptual processing for the listener. Schmid and Yeni-Komshian (1999) showed that 

mispronunciations were detected more slowly for Spanish- and Tamil-accented speech. 

Further, using a speaking rate judgment task, Anderson-Hsieh and Koehler (1988) found 

that native listeners judged Chinese-accented speech to be faster than native speech when 

the speech rates were actually the same. The perception of accented speech as being "too 

fast" may result from the need for more processing time (Derwing & Munro, 1997). 

Finally, in a speeded true/false sentence verification task, Munro and Derwing (1995b) 

found that listeners were slower to verify sentences produced by a Mandarin-accented 

speaker, even though they transcribed them correctly. They also found a negative 

correlation between response time and listeners' ratings of comprehensibility (how easy 

they thought the sentence was to understand), suggesting that subjective 

comprehensibility is influenced by ease of processing. Somewhat surprisingly, response 

time was not correlated with accent judgments. Munro and Derwing speculated that 

accented speech is processed more slowly because segment or word misidentification 

may require top-down processing for the correct interpretation. They also suggested that 

divergences from phonetic category prototypes can delay segment identification. This is 

consistent with findings in the concepts and categories literature that non-typical 

members of a category are slower to be identified with the category (Casey, 1992; Mervis 

& Rosch, 1981; Rips, Shoben, & Smith, 1973). 
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Perceptual Learning of Speech Characteristics 

However the human speech perception system handles the great variety of 

variability in speech, it must involve learning of some kind. That is, the idea of 

normalization, compensating for talker- or situation-specific characteristics, must be 

supplemented with the notion that knowledge about those characteristics and how best to 

handle them is retained and affects later perceptual processing. Learning is evident in 

many studies that have demonstrated the perceptual benefits of experience with various 

speech characteristics, including those due to talker differences, speaking rate, hearing 

impairment, synthetic speech, and foreign accent. 

Talker 

Nygaard, Sommers, and Pisoni (1994), for example, found that familiarity with 

voices improves intelligibility. The researchers trained two groups of listeners for nine 

days to recognize ten voices. After training, both groups were given a word intelligibihty 

test with a new set of words. The group tested with the voices from training identified the 

words more accurately than the control group, who were tested with ten new voices. The 

results suggested that the talker-specific details of the voices had been stored and 

subsequently aided perception of new words produced by those voices. Nygaard and 

Pisoni (1998) replicated this finding with sentence materials, although they did not find 

the familiarity effect when listeners were trained with sentences and tested with words, 

suggesting that the type of experience is important. 

A study by Remez, Fellowes, and Rubin (1997) investigated which aspects of a 

voice are learned with experience. In addition to the traditional "voice quality" 
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components of speech, such as fundamental frequency, frequency range, and huskiness or 

breathiness, their findings suggested that voice learning may also be based on phonetic 

patterns of speech. To isolate the time-varying phonetic patterns of indi vidual voices, the 

authors created sinewave replicas of natural speech. Sinewave replicas represent speech 

with sinusoids that track the centers of the first three form ants of the natural speech 

signal. This technique effectively removes all voice quality characteristics, leaving only 

phonetic information. Although the resulting signal sounds highly unnatural, most 

listeners are able to accurately transcribe the linguistic content. The researchers found 

that listeners could discriminate voices based only on sinewave replicas in a two-choice 

match-to-sample task, and listeners familiar with the speakers recognized their voices 

from sinewave speech. The authors concluded that memory for a voice is at least partly 

based on the speaker's individual quirks in phonetic realization of phonemes. 

Rate 

The benefit of experience with another sourcc of variability, speaking rate, is 

evident in a study by Dupoux and Green (1997) who examined the effects of experience 

with highly compressed speech within the first few sentences of exposure. The authors 

found that for utterances compressed to either 45% or 38% of original duration, listeners 

showed significant improvement in intelligibility within exposure to 10 sentences. In 

contrast to the mulfiple-day training studies, such as Nygaard et al. (1994), this was a 

study of the initial perceptual adjustments made to an unfamiliar type of speech (i.e., 

extremely fast speech) rather than the long-term (i.e., several days) effects of experience. 
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It showed that even a limited amount of exposure allows listeners to gain knowledge 

about speech characteristics and improve perception. 

Deaf Speech 

Talker-specific speech characteristics that stem from nonstandard articulation 

patterns have also been shown to be stored and used in later perception. McGarr (1983) 

demonstrated that listeners who had previous experience with the speech of deaf talkers 

were better at identifying words and sentences in deaf speech than were inexperienced 

listeners. She also showed that the advantage of experience was not simply due to better 

skill at using contextual information to fill in unintelligible words: the advantage for 

words that were predictable from the sentence context over unpredictable words was 

equal for experienced and inexperienced listeners. 

Synthetic Speech 

Pi son i and his colleagues have provided extensive evidence of the perceptual 

difficulty of speech produced by computer as well as the perceptual improvements 

associated with familiarity with synthetic speech (for a review, see Duffy & Pisoni, 

1992). For example, in a 10-day training study with low-quality synthetic speech, 

Schwab, Nusbaum, and Pisoni (1985) demonstrated substantial improvements in word 

identification accuracy in a variety of tasks for trained listeners compared to a control 

group exposed to only natural speech during the training period. Further, the advantage 

for the trained group was still evident in a 6-month follow-up study even though they had 

no exposure to synthetic speech during the intervening period. 
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In another training study, Greenspan, Nusbaum, and Pisoni (1988) also found an 

advantage of familiarity in the perception of synthetic speech. In addition, they compared 

the effects of exposure to a wide variety of linguistic samples of the synthetic speech 

(200 words) with exposure to a limited set of samples (10 words) repeated many times. 

Improvement from pre- to post-test was larger for the varied training condition than for 

the repeated condition. Based on these results, the authors argued that the familiarity 

effect was not solely due to listeners getting used to the physical characteristics of the 

synthetic speech signal. Rather the effect results from learning the phonetic 

characteristics of the speech, and this requires exposure to a sample that is varied enough 

to represent the extent of those characteristics. 

Foreign Accent 

The last few years have seen an increased interest from speech researchers in the 

perceptual learning of accented speech characteristics (Bradlovv & Bent, 2003; Clarke, 

2000; Weil, 2001). However, the first experiments investigating this topic were in the 

1980s. Gass and Varonis (1984) exposed native English listeners to a story spoken by a 

non-native speaker, followed by sentences for orthographic transcription spoken by either 

the same speaker, a new speaker with the same accent, or a new speaker with a different 

accent. Although the effects were not strong, transcription accuracy tended to improve 

when the accent was familiar, and further when the voice and accent were familiar. 

Using a "fake" accent in Swedish speech, based on typical phonological mistakes 

made by L2 learners of Swedish, Wingstedt and Schulman (1987) provided stronger 

evidence that experience with foreign-accented speech improves intelligibility. In an 
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sentences were almost twice as accurate as those who had not received the previous 

experience with the sentences. The researchers concluded that, because the improvement 

was shown with novel words, it could not solely be due to an "equivalence lexicon" (p. 

339), that is, the rote association of each word with its accented pronunciation. Rather 

they speculated that the most important strategy is the fonnation of "phonological 

perceptual rules" (p. 339), rules for translating the acoustic-phonetic input for a particular 

accent to the native representations of the intended phonemes. 

In two more recent studies, in which native English speakers were given several 

days of training with Spanish- and Chinese-accented speech (Clarke, 2000) and Marathi-

accented spcech (Weil, 2001), familiarity with an accented speaker was again shown to 

improved transcription accuracy for that speaker. Both studies also investigated whether 

the abstract characteristics of an accent were learned during training such that experience 

with one accented speaker would improve perception of another speaker with the same 

language background. However, the results were mixed. Whereas Clarke found no 

generalization of accent learning to a new voice with the training accent, Weil did find 

generalization, although only in sentence transcription tasks, not in isolated word 

transcription tasks. 

Evidence from a study by Bradlow and Bent (2003) may shed some light on the 

conditions in which accent learning is generalizable to new voices. In a 2-day training 

study using a sentence transcription task, Bradlow and Bent exposed native English 

listeners to various conditions of Chinese-accented speech. Following training, listeners 
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transcribed sentences spoken by a single Chinese-accented speaker. The training 

conditions consisted of either the same speaker as the test speaker, a different Chinese-

accented speaker, or five different Chinese-accented speakers. Transcription accuracy at 

test was better than control conditions for the multiple-talker and same-talker conditions, 

but not for the different-talker conditions. That is, as expected, experience with an 

accented speaker improved intelligibility for that speaker, but in order for learning to 

generalize to a new voice, listeners needed to have experience with multiple speakers 

with the same language background. 

Overall, the pattern of results suggests that generalization of accent learning to a 

new voice requires more robust learning circumstances than the same voice case. An 

examination of the differences among these three studies may help explain the divergent 

results. First, both Bradlow and Bent (2003) and Weil (2001) used the same task for 

training and test, while Clarke (2000) used a voice recognition task during training and 

orthographic transcription at test. Although abstract characteristics of the accent may be 

learned during training, they may not affect perception unless the training and test 

contexts are similar. Second, as pointed out by Bradlow and Bent, length of training may 

affect generalizability. Even though Weil's listeners were only trained with one voice, he 

may have uncovered generalization where Bradlow and Bent did not because he used 

three days of training compared to Bradlow and Bent's two days. Bradlow and Bent's 

listeners could only generalize to a new voice when, in the multiple-talker condition, they 

had a chance to learn about the extent of inter-talker variability among speakers with the 

same accent. Presumably the multi-talker exposure allowed listeners to separate the 
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speech characteristics due to accent from those due to talker-specific characteristics (e.g., 

vocal tract size and idiolect). 

Summary 

The studies reviewed above firmly establish the perceptual learning of a variety of 

non-linguistic speech characteristics, aspects of speech that were once thought of as noise 

that must be discarded for linguistic meaning to be uncovered. This information is clearly 

retained in memory and used during on-line speech processing in a beneficial way. 

Furthermore, the benefits of experience are not trivial; in various cases it has been shown 

that task improvements did not rely on the use of semantic context (McGarr, 1983), 

becoming accustomed to odd physical characteristics of the speech (Greenspan et al., 

1988), or memorizing alternative pronunciations for individual lexical items (Nygaard et 

al., 1994; Wingstedt & Schulman, 1987). Rather, behavioral improvements seem to result 

from adjustments at a relatively low level in processing, probably the phonological level 

(Duffy & Pisoni, 1992). 

Goals of Dissertation 

It is clear that there are benefits of several days experience with accented speech 

(Bradlow & Bent, 2003; Clarke, 2000; Weil, 2001), but an important question not only 

for the foreign accent case but for any speech situation is when perceptual learning of 

talker-specific characteristics begins. Does language processing change to accommodate 

the speaker only after hours of experience, or is minimal exposure sufficient? Knowledge 

of the timeline of perceptual learning will constrain the possible mechanisms underlying 

this learning and narrow down the type of input the system requires for it to occur. 
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Previous research with talker-specific characteristics and compressed speech has shown 

changes in vowel identification (Ladefoged & Broadbent, 1957) and improvements in 

intelligibility (Dupoux & Green, 1997) with exposure to as few as one and 10 sentence-

length utterances, respectively. These findings show that at least some fomi of adaptation 

occurs almost immediately. 

Subjective experience suggests that adaptation to accented speech also occurs 

very quickly. Many listeners report that when first listening to a non-native speaker, 

comprehension can be difficult, but that within a few moments of exposure they seem to 

adapt or "catch on" to the non-native speech patterns, and comprehension improves. Of 

course, these subjective reports might reflect, not perceptual learning of phonological 

patterns, but simply an increased reliance on utterance or situational context to interpret 

unintelligible words. Nonetheless, the perceptual difficulty often caused by accented 

speech makes it a useful test case for further exploring the possibility of this fast-acting 

perceptual learning. 

The central goal of this dissertation research, therefore, was to track the 

processing efficiency of foreign-accented speech during the first moments of exposure in 

order to leam more about how the human perceptual system handles variability in speech. 

Accented speech is ideal for this undertaking because its phonological deviations from 

native norms can result in perceptual difficulty and, consequently, extended time for 

observing the process of overcoming that difficulty. A reaction time (RT) measure was 

used to track these changes on-line because RT is more sensitive than other measures, 

such as word identification accuracy or phonetic categorization, and it has already proven 
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sensitive to the perceptual difficulty caused by accented speech (Munro & Derwing, 

1995b). Using this measure, 1 hoped not only to test for the presence of an early process 

of perceptual adaptation, but also to discover the time course of adaptation to foreign-

accented speech. 

It is assumed here that adaptation to accented speech is a convenient case study of 

the normal perceptual adjustments made to any new talker. It might be argued that 

adapting to a new native voice involves accommodation of new acoustic speech 

characteristics, such as voice quality, while adapting to an accented voice requires 

accommodation of new phonetic characteristics, such as how the pronunciation of a 

sound changes depending on the sounds near it. However, it has been shown that 

familiarity with a native voice is based on pronunciation idiosyncrasies (i.e., phonetic 

patterns) as well as on voice quality (Remez et al., 1997). In addition, laboratory studies 

in which listeners were familiarized with new voices through a voice recognition task 

showed that familiarity with both accented and non-accented voices had the same 

beneficial effects on word identification at test (Clarke, 2000; Nygaard & Pisoni, 1998). 

Therefore, the assumption that similar mechanisms are at work during the process of 

coping with both acoustic-phonetic differences among native speakers and those between 

native and accented speakers seems reasonable. 

A novel task was used to track processing efficiency during the course of 

exposure to accented voices. Sentence-length utterances were presented to listeners 

auditorily, each ending in a key word that was not predictable from the semantic context. 

Immediately following the end of each sentence, a probe word appeared on a computer 
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screen in front of the listener. The task was a speeded yes/no response indicating whether 

the probe word matched the final word of the associated sentence. This task was chosen 

for three reasons. First, the use of sentences rather than isolated words more closely 

matches the natural conversational situation and allows for the influence of all 

phonological aspects of accented speech, including interword phonetic context effects 

and prosodic patterns. Given that this is the first investigation of the perception of 

accented speech within the early moments of exposure, no aspect of the phonology of 

accented speech should be a priori excluded from observation. Second, as mentioned 

above, RT is a more sensitive and graded measure of the perhaps subtle changes in 

processing efficiency occurring during adaptation than other measures. Finally, this task 

provides an on-line measure of processing efficiency as language processing is occurring, 

rather than an off-line measure such as in the common training/test method. Processing 

speed is sampled at the end of every sentence, approximately once every two seconds of 

speech; this provides a fairly fine-grained temporal resolution of the effects of perceptual 

learning duri ng the first moments of exposure to accented speech. 

The main hypothesis for this study was that there is an immediate improvement in 

perception of foreign-accented speech because there are phonological regularities even 

within a short sample of speech that the speech processing system can pick up on and use 

to phonetically decode the acoustic signal in a more efficient way. Therefore, it was 

predicted that listeners would show a significant improvement in processing efficiency, 

as measured by reaction time, after exposure to only a few accentcd utterances. 
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A further goal of this research was to explore some of the characteristics of this 

fast adaptation to accented speech. In particular, what kind of information about the 

accented speech is learned during the first moments of exposure? Also, what is the 

mechanism of learning? To address the first question, I investigated whether the abstract 

phonological characteristics of a speaker's accent are learned by listeners, as opposed to 

only characteristics specific to that voice. If the abstract patterns of the accent are learned, 

experience with one accented voice should provide some perceptual benefit for a new 

voice with the same accent. 

To address the second question, concerning the mechanism of learning, I tested 

whether adaptation to accented speech requires lexical access. Assuming that increased 

processing efficiency with experience results from changes at the phonological level of 

processing, there are two possibilities for what drives that change. One is that lexical 

knowledge informs the phonological level when the acoustic-phonetic signal is providing 

unreliable information about segment identity. The other possibility is that at least some 

phonological patterns are discoverable from the speech signal itself, and lexical feedback 

is not necessary. Non-native speech patterns could be learned through detection of, for 

example, stress/rhythm pattems, subphonemic deviations from native protot>'pes, or 

overall vocal tract posture. The necessity of lexical feedback was tested by observing 

whether adaptation to accented speech occurs when the input is limited to mostly 

nonwords. If lexical feedback is necessary for learning at the phonological level, no 

adaptation should be observed in this situation. 
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Examination of perceptual learning during exposure to the first few utterances of 

accented speech provides needed insight into the often ignored flexibility of human 

speech processing. This research promises to elucidate not only perception of accented 

speech, but also the mcchanism of adaptation to native voices, which is usually too subtle 

and fast to detect experimentally. Answers to the questions addressed in this thesis will 

begin to give shape to the perceptual processes that deal with the natural variation in 

speech. 

Outline of Dissertation 

The purpose of the first three experiments, described in Chapter 2, was to verify 

whether adaptation to foreign-accented speech is very rapid, as suggested by subjective 

experience, and similar to the findings for talker-specific characteristics and compressed 

speech. Experiments 1, 2, and 3 demonstrated that there is a rapid increase in processing 

efficiency for native English listeners exposed to Spanish-accented (Experiments 1 and 2) 

and Chinese-accented (Experiment 3) speech. Significant decreases in RT were shown 

within exposure to four to eight sentence-length utterances. These experiments also ruled 

out alternative explanations for the decrease in RT, such as dependence on semantic 

context, practice with the task, and attentional factors. 

The fourth experiment, described in Chapter 3, investigated whether the rapid 

adaptation to foreign-accented speech involves learning of the abstract characteristics of 

the accent, or simply voice-specific characteristics. The experiment tested whether brief 

exposure to one accented voice improved performance for a new voice with the same 
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accent. The results suggested that generalization to a new voice does occur, although the 

effect was statistically weak and more research is needed. 

