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ABSTRACT 

 

This dissertation investigates the processing of speech variability, allophonic and 

indexical variation in Japanese.  A series of speech perception experiments were 

conducted with reduced and fully voiced vowels in Japanese as a test case.  Reduced 

vowels should be difficult for listeners to hear because they are acoustically less salient 

than fully voiced vowels, due to the lack of relevant physiological properties.  On the 

other hand, reduced vowels between voiceless consonants represent more common 

phonological patterns than fully voiced vowels.  Furthermore, previous studies found that 

Japanese listeners were capable of hearing completely deleted vowels.  Listeners 

intuitively maintain CV syllables in perception, hearing a vowel after each consonant in 

order to avoid obstruent clusters (a violation of Japanese phonotactics).  

It was found that listeners made good use of acoustic, phonological, and 

phonotactic knowledge of their native language for processing allophonic variants.  In 

word recognition, listeners performed better when reduced vowels were in the 

environment where vowel reduction was expected.  The phonological appropriateness of 

an allophone was judged in relation to adjacent consonants on both sides, and the 

facilitatory effect of appropriateness of reduced vowels surpassed the inhibitory effect of 

their acoustic weakness.  However, in terms of sound detection, listeners found reduced 

and fully voiced vowels equally easy to hear in an environment where vowel reduction 

was expected.  Although reduced vowels were phonologically appropriate between 

voiceless consonants, the phonological appropriateness merely balanced out acoustic 

weakness; it was not strong enough to surpass it.  In addition, the phonological 
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appropriateness of an allophone was judged based only on the preceding consonant, 

which suggests that listeners processed sounds linearly.  Furthermore, the study found 

that phonological appropriateness of the allophone was affected by dialectal differences 

and speech rates.  Listeners’ preference for a certain allophone was influenced by the 

phonology of a listeners’ native dialect and expectation was skewed by fast speech rates.  

This study suggests that current speech perception models need modification to 

account for the processing of speech variability taking language-specific phonological 

knowledge into consideration.  The study demonstrated that it is important to investigate 

at which stage phonological inference takes place during processing. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 22 

CHAPTER 1 INTRODUCTION 

Human speech is an extremely complex phenomenon.  It is astonishing how speech 

sounds vary within the same speaker, among different speakers, in different positions in a 

word or a sentence, and in different speech styles and rates.  A sound (e.g., [a]) produced 

by a child has much higher fundamental frequency (F0) than the same sound produced by 

an adult male.  Even the same sound in the same word produced by the same speaker can 

never be phonetically identical every time.  This is the problem of the lack of invariance.  

Nevertheless, listeners have no problem understanding acoustically different sounds as 

the same phoneme, which is an abstract representation of the sound.   

Variations of speech sounds become more complicated in the speech stream.  

Sounds are influenced by adjacent sounds in a word, a phrase, or a sentence.  For 

example, the alveolar fricative /s/ followed by the high back round vowel /u/ in the 

English word suit [sut] involves lip rounding, but /s/ followed by /æ/ in the word sat [sæt] 

does not.  These two /s/s must be phonetically dissimilar, but are still recognized as the 

same phoneme.   

Even more complicated, listeners have to deal with allophonic variations of the 

same phoneme in different positions of a word.  For example, the /l/s in the English 

words lead and pool are probably not pronounced in the same way by native speakers.  

The /l/ at the beginning of lead is made by the tongue touching the alveolar region, but 

not for the /l/ (more precisely, dark [ɫ]) at the end of pool.  Although these two /l/s do not 
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sound exactly the same, English listeners can still recognize these two allophones ([l] and 

[ɫ]) as the same phoneme /l/.     

There is another problem in processing speech sounds, which is the segmentation 

problem.  Speech is continuous and spontaneous.  Speakers do not put a pause after each 

segment unless it is necessary.  Frequently, adjacent sounds overlap each other, and a 

sound is reduced or completely deleted leaving coarticulation cues (Ostreicher & Sharf, 

1976) behind in adjacent segments.  Listeners have to separate out overlapped sounds to 

retrieve the missing sound, and each sound then has to be put together again into a larger 

unit (syllables), and finally to a meaningful unit (words). 