The fifth experiment, described in Chapter 4, explored the mechanism of 

perceptual learning by testing for adaptation when the accented input consists mostly of 

nonwords. The findings suggest that feedback from the lexical level of processing to the 

phonological level is not necessary for adaptation to accented speech to occur. Rather, 

some aspects of the phonology of accented speech can be learned based on the acoustic-

phonetic input alone. However, these results do not rule out the possibility that lexical 

feedback is involved in adaptation in the normal conversational situation in which input 

consists of real words. 

Finally, Chapter 5 contains the summary and discussion of the results of these five 

experiments. I will discuss how the findings constrain the possible mechanisms of fast 

adaptation to speech characteristics. Representative current theories of spoken word 

recognition will be reviewed and it will be shown that they are not equipped to explain 

these effects. I will further discuss what new theories need in order to incorporate the 

mounting evidence for the adaptability of the human speech processing system. 
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CHAPTER 2 

EVIDENCE FOR RAPID ADAPTATION TO FOREIGN ACCENT 

Experiment 1 

The purpose of this experiment was to determine whether adaptation to foreign-

accented English could be tracked using a reaction time (RT) measure. A few previous 

studies have used word identification and echoing measures to show that comprehension 

of accented speech improves with experience (Clarke, 2000; Weil, 2001; Wingstedt & 

Schulman, 1987). Other researchers have used RT measures to show that the perceptual 

processing of accented speech is slower than the processing of native speech (Munro & 

Derwing, 1995b). The present experiment investigated whether processing efficiency of 

accented speech, as measured by RT, improves within a very short exposure period 

(under one minute). 

The task used was a cross-modal word matching paradigm. In each trial 

participants heard a short English sentence, followed immediately by a word presented on 

a computer screen. The task was to respond, as quickly as possible, with ve^v if the visual 

word matched the last word of the sentence, or no if it did not. Participants heard either 

16 sentences produced by a native speaker of Spanish with a moderate accent (accent 

condition), 12 sentences produced by a native speaker of English, followed by four 

sentences produced by the Spanish-accented speaker (control condition), or 16 sentences 

produced by the native speaker of English (non-accented condition) (see Table 1). 
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Table 1 
Voices and Number of Sentences in Each Block According to Condition for Experiment 1 

Block 

Condition 1 2 3 4 

Accent Span-accented Span-accented Span-accented Span-accented 

Control Non-accented Non-accented Non-accented Span-accented 

Non-accented Non-accented Non-accented Non-accented Non-accented 

Sentences,'block 4 4 4 4 

Note. Span = Spanish. 

It was predicted that the accent group would be slower than the control group at 

the beginning of exposure, but their speed would increase as the experiment progressed 

due to adaptation. For the last four sentences, it was expected that the accent group would 

be faster than the control group because the control group would not have had the 

previous 12 sentences to adapt to the accented speech. This provided a control for the 

possibility that the accent group's improvement was due solely to practice with the task. 

Finally, the non-accented condition was included to provide a comparison for the level of 

processing efficiency that the accent group reached by the fourth block, that is, to see if 

they had reached native-speech processing efficiency. Note that the possibility that 

improvement was due to greater dependence on sentence context to predict the final word 

was ruled out by using semantically neutral sentence frames (e.g., Tom is considering the 

clock). 

Method 

Participants 

Participants were 49 University of Arizona undergraduates (37 females, 12 males) 

who were paid or given partial course credit for their participation. All were native 
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speakers of American English and reported no hearing problems at the time of testing. 

They were not fluent in Spanish and did not have native Spanish-speaking parents; 

however 31 participants did have family members or close friends with a Spanish accent. 

One participant's data were not used because he exceeded a 20% error rate. Of the 

remaining 48 participants, 16 were randomly assigned to cach of three groups (accent, 

control, and non-accented). 

Design 

This experiment used a 3 (group: accent, control, and non-accented) X 4 (block; 

1, 2, 3, and 4) mixed design, in which group was a between-participants variable and 

block was a within-participants variable. The four blocks of four auditory sentences were 

presented to each listener with no breaks between blocks. In cach block, two sentences 

were no trials, and two were yes trials. Four block orders were created using a Latin 

square design such that, across participants, every sentence was presented in every block 

position. Within each listener group (accent, control, and non-accented), an equal number 

of listeners were presented with each of the four block orders. Thus, all groups received 

the same sentence materials; the only difference across groups was the speaker producing 

the sentences in each block (see Table 1). 

Because between-participants RT comparisons were necessary, and given the 

typically high RT variability among participants, all experimental RTs were normalized 

according to a separate measure of each participant's speed at the task; Following the 

experimental trials, all listeners received eight baseline trials of the same task. The 

sentences in these trials were novel and were produced by a different non-accented 
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speaker from the non-accented speaker in the experimental trials. The RTs from these 

trials were subtracted from the experimental RTs for each subject, and the difference RTs 

were the primary dependent measure of processing speed/ 

Stimulus Materials 

Sentence materials consisted of 32 low probability (LP) sentences from the 

Revised Speech Perception In Noise (SPIN-R) test (Bilger, 1984; Kalikow, Stevens, & 

Elliott, 1977). The 16 experimental sentences (see Appendix) were recorded by a female 

native speaker of American English (age: 31) and by a female native speaker of Mexican 

Spanish (age: 45, age of English acquisition: 30), who was rated in an earlier study to 

have a moderate accent when speaking English. The eight practice and eight baseline 

sentences were recorded by another female native speaker of American English (age: 19). 

Prior to recording, speakers were allowed to familiarize themselves with the 

sentences. When the native Spanish speaker was unfamiliar with a word, the 

experimenter produced the word as a model. This was to ensure that any pronunciation 

errors were due to the accent rather than an orthography-lo-phonology translation error 

(Flege et al., 1995). During recording, participants sat in a quiet room and read the list of 

sentences at a natural speaking rate into an Electro-Voice RE 16 directional microphone. 

Each participant produced the list of sentences twice to ensure an error-free production of 

each sentence. The signal was amplified by a DBX 760X microphone preamplifier and 

" It is unlikely that experimental groups would differ systematically on the baseline measure. In all cases, a 
short break was inserted before the baseline trials in which participants were warned with on-screen 
instructions that the upcoming sentences would be produced by the voice from the practice trials. Also, in 
almost all cases all groups heard the same acccnted voice for four to six trials preceding the non-accented 
baseline trials, reducing the chances of a differing effect of voice change. Baseline data will not be reported 
in this or subsequent experiments unless there are significant differences among experimental groups. 
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recorded onto audio tape with a Tascani 122 mkll tape deck. Stimuli were digitized onto 

a Macintosh PowerPC 8100 at a sampling rate of 22.05 kHz and a resolution of 16 bits. 

For each voice, the two repetitions of each sentence were compared auditorily by the 

author. The one that was judged to have fewer errors and pauses, and generally sound 

more natural, was chosen as the experimental token. Using the SoundEdit 16 wave-

editing program,^ silence at the beginning and end of each sentence was trimmed, and 

sentences were copied into their own files. Within the sentences, only very long, 

unnatural sounding pauses were edited out. Amplitude was normalized to 90% of 

maximum for all sentences, and all sentence files were converted to WAVE format for 

computer presentation. 

Because the experimental measure of processing efficiency was based on 

perceptual identification of the final word of each sentence (the target word), the 

perceptual and lexical characteristics of these words were carefully controlled. The target 

words from the experimental sentences were familiar, monosyllabic nouns with a mean 

frequency of 22.06 per million (Kucera & Francis, 1967) and a mean of 17.75 phonetic 

neighbors (based on one phoneme addition, deletion, or substitution). Both the accented 

and non-accented productions of the target words had been correctly identified in 

isolation more than 70% of the time in a prior word inteUigibility experiment.^' 

In order to control for differences in target word duration, the accented and non-

accented productions of each target word were compressed or lengthened such that they 

^ Macromedia, Inc., San Francisco, CA (http;/7www.macromedia.coni/J. 
® Four of the word productions from the native English speaker were not included in the earlier word identification test, 
and so identification rates were not available for these words. However, in general, this non-accented speaker was 
highly intelligible. 

http://www.macromedia.coni/J
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both equaled the mean duration of the two original productions/ The duration of the rest 

of each sentence was not altered, but the mean durations for the accented and non-

accented voices were similar. 

For half of the experimental trials, the word presented on the computer screen was 

not the target word, and the correct response was no. Each of these foils was a 

monosyllabic English noun that was a phonetic neighbor of the corresponding target 

word. The foils differed from their target by one phoneme in either the onset (1 case), 

vowel (4 cases), or coda (3 cases) position. The foils were similar to the target words in 

mean frequency (20.00 per million). 

Procedure 

Each listener sat in a quiet room in front of a computer monitor and a two-button 

response box. Before the experiment began, participants were instructed to respond as 

quickly and accurately as possible. They were also warned that during the experiment the 

voice producing the sentences would change to a different voice at some point. For the 

control condition, this corresponded to the change in voice between Blocks 3 and 4. For 

the experimental and non-accented conditions, this corresponded to the change between 

Block 4 and the baseline trials. 

The experiment began with the eight practice trials, which were followed by the 

four experimental blocks (16 trials), and then by the eight baseline trials. A female non-

accented speaker (different from the non-accented speaker in the experimental trials) 

' The compression and lengthening manipulations were done using the PSOLA compression algorithm provided in the 
Praat wave-editing program (Paul Boersma and David Weenink, University of Amsterdam). This algorithm changes 
the duration of a waveform without altering its frequency properties. 



produced both the practice and baseline trials, and the trials within these blocks were 

presented in the same order for every subjcct. Within each block of the experimental 

trials, the order of the four sentences was randomized differently for each subject. On

screen instructions were presented prior to the experimental trials and prior to the 

baseline trials alerting participants to the beginning of the experiment and the return to 

the practice voice, respectively. 

Auditory stimuli were presented at approximately 73 dB SPL(A) over 

headphones. All stimulus presentation and response collection were controlled by an IBM 

o 
compatible computer using DMDX software (Forster & Forster, 2003). Each trial began 

with presentation of an auditory sentence. Immediately after the sound file ended, the 

probe word appeared in capital letters on the computer screen and remained until the 

listener responded by pressing the yes or the no button. Accuracy and reaction time (RT) 

feedback was provided on the computer screen after each response. RT measurement 

began as soon as the probe word was displayed. If no response was given after four 

seconds, the trial was recorded as no response. Participants pressed a foot pedal to begin 

the next trial. 

Results 

Rather than an omnibus analysis of variance (ANOVA), several targeted one-way 

ANOVAs were performed on both the error and reaction time data. This was a principled 

choice based on the fact that comparison of all relationships between the data in the first 

three blocks and the final block was not appropriate. For the control group, the error rates 

® http://www.u.arizona.edu/~kforster/dmdx/dmdx.htm. 

http://www.u.arizona.edu/~kforster/dmdx/dmdx.htm
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and RTs in Blocks 1-3 were completely arbitrary with respect to those of Block 4 because 

they were based on responses to a native voice in the first case and a different, accented 

voice in the second. Therefore it was meaningless to submit them to a single analysis. 

The importance of the difference in experience among groups is fully captured by the 

group variable when looking at performance in Block 4. It might be argued that a 

difference between groups in the fourth block alone, which is of particular interest for the 

RT data, should not be tested unless there is a significant interaction between the group 

and block variables in an omnibus analysis. However, the test for a difference in Block 4 

should not depend on finding a Group X Block interaction. Interpretation of the Block 4 

effects, that is, why they exist, depends on the effects in Blocks 1-3, but the presence of 

reliable differences in Block 4 does not depend on the relationship among groups in 

Blocks 1-3. 

Errors 

Incorrect and no response trials were counted as errors. The mean error rales for 

the experimental blocks were low for the control and non-accented groups (less than 5%) 

and a bit higher for the accent group (8.59%) (see Table 2). To investigate whether there 

were differences among conditions for the first three blocks, a 3 (group) X 3 (block: 1-3) 

mixed design ANOVA was performed on the error data in rationalized arcsine units 

(RAU), which is a transformation of percent error to a linear and additive scale 

(Studebaker, 1985). There was a significant effect of group, F{2, 45) = 6.34,/? < .005, but 

no interaction, F(4, 90) = 2.16, ns. Planned contrasts showed that error rates were higher 

in the accent condition than in the control and non-accented conditions (ps < .025). 



Finally, a one-way ANOVA performed on the Block 4 error data showed a marginal 

effect of group, F(2,45) = 3.14, p = .053, suggesting that the control group made more 

errors than the non-accented group. 

Table 2 
Mean Percent Error (and SD) by Experimental Block According to Voice Condition for 
Experiment 1 

Block 

Condition 1 2 3 4 All blocks 

Accent 

Control 

Non-accented 

14.06(15.73) 

3.12(8.54) 

1.56 (6.25) 

4.69 (10.08) 

1.56 (6.25) 

1.56 (6.25) 

10.94(15.73) 

0.00 (0.00) 

6.25 (11.18) 

4.69 (10.08) 

9.38 (15.48) 

0.00 (0.00) 

8.59 (7.86) 

3.52 (5.09) 

2.34 (3.87) 

Reaction Time 

Only reaction times (RTs) from correct responses were analyzed. RTs that were 

less than 200 ms or greater than 2000 ms were dropped from analysis. Those that were 

greater or less than two standard deviations from the participant's mean of the 

experimental and baseline trials were replaced with that value.^ Each participant's mean 

baseline RT was subtracted from that individual's experimental block mean RTs. These 

difference RTs, measured in milliseconds, were used as the dependent measure in all 

subsequent analyses. 

The mean difference RTs for the four experimental blocks are shown in Figure 1. 

In order to test whether the accent group's RT decreased from the beginning to the end of 

the experiment, a one-way repeated measures ANOVA for the accent condition was 

' These procedures were the same for all subsequent experiments. 
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performed. A significant effect, F(3, 45) = 13.24, p < .001, showed that RT decreased 

across the four experimental blocks (Block 1: M = 178, SD = 109.62; Block 2: M = 80, 

SD = 97.41; Block 3: M= 61, SD - 77.66; Block 4: M= 10, SD = 65.34). Planned 

contrasts showed that RT had decreased significantly by Block 2 (p< .01). 
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Figure I. Experiment 1 mean difference reaction times (experimental - baseline) based 
on four trials per block. Lines only join blocks in which the voice is the same. Error bars 
indicate standard errors. 

For Block 4 RTs, a one-way ANOVA revealed a significant effect of group, F{1, 

A5) = 5.l5,p < .05. A Tukey Honestly Significant Difference post hoc test showed that 

the accent group (M= 10, SD = 65.34) was significantly faster than the control group {M 
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= 111, SD= 117.27), p < .025, and that there was no difference between the accent 

condition and the non-accented condition {M= 21, 50 = 102.31). 

Also of interest were (a) whether the listeners were slower to respond to the 

Spanish-accented speech than to the native speech, and (b) whether the control and non-

accented groups' RTs decreased as they were exposed to the non-accented voice. A 3 

(group) X 3 (block: 1-3) mixed ANOVA showed a significant main effect of group, F{2, 

45) = 4.91, p < .05. Planned contrasts indicated that, for the first three blocks, the accent 

group (A/= 106, SD = 71.35) was slower than non-accented group (M= 20, SD - 79.20), 

p < .025, and marginally slower than the control group (Af = 44, SD = 89.68),/? = .034 

(with alpha set to .025 after bonferroni correction). There was also a significant main 

effect of block, F{2, 90) = 17.94,/* < .001, but no Group X Block interaction, suggesting 

that all groups improved across the first three blocks. 

Discussion 

In this experiment, a group of listeners was exposed to 16 sentences produced by 

a Spanish-accented speaker. Previous findings of processing difficulty with foreign-

accented speech (Munro & Derwing, 1995a, 1995b) were replicated; RTs and error rates 

were higher for the first three accented blocks compared to the corresponding non-

accented blocks presented to the control and non-accented groups. Furthermore, a 

decrease in this processing difficulty was shown after a relatively brief period of 

exposure to the accented speech. Consistent with the experimental prediction, reaction 

time decreased by over 150 ms from the beginning to the end of the 16 sentence 

exposure. Given that each sentence was approximately two seconds long, this exposure 



comprised less than one minute of speech. Indeed, processing speed was shown to 

improve from the first to the second block of sentences, suggesting that some adaptation 

to the accented speech occurred after only four sentences. Finally, there was no RT 

difference between the accent and the non-accented groups in Block 4, indicating that 

after only 16 sentences of exposure, the group hearing the accented speech was 

processing it as quickly as the group hearing native speech. 

The use of sentences with a neutral semantic context rules out the possibility that 

the accent group's RTs decreased because they learned to guess the final word. Another 

possible explanation for the faster RTs across blocks is practice with the task. However, a 

control group who had as much experience with the task, but no prior experience with the 

accented voice, were significantly slower than the accent group in Block 4 when they 

were presented with the accented voice. Although practice effects likely played some part 

in the RT change across blocks, as indicated by the improvement in the first three blocks 

for the control and non-accented groups, it cannot explain the entire effect for the accent 

group. 

This experiment established that the cross-modal word matching task with an RT 

measure was sensitive enough to detect changes in processing speed within a brief 

window of exposure to foreign-accented speech. It also demonstrated that listeners' 

processing efficiency dramatically improves within the first moments of exposure to 

acccnted speech and that these effects are not solely due to practice with the task. These 

findings are consistent with the hypothesis that adaptation occurs very quickly after initial 
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exposure to an accented voice, and that it results from the learning of phonological 

characteristics of the accented voice. 

Experiment 2 

The control condition in Experiment 1 ruled out the possibility that practice with 

the task could account for the accent group's decrease in RT from the beginning to the 

end of the experiment. However, another possible reason that the accent group was faster 

than the control group in Block 4 is that they may have developed strategies for 

understanding difficult speech, such as depending on the fact that the final word was 

always a noun. Another possibility is that they were paying greater attention or putting 

more effort into the task because the speech was more difficult to understand. 

Experiment 2 was conducted to rule out these explanations. Noise was added to 

the non-accented sentences in the control condition to make them more difficult to 

understand. A signal to noise ratio (SNR) was chosen such that the overall RTs to the 

non-accented spcech in noise were similar to the RTs for the accented specch in clear. It 

was expected that the results for Block 4 (accent group faster than control) would be the 

same as for the last experiment. This is because it was hypothesized that the experimental 

group is learning something specific about how to process the accented speech during 

their exposure to it, rather than learning general strategies or increasing effort. A non-

accented condition was not included. See Table 3 for the full design of Experiment 2. 
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Table 3 
Voices and Number of Sentences in Each Block According to Condition for Experiment 2 

Block 

Condition 1 2 3 4 

Accent Span-accented Span-accented Span-accented Span-accented 

^ ^ 1 Non-accentcd + Non-accented + Non-accented + „ , , 
Control . . . Span-accented 

noise noise noise 

Sentences/block 4 4 4 4 

Note. Span = Spanish. 

Method 

Participants 

Participants were 33 University of Arizona undergraduates (23 females, 10 males) 

who were paid or given partial course credit for their participation; none had participated 

in the previous experiment. All were native speakers of American English and reported 

no hearing problems at the time of testing. They were not fluent in Spanish and did not 

have native Spanish-speaking parents; however, 11 participants did have family members 

or close friends with a Spanish accent. One participant's data were not used because she 

exceeded a 20% error rate. Of the remaining 32 participants, 16 were randomly assigned 

to each of two groups (accent and control in noise). 

Stimulus Materials 

All materials used were identical to those in Experiment 1, including the practice, 

experimental, and baseline sentences. The SNR of the non-accented sentences was 

reduced by lowering the amplitude of the original sentence and adding pink noise, using 

the Cool Edit 96 wave-editing software.Three versions of the non-accented sentences 

10 Syntrillium Software Corporation, Phoenix, AZ (www.syntrillium. com). 

http://www.syntrillium


in noise were created at three different SNRs and tested in a pilot study. The version 

chosen for the experiment produced RTs similar to the RTs for the same sentences 

produced with an accent in no noise. In order to find the actual SNR of the critical final 

words of those sentences, the final word of each sentence was copied into separate file 

and measured with a sound level meter through headphones. The mean of the 16 final 

words was approximately 65 dB(A). The noise was approximately 61 dB(A), resulting in 

a mean SNR at the final word of approximately 4 dB. 

Procedure 

As in Experiment 1, the order of the four experimental blocks was 

counterbalanced in a Latin square design across participants. All other aspects of the 

experimental procedure were also identical to Experiment 1, except that listeners in the 

control group were warned that the first several sentences were in noise. 

Results 

Errors 

The mean error rates for the experimental blocks were slightly higher for the 

control in noise group (8.80%) than for the accent group (5.44%). However, the results of 

a 2 (group) X 3 (block: 1-3) mixed ANOVA on the transformed error percentages (in 

RAUs) showed no main effects or interaction, nor did a one-way ANOVA on Block 4. 

Reaction Times 

As in Experiment 1, only RTs from correct responses were analyzed, and 

difference RTs (normalized based on each participant's baseline RT) were used as the 

dependent measure. The same methods were used for outlying data. 
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The mean difference RTs for the four experimental blocks are shown in Figure 2. 

The purpose of adding noise to the control condition was to equate the task difficulty 

between the two groups. A 2 (group) X 3 (blocks: 1-3) mixed ANOVA was performed on 

the difference RT data to verify that the RTs for the first three blocks were comparable 

b e t w e e n  g r o u p s .  R e s u l t s  s h o w e d  a  s i g n i f i c a n t  m a i n  e f f e c t  o f  b l o c k ,  F ( 2 ,  6 0 )  =  5 . \ A , p <  

.01, but no main effect of group or interaction (Fs < 1). 
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Figure 2. Experiment 2 mean difference reaction times (experimental - baseline) based 
on four trials per block. Lines only join blocks in which the voice is the same. Error bars 
indicate standard errors. 
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The results of a one-way ANOVA on Blocks 1-4 for the accent condition revealed 

a significant effect of block, F(3, 45) = 7.78,/) < .001, indicating that RT decreased 

across the four experimental blocks (Block \ \M— 223, SD = 165.55; Block 2: M= 175, 

SD = 178.06; Block 3: M= 127, SD = 141.44; Block 4: M= 36, SD = 157.73). Planned 

contrasts showed that RT had decreased significantly by Block 3 (p< .05). In addition, 

RT significantly decreased from Block 3 to Block 4(p< .02). Finally, a planned 

comparison of the two voice conditions on Block 4 showed that the accent group (M = 

36, SD ~ 157.73) was significantly faster than the control in noise group (M- 143, SD = 

121.69), /{30) = 2.16, p < .02 (one-tailed). 

Discussion 

The purpose of Experiment 2 was to test the possibility that, in Experiment 1, the 

control group was slower than the accent group in Block 4 because the accent group was 

accustomed to a more difficult task. It is possible that they had developed strategies for 

coping with the difficult speech or were expending more effort than the control group. 

With the addition of noise in Experiment 2, the control condition was successfully made 

more difficult; for the first three blocks, both the error rates and RTs were the same for 

the two groups. 

Nonetheless, the cffect of increased processing efficiency with short-term 

exposure to accented speech was replicated. The RTs for the accent group again 

decreased across the four blocks, and they were faster than those of the control in noise 

group in the last block of the experiment. The control in noise group had the same 

amount of experience with the task, and experienced the same level of difficulty, as the 
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accent group. But because they had not had a chance to learn the characteristics of the 

Spanish-accented voice, they took longer to process the accented specch in the last block 

of sentences. 

It is interesting to note that in both Experiments 1 and 2, the control groups' RTs 

in Block 4, when they first heard the accented voice, were not as slow as the accent 

groups' RTs in Block 1, when they first heard the accented voice, but approximately 75 

nis faster (Experiment 1: 178 - 111 = 67; Experiment 2: 223 - 143 = 80). The logical 

difference between the Control/Block 4 and Accent/Block 1 conditions is task 

experience, suggesting that 75 ms is a good starting estimate of the effect of practice with 

the task on RT. 

Experiment 3 

The purpose of this experiment was to explore whether the findings of rapid 

adaptation to Spanish-accented speech would generalize to another accent, specifically a 

Chinese accent. This accent is useful because it is most likely less familiar to the 

participant population (University of Arizona students, in Tucson, Arizona). It is possible 

that listeners can quickly adapt to accented speech only if they are already familiar with 

the accent. If the accent is unfamiliar, adaptation may require much more experience (on 

the order of hours as in previous training studies). If this were the case, it would suggest 

that the early adaptation effect found in Experiments 1 and 2 was due to a quick 

acccssing and application of stored knowledge of a previously experienced accent, rather 

than an online adaptation process. 
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Three listener groups were used in the present experiment, one who heard all four 

sentence blocks from a Chinesc-accented speaker (accent group), one who heard three 

blocks from a native speaker in noise and the fourth block from the Chinese-accented 

speaker (control in noise group), and one who heard three blocks from a native speaker in 

the clear and the fourth block from the Chinese-accented speaker (control in clear group) 

(see Table 4). In contrast to the first two experiments, 24 experimental sentences (six per 

block) were used rather than 16 (four per block) because, in a pilot study, it was found 

that RTs to the Chinese-accented voice were slower overall than to the Spanish-accented 

voice of the previous two experiments. Also, while RTs became faster across the four 

experimental blocks in the pilot experiment, they were not significantly faster on the 

fourth block than the control in noise group's. This suggested that listeners may need 

more exposure to the Chinese-accented speech to fully adapt to it. It is not clear whether 

this is because of the Chinese accent itself or the speci fic voice, which was rated as more 

accented than the Spanish-accented voice in a previous accent judgment experiment. 

Conducting the experiment with six sentences per block provided a test of whether 

listeners can adapt to a Chinese-accented voice within a still very short period of 

exposure. 
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Table 4 
Voices and Number of Sentences in Each Block According to Condition for Experiment 3 

Block 

Condition 1 2 3 4 

Accent Chn-accented Chn-accented Chn-accented Chn-accented 

Control in noise 
Non-accented + Non-accented + Non-accented + 

noise noise noise 
Chn-accented 

Control in clear Non-accented Non-accented Non-accented Chn-accented 

Sentences/block 6 6 6 6 

Note. Chn = Chinese. 

The control in clear condition was included to retest the prediction that RTs 

would be slower for accented speech than for non-accented speech. This was necessary 

because the intelligibility of the Spanish-accented target words in Experiment 1 was 

brought into question. A second intelligibility test presenting the target words in the 

sentence context used in the experiment (rather than in isolation) showed that several 

words had intelligibility rates less than 70%. This raised the possibility that the 

experimental groups' RTs included several guess responses. These might be responsible 

for the higher mean RTs, rather than the hypothesized slower processing of the 

intelligible accented words. Based on the second intelligibility test, all target words in the 

present experiment had greater than 70% intelligibility in the experimental sentence 

context. 

As with the previous experiments, it was predicted that RT would decrease across 

the four blocks for the accent condition and that, in the last block, the accent group would 

be faster than both control groups. This prediction was based on the hypothesis that the 

effects of short-term experience found in Experiments 1 and 2 were not due to accessing 
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a stored template for interpreting Spanish-accented speech, but rather were a result of 

online perceptual learning of phonological patterns. 

Method 

Participants 

Participants were 85 University of Arizona undergraduates (45 females, 40 males) 

who were given partial course credit for their participation; none had participated in the 

previous experiments. All were native speakers of American English who reported no 

hearing disorders at the time of testing. They were not fluent in Chinese and did not have 

native Chinese-speaking parents; however 20 participants did have family members or 

close friends with a Chinese accent. One participant's data were excluded because she 

adopted a strategy of not looking at the screen until after each sentence ended. Of the 

remaining 84 participants, 28 were randomly assigned to each of three groups (accent, 

control in noise, and control in clear)." 

Stimulus Materials 

A new set of 40 LP sentences were chosen from the Revised SPIN Test (Bilger, 

1984; Kalikow et al., 1977). The 24 experimental sentences (six per block; see Appendix) 

were selected based on their intelligibility when produced by the Chinese- and non-

accented voices. The final words of these sentences were identi fied at greater than 70% 

accuracy in the LP sentence context for both speakers by a separate group of listeners. 

This requirement was to ensure a low error rate during the main experiment. The target 

" More participants were included in this experiment than in the previous ones in order to ensure enough 
statistical power to reveal the difference between the accent and control groups. As described in the results 
section, the difference between the accent and control in noise groups was attenuated when six trials were 
included in Block 4. 



words from the experimental sentences were familiar, monosyllabic nouns with a mean 

frequency of 20.00 per million (Kucera & Francis, 1967) and a mean of 16.13 phonetic 

neighbors. 

The experimental sentences were recorded by the same female native speaker of 

American English as in Experiments 1 and 2 and by a female native speaker of Mandarin 

Chinese (age; 24, age of English acquisition: 12). The Chinese speaker was rated in an 

earlier study to have a heavy accent when speaking English. The eight practice and eight 

baseline sentences were produced by the same female native speaker as in Experiments 1 

and 2. The Chinese-accented sentences were recorded according to the procedures 

described in Experiment 1. In order to match the non-accented sentences with the highly 

intelligible Chinese-accented sentences, additional sentences had to be recorded from the 

native speaker of American English. For this recording session, the speaker sat in a 

WhisperRoom sound isolation booth and spoke at a natural speaking rate into a Shure 

SM57 Dynamic microphone. The signal was amplified by a Symetrix 302 microphone 

preamplifier and recorded onto CD with an Alesis ML-9600 disc recorder at a sampling 

rate of 44.1 kHz and a resolution of 16 bits. Using the Cool Edit 96 wave-editing 

program, silence at the beginning and end of each sentence was trimmed, each sentence 

was copied into its own file on a IBM-compatible computer, and the files were 

downsampled to 22.05 kHz. Amplitude was normalized to 90% of maximum for all 

sentences. 

Due to the different recording circumstances, the new sentence stimuli had a 

different sound quality from the original sentence stimuli, specifically, a more tinny 



quality resulting from a greater amplitude of the frequencies above approximately 3 kHz. 

In order to equate the sound quality, the new sentence files were filtered using the Cool 

Edit 2000 software package. The amplitudes of the frequencies above 3 kHz were 

gradually reduced from 100% at 3 kHz to approximately 5% at 9.5 kHz to 0% at 10.5 

kHz using a passive filter with an FFT size of 8192 and a Blackmail windowing function. 

This produced a similar sound quality to the original recordings as judged by the author. 

In order to control for differences in target word duration, the accented and non-

acccnted productions of each target word were compressed or lengthened (using the Praat 

wave-editing software) such that they both equaled the mean duration of the two original 

productions. Because the sentence material up to the final word was produced 

approximately 250 ms slower on average by the accented voice than by the non-accented 

voice, the same procedure was used to equate this portion of each sentence across voices. 

Therefore, between the two voices, each sentence was identical in length, and within each 

sentence the final word began the same amount of time after the beginning of the 

sentence. 

The mean amplitude of the Chinese-accented sentences was approximately 74 dB 

SPL(A) as measured at the final word. For the control in clear condition, the mean 

amplitude of the non-accented sentences was approximately 69 dB SPL(A) at the final 

word.'' For the control in noise condition, the SNR of the non-accented sentences was 

reduced to a level that was shown in a pilot study to result in RTs similar to those in the 

Although the stimuli in the accent and control in clear conditions differed by 5 dB, the fact that the 
accent condition was louder predicts a perceptual advantage for the accented voice, which is opposite to the 
experimental prediction for the first three blocks. All groups heard the accented voice in Block 4, so this 
difference is irrelevant for that comparison. 
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acccnt condition. With the Cool Edit 96 software, the amplitude was lowered, resulting in 

a mean amplitude of approximately 63 dB SPL(A) at the final word. Pink noise at 62 dB 

SPL(A) was then added to each file, for a mean SNR of 1 dB. 

As in the previous experiments, for half of the experimental trials the word 

presented on the computer screen was not the target word, and the correct response was 

no. Each foil was a monosyllabic English noun that was a phonetic neighbor of the 

corresponding target word. The foils differed from their target by one phoneme in either 

the onset (4 cases), vowel (4 cases), or coda (4 cases) position, and were similar to the 

target words in mean frequency (20.83 per million). 

Procedure 

The experimental procedure and block counterbalancing were identical to the 

previous experiments except that each experimental block consisted of six sentences 

(three yes trials, three no trials) instead of four. 

Results 

Errors 

The mean error rates for the experimental blocks were low for the accent and 

control in clear groups (less than 5%) and a bit higher for the control in noise group 

(10.27%) (see Table 5). This is probably because the SNR caused by the noise was quite 

low (1 dB). To examine the error rate differences among the three conditions more 

closely, a 3 (group) X 3 (block: 1-3) mixed ANOVA was performed on the percent error 

data after transformation into RAUs. There was a significant main effect of group, F{2, 

81) = 34.43, p < .001, and no effect of block or interaction. Planned contrasts verified that 
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the control in noise group had a higher error rate than the accent group (p < .001), and 

that there was no difference between the accent and control in clear groups. A one-way 

ANOVA on Block 4 was not significant, F <\, showing that there was no difference 

among groups in Block 4. 

Table 5 
Mean Percent Error (and SD) by Experimental Block According to Voice Condition for 
Experiment 3 

Block 

Condition 1 2 3 4 All blocks 

Accent 1.79 (5.25) 2.38 (5.94) 7.14(11.50) 3.57 (6.96) 3.72 (4.29) 

Control in noise 11.90(12.71) 13.10(14,60) 11.90(12.71) 4.17(7.35) 10.27 (4.88) 

Control in clear 2.38 (5.94) 2.38 (5.94) 1.19(4.37) 4.17 (7.35) 2.53 (2.86) 

Reaction Times 

Only correct responses were included in the RT analysis, and difference RTs were 

the dependent measure. As explained in the Experiment 1 results section, targeted 

analyses, rather than an omnibus ANOVA, were performed on the difference RT data. 

The mean RTs for the four experimental blocks are shown in Figure 3. To verify that the 

reduction in SNR in the control in noise condition had the desired effect of equating the 

RTs in the first three blocks with those of the accent group, and to test whether listeners 

were slower to respond to the accented voice than to a native voice (in the clear), a 3 

(group) X 3 (blocks: 1-3) ANOVA was performed. There were significant main effects of 

block, F{2, 162) = 32.08,/? < .001, and group. F{1, 81) = 3.19,p < .05, but no interaction. 

Planned contrasts showed that the accent group {M = 87, SD = 137.42) was marginally 
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slower than the control in clear group (M = 28, SD = 93.34) (p = .068), but was not 

significantly different from the control in noise group (M = 104, SD = 119.59). 

300 

• Accent group 

- A- Control in clear group 

- •- Control in noise group 

250 

200 
w 
E 
h-
01 150 
0) 
u 
c 

100 £ 
5t 
O 

-50 

Block 1 Block 2 Block 3 1st 2 1st 4 ALL 6 

Block 4 

Figure 3. Experiment 3 mean difference reaction times (experimental - baseline) based 
on six trials per block except as noted on x-axis. Error bars indicate standard errors. 