Regardless of these problems inherent in speech, processing speech seems to be 

an easy task for listeners.  It is speculated that the listeners’ task is to receive acoustic 

signals (e.g., sound waves, formants, etc.) of each segment, map them onto a 

representation at a higher level such as the feature, allophone, phoneme, or syllable, and 

finally to access the word in the lexicon to obtain the right meaning.   

However, there has been a debate about the existence of those intermediate 

representations between the acoustic level and the lexical level.  The mediated lexical 

access models (Luce, Goldinger, Auer, & Vitevitch, 2000; McClelland & Elman, 1986; 

Norris, 1994) postulate these intermediate levels.  On the other hand, the mediated lexical 

access models have been challenged by the direct access models (Klatt, 1989; Marslen-

Wilson & Warren, 1994), which argue that acoustic signals are mapped directly to the 

lexical level.  This debate remains unsettled because some studies provide evidence for 

the mediated lexical access models, while the results of other studies support the direct 
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access models.  In either case, the ultimate goal of speech perception is to access the right 

word in the lexicon regardless of the lack of invariance and segmentation problems, 

which is one of the fascinating cognitive abilities of human beings.   

 This dissertation investigates processing of speech sounds with variability such as 

allophonic variation, speech rate, and dialectal differences.  There are some interesting 

questions about processing speech variability which motivate the study.  When listeners 

hear one of two acoustically different allophones, do they decide whether these two 

sounds are really different or in some way the same?  Do listeners take the conditioning 

environment into account?  Do such non-distinctive, low-level alternations affect 

recognition of real words as well?  In psycholinguistics, much attention has been paid to 

the perception of phonemes, but very little to the processing of allophonic variation in 

speech.   

This study specifically focuses on the allophonic variation of vowels in Japanese 

with different reduction
1
 status (reduced or fully voiced).  The purpose for the study is to 

explore how listeners recognize allophones while processing the speech stream online, 

and how the reduction status of vowels affects listeners’ word recognition process.  For 

example, is a reduced [(i)]
2
 in a nonsense word detected in the same way as a fully voiced 

[i] because both allophones are abstracted as the same phoneme /i/?  If this is not the case, 

is a reduced [(i)] detected more slowly than a fully voiced [i] because the reduced one is 

acoustically less salient?  Is a real word recognized more slowly when it contains a 

                                                 
1
 In most literature, this is called ‘vowel devoicing’ or ‘voiceless vowels’.  Terminology will be discussed 

in the following section (Section 1.1). 
2
 In this dissertation, vowels in parentheses denote reduced vowels. 
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reduced [(i)] than when it contains a fully voiced [i] because of its acoustic weakness?  

Are there any factors which affect recognition of a sound or word besides the acoustic 

properties of allophones? 

Like other allophonic variations, reduced vowels in Japanese are restricted by 

context.  The most typical case is that the high vowels /i/ and /u/ are reduced between two 

voiceless obstruents such as kita [k(i)ta] ‘north’ and kusa [k(u)sa] ‘grass’.  Reduction of 

these high vowels almost always occurs in this environment even at normal speech tempo, 

especially in the Tokyo-type dialects.  The Tokyo-type dialects
3
 are spoken in the Kanto 

area including Tokyo and the neighboring prefectures (Kanagawa, Chiba, Saitama, and 

Ibaraki).  Voiced high vowels are not expected in this environment except when they are 

produced in very careful speech or in some other dialects in which vowel reduction is less 

likely to occur.   

Besides the phonological context, there are some other factors which affect vowel 

reduction in Japanese.  The following sections in this chapter will provide a more detailed 

description of vowel reduction from the production point of view, which will help us to 

understand how listeners process vowel reduction. 

1.1 Reduced Vowels in Japanese 

Vowel reduction is one of the well-known allophonic variations in Japanese, 

especially in the Tokyo-type dialects.  In general, among the five vowels (/i, u, e, o, a/), 

the high vowels /i/ and /u/ are reduced in the environments where they are between two 

voiceless obstruents or a voiceless obstruent and a pause, although reduction in the latter 

                                                 
3
 The Tokyo dialect is considered standard Japanese. 
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case is less consistent than in the former (Amanuma, Ohtsubo, & Mizutani, 1978; Han, 

1962a; Inozuka & Inozuka, 2003; Kubozono, 1999; Sakuma, 1959; Sakurai, 1985; Sugitô, 

1996; Vance, 1987, 2004; among others).   

In fact, ‘devoicing’ is a common term in most literature.  In many cases, however, 

the term devoicing does not literally mean ‘devoicing’.  Strictly speaking, vowels in the 

above described environments are realized not only as ‘devoiced’, but also ‘deleted’, 

‘partially devoiced’, and ‘low amplitude reduced’ in precise phonetic categorization.  

Thus, using the term devoicing is misleading for all types of ‘not fully voiced vowels’.  In 

order to avoid the confusion, the term reduced will be used hereafter in the sense of ‘any 

vowels which are not fully voiced’.  It has to be clear that those environments in which 

vowel reduction is expected are called ‘devoicing environments’ in the sense of the 

environments where assimilation of voicelessness takes place.    

1.1.1 Articulatory Aspects of Reduced Vowels 

A physiological energy-saving principle applies to the C[-voice]VC[-voice] sequence, 

which makes the medial vowel reduced.  If the vowel remains voiced, vocal fold 

vibrations have to be turned off-on-off, which is less energy-efficient for speakers.  But if 

it is off all the way through the sequence, articulation becomes easier without expending 

much energy (Kubozono, 1999).  Studies of physiological aspects of laryngeal 

adjustments for reduced vowels have done this by using electromyographic (EMG) and 

fiberscope observations, which prove the energy-saving principle (Fujimoto, 2005; 

Hirose, 1971; Nakamura, 2003; Yoshioka, 1981; Yoshioka, Löfqvist, & Hirose, 1982). 
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In order to produce a reduced vowel, cricoarytenoid muscle movement is 

activated together with interarytenoid muscle movement suppression, which leads to the 

glottis being wide open (Yoshioka, 1981).  EMG data of production of /sisee/ by Tokyo 

speakers with a reduced vowel revealed that there was no discernible adduction of vocal 

folds from the onset of [ʃ] to the offset of [s], which proved that vocal folds were apart 

during the [ʃ(i)s] sequence (Hirose, 1971).   

In speakers of other dialects in which vowel reduction is less likely to occur, it has 

still been observed.  Although speakers tended to produce vocal fold vibration off-on-off 

throughout the sequence, they somehow failed to close the glottis enough for the vocal 

folds to vibrate.  In this case, there were two peaks of the glottis opening in the  

C[-voice]VC[-voice] sequence (Fujimoto, 2005).  On the other hand, in Tokyo speakers’ 

speech, only a single peak of glottis opening was observed.  Muscle movements for the 

glottis opening were already planned, without any attempt to make two openings.  This 

indicates that for Tokyo speakers, vowel reduction is controlled by a higher level of the 

psychological mechanism, which commands the vocalis and lateralis muscles to make the 

glottis stay open throughout the sequence.   

1.1.2 Types of Reduced Vowels 

Native speakers intuitively know phonologically underlying forms from the 

grammar of their language, but surface forms usually have acoustic variations, meaning 

that the surface forms are not identical to underlying forms.  As mentioned before, in the 

case of allophonic variants of vowels in Japanese, the problem is that different types of 
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reduced vowels are often described as ‘devoiced’ or ‘voiceless’ without clear distinctions 

among the types.   