A one-way ANOVA on Blocks 1-4 for the accent condition revealed a significant 

effect of block, F(3, 81) = 14.48,/? < .001, indicating that RT decreased across the four 

experimental blocks (Block 1: M= 151, SD = 181.45; Block 2: M- 79, SD = 148.30; 

Block 3: M= 30, SD = 119.60; Block 4: Af = 20, SD = 109.60). Planned contrasts showed 

that RT had decreased significantly by Block 2(p < .001). 
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To investigate the differences among groups in Block 4, a one-way ANOVA was 

performed. A significant effect of group was found, F{2, 81) = 5.82, p < .005. Planned 

contrasts showed that the accent group (M = 20, SD = 109.60) was significantly faster 

than the control in clear group (A/ = 118, SD = 105.39) (j) < .01), but was not 

significantly faster than the control in noise group {M = 60, SD =111.86). 

One difference between this experiment and the previous two experiments was 

that six sentences were included in Block 4, rather than four. The fact that, in both 

Experiment 1 and the current experiment, the accent groups' RTs decreased significantly 

after only four sentences raised the possibility that the control groups may have adapted 

to the Chinese-accented speech within Block 4. If this were the case, averaging across 

more sentences in Block 4 would have the effect of attenuating the difference between 

the control and accent groups. To investigate this possibility, the mean RTs for Block 4 

were recomputed based on only the first four sentences, making them equivalent to the 

first two experiments. A one-way ANOVA on the four-sentence means for Block 4 

revealed an effect of group, F(2, 81) = 4.29, p < .02. Planned contrasts again showed that 

the accent group {M - 19, SD - 129.02) was significantly faster then the control in clear 

group (M= 118,.S'D= 122.85) (p < .01). In addition, the accent group was now 

marginally faster than the control in noise group (M= 86, SD = 135.54) (p = .056). 

Inspection of the mean RTs for each sentence in Block 4 provided further insight 

into the situation. As shown in the bottom graph of Figure 4, while the data for the accent 

and control in clear groups are relatively consistent throughout the block, the control in 

noise group is very slow on the first sentence and speeds up dramatically by the second. 
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By the fourth sentence, the control in noise group is as fast as the accent group. These 

data suggest that the control in noise group may be adapting to the Chinese-accented 

voice within two to three sentences. Consistent with this hypothesis, a one-way ANOVA 

on the means recalculated based on the first two sentences of Block 4 again showed a 

significant effect of group, F{2, 80) = 3.99, p < .05, and planned contrasts now showed 

that the accent group (M ~ 15, SD = 142.95) was significantly faster than both the control 

in clear group (A/ = 132, SD = 207.43) and the control in noise group (M = 125, SD -

164.94) (ps < .025). 

If adaptation could occur for the control in noise group within only a few 

sentences of exposure to the accented voice, the same pattern might also be seen for the 

accent group in the first block, when they are first exposed to the accented voice. 

Examination of the mean RTs for each sentence in Block 1, shown in the top graph of 

Figure 4, indeed suggests a similar pattern. The accent group appears to improve 

dramatically within the first three to four sentences. 
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Figure 4. Single-trial means of difference reaction times (experimental - baseline) 
Blocks 1 (top) and 4 (bottom) for Experiment 3. 
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Discussion 

Experiment 3 was conducted to test whether the adaptation effects found in 

Experiments 1 and 2 for Spanish-accented speech would also occur during perception of 

a Chinese accent. The experiment also retested the initial processing speed di fference 

between accented and native speech. A better measure of final word identification 

accuracy for the two speakers assured equivalent intelligibility in the first three blocks of 

the experiment. The comparison of the error rates and RTs in Blocks 1-3 for the accent 

and control in clear conditions was necessary to verify that accented speech is initially 

processed more slowly than native spcech, even when intelligibility is high. 

Despite the fact that the final word intelligibility of the Chinese-accented speech 

was high, and the error rates in Blocks 1-3 were the same for the accent and control in 

clear conditions, RTs to the Chinese-accented speech were slower than to the native 

speech, although the effect was weaker than in Experiment 1. This is again consistent 

with Munro and Derwing's (1995b) findings that accented speech is processed more 

slowly than native speech even when it is highly intelligible. 

As with the Spanish-accented voice in Experiments 1 and 2, adaptation to the 

Chinese-accented voice across the four blocks of the experiment was obtained. The RT 

change from Block 1 to Block 4 in the present experiment was approximately 130 ms, 

slightly less than the over 150 ms change in the previous experiments. However, it should 

be noted that the mean RT for Block 1 in the current experiment was based on six trials, 

rather than four, as in the previous experiments. Given the very rapid adaptation effects 

seen so far, a lower mean RT would be expectcd if more of the first trials contributed to 
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the mean. When only the first four trials of Block 1 are averaged, the RT change from 

Block 1 to Block 4 increases to approximately 155 ms. 

The other important question was whether the decrease in RT for the accent group 

could be explained by practice with the task or effort effects. It was necessary to compare 

the Block 4 RTs for the accent group, who had already been exposed to the accented 

voice in the previous blocks, and the control groups, who were hearing the accented voice 

for the first time. However, evidence that the accent group was faster than the control 

groups in Block 4 was complicated by the fact that six sentences were included in the 

mean RTs rather than four, as in the previous experiments. Results of Block 4 analyses 

based on two, four, and six trials suggested that the control in noise group had fully 

adapted to the Chinese-accented voice within the six sentences of the fourth block. When 

only the first two sentences were considered, the accent group was significantly faster 

than both control groups. However, the difference between the accent and control in 

noise groups continually decreased as more sentences were included, and there was no 

statistical difference between these groups for the full set of six sentences. 

Therefore, it is safe to say that the control groups were indeed slower to process 

the Chinese-accented voice when they were first confronted with it in Block 4, and that 

the accent group's improvement over the course of the experiment cannot be explained 

by task effects. But the control in noise group's very rapid RT decrease within the last 

block indicates that adaptation to accented speech may occur even more quickly than the 

initial results of this study suggested. On a methodological note, this finding also shows 

that the measures of processing speed over time must be fine-grained enough to track 
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very rapid changes. Recall that the block size in this experiment was increased to six 

trials because in a pilot study the adaptation effect was not as clear as in the previous 

experiments. It is assumed that this was an artifact of only looking at the four-trial means 

oF Block 4. 

It is not clear why the control in clear group did not adapt to the acccnted voice 

within the fourth block as the control in noise group did. One possibility relates to the 

task difficulty issue. The only difference between the two control groups is the difference 

in SNR of the non-accented voice during Blocks 1-3. Because the first three blocks were 

likely much easier for the control in clear group, they may have been putting less effort 

into the task overall. When the accented voice was introduced, they may have been 

caught off guard by the new perceptual difficulty. In contrast, the control in noise group 

may have already been putting a great deal of effort into understanding difficult speech, 

and were poised to take advantage of anything they could to deal with this new kind of 

difficulty, including adapting to the phonological regularities as the accent group did in 

Block 1. Of course, this explanation is highly speculative. But the puzzling results do 

suggest that task difficulty effects must be taken seriously when very subtle effects are 

being investigated. 

General Discussion: Experiments 1-3 

Experiments 1, 2, and 3 demonstrate that adaptation to foreign-accented speech 

occurs very quickly after initial exposure. In all three experiments, significant increases 

in processing speed were observed with less than one minute of experience with accented 

speech. These dramatic changes in processing efficiency cannot be attributed to a learned 
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strategy of using semantic context to guess the sentence-final words because only 

semantically neutral sentence contexts were used. 

Experiment 1 also ruled out the possibility that the decrease in RT was purely due 

to practice with the task. A control group who was given practice with the task, but no 

exposure to the Spanish-accented voice, was not as fast as the accent group when the 

accented voice was presented in the fourth block. This suggests that, beyond being 

familiar with the task, the accent group had the additional advantage of having learned 

the phonological regularities of the accented voice. The results of Experiment 2 ruled out 

an alternative explanation: that the control group was only slower than the accent group 

because the task had been easier for them and they consequently put less effort into 

understanding the accented speech in the fourth block. Even when task difficulty was 

equated, the control group was slower than the accent group in the fourth block. 

Finally, Experiment 3 extended the adaptation effect to a different foreign accent: 

Chinese. Chinese-accented speech is likely less familiar to the participants in this study 

because the study was conducted in Tucson, Arizona, which has a large Hispanic 

community. There is generally less opportunity to hear Chinese-accented speech in the 

ambient environment, in contrast to Spanish-accented speech. In addition, the proportion 

of participants who reported having a close friend or family member with a Chinese 

accent was lower in Experiment 3 (24%) compared to the proportion reporting the same 

thing for a Spanish accent in Experiments I (65%) and 2 (34%). in order to determine 

whether the adaptation effect in Experiment 3 occurred for those listeners who were less 

familiar with the accent, a reanalysis was performed including only those participants 
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who reported either never having known anyone with a Chinese accent or only having 

Chinese-accented acquaintances with whom they spent little time (accent: n = 21; control 

in clear: n - 21; control in noise: n = 22). The same pattern of effects as in the original 

analysis was found: the accent group sped up across the four blocks [ F ( 3 ,  60) = 9.92,/? < 

.001], the control in clear group was slower than the accent group in Block 4 ( p <  .005), 

and the control in noise group was slower than the accent group when the first two trials 

of Block 4 were considered (p < .05). The analysis of only the less experienced listeners 

should be interpreted somewhat cautiously because the block order counterbalancing was 

not maintained when the more experienced participants were excluded. Nevertheless, the 

reanalysis indicates that the effect was not carried by the experienced listeners alone. The 

generalization of the effect to Chinese-accented speech suggests that the increase in 

processing efficiency is due to online perceptual learning of phonological patterns, not 

identifying the accent and calling up a pre-compiled phonological template. However, 

Chinese accents are not completely novel to this participant population, so this possibility 

cannot be completely ruled out. 

The other important result of Experiment 3 was the discovery that adaptation to 

accented speech may only require exposure to a few sentence-length utterances, rather 

than 16 or 24. Careful examination of the RTs in Block 4 (bottom of Figure 4) showed 

1 
that the control in noise group adapted to the Chinese-accented voice within six trials. 

This prompted a reexamination of the very early RT changes for the accent group in 

As noted above, the control in clear group in Experiment 3 did not show an RT decrease during Block 4. 
The similar control condition in Experiment 1 also did not show a decrease in RT in Block 4, when the data 
were broken down into two-trial means. The same task difficulty explanation is offered as in Experiment 3 
for the difference between this condition and the control in noise condition. 
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Block 1, when they were first exposed to the Chinese-accented voice. The top graph of 

Figure 4 shows that the accent group also had a dramatic decrease in RT within the first 

three to four trials, on the order of 100 ms. Note that this is over half of the accent 

groups' overall change in RT after 16 (Experiments 1 and 2) and 24 (Experiment 3) trials. 

It may be that most of the process of adapting to the accented voices occurred within the 

first few utterances and the rest of the downward slope in RT was due to practice with the 

task. This possibility prompted further estimation of the size of RT effects attributable to 

practice with the task on one hand, and adaptation to an accented voice on the other. 

The three experiments provided several ways to estimate the size of the adaptation 

and practice effects. For example, one way to estimate the effect of adaptation to the 

accent is to subtract the accent group's RT from the control group's RT in Block 4 (see, 

e.g., Figure 1), since the only logical difference between these conditions is experience 

with the accented voice. Comparisons such as this were collected based on means of 

consecutive pairs of trials (e.g., 1 and 2; 3 and 4). Two-trial means were chosen because 

they afforded a more fine-grained representation of RT changes than four-trial means, but 

were more stable than single-trial means. 

First, the adaptation effect was estimated based on (a) the control in noise groups' 

RT changes when first hearing the accented voice in Block 4 (two cases; see Figure 5, 

bottom graph), and (b) the RT difference between the control and accent conditions for 

the first two trials of Block 4 (four cases; see Table 6). The mean estimate of the 

adaptation effect was 121 ms. Second, the accent groups' RTs at the beginning of each 

experiment were examined to see how many trials were needed before they decreased by 
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this amount (see Figure 5, top graph). This change occurred by the mean of trials 5 and 6 

for the accent groups in Experiments 1 and 3, and by the mean of trials 7 and 8 in 

Experiment 2. It is not clear why the decrease was slower for the participants in 

Experiment 2, especially because the stimuli were identical to those in Experiment 1. 

The size of the practice effect was estimated with the comparisons listed in Table 

6, and the mean estimate was 88 ms. An interesting question is whether the effects of 

adaptation to the accent and practice with the task are additive when considering the total 

effect for the accent condition. This can be addressed by adding the adaptation and 

practice estimates and comparing the outcome with the mean RT change for the accent 

conditions from the beginning to the end of each experiment, which logically should 

include both adaptation and practice effects. The mean overall effect, 194 ms, is quite 

similar to the sum of the practice and adaptation effects, 209 ms, suggesting the two 

effects are additive.'"^ In addition, the fact that the accent groups' RTs decreased by 

approximately 100 ms within five to eight trials is consistent with the possibility that 

adaptation occurred within this time frame, and the rest of the RT change was due to 

practice with the task. 

Care was taken to include only independent estimates of the adaptation and practice effect sizes so that 
the similarity of the sum of these effects to the overall effect for the accent condition was not a 
mathematical necessity. 
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Figure 5. Two-trial means of difference reaction times (experimental - baseline) for the 
accent conditions in the first 1 to 2 blocks (top) and the control in noise conditions in 
Block 4 (bottom) of Experiments 1, 2, and 3. (Note that there was no control in noise 
condition in Experiment 1.) 
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Table 6 
Estimates of Reaction Time Change Due to Adaptation, Practice with the Task, and the 
Combination of Adaptation and Practice 

Experiment Comparison Difference (ms) 

Adaptation effect 

1 Ctl-C Block 4 (trials 1,2) - Acct Block 4 (trials 1,2) 131 

2 Ctl-N Block 4 (trials 1,2) - Acct Block 4 (trials 1,2) 138 

2 Ctl-N Block 4 (trials 1,2) - Ctl-N Block 4 (trials 3,4) 113 

3 Ctl-C Block 4 (trials 1,2) - Acct Block 4 (trials 1,2) 117 

3 Ctl-N Block 4 (trials 1,2) - Acct Block 4 (trials 1,2) 110 

3 Ctl-N Block 4 (trials 1,2) - Ctl-N Block 4 (trials 5,6) 115 

Mean: 121 

Practice with task effect 

1 NA Block 1 (trials 1,2) - NA Block 4 (trials 3,4) 93 

1 Ctl-C Block 1 (trials 1,2) - Ctl-C Block 3 (trials 11,12) 72 

2 Ctl-N Block 1 (trials 1,2) - Ctl-N Block 3 (trials 11,12) 89 

3 Ctl-C Block 1 (trials 1,2) - Ctl-C Block 3 (trials 17,18) 67 

3 Ctl-N Block 1 (trials 1,2) - Ctl-N Block 3 (trials 17,18) 121 

Mean: 84 

Adaptation + practice with the task 

1 Acct Block 1 (trials 1,2) - Acct Block 4 (trials 3,4) 161 

2 Acct Block 1 (trials 1,2) - Acct Block 4 (trials 3,4) 220 

3 Acct Block 1 (trials 1,2) - Acct Block 4 (trials 5,6) 200 

Mean: 194 

Note. Acct = accent condition; Ctl-C = control in clear condition; Ctl-N = control in noise 
condition; NA = non-accented condition. 

The results of Experiments 1-3 demonstrate that understanding accented spcech 

indeed becomes easier after only a few moments of exposure, as the subjective 

phenomenon suggests. The evidence indicates that the improvement is not due to 

strategic effects or artifacts of the experimental methodology. The data collected so far 

also supply some initial estimates of the savings in processing time that is gained with 
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short-term exposure to acccnted speech. Listeners appear to gain at least 100 ms, making 

up completely the processing speed deficit initially produced by the accented speech. 

Further, this improvement in processing efficiency may take place within just a few-

seconds of speech input. Finally, the processing gains due to adaptation and practice with 

the task seem to be additive, a finding that became useful methodologically in 

Experiment 5 of this study. First, however, Experiment 4 explored the kind of knowledge 

listeners gain about accented speech during short-term exposure. 



CHAPTER 3 

GENERALIZATION OF LEARNING TO A NEW VOICE 

Experiment 4 

The purpose of this experiment was to test whether the effects of adaptation to an 

accented voice generalize to another voice with the same accent. The four previous 

studies to investigate this question produced conflicting results. Gass and Varonis (1984) 

found higher transcription accuracy for a novel voice when the speaker had the same 

accent as a previous voice than when the accent was different. Weil (2001) also found 

generalization of accent learning to a new voice after several days of training with 

various transcription tasks. However, Clarke (2000) did not find generalization after 

several days of training with a voice identification task, even though multiple voices with 

the same accent were presented during training. Bradlow and Bent (2003) did find 

generalization, but only when training included exposure to multiple voices with the 

same accent. When only one voice was heard during training, there was no word 

identification benefit for a new voice with the same accent. 

This inconsistency may result from several methodological issues. First, it is 

plausible that the processing of an accented voice would benefit less from previous 

experience with a different voice with the same accent than experience with the voice 

itself. When the voice is the same, almost everything that was previously learned about 

the voice will benefit current perception. But when the voice changes, only some of the 

previously learned speech characteristics will be useful for the new voice, those due to 

the accent. Therefore, it requires a sufficiently sensitive measure of perceptual benefit to 
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detect the generalization effect. In all the studies just described, the dependent measure 

was word identification, a relatively coarse-grained test of perceptual ability. 

Second, the ability to find generalization may be weakened further if care is not 

taken in choosing voices with the same phonological characteristics. Although two 

speakers may be classified as having the same accent, they may speak different dialects 

of their native language. The phonological differences between the dialects may result in 

systematic differences in the speakers' L2 phonology. The present experiment addressed 

these issues by using reaction time, a more sensitive dependent measure of perception, 

and by using the voices of two accented speakers who were raised in the same town, 

reducing the likelihood of dialect differences. 

A finding of generalization to a new voice would indicate that abstract, rather than 

voice-specific, phonological characteristics are learned within the first moments of 

exposure to an accented voice. These may include new phonetic prototypes, phonetic 

context rules, or intonation patterns. 

Testing for generalization in this experiment also addressed a confound in the first 

three experiments. In those experiments, the accent group heard the same voice 

throughout the experiment, while the control groups had a voice change as well as an 

accent change in the final block. It is possible that the RT advantage for the accent groups 

was due to adaptation to the specific voice, and that the RT disadvantage for the control 

groups was due to a sudden change in voice rather than the accent per se. Finding a 

perceptual benefit of experience with an accented voice, even when the voice changes, 

would rule out the voice-change explanation of the effects of Experiments 1-3. 
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In the design of this experiment, a generalization group was added. They heard 

one Spanish-accentcd voice for the first three blocks and a different Spanish-accented 

voice in the final block. If the adaptation effects obtained so far were completely due to 

learning the characteristics of the specific accented speaker, then there should be no RT 

advantage in the final block when a new accented speaker is heard. The generalization 

group should be slower than the experimental group and similar to the control group. 

However, if listeners learn the abstract characteristics attributable to the accent itself, they 

should show some savings in processing time when confronted with a new Spanish-

accented voice. It was hypothesized that listeners learn the abstract phonological 

characteristics of accented speech in the first moments of exposure, and therefore it was 

predicted that the generalization group would be faster than the control group in Block 4. 

In addition, the control condition was altered to reduce the effects of a voice 

change at the final block. In order to make the change to the accented voice less 

surprising, the first three blocks of the control condition consisted of eight different non-

accented voices, with the voice changing on every trial. Because the control group 

becomes accustomed to voice changes, slower RTs in the final block cannot be attributed 

to a simple "shock" effect. 

To summarize, three listener groups were used, one who heard all four sentence 

blocks from Spanish-accented speaker A (accent group), one who heard three blocks 

from Spanish-accented speaker B and the fourth block from Spanish-accented speaker A 

(generalization group), and one who heard three blocks from a mix of native speakers in 

noise and the fourth block from Spanish-accented speaker A (mixed control in noise 
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group). Each of the first three blocks consisted of eight sentences, and the final block 

consisted of six sentences (see Table 7). More sentences were included in the first three 

blocks to ensure full adaptation to the accented voice before generalization was tested. 

Six sentences were again included in Block 4 in order to further investigate the possibility 

of adaptation to the accented voice within a few sentences. Comparisons were planned 

between pairs of conditions for the first two, four, and six trials of Block 4. 

Table 7 
Voices and Number of Sentences in Each Block According to Condition for Experiment 4 

Block 

Condition 1 2 3 4 

Accent Span-acct'd (A) Span-acct'd (A) Span-acct'd (A) Span-acct'd (A) 

Generalization Span-acct'd (B) Span-acct'd (B) Span-acct'd (B) Span-acct'd (A) 

Mixed control in 
noise 

8 Non-accented 
+ noise 

8 Non-accented 
+ noise 

8 Non-accented 
+ noise 

Span-acct'd (A) 

Sentences/block 8 8 8 6 

Note. Span-acct'd = Spanish-accented. 

Method 

Participants 

Participants were 75 new volunteers from the University of Arizona community 

(44 females, 31 males) who were paid or given partial course credit for their 

participation. All were native speakers of American English who reported no hearing 

disorders at the time of testing. They were not fluent in Spanish and did not have native 

Spanish-speaking parents; however, 26 participants did have other family members or 

close friends with a Spanish accent. Three participant's data were not used because they 
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exceeded a 15% error rate. Of the remaining 72 participants, 24 were randomly assigned 

to each of three groups (experimental, generalization, and mixed control in noise). 

Stimulus Materials 

A new set of 46 LP sentences were chosen from the Revised SPIN Test (Bilger, 

1984; Kalikow et al., 1977). The 30 experimental sentences (eight per block in the first 

three blocks, six in the last block; see Appendix) were selected based on their 

intelligibility when produced by the Spanish- and non-accented voices. The final words 

of these sentences were identified at greater than 70% accuracy in the LP sentence 

context when produced by the Spanish-accented speakers in an intelligibility test with a 

separate group of native English listeners. The target words from the experimental 

sentences were familiar, monosyllabic nouns with a mean frequency of 15.93 per million 

(Kucera & Francis, 1967) and a mean of 16.13 phonemic neighbors. 

The experimental sentences were recorded by eight female native speakers of 

American English (mean age 30.5) and two female native speakers of Mexican Spanish 

(ages; 20 and 26, ages of English acquisition: 16 and 15, respectively). The native 

Spanish speakers both grew up in Hermosillo, Sonora, Mexico. The eight practice and 

eight baseline sentences were produced by the same female native speaker as in the 

previous experiments. The experimental sentences for 7 of the 8 native speakers were 

recorded directly to computer using the Praat software. Speakers sat in a WhisperRoom 

sound isolation booth and spoke at a natural speaking rate into a Shure SM57 Dynamic 

microphone. The signal was amplified by a Symetrix 302 microphone preamplifier prior 

to input to an IBM-compatible computer. The experimental sentences for the other three 



voices (one native English and two native Spanish) were recorded onto CD (44.1 kHz, 16 

bits) and processed according to the same procedures used for the native English speaker 

in Experiment 3. No filtering was performed on the recordings. 

For the mixed control in noise condition, the same procedure as in Experiment 2 

was used to reduce the SNR of the non-accented sentences. With the Cool Edit 96 

software, the amplitude was reduced, resulting in a mean amplitude of approximately 62 

dB SPL(A) at the final word. Pink noise at 57 dB SPL(A) was then added to each file, 

resulting in a mean SNR of 5 dB. The mean amplitude at the final words for Spanish-

accented speakers A and B were both approximately 62 dB SPL(A). No noise was added 

to the accented sentences. 

In order to control for differences in target word duration, the three productions of 

each target word (two accented, one non-accented) were compressed or lengthened (using 

the Praat wave-editing software) such that they all approximately equaled the median 

duration of the three original productions. The same procedure was used for the 

beginning of each sentence up to the final word. Therefore, across the three voices, each 

sentence was identical in length, and within each sentence the final word began the same 

amount of time after the beginning of the sentence. 

As in the previous experiments, for half of the experimental trials the 

orthographic probe word was not the target word, and the correct response was no. Each 

foil was a monosyllabic English noun that was a phonetic neighbor of the corresponding 

target word. The foils differed from their targets by one phoneme in either the onset (5 
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cases), vowel (5 cases), or coda (5 cases) position, and were similar to the target words in 

mean frequency (16.40 per million). 

Procedure 

The item counterbalancing design was changed slightly so that all listeners heard 

the same six sentences in the final block; that is, these items did not rotate with items in 

the other blocks across participants as before. This change was made to reduce the item-

related variability in the RTs of Block 4. However, the order of the first three blocks of 

eight was counterbalanced across participants using a Latin square design. Within each 

listener group (accent, generalization, and mixed control in noise), an equal number of 

listeners were presented with each of the three block orders. In each of the first three 

blocks, each non-accented voice produced one of the eight sentences. In each block 

overall, half of the trials were yes and half were no trials. Trials within each block were 

presented in a pseudo-random order such that no more than five yes or no trials occurred 

consecutively. All other aspects of the procedure were the same as in the previous 

experiments, except that listeners in the mixed control in noise condition were warned 

that in the first part of the experiment the voice would change on every trial. 

Results 

Errors 

The mean error rates for the experimental blocks were low for the accent and 

control groups (less than 6%) and a bit higher for the mixed control in noise group 

(9.86%) (see Table 8). To examine the error rate differences among the three conditions 

more closely, a 3 (group) X 3 (block: 1-3) mixed ANOVA was performed on the percent 



error data after transformation into RAUs. There was a significant main effect of group, 

F(2, 69) - 18.51, p < .001, and no effect of block or interaction. Planned contrasts 

showed that the mixed control in noise group had a higher error rate than the accent 

group (p < .001), and there was no difference between the accent and generalization 

groups. A one-way ANOV A on Block 4 also showed a significant effect of group, F{2, 

69) = 4.99, p < .01. Post hoc comparisons (using the Dunnett C test for unequal 

variances) revealed that the mixed control in noise group had a significantly lower error 

rate than the accent and generalization groups (ps < .05). There was no significant 

difference between the accent and generalization groups. 

Table 8 
Mean Percent Error (and SD) by Experimental Block According to Voice Condition for 
Experiment 4 

Block 

Condition 1 2 3 4 All blocks 

Accent 

Generalization 

Mixed control in 
noise 

5.21 (8.97) 

5.73 (7.35) 

14.58 (9.52) 

4.17 (6.02) 

5.21 (8.97) 

10.42 (12.59) 

4.17 (6.02) 

2.60 (5.19) 

11.46(10.37) 

6.25 (8.24) 

6.94 (9.73) 

0.69 (3.40) 

4.86 (4.61) 

5.00 (4.28) 

9.86 (3.74) 

Reaction Times 

Only di fference RTs from correct responses were included in the analysis. Figure 

6 shows the mean difference RTs for each block. Block 4 is represented three ways; 

based on the first two, first four, and all six trials. To verify that the three voice 

conditions produced the same level of difficulty in the first three blocks, a 3 (group) X 3 
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(block: 1-3) ANOVA was performed. There was a significant effect of block, F{2,138) -

28.39,/? < .001, but no effect of group or interaction (Fs < 1). 
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Figure 6. Experiment 4 mean difference reaction times (experimental - baseline) based 
on eight trials per block except as noted on x-axis. Error bars indicate standard errors. 

To investigate whether the accent group's RT decreased across the four blocks, a 

one-way ANOVA was performed on the accent group's difference RTs for Blocks 1-4. 

Results showed a significant effect of block, F(3, 69) = 13.24,/? < ,001, indicating that 

RT decreased across the four experimental blocks (Block 1; M= 144, SD = 87.33; Block 
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2: M= 73, SD = 83.56; Block 3: M= 42, SD = 88.84; Block 4: 22, SD = 71.09). 

Planned contrasts showed that RT had decreased significantly by Block 2(p < .005). 

For the Block 4 means based on all six trials, independent samples t-tests showed 

no differences among the three conditions (ps > .10).'"'* For the Block 4 means based on 

only the first four sentences, the accent group was significantly faster than the mixed 

control in noise group, t{46) = 1.89, p < .05. There were no significant differences 

between the generalization and control groups or between the accent and generalization 

groups (ps > . 10). For the Block 4 means based on only the first two sentences, the accent 

group was significantly faster than the control group, /(46) = 2.22, p < .02, and the 

generalization group was marginally faster than the control group, /(46) = 1.67, p = 

.0505. There was no significant difference between the accent and generalization groups 

(p > .50).'^ Mean RTs and standard deviations for all comparisons are shown in Table 9. 

For all analyses of Block 4 data, the planned comparisons between the mixed control in noise condition 
and both the accent and generalization conditions used one-tailed t-tests. This was justified by the a priori 
prediction that the accent and generalization conditions would produce faster RTs than the control 
condition. 

Analysis of the raw baseline RTs using a one-way ANOVA revealed a significant effect of group, F{2, 
69) = 3.91,p < .05. A post hoc analysis (using the Tamhane test for unequal variances) showed that the 
control group (M= 631, SD = 190.13) was marginally slower than the generalization group (M= 522, SD = 
100.56) (p = .052). Neither of these groups differed from the experimental group (M-545, SD = 121.45). 
The difference between the control and generalization groups on the baseline trials cannot account for the 
group differences found for Block 4 when difference RTs were used as the dependent measure. If, for 
example, the control group were faster on the baseline trials for some systematic reason, then the fact that 
they had higher difference RTs than the other groups in Block 4 could be an artifact of the subtraction of a 
smaller number. However, the control group was actually slower than the other groups on the baseline 
trials, and there is no reason to suspect a systematic cause for the difference. 
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Table 9 
Block 4 Mean RTs (in ms) and SDs According to Number of Trials Included for 
Experiment 4 

Number of trials in Block 4 

Condition First 2 First 4 First 6 

Accent 30(112.69) 15 (79.70) 22 (71.09) 

Generalization 50(124.01) 33 (95.29) 36 (72.61) 

Mixed control in noise 118 (158.22) 71 (121.09) 58 (118.65) 

Significant differences 
Acct - Ctl (/; < .02) 
Gen - Ctl {p - .05) 

Acct - Ctl (p < .05) none 

Note. Acct = accent; Gen = generalization; Ctl = mixed control in noise. 

Note that it was discovered in the error analysis that the control group made 

significantly fewer errors than the accent and generalization groups in Block 4 (0.69% vs. 

6.25% and 6.94%, respectively). It is possible that the importance of accuracy over speed 

was di fferent among the conditions, and a speed/accuracy trade-off could explain the RT 

effects; the control group may have been slower than the others because they were 

answering more carefully, not because they processed the accented speech more slowly. 

To investigate this possibility, a reanalysis of the Block 4 RTs was performed including 

only those participants who made no errors in Block 4 (accent: n = 15; generalization: n = 

15; mixed control in noise: n = 23). The new analysis revealed the same patterns as in the 

original analysis. For the six-trial means, there were no significant differences among 

conditions. For the four-trial means, the accent group was marginally faster than the 

control group (p = .055), and no other differences were found. For the two-trial means, 

both the accent and generalization groups were significantly faster then the control group 

(ps < .03), but were not different from each other. 
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Discussion 

The results of Experiment 4 suggest that adapting to one accented voice benefits 

the perception of a new voice with the same accent, although the effect may be weaker 

than in the same voice case. The accent and generalization groups were exposed to two 

different Spanisli-accented voices in the first three blocks, and both showed evidence of 

adapting to those voices. In Block 4, both groups heard the same Spanish-accented voice: 

a new voicc for the generalization group; the same voice for the accent group. The accent 

group was significantly faster than the control group when the first two or four trials were 

considered, replicating the first three experiments. In addition, despite the change in 

voice in Block 4, the generalization group was just as fast as the accent group. The 

generalization group also had a 68 ms RT advantage over the control group when the first 

two trials of Block 4 were considered. Althougli the difference was only marginally 

significant, the pattem of data is consistent with the hypothesis that the listeners had 

some processing benefit for the second Spanish-accented voice because of their 

experience with the first Spanish-accented voice. 

The control group was slower than the accent and generalization groups despite 

the fact that they experienced the same level of task difficulty during the previous phase 

of the experiment. This rules out an effort explanation of the group differences. This 

control group was also important because their RTs for the accented voice in Block 4 

were not influenced by the unexpectedness of a voice change. During the first three 

blocks, the voice changed from each trial to the next, ensuring that the control group was 

accustomed to this before Block 4. It is therefore unlikely that the control group's slow 



RTs when first exposed to the accented voice were due to a shock effect, a possibihty that 

could have explained the results of Experiments 1-3. They were slower with the accented 

voice because of the known processing difficulty of accented speech. However, as in 

Experiments 2 and 3, the control group appeared to adapt to the Spanish-accented voice 

within the six trials of Block 4. When all six trials were included in the RT analysis, the 

control group was not significantly slower than the other groups. This finding again 

emphasizes the swiftness of adaptation to accented speech. 

In the introduction to this experiment, the possibility was raised that the 

perceptual benefit of experience with an accent might be smaller when the voice is new 

than when it is familiar because of, for example, vocal tract differences among speakers. 

(This is assuming that there is some abstract learning of phonological properties that 

generalizes to new voices.) In the context of this experiment, one might expect the 

generalization group to be slower than the accent group, even if they are faster than the 

control group. There was a small trend in this direction, on the order of 20 ms, but the 

two conditions were statistically equivalent. The absence of this effect is not surprising. 

Everyday experience suggests that, at least with non-accented voices, a voice change 

causes no noticeable processing difficulties. Mullennix et al. (1989) found slower 

processing in a mixed-talker condition compared to a single-talker condition, but this was 

based on samples from hundreds of voice-change occasions with 15 different voices, 

including males and females. A voice change effect is unlikely to be detected with a 

single assay for each listener. Further, in this experiment, the fewest trials to enter into a 

participant's Block 4 mean was two; if adaptation to voice-specific characteristics (within 
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the same accent or native speech situation) occurs as quickly as the evidence suggests, 

the effect may be neutralized by the second trial. It is possible that a voice change might 

be more difficult to cope with when the speech is accented, but in any case, even an RT 

measure may not be sensitive enough to pick up the effect in the present design. 