Some researchers (Martin, 1987; Vance, 1987, 2004; Yuen, 2000) point out that 

vowel devoicing should be distinguished from vowel deletion.  Martin (1987:5) states 

that so-called ‘devoiced vowels’ are in fact either ‘dropped’ or ‘unvoiced’ in syllables 

with some acoustic cues to indicate vowel qualities left in adjacent consonants.  Vance 

(2004) distinguishes devoiced vowels from deleted vowels based on the degree of overlap 

with adjacent consonant(s).  He claims that the high vowel /i/ after a release of [k] in kita 

[k(i)ta] ‘north’ is devoiced rather than deleted.  The devoiced vowel turned into mere 

frication of air like a dorso-palatal fricative [ç] without any acoustic properties of a vowel 

such as voicing bars or formant structures.  In contrast, a high vowel adjacent to a 

fricative as in kuse [k(u)se] ‘habit’ or suto [s(u)to] ‘strike’ is deleted rather than devoiced. 

The adjacent fricative completely overlaps the vowel without any clear border between 

the two sounds.   

Vance’s definition of devoiced vowels sounds insufficient.  In fact, it is hard to 

separate a ‘fricative-like’ devoiced vowel even after the release of a stop (e.g., [k(i)ta]) 

because air frication might not be a vowel; rather, it might be a prolonged release of a 

stop, which is part of the preceding consonant.  Yuen (2000) defines devoiced vowels 

differently from Vance, as seen below:  

1) …there must be formant structures found in a spectrogram, but no trace of 

voice bars and 2) there should be relatively little or no turbulent airflow during 

articulation.  In other words, there should be relatively little or no acoustic 
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information at high frequencies in spectrograms, which would distinguish 

voiceless vowels from fricatives (Yuen, 2000:532).   

Yuen’s definition is similar to Han’s definition of ‘unvoiced vowels’ quoted below:  

Unvoiced
4
 vowels are the vowels during the articulation of which the position of 

the glottis is not closed.  Therefore, unvoiced vowels do not have fundamental 

frequency and harmonics do not appear on the spectrograms.  However, an 

unvoiced vowel shows its vowel quality by characteristic frequencies of Formant 

1 and Formant 2.  Therefore, it is possible to identify an unvoiced [i ̥] on the 

spectrogram as something similar to [i] by the characteristic energy 

concentrations on the first and second formants, but it is identified unvoiced by 

the lack of fundamental frequency.  As /i e a o u/ are audible even in whispered 

speech, unvoiced [i ̥] is distinguishable from other sounds in hearing as well as on 

the spectrogram (Han, 1962a:82-83). 

This dissertation follows Han’s and Yuen’s definition for devoiced vowels because they 

distinguish devoiced vowels from true fricatives.   

There are other types of reduced vowels whose definitions are provided below.  

These definitions are adopted in this dissertation. 

(1) Deleted vowel: a vowel is completely deleted.  Neither voicing bars, periodic waves, 

nor formant structures characterizing the vowel are observed, but the deleted vowel 

leaves its trace behind the neighboring sounds via coarticulation.  For example, [k
j
] in kisi 

                                                 
4
 The terminology unvoiced is equivalent to devoiced. 
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/kiʃi/ ‘shore’ and [k
w
] in kusi /kuʃi/ are phonetically distinguishable.  Figure 1.1 below 

shows waveforms and spectrograms of [k
j
] in the nonsense word /hokito/ with deletion of 

[i]. 

                      k      (vowel deletion)                               k    i 

Time (s)
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0 0.54551
0

5000

 
 

 

Figure 1.1. Waveforms and spectrograms of /hokito/ with vowel deletion (left) and with a 

fully voiced [i] (right).  No voicing bar, periodic waves, or formants for the vowel are 

observed in the left figures.  There is air frication at higher frequency in the spectrogram.  

Vance (2004: chapter 8) claims that this frication after a burst of the preceding stop is a 

devoiced vowel; however, frication is not a criterion for devoiced vowels by Yuen’s 

definition.  The frication part is treated as a prolonged release of the preceding consonant, 

and the vowel is considered deleted.   

 

(2) True devoiced vowel: there are no voicing bars or periodic waves, but there are faint 

formants visible enough to characterize the vowel.   
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(3) Partially devoiced vowel: there is a clear border between a fully voiced part and a true 

devoiced part in a single vowel.   