An alternative explanation for the processing time advantage of the generalization 

group over the control group is that the voice quality of the two native Spanish speakers 

was similar and that this similarity, not the phonological similarity, was the cause of 

generalization. In native speech, Goldinger (1996) has demonstrated effects of voice 

similarity on word recognition and identification. However, the two native Spanish-

speakers in this experiment had noticeably different voice qualities. Speaker A generally 

had a lower pitch and a more breathy voice. In addition. Speaker B had a more choppy 

pattern of speech while Speaker A produced sentences more fluently. Nonetheless, 

further investigation of the contributions of similarity in voice quality as well as 

phonological patterns will be important in further research on perceptual learning of 

speech characteristics. 
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CHAPTER 4 

LEXICAL INVOLVEMENT IN ADAPTATION 

Experiment 5 

The purpose of this experiment was to investigate whether feedback from the 

lexicon is necessary for short-term adaptation to occur. If it is assumed that adaptation to 

accented speech results trom changes in phonological processing (Duffy & Pisoni, 1992), 

there are two obvioiis ways in which that change might be driven. One is due to some 

form of feedback from the lexical level of processing. When a word is discovered in the 

speech stream but there is a mismatch between the acoustic-phonetic input and the form 

expected for that word, the input criteria for the relevant phonological categories may be 

altered to better accommodate the current speech situation. A second possibility is that 

phonological changes may occur without lexical feedback. In this case, acoustic-phonetic 

criteria would change based on patterns detectable directly from the speech signal. For 

example, systematic deviations from native category prototypes could be learned without 

lexical feedback as long as they are subphonemic, that is, the intended category is still 

identifiable. Norris, McQueen, and Cutler (in press) have described phonological learning 

with and without lexical feedback as supervised and unsupervised learning, respectively. 

In order to detennine if lexical feedback is necessary for adaptation, performance 

in two conditions was compared. In the word condition, the experimental sentences were 

similar to those in the previous experiments, and were produced by a Spanish-accented 

speaker. In the nonword condition, the experimental sentences were made up of 

phonotactically legal nonwords except for the final word, which was a real English word. 
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These sentences were also produced by the Spanish-accented speaker. The word 

condition served as a control; adaptation was expected as in the previous experiments. 

The nonword condition tested the possibility of adaptation to the Spanish-accented 

speech when the great majority of the input had no lexical representation and therefore 

did not allow for lexical feedback. A real English word was used as the final word in 

order to keep the task easy and comparable to the previous experiments. Comparing the 

auditory and orthographic forms of a nonword would involve assumptions about 

orthographic-to-phonetic mappings that would likely make the task decisions ambiguous 

and quite difficult for participants. It was assumed that a limited number of "isolated" 

words would not be enough to support adaptation. 

The experimental design was changed from the previous experiments based on 

the evidence that most of the adaptation to the accented voice occurs within the first few 

sentences of exposure and that the processes of adaptation and task familiarization seem 

not to interact. In the current design, participants in both conditions were first exposed to 

the task with a native voice for enough trials that they were completely comfortable with 

the task, and the effects of practice on RT had reached asymptote, in order to equate the 

difficulty of the task for all participants, nonword sentences were used for this practice 

segment for both conditions. 

Following the non-accented practice segment, the experimental manipulation was 

introduced. The word condition consisted of 12 real English sentences produced by a 

Spanish-accented speaker; the nonword condition consisted of 12 sentences made up of 

n on words (plus a real final word) produced by the same Spanish-accented speaker. 
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Because of the previous practice with the task, any RT change at this point should be 

attributable to adaptation to the accented voice. There are two benefits to this new design: 

(a) the practice and adaptation effects are separated, allowing for a direct assessment of 

the RT change due to adaptation, and (b) a more powerful within-subjects comparison of 

RT change across sentence blocks is now possible.'^ 

It was predicted that, as in the previous experiments, the listeners in the word 

condition would adapt to the Spanish-accented voice, and their RTs would decrease 

across the three blocks of accented speech. There were three possible outcomes for the 

nonword condition. If adaptation to accented speech requires feedback from the lexical 

level of processing, no adaptation would be expected. If some combination of lexical 

feedback and phonoiogically-driven learning is required, less adaptation or a slower rate 

of adaptadon is expected. Finally, if lexical feedback is not necessary, the same amount 

and rate of adaptation should occur. 

Method 

Participants 

Participants were 38 new volunteers from the University of Arizona community 

(22 females, 16 males) who were paid or given partial course credit for their 

participation. All were native speakers of American English who reported no hearing 

Note that this is different from the previous experiments. Within-participant comparisons were used in 
those experiments to test whether the accent groups' RTs had decreased across blocks. However, this test 
was not sufficient to show the adaptaton effect because practice effects also acted to decrease RT. The 
decrease for the accent group across blocks always had to be combined with a significant difference 
between the accent and control groups in Block 4 to rule out a practice explanation. The design of the 
current experiment does not require this between-participants comparison because practice effects have 
been neutralized prior to the experimental blocks. Therefore, the adaptation effect can be tested directly 
with the within-participants comparison. 
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disorders at the time of testing. They were not fluent in Spanish and did not have native 

Spanish-speaking parents; however, 17 participants did have other family members or 

close friends with a Spanish accent. One participant's data were not used because she 

adopted a strategy of not looking at the screen until after each sentence ended. Another 

participant's data were not used because three of his four reaction times in one of the 

experimental blocks exceeded 2000 ms. Of the remaining 36 participants, 18 were 

randomly assigned to each of two groups (word and nonword). 

Design 

The experimental design was altered slightly from the previous experiments. 

Before the experimental manipulation was introduced, all participants were given nine 

blocks (36 sentences) of practice perfomiing the cross-modal matching task with 

nonword sentences. The number of practice blocks was chosen based on a pilot study 

showing that RTs reached an asymptote after approximately the fifth block of practice. 

There were no breaks between the practice blocks and the blocks that followed, as 

described below. Neither baseline trials nor RT normalization were used in this 

experiment. 

Both the word and nonword conditions consisted of 10 blocks of sentences 

(including the nine practice blocks) produced by a non-accented speaker, followed by 

three blocks produced by a Spanish-accented speaker. In the nonword condition, all 13 

blocks consisted of four nonword sentences each. In the word condition, the first nine 

blocks consisted of four nonword sentences each, and the last four blocks consisted of 

four word sentences each (see Table 10). Note that, for the word group, the word 
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sentences began in Block 10 (the transition block) and the accented voice began in Block 

11. This was done so that the listeners in the word condition would have four trials to get 

used to the change from nonwords to words, and the only change from Block 10 to Block 

11 for both conditions was the introduction of the accented voice. Both groups received 

nonword sentences for the practice blocks so that they had the same level of task 

difficulty up until the experimental manipulation. 

Table 10 
Voices (and Lexical Content) of Sentences in Each Block According to Condition for 
Experiment 5 

Practice Transition Experimental 

Condition 1 2 3 4 5 6 7 8 9 10 11 12 13 

Word Non-accented (NW) Non-acct'd (W) Span-acct'd (W) 

Nonword Non-accented (NW) Non-acct'd (NW) Span-acct'd (NW) 

Sentences/block 4 4 4 

Note. Span = Spanish; W = word; NW = nonword. 

As in the previous experiments, the order of the last three (experimental) blocks 

was counterbalanced across participants using a Latin square design. The first nine 

(practice) blocks were presented in a different random order for each participant. The 

sentences in the transition block (Block 10) remained in that position for all participants 

in both groups. Each block contained two yes and two no trials, and sentences within 

each block were in a different random order for each participant. 

Stimulus Materials 

An initial set of 53 scntence-fmal words were selected based on the fact that they 

had over 70% intelligibility when produced by the native Spanish speaker in the low 
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probability (LP) sentence context. These 53 final words, and their associated LP and HP 

sentences from the Revised SPIN Test (Bilger, 1984; Kalikow et al., 1977), were the 

basis for construction of the word and nonvvord sentences. The ultimate set of sentences 

used in the experiment included 16 word sentences and 52 nonword sentences (see 

Appendix). The process of constructing these materials is described below. 

Word sentences. The initial set of 53 word sentences was created by modifying 

the LP sentences. The original LP sentences consisted of only a limited set of sentences 

frames (e.g., He was considering the .) and therefore had a good deal of repetition 

of words across sentences. In order to add more lexical variability, some additional 

neutral frames were created. This increased the number of basic frame types from 11 to 

34. 

Nonword sentences. Each nonword sentence in the initial set of 53 was 

constructed to have the same intonation contour and number of syllables as a sensible 

English template sentence. The template sentences were HP sentences from the SPIN-R 

Test. The final word of each HP template sentence was the final (English) word used in 

the corresponding nonword sentence. "Content" nomvords replaced the open class words 

in the template sentences, and "function" nonwords replaced the closed class words, such 

as the and with. All nonwords followed the phonotactic rules of English. 

To create the content nonwords, legal orthographic nonwords were generated 

using the English Lexicon Project website (Balota et al., 2002). A subset of these, which 

included strings of one, two, and three syllables, was chosen based on the following 

criteria: (a) The string was not an English word when pronounced (e.g., fane, nat); (b) the 
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string did not contain an obvious English suffix, such as -ing or -ed; and (c) most of the 

items chosen had a relatively high number of orthographic word neighbors (10 or more). 

The number of two- and three-syllable strings was supplemented by joining 

monosyllables in ways that created Enghsh-like words. 

For the function nonwords, one disyllabic and 22 monosyllabic nonword 

phoneme strings were created to be similar to English closed class words, specifically, 

short and containing mostly reduced vowels. To ensure similarity to English, the onset 

and rhyme of each function nonword had to exist as an onset or rhyme in at least one of 

the English closed class words as defined in a 20,000-entry computerized database of 

English words based on Webster's Pocket Dictionary (Nusbaum, Pisoni, & Davis, 1984). 

For example, the nonword /warn/ consisted of the /w/ in we and the /am/ in some. 

Several steps were taken to ensure that the nonwords were similar to English 

words in phonological properties. First, all nonwords were checked by a phonologist for 

any non-English-like properties. Second, the phoneme content and transitional 

probabilities were compared against those of the words in the 53 modified LP word 

sentences described above: A tri-phone language model of English was created by 

submitting the phonetic transcriptions of the content words (19,053 words, each word 

included the same number of times as its written frequency) in the online pocket 

dictionary to the SRI Language Modeling Toolkit (SRILM; Stolcke, 2002), with each 

phoneme treated as a word. Based on this language model, the cross-entropies of both the 

words from the modified LP sentences and the nonwords were calculated with the 

SRILM Toolkit. Cross-entropy is a measure of how well the language model fits the 
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phoneme content and transitional probabilities of the test input. The lower the cross-

entropy value, the better the fit. The cross-entropy for the nonwords was relatively low 

and similar to the cross-entropy of the English words from the modified LP sentences, 

both when only the content words/nonwords were entered (words: 3.4, nonwords: 4.8) 

and when all words/nonwords were entered (words: 5.1, nonwords: 5.2). As a control 

measure, a set of strings was created with the same phonetic content as the nonword 

strings, but with random transitional probabilities. This was done by rearranging the 

phonetic symbols of each nonword in a random order. Ten different randomizations were 

created for each of the two nonword lists (the list including only content nonwords and 

the list including all nonwords). The mean cross entropy was 8.7 for the ten lists based on 

the content nonwords only, and 8.4 for the ten lists based on all nonwords. This suggests 

that the transitional characteristics of the nonwords used in the experiment were more 

similar to those of real English words than a set of strings with a random ordering of 

phonemes. 

To construct the nonword sentences, each open class word of the HP template 

sentences (except the final word) was replaced with a randomly chosen content nonword 

with the same number of syllables. Each content nonword was used only once. Each 

closed class word was replaced with a function nonword with the same number of 

syllables. The function nonwords were used several times, but there was no consistent 

correspondence between the nonwords and the function words they replaced. 

Stimulus recording. The 53 modified LP sentences and 53 nonword sentences 

were recorded by the same native speaker of American English and native speaker of 
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Mexican Spanish as in Experiments 1 and 2. This Spanish-accented speaker was chosen 

because she was very fluent and a skilled reader in English and was therefore likely to be 

able to perform the task of reading nonwords. The nonword sentences were printed on a 

sheet of paper in standard English orthograpliy, and the speakers were instructed to 

produce each nonword sentence with the same intonation contour as the associated IIP 

sentence typed next to it. This made it much easier to produce the sentences fluently. For 

each sentence, first the speaker read the HP sentence, then the experimenter read the 

nonword sentence, and finally the speaker repeated the nonword sentence. This procedure 

was used to ensure that the nonwords were read with the intended pronunciation. If a 

mistake was made, the sentence was rerecorded. The utterances were recorded onto CD 

and the sound files were processed using the procedures described in Experiment 3. 

Final stimulus set. The 53 modified LP and 53 nonword sentences produced by 

the Spanish-accented speaker were presented to native English listeners to test the 

intelligibihty of the final words (all English words). The 12 Spanish-accented final words 

that were chosen for the experiment were identified correctly by all listeners in both the 

modified LP and nonword sentence contexts. These words were familiar monosyllabic 

nouns with a mean frequency of 17.25 per million and 15.67 phonetic neighbors. Of the 

remaining 41 final words, 40 were used for the practice and transition blocks in the 

experiment. The final set of nonword sentences, with their corresponding template 

sentences, as well as the word sentences are listed in the Appendix. 

As in the previous experiments, the lexical and stimulus characteristics of the 

experimental sentence-final words were carefully controlled. In the last three blocks of 
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the experiment, all sentences in both conditions were produced by the Spanish-accented 

speaker. In addition, the sentence final words were identical across the two conditions. 

The only difference was that the speech leading up to the final word was English in the 

word condition and nonsense in the nonword condition. To control for differences in 

target word duration, the two productions of each word were compressed or lengthened 

(using the Praat software) such that they both equaled the mean duration of the two 

original productions. The same procedure was used for the beginning of each sentence up 

to the final word."^ The mean amplitude of the final words was approximately 70 dB 

SPL(A) for the practice trials as well as both conditions of the experimental trials. 

For half of the 12 experimental trials, the probe word presented on the screen did 

not match the target word, and the correct response was no. Each foil was a monosyllabic 

English noun that was a phonetic neighbor of the corresponding target word. The foils 

differed from their target by one phoneme in either the onset (2 cases), vowel (2 cases), 

or coda (2 cases) position, and were similar to the target word in mean frequency (17.00 

per million). 

Procedure 

Before the experiment began, the cross-modal matching task was explained to the 

participants, and they were instructed to respond as quickly and accurately as possible to 

In hindsight, the sentence up to the final word should not have been equated in duration across 
conditions. The nonword sentences were not based on the word sentences but on HP sentences, which were 
not matched with the word sentences on number of syllables. On average across the 12 experimental 
sentences, the word sentences had approximately one more syllable than the nonword sentences, and 
therefore had a mean rate of 3.7 syllables per second compared to 3.3 syllables per second for the nonword 
sentences. However, this difference should not greatly influence the outcome of the experiment. The rate 
difference is modest, and there were no cases in which the target word would be mistaken for the probe 
word because of a phonetic contrast based critically on timing (such as the voicing dilTerencc between /p/ 
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the probe word. They were told that some (word condition) or all (nonword condition) of 

the sentences would be made up of nonsense words, but that the last word would always 

be a real English word. Both groups were warned that at some point during the 

experiment the voice producing the sentences would change to a new voice. The word 

group was also warned that the sentences would switch to real English sentences at some 

point. The experiment began with four practice trials consisting of word sentences 

produced by the non-accented speaker. These were followed by the nine nonword 

practice blocks, one transition block, and three experimental blocks. All other 

experimental procedures were identical to the previous experiments. 

Results 

Errors 

Error rates were less than 3% for the practice blocks (1-9) and the transition block 

(10; see Table 10 for voice and lexical content) for both conditions, and there were no 

significant differences between groups for the practice blocks or the transition block {ps > 

.20).''' For the experimental blocks (11-13), the nonword condition error rate (5.09%) was 

slightly higher than the word condition (1.39%). Table 11 shows the percent errors for 

each experimental block according to condition. A 2 (group) X 3 (block) mixed ANOVA 

revealed a significant effect of group, F(l, 34) = 6.89,/? < .05, indicating that the error 

rate was higher in the nonword than in the word condition. There was no significant 

effect of block or interaction. 

and Ihl or the rise time difference between Pol and /w/). Most importantly, the sentence final words, upon 
which the task decisions were made, were properly equated in duration. 
" Percent errors were transformed into rationalized arc sine units for all statistical analyses. 
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Table 11 
Mean Percent Errors (and SDs) for the Spanish-Accented Blocks (11-13) According to 
Condition for Experiment 5 

Block 

Condition 11 12 13 Blocks 11-13 

Nonword 5.56 (10.69) 8.33 (12.13) 1.39 (5.89) 5.09 (5.06) 

Word 1.39 (5.89) 1.39 (5.89) 1.39 (5.89) 1.39 (3.20) 

Reaction Times 

Only correct responses were included in the reaction time analysis. In contrast to 

the previous experiments, raw RTs were the dependent measure, rather than difference 

RTs. There was no need to normalize participants' RTs because the effect of interest, RT 

change over time, was based on a within-subjects variable, block. There was no control 

condition to control for practice effects bccause participants were given extensive 

practice with the task at the beginning of the experiment; practice effects should have 

been neutralized by the time the experimental manipulation, word versus nonword 

sentences, was introduced in Block 11. Therefore, it was assumed that any decrease in 

RT during the experimental blocks could be attributed to adaptation to the accented 

voice. The other effect of interest was the Group X Block interaction, but because this 

involves a within-subjects factor (block), variabihty among participants was not a 

problem. 

Table 12 shows the mean RTs for Blocks 1-10. To check that RT change had 

reached an asymptote during the practice phase, a 2 (group) X 9 (practice block) mixed 
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ANOVA was performed on the RT data for Blocks 1-9.''^ There was a significant main 

effect of block, F(8, 272) = 11.26, p < .001, but no effect of group or interaction (Fs < 1). 

Planned contrasts were used to compare each block with the last practice block (9) in 

order to determine when there was no longer a significant change in RT. No RTs were 

found to significantly differ from Block 9 beyond Block 6 {ps > .10). 

The RTs in the transition block (10) were compared across groups in order to 

check that the task difficulty was similar for the two groups before the experimental 

manipulation was introduced in Block 11. An independent samples t-test showed no 

significant difference between conditions in Block 10, ^(34) = 35,p > .70. 

Table 12 
Mean Reaction Times and SDsfor the Practice (1-9) and Transition (10) Blocks of 
Experiment 5 

Practice Transition 

Condition 1 2 3 4 5 6 7 8 9 10 

Nonword 

Mean 680 570 568 553 550 571 554 544 526 509 

SD 46.06 37.01 40.94 39.31 41.53 31.60 33.26 34.12 34.73 32.20 

Word 

Mean 713 626 641 622 601 590 580 554 573 527 

SD 45.71 44.12 53.17 50.65 44.20 41.27 41.53 38.75 36.05 39.15 

Mean 697 598 604 587 576 581 567 549 550 518 

Block 10 was not included in this analysis for two reasons; (a) The items in Block 10 were the same for 
all participants, while the order of Blocks 1-9 was randomized, so item differences would be a confound for 
any comparison of Block 10 and the other blocks; and (b) the sentences in Block 10 consisted of real words 
for the word condition, but nonwords for the nonword condition. 



Figure 7 shows the RTs for the experimental blocks, Blocks 11-13. The means in 

the figure are based on consecutive pairs of trials because of the usefulness of this more 

fine-grained representation of the data. However, for the statistical analyses, means were 

based on the four trials of each block because of the greater stability of this measure. The 

RT data were submitted to a 2 (group) X 3 (experimental block) mixed ANOVA. Results 

revealed a significant main effect of block, F{2, 68) = 3.32, p < .05, indicating that RT 

decreased across the three experimental blocks (Block 11: M = 593, Block 12: M- 579, 

Block 13; M = 548). Planned contrasts showed that across both conditions, RTs 

decreased significantly by the third block, p < .025. Neither the effect of group nor the 

interaction was significant. 
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Figure 7. Experiment 5 two-trial mean reaction times for the Spanish-accented blocks 
according to lexical condition. Error bars indicate standard errors. 

Discussion 

The purpose of this experiment was to investigate whether feedback from lexical 

knowledge is neccssary for adaptation to an accented voice. The results suggest that it is 

not. Listeners were exposed to a Spanish-accented voice in one of two conditions. The 

sentences contained either very little lexical content (nonword condition), or real words 

in grammatical, but semantically non-predictive, sentences (word condition). Before the 

accented voice was presented, both participant groups were given enough practice in 
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performing the cross-modal matching task with nonword sentences that RT was no longer 

affected. The word condition served as the baseline for the adaptation effect. It was very 

similar to the control conditions in the previous experiments because listeners received 

practice with the task before hearing the accented voice, and the sentences were very 

similar to those in the previous experiments. The word group was expected to speed up 

during the three blocks of Spanish-accented speech, as the control in noise groups did in 

Experiments 2, 3, and 4. 

The two questions of interest were whether the nonword group would show any 

RT decrease during the Spanish-accented blocks, and if so, whether the RT change would 

look similar to the word condition. The results showed an overall decrease in RT, but no 

interaction between group and block, indicating that listeners adapted to the accented 

voice whether or not there was lexical knowledge available to inform the adaptation 

process. Not only was the total amount of RT change for the nonword condition 

important, but the rate of change was also of interest. Even if the two conditions 

ultimately obtained the same RT change, if the nonword group took longer to attain this 

change, this would suggest that lexical feedback facilitates adaptation and the process 

suffers when that source of information is removed from the perceptual learning process. 

As shown in Figure 7, the two groups clearly had the same decrease in RT by the end of 

the experiment. There is a small trend suggesting that the rate of RT change for the 

nonword group was slower than for the word group; however, the Group X Block 

interaction was not significant. 



Two comments should be made about the results. First, the nonword group made 

significantly more errors than the word group in the experimental blocks. Although the 

error data shown in Tabic 11 suggest that this difference may exist for the first two 

blocks, but not the third, the Group X Block interaction was not significant. The higher 

error rate suggests that something about the task made responding correctly more difficult 

for the nonword group, especially since the target words at the end of each nonword 

sentence were highly intelligible and were the same words used in the word condition. 

Note that the task difficulty reflected in the error rate was not apparent in the RT data: 

there was no main effect of group for RTs. However, the difference in overall difficulty 

between the two conditions was of less interest than the rate of adaptation. It would not 

have been unexpected if the nonword group had been slower overall than the word group 

because of the oddity of nonsense speech. The important question was whether the shape 

of the adaptation curve was the same as in the word condition. 

The second comment is that this experiment seemed to produce less adaptation in 

terms of RT decrease than the previous experiments. While the previous control in noise 

groups sped up by approximately 100 ms during Block 4, the change from the first two 

trials to the last two trials of the experimental blocks in the current experiment was less 

than 50 ms. One possible explanation relates to the different pattern of RTs for the 

control in clear and control in noise conditions in Block 4 of the previous experiments. 

Recall that the control in noise groups (Experiments 2, 3, and 4; see Figures 5 and 6) 

showed dramatic decreases in RT within a few trials, while the control in clear groups 

(Experiments 1 and 3) showed no RT change. The explanation for the control in clear 
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groups' lack of adaptation was that Blocks 1-3 had been so easy that they were putting 

minimal effort into the speech perception task. When the accented voice was presented, 

they were not prepared to take advantage of the phonological regularities in the speech 

and therefore showed no perceptual learning. The task difficulty conditions of the present 

experiment may have fallen between those of the control in clear and control in noise 

conditions, resulting is a moderate amount of effort and a moderate amount of adaptation. 

Although it was assumed the nonword sentences would make the practice phase 

somewhat difficult, many participants reported that it was quite easy, supporting the task 

difficulty interpretation. The variety of adaptation effects observed in this study, from no 

effect in the control in clear conditions, to a 50 ms effect in the current experiment, to a 

100 ms effect in the control in noise conditions, suggests that adaptation to accented 

speech is sensitive to situational influences. 

The tentative conclusion of this experiment is that there are at least some 

phonological characteristics of accented speech that can be learned based on the acoustic 

input alone with no correction from lexical knowledge. There are several possible 

candidates for this type of learning. For example, a non-native stress pattern could be 

learned by attending to the rhythm of speech. Syllables can be identified purely by the 

location of vowels and consonants, which are identifiable from relatively invariant 

acoustic infomiation (Hutteniocher & Zue, 1984). If, for example, a native English 

listener notices that a Spanish-accented speaker stresses every syllable, he may learn to 

depend less on stress placement and weight other cues to word segmentation more 

heavily. 
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Subphonemic deviations from native prototypes could also be learned without 

lexical feedback. If a phoneme is systematically produced with non-native acoustic-

phonetic characteristics, but is still identifiable as the intended phoneme, a direct 

remapping can take place between the phonetic category and its associated acoustic-

phonetic criteria. An example of this type of subphonemic deviation has been shown in 

the voice onset time (VOT) of stop consonants in Spanish-accented speech, which are 

often shorter than in native English stops (Flege, 1991). 

Another characteristic than could be learned from bottom-up acoustic-phonetic 

information is the general vocal tract posture that may be associated with an accent. 

Certain articulators may be held more tightly or loosely, or the speech may be generally 

more nasal, for instance. The acoustic signal contains information about the shape and 

movements of the articulators based on the lawful relations between sound and the 

sources that produce it (Fowler & Rosenblum, 1991), and so no top-down feedback 

should be required to adjust expectations about general articulation patterns. 

Finally, there is experimental evidence for unsupervised learning of certain 

phonological patterns. For example, both infants and adults can learn new phonetic 

distinctions solely from distributional information in the speech signal (Maye, 2000; 

Maye, Werker, & Gerken, 2002). This type of learning would be useful in the case where 

two phonemes are distinguished in the speech of a non-native speaker with cues that are 

not typically attended to by native speakers of the language. Initially, the two sounds 

would be dilTicult to distinguish for the native listener, but the bimodal clustering of the 

acoustic cues along the new dimension would induce the listener to modify the 
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attentional weighting of cues for that phonetic distinction. It is not clear whether this type 

of learning would have a chance to take effect with the very brief amount of speech input 

used in the present study. However, the fact that Maye and colleagues found learning 

after only a few minutes of exposure suggests a relatively fast mechanism. 

Hence, statistical regularities of acoustic cues as well as information about vocal 

tract posture, stress placement, and subphonemic deviations seem to be accessible from 

the acoustic signal and might contribute to the perceptual learning of accented speech 

characteristics. Knowledge gained from these sources may also bootstrap the learning of 

higher-level phonological regularities, such as phonetic context rules or phonotactic 

patterns. 

It should be noted that the findings of this experiment do not rule out the 

possibility that lexical feedback plays a part in adaptation when lexical knowledge is 

available. The interpretation of the present data is partly based on a null effect, the fact 

that the interaction between group and block was not significant. It is possible that with a 

different methodology, restricted lexical feedback would be found to reduce the 

adaptation effect. Further, it could be argued that there are certain patterns in accented 

speech that logically cannot be learned without lexical feedback, such as segmental 

substitutions. 

In addition, in the current experiment, the final word of each "nonword" sentence 

was a real word, so the availability of lexical knowledge was not completely removed. It 

is possible that the adaptation effect observed in the nonword condition was due to the 

lexical feedback for the target words alone. This is unlikely, however, because of the very 
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limited acoustic-phonetic content of the target words (there were only 12 words in the 

experimental blocks) and because of previous findings that voice-specific learning effects 

are much harder to obtain when isolated words are used for training (Nygaard & Pisoni, 

1998; Nygaard et al., 1994; Pisoni, personal communication, September, 2000). 

However, recent evidence from Norris et al. (in press) indicates that some 

phonological patterns can be learned only with lexical feedback. They found that Dutch 

listeners' judgments of the boundary between /s/ and /f/ were modified following 

exposure to words containing an ambiguous sound falling between the two phonemes. 

When the ambiguous sound occurred in words which could only end in /s/, such as 

[na;ldbo?] (naaldbos, pine forest), the direction of the boundary shift suggested listeners 

had reinterpreted the sound as Is/. The boundary shifted in the opposite direction when 

the same ambiguous sound was in words that could only end in /f/, such as [witlo?] 

{witlof, chicory). In contrast, there was no boundary shift when the ambiguous sound was 

presented only in nonwords. They concluded that the acoustic criteria for /s/ and /f/ had 

been altered based on feedback from the lexicon. 

The necessity of lexical feedback for perceptual learning of this speech 

characteristic is perhaps not surprising. Since the ambiguous sound was chosen based on 

pretests showing that it was identified as /s/ and /f7 equally often, infonnation beyond the 

acoustic signal would be necessary to decide between the two categories. This contrasts 

with the case of a subphonemic deviation, which could be learned without feedback 

because the intended category is identifiable from the signal. 
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The mechanism by which lexical knowledge of a word's phonetic content might 

inform the phonological level of processing is not clear at this time. Although it has been 

termed "lexical feedback" in this paper and by Norris et al. (in press), this should not be 

mistaken for the kind of feedback proposed in network models of spoken word 

recognition, such as the TRACE model (McClelland & Elman, 1986). In the TRACE 

type of feedback, the activation of lexical nodes actually modifies the activation level of 

phoneme and feature nodes, changing the percept of the current input. In contrast, Norris 

et al. suggest a mechanism of ''longer-term feedback" in which lexical knowledge, over 

time, modifies the acoustic-phonetic criteria that must be satisfied for a phoneme node to 

be activated (for future input). They propose that this type of feedback could be 

implemented with an error-correcting training signal in a back-propagation network. 

In summary. Experiment 5 demonstrated that adaptation to foreign-accented 

speech is possible when most of the speech input consists of nonwords. The results 

suggest that lexical feedback is not necessary for the perceptual learning of at least some 

accent characteristics, possibly including speech rhythm, subphonemic deviations from 

native norms, general vocal tract posture, and statistical regularities of acoustic cues. The 

findings do not, however, rule out the possibility that information from the lexicon 

informs the phonological level of processing in the normal situation in which speech 

consists of real words. Given the flexibility of the speech processing system, it is likely to 

use any available information to adapt most quickly to the communicative circumstances 

at hand. 
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CHAPTER 5 

GENERAL DISCUSSION 

This study is the first to track perception during of the first moments of exposure 

to foreign-accented speech. The most important finding was that listeners adapt 

extremely quickly to accented speech. Initially, processing speed is slower than for native 

speech, but within just seconds of exposure that deficit disappears. 

Summary of Findings 

Beyond the establishment of rapid adaptation to accented speech, these 

experiments uncovered several other findings with regard to the properties of the 

adaptation effect, the nature of what is learned during adaptation, and the mechanism of 

learning. 

1. Adaptation to foreign-accented speech involves learning at the phonological level of 

processing. The increase in processing efficiency over time does not depend on the 

availability of semantic context cues to enable guessing strategies. It is also not an 

artifact of generally increased effort or other strategies for coping with difficult 

speech, as shown with a variety of control conditions. Finally, target words were 

never repeated within an experiment, indicating that learning generalized to new-

words. Although some of the words in the sentence frames were repeated, the 

adaptation effect still obtained in Experiment 5 when more varied sentence frames 

were used. 

2. Adaptation can occur within two to four sentence-length utterances. This is even 

faster than what was expected at the outset of this study. Listeners in several of the 
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control conditions showed unexpected adaptation to an unfamiliar accented voice 

within a single experimental block. 

3. Tracking subtle and rapid changes in speech processing requires sensitive and fine

grained measures. Certain important experience-based effects may not be detected 

with measures such as word identification because of the relatively large amount of 

perceptual failure that must occur for the measurement to decrease by one unit, in this 

case, for one word to be misidentified. For example, an accented word may be 

accurately identified, but still cause some perceptual difficulty in the process (Munro 

& Derwing, 1995b). An RT measure would capture this difficulty, whereas word 

identification would not. Measures must also be temporally fine-grained. In some 

experiments in the current study, the difference between the control and accent 

conditions was not detectable when as few as six trials were averaged. The change in 

processing speed was so fast that the effect was neutralized after two trials. Although 

data are less stable when fewer assays are included in each participant mean, the 

advantage is detecting an effect that is otherwise undetectable. 

4. Listeners appear to learn abstract phonological patterns of accented speech during 

rapid adaptation. After exposure to only 24 sentences produced by one Spanish-

accentcd speaker, listeners were as fast in processing a new Spanish-accented voice 

as those for whom the voice had not changed. Although they were also faster than a 

control group who had not been exposed to an accented voice, these results must be 

replicated because, statistically, the difference was only marginally significant. The 

evidence for generalization to a new voice conflicts with some previous findings 
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(Bradlow & Bent, 2003; Clarke, 2000). Two possible explanations are offered. First, 

reaction time may have been more sensitive to the processing savings of a familiar 

accent than word identification, the measure used in the previous studies. Second, 

rapid adaptation to accented speech may involve a different kind of learning than the 

longer-term learning of training studies. It is even possible that the processing 

advantage obtained with a few moments of exposure is temporary and does not 

contribute to the perceptual benefit seen in long-term training studies. That is, 

perceptual criteria may be temporarily modified, but this information may not be 

stored in long-term memory. It is possible that in short-term learning such as this, less 

is more: with less exposure, only the very general phonological patterns are learned, 

rather than voice-specific details. 

5. Adaptation to accented speech does not require lexical feedback. A preliminary 

experiment found adaptation when the accented speech consisted of mostly nonwords 

that was comparable to adaptation in the real word condition. This suggests that at 

least some of the phonological patterns of accented speech can be learned from the 

speech signal itself. Speech characteristics that may fall into this category are 

subphonemic deviations from native prototypes, stress patterns, and vocal tract 

posture. However, lexical feedback may play a role in altering phonetic criteria when 

that information is available; further research on lexical involvement in the more 

ecologically valid (real word) situation is needed. 

6. The rate of adaptation may depend on attentional factors. An unexpected finding was 

that the amount of improvement in processing time during exposure to accented 
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specch seemed to depend on the difficulty of the previous phase of the task, 

suggesting that perceptual learning is faster when more attentional resources are 

applied to the task. This interpretation fits with the findings that normalization for 

native voice characteristics uses up processing capacity (e.g., Sommers et a)., 1994; 

for a review, see Nusbaum & Magnuson, 1997), and suggests that adaptation to 

accented speech is attentionally demanding. 

Significance for Models of Spoken Word Recognition 

The findings of rapid adaptation to foreign-accented speech in this study clearly 

demonstrate the remarkable flexibility of spoken word recognition. When confronted 

with a non-canonical speech situation, the perceptual system modifies itself in specific 

ways to more efficiently decode the linguistic message. Given that speech perception is 

extremely robust despite the great amount of variability in the physical input, flexibility 

must be a fundamental property of the human speech processing system. Surprisingly, the 

traditional models of spoken word recognition essentially do not address how this 

flexibility is achieved. 

Inter-speaker variability was recognized early on in the field of speech perception 

research, and the concept of normalization for differences among speakers was generally 

accepted as a process that cleans up variability in the initial stages of speech processing. 

Although a great deal of research has been devoted to learning what kinds of information 

contribute to normalization, including characteristics of the surrounding speech (extrinsic 

normalization) and relationships among acoustic cues within a segment (intrinsic 

normalization), it has never been fully incorporated into a model of spoken word 
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recognition. Reciprocally, models of spoken word recognition usually begin with the 

assumption that the indeterminacy in the speech signal is taken care of at an early 

perceptual stage, and proceed with an architecture based on abstract linguistic units. 

For example, connectionist models such as TRACE (McClelland & Elman, 1986), 

Shortlist (Norris, 1994), and PARSYN (Luce, Goldingcr, Auer, & Vitevitch, 2000) view 

the processing of speech as a series of stages. The earlier stages recode incoming speech 

as a set of abstract sublexical units, such as features, allophones, or phonemes (although 

no mechanism is described for this recoding). The later stages represent the input with 

abstract lexical nodes. Learning in these models, in the form of adjusting connection 

weights, only occurs with massive amounts of training input. 

Attempts have been made in several speech perception models to handle 

variability due to phonetic context effects. For example, TRACE builds in inhibitory 

connections among feature nodes that reflect known context-sensitive changes in the 

phonetic properties of segments. Klatt's (1988) lexical access from spectra (LAPS) model 

addresses allophonic variation by getting rid of phoneme representations altogether and 

basing lexical access on precompiled sequences of frequency spectra that represent every 

alternative form of each word. However, both of these solutions are hard-wired and 

essentially non-adaptive (Klatt, 1988). Further, neither model addresses variability due to 

inter-speaker differences. The criteria for what in the physical input counts as a particular 

feature or allophone is fixed, regardless of how experience might suggest a more efficient 

set of criteria to use for a given speaker. 
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In fact, most traditional models assume that phonetic context effects can be 

handled by predicting and hard-wiring them, and that inter-speaker variability can be 

solved at an early stage with intrinsic or extrinsic normalization. However, inter-speaker 

variability includes more than differences in vowel space dimensions; it can extend to 

higher levels of phonological representation, affecting phonetic context effects, syllable 

structure, and prosodic patterns. This is clearly true for foreign-accented speech, but also 

applies to idiolectal and dialectal differences among native speakers (Klatt, 1988). 

Therefore the traditional concept of speaker normalization must be expanded to include 

inter-speaker variability in complex phonological regularities, in addition to simple 

acoustic properties, and must be integrated as a critical and foundational aspect of spoken 

word recognition, rather than simply relegated to a black box that the signal passes 

through before further processing. 

Two approaches that have incorporated leaming of non-linguistic speech 

characteristics as a fundamental aspect of spoken word recognition are instance-based 

theories (e.g., Goldinger, 1998) and Adaptive Resonance Theory (ART) (e.g., Grossberg 

& Stone, 1986). On the exemplar-based approach, each phonetic category (Johnson, 

1997; Pisoni, 1997) or lexical representation (Goldinger, 1998) is made up of the episodic 

traces of all previous experiences with the category. These traces retain the superficial 

detail of each experienced instance, including voice-specific characteristics. Category 

identification occurs when a speech token is matched against all episodic traces held in 

memory and is assigned the category with which it has the greatest overall similarity. The 
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benefits of voice-specific experience are predictable because the characteristics of a 

familiar voice are part of the linguistic category representations themselves. 

There arc several problems with exemplar-based models in explaining the current 

findings. Effects of experience with foreign-accented speech were seen with very little 

speech input. Exemplar models explain experience-based effccts with the presence of 

episodic traces within a linguistic category that match the current speech situation. With 

the short period of exposure used in this study, very few exemplars of each category have 

a chancc to be stored, much less affect phonetic categorization appreciably. An answer to 

this may be that the more recent exemplars of a given category are given greater weight 

in the similarity calculation. However, this cannot account for the generalization of short-

term adaptation to a new voice. Generalization suggests a certain level of abstraction in 

what is learned. Exemplar models typically explain abstraction by claiming that when 

current input activates many similar episodic traces, the overall pattern of activation has 

the characteristics that are most common among the traces. This combined "echo" is 

essentially an abstraction of all the traces, but no abstract representation is ever actually 

stored (Hintzman, 1986). Because only a few episodic traces of the first accented voice 

could have been stored in the few seconds of speech in Experiment 4, it seems unlikely 

that those few traces could have created a very abstract echo when the second accented 

voice activated them. 

A final argument against an exemplar-based explanation of adaptation to speech 

characteristics is the evidence that adaptation is an active process that taps processing 

resources. The influence of task difficulty on the rate of adaptation in the current study 
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suggested that less adaptation occurred when fewer attentional resources were committed 

to the task. Nusbaum and Magnuson (1997) have also argued that coping with variability 

in speech must be an active, attention-consuming, rather than a passive, automatic, 

cognitive process. In exemplar-based theories, categorization is a passive process of 

memory trace activation. 

The ART model of speech and language has received recent attention because it 

includes adaptation to environmental conditions at its foundation. According to the 

model, conscious perception occurs when resonances build up between bottom-up speech 

input and matching top-down expectancies from long-term memory (LTM). Further, 

when a resonant state is achieved, LTM traces are modified by current conditions (i.e., 

learning occurs). The model has successfully explained diverse phenomena in speech 

perception in terms of these adaptive resonance properties (e.g., Grossberg, Boardman, & 

Cohen, 1997). Most importantly, the properties of the theory allow it to be flexible yet 

stable. Variability in the input is handled gracefully and is viewed not as a nuisance but 

as the norm. ART shows promise, and investigating its ability to provide a natural 

mechanism for adaptation to speaker characteristics is the next step in accepting it as a 

strong model of spoken word recognition. 

An increasingly large body of evidence of the dynamic and adaptive properties of 

speech perception point toward the need to move beyond traditional models that act as 

passive filters for acoustic input and demand that new models include mechanisms for 

actively adjusting to the phonological regularities of current input. New models must be 

able to adjust acoustic-phonetic criteria for linguistic categories as circumstances dictate. 
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yet still retain stable representations of typical speech patterns against which to judge 

deviations. Some perceptual learning at the phonological level must be possible based on 

the acoustic input alone and not require correction from higher level lexical knowledge 

(although top-down feedback likely plays some role). Finally, previous findings of long-

term benefits of training indicate that new models must allow for the long-term retention 

of previously learned non-linguistic speech patterns that can be called up when familiar 

speech is encountered. The need for a new kind of model is becoming hard to ignore. 

Those that possess these types of characleristics will provide promising new directions 

for understanding human spcech perception. 

Conclusions and Future Directions 

The findings of rapid adaptation to foreign-accented speech provide new evidence 

for the type of (what is traditionally called) normalization first shown by Ladefoged and 

Broadbent (1957). They demonstrated that the acoustic-phonetic criteria for a vowel 

category could be altered based on the phonological characteristics of just one preceding 

sentence-length utterance. The idea behind this "extrinsic" normalization was that current 

speech input is evaluated relative to the characteristics of previous input. It is believed 

that this is precisely what occurred in the present experiments. Speech that deviated from 

native norms was evaluated more efficiently when recent experience provided 

information about the systematic ways in which it departed from those norms. 

One problem for the extrinsic nomialization idea is explaining how it gets started; 

how are the initial segments or words correctly evaluated when there is no previous input 

upon which to calibrate? The same problem exists for the foreign accent case. The 
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solution suggested by Nearey's (1989) discussion of native speech is the same one offered 

here. There are usually enough cues within a segment or syllable that identification can 

be quite accurate even with no previous experience with the speaker (Shankweiler et al., 

1977). Despite the greater amount of variation typical in non-native segments, this is 

probably still largely true for accented speech. Within-category deviations from native 

prototypes can be identified and noted without any additional reference information. In 

addition, there are likely certain kinds of information that can be extracted from the 

speech signal at a low level, such as general vocal tract posture and speech rhythm. Once 

some of these properties of the speech are learned, they themselves can improve 

processing efficiency, and also bootstrap the learning of more complex phonological 

patterns. Finally, in most real world situations, higher level knowledge of the lexical, 

semantic, syntactic, and situational context likely plays a supplementary role in the 

perceptual learning of accented speech. However, understanding the mechanism by 

which this information might exert an influence on phonological processing requires 

further research. 

As noted above, foreign-accented speech provides a useful testing ground for 

understanding the process of rapid adaptation to any kind of unfamiliar speech. A great 

deal is still left to be learned about which aspects of speech can be adapted to and how a 

model of spoken word recognition might describe the process. Studies that investigate 

precisely how phonological criteria are different following short-term exposure to speech 

that contains controlled phonological characteristics will begin to answer remaining 

questions. It is also important to find out whether the learning observed in the first 
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moments of exposure is temporary or has long-term consequences on perception. If 

findings support the latter, there must be a mechanism for how that information is stored 

in memory and how it is recalled and applied to a later speech situation. Finally, the 

potential role of lexical feedback to the phonological level of processing must be 

investigated. If lexical knowledge indeed informs and modifies phonological criteria over 

time as Norris et al. (in press) claim, this is a major component of speech perception that 

deserves greater attention in theoretical models. 

Continued attention to the issue of variability in speech and how the human 

speech processing system solves the lack of in variance problem is essential to move the 

field forward. Recent work on the contribution of non-linguistic speech characteristics to 

speech perception has brought the issue back to the forefront. The present study has 

pointed up the adaptability of speech perception and the speed with which it can adjust to 

new circumstances. Further research in this vein will help us to rcconceptualize speech 

perception as a dynamic system and build the next generation of spoken word recognition 

models. 
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APPENDIX 

Experiments 1 and 2 

Experimental sentence Visual probe 

Ruth must have known about the pie. PINE 

I am thinking about the knife. KNIFE 

She's glad Jane asked about the drain. DRAPE 

Paul has discussed the lamp. LAMP 

We're speaking about the toll. TAIL 

Tom is considering the clock. CLOCK 

You should not speak about the braids. BRIDES 

Nancy should consider the fist. FIST 

The old man considered the kick. COOK 

Paul hopes we heard about the loot. LOOT 

He is thinking about the roar. ROPE 

Betty has considered the bark. BARK 

I'm talking about the bench. WRENCH 

He wants to talk about the risk. RISK 

Ruth's grandmother discussed the broom. BRIM 

The old man discussed the dive. DIVE 

Experiment 3 

Experimental sentence Visual probe 

You hope they asked about the vest. 

He hears she asked about the dcck. 

Tom discussed the hay. 

I was considering the crook. 

Bob could have known about the spoon. 

I did not know about the chunks. 

Jane has spoken about the chest. 

You'd been considering the geese. 

Ruth must have known about the pie. 

They knew about the fur. 

VEST 

CHECK 

HAY 

CREEK 

SPOON 

PUNKS 

CHEST 

LEASE 

PIE 

FERN 



They heard I called about the pet. PET 

Mr. Smith thinks about the cap. • CALF 

The man knew about the spy. SPY 

We can't consider the wheat. SEAT 

They're glad we heard about the track. TRACK 

They hope he heard about the rent. WRENCH 

She wants to talk about the crew. CREW 

Bob should not consider the mice. MOOSE 

Mr. Black has discussed the cards. CARDS 

She might consider the pool. PAIL 

The man should discuss the ox. OX 

Tom is considering the clock. CLOT 

Jane did not speak about the slice. SLICE 

Mr. White discussed the cruise. CRAZE 

Experiment 4 

Experimental sentence Visual probe 

The man knew about the spy. SPY 

Jane was interested in the stamp. STUMP 

You knew about the clip. CLIP 

Harry will consider the trail. TRACE 

Betty knew about the nap. NAP 

We've been discussing the crates. CRANES 

Tom discussed the hay. HAY 

Miss Smith considered the scare. SKATE 

We could discuss the dust. DUST 

You cannot have discussed the grease. GREED 

Mr. White discussed the cruise. CRUISE 

Bill heard we asked about the host. COAST 

You had a problem with a blush. BLUSH 

We did not discuss the shock. DOCK 

He's glad we heard about the skunk. SKUNK 

Ruth hopes she called about the junk. PUNK 

You've considered the seeds. SEEDS 
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Bob was considering the clerk. CLOCK 

I've spoken about the pile. PILE 

The boy had considered the mink. MONK 

Nancy didn't discuss the skirt. SKIRT 

Sue was interested in the bruise. BREEZE 

The man could not discuss the mouse. MOUSE 

Paul spoke about the pork. FORK 

They heard I called about the pet. PET 

Mary could not discuss the tack. SACK 

Ruth hopes he heard about the hips. HIPS 

Paul could not consider the rim. RIP 

He heard they called about the lanes. LANES 

Bill heard Tom called about the coach. CATCH 

Experiment 5 

Sentence Visual probe 

Practice nonword sentences (and the HP sentences they are based on) 

rAd b vid yin dAts ser ol slais (Get the bread and cut me a slice.) SLICE 

jold dllt ser toa mo bark (Tree trunks are covered with bark.) BARN 

karf kav manz oku in CAgks (Cut the meat into small chunks.) CHUNKS 

ym 0oem han rapnim Jam ka keep (She wore a feather in her cap.) CALF 

dolio ka hep wam gris (Lubricate the car with grease.) GREASE 

ta^ sotem wab han ka heg tcek (The teacher sat on a sharp tack.) SACK 

ban toesak sabis wa ral Icnz (The super highway has six lanes.) LANES 

ser nent ma rAk Jam sonek krets (The fruit was shipped in wooden crates.) CRANES 

al ezmat sav wilk ka jus (At breakfast he drank some juice.) JUICE 

man sais ka bev nal la bin moep (We're lost so let's look at the map.) MATH 

sav gair pcegz tav vced ed (The nurse gave him first aid.) AID 

ta- mok ma rast rm poloej mars (Our cat is good at catching mice.) MOOSE 

ma dait rm tS" fovr ym joynts (Your knees and your elbows are joints.) JOINTS 

Jam sargo doent al IAJ ka Icemp (It's getting dark, so light the lamp.) RAMP 

na gim hen ta^ pAm toej rm slev (His boss made him work like a slave.) SLAVE 

doev gcenz ivgo kav trimi hen (The chicks followed the mother hen.) PEN 

wa sul na zent ser sav pail (The sand was heaped in a pile.) PILE 
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hin slaks gop doev scent nar han brum (The girl swept the floor with a broom.) BRIM 

saip zir yin ban sif ssr kel hips (Bob stood with his hands on his hips.) HIPS 

kel posss dAj aku tin pul (The swimmer dove into the pool.) PAIL 

si poloep foegk Jam he (The farmer baled the hay.) HAY 

Jail doev kir nar warn slat (Drop the coin through the slot.) SLATE 

ka Joet nar koesp sav kesl fragz (The pond was full of croaking frogs.) FROGS 

kov poysl zak la kona ror (The lion gave an angry roar.) ROPE 

yin boelo zel tav rent (The landlord raised the rent.) RENT 

rin caik droes kel midcesk rin kik (The boy gave the football a kick.) COOK 

na lar mard tav tolin 0omz (A rose bush has prickly thorns.) THORNS 

yin hik ser rindr sav nar naif (1 cut my finger with a knife.) NINE 

dap ka"p Jam tali wa kav bene (The judge is sitting on the bench.) BENCH 

wa rogAb telt dap man kruz (The steamship left on a cruise.) CRAZE 

na tevin pilt soensr ma weeks (The candle flame melted the wax.) WAX 

na prinj rm dap ba- l ser warn rim (The glass had a chip in the rim.) RIP 

ka lAn doev Jam na tardri grin (She faced them with a foolish grin.) GRIN 

man lei wa na^k sav dit gis (We saw a flock of wild geese.) LEASE 

t3" bets sav wast la rAdz man maus (They played a game of cat and mouse.) MOUSE 

hin niAbz rit Jemn warn woy risk (His plan meant taking a big risk.) DISK 

Transition nonword sentences (and the HP sentences they are based on) 

kav semted arfilt man sav spai (The secret agent was-a spy.) SPY 

wa tAlam sitoec bin man lut (The burglar escaped with the loot.) LOOM 

la traim rin bend al doev troep (The mouse was caught in the trap.) TRAP 

wa lig kav mcent ser floem hwit (The bread was made from whole wheat.) SEAT 

Transition word sentences 

The man knew about the spy. SPY 

Dennis has a problem with the loot. LOOM 

The young girl described the trap. TRAP 

We gave a long presentation on the wheat. SEAT 

Experimental nonword sentences (and the HP sentences they are based on) 

yin maiv na tarpl kav dap klak (We heard the ticking of the clock.) CLOCK 

klarm warn lAtr tav al spun (Stir your coffee with a spoon.) SPINE 

ta- malk baz wa boent slivz (The sport shirt has short sleeves.) SLEEVES 

kel binASt fXJi bin trel (The bloodhound followed the trail.) TRACE 

doev dulanm tev man ban sker (That accident gave me a scare.) SCARE 
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worn hej pirn nar ks koc (The team was trained by their coach.) CATCH 

bin IAS tstr dartsn la kru (The ship's captain summoned his crew.) CREW 

tav holldau fyk sku yin daiv (The airplane went into a dive.) DIME 

dop nlpAsti hent sav klu (The detectives searched for a clue.) CLUE 

mine tsv nar la josas j Agk (Throw out all this useless junk.) PUNK 

broem al toebiks raib dap al roeg (Wipe your greasy hands on the rag.) RAG 

warn dipon doev Jam loesl pai (For dessert he had apple pie.) TIE 

Experimental word sentences 

Tom is running toward the clock. CLOCK 

Bob was concerned about the spoon. SPINE 

Nancy wrote a book about the sleeves. SLEEVES 

Harry will consider the trail. TRACE 

Miss Smith had a problem with the scare. SCARE 

Bill heard Tom called about the coach. CATCH 

She wants to talk about the crew. CREW 

The old man discussed the dive. DIME 

The man decided on the clue. CLUE 

Cathy hopes she decided on the junk. PUNK 

He moved in the direction of the rag. RAG 

The large picture depicted the pie. TIE 

Note. HP = high probability 
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