(4) Low amplitude reduced but voiced vowel: there are voicing bar, formant structures, 

and a small number of periodic waves with very low amplitude.  These types of vowels 

are actually not voiceless; however, the acoustic quality of vowels is quite different from 

a fully voiced vowel.   

1.1.3 Environments and Duration of Vowels 

As mentioned earlier, reduction of a high vowel ([i] or [u]) occurs between two 

voiceless obstruents or between a voiceless obstruent and a pause.  These conditions are 

called devoicing environments.  On the other hand, when at least one voiced consonant is 

adjacent to a high vowel, vowel reduction is not supposed to occur. This condition is 

called voicing environments.  Reduction status of vowels (reduced or fully voiced) in 

relation to the consonantal environments are defined as phonological rules. 

 

Devoicing environment 

 

/i, u/ � [(i), (u)] / C[-voice]  __  C[-voice]  asita [aʃʃʃʃ(i)ta] ‘tomorrow’   

/i, u/ � [(i), (u)] / C[-voice]  __  #  desu [des(u)] ‘be-POLITE’ 

 

 

Voicing environment 

 

/i, u/ � [i, u] / C[+voice]  __  C[-voice]  jikan [dʒʒʒʒikaN] ‘time’  

/i, u/ � [i, u] / C[-voice]  __  C[+voice]  kuma [kuma] ‘bear’ 

/i, u/ � [i, u] / C[+voice]  __  C[+voice]  numa [numa] ‘pond’ 
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Inozuka and Inozuka (2003:135-136) list one more devoicing environment where 

a high vowel /i/ or /u/ is in the word-initial position and followed by a voiceless 

consonant (e.g., itte kimasu [(i)ttekimasu] ‘I’m going’-POLITE).  As a native speaker of 

the Tokyo-dialect, the author agrees with Inozuka and Inozuka that reduced [(i)] is a 

possible pronunciation in this case; nevertheless, this can be interchangeable with the 

glottal stop [ʔ] ([ʔttekimasu].  Thus, this word-initial environment is excluded from the 

regular devoicing environments in this study.   

Besides the consonantal environments, there are some factors which relate to 

vowel reduction.  First is the intrinsic duration of vowels.  It is considered that reduction 

of high vowels is triggered by their shorter intrinsic duration than non-high vowels’.  Han 

(1962b:67) calculated the ratio of the duration of Japanese vowels, and found that /u/ was 

the shortest as shown below. 

/u/ 1.00 /i/ 1.17  /o/ 1.26 /e/ 1.37 /a/ 1.44 

Cross-linguistically, high vowels tend to be shorter than non-high vowels.  Because high 

vowels require a narrower space in the oral cavity, it takes less time in transition from a 

consonant to a high vowel in a CV syllable.  In particular, /u/ has the shortest intrinsic 

duration, which relates to the fact that /u/ is more likely to undergo reduction than other 

vowels (Kubozono, 1999).   

  The second factor in vowel reduction is the type of adjacent consonants.  Some 

researchers have investigated the influence of the adjacent consonants on vowel reduction, 

and there seems to be some confusion in the literature about the relationship between 
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vowel reduction and surrounding consonants.  Which preceding or following consonant 

causes more vowel reduction is not fully agreed upon by researchers.   

Maekawa (1998) claims that vowel reduction is more likely to occur when a high 

vowel follows a fricative (e.g., ashita [aʃʃʃʃ(i)ta] ‘tomorrow’) than when it follows a stop.  

Yoshida (2002)’s acoustic study found that vowel reduction was most likely to occur 

when a high vowel is between the alveolar fricative /s/ and the velar stop /k/, which 

partially supports Maekawa’s observation.  On the other hand, Kubozono and Yoshida 

(2004) argue that whether the preceding vowel is a stop or a fricative does not have a 

systematic influence on the duration of the following vowel.  Rather, the following 

consonant has more influence on the vowel duration than the preceding consonant.  They 

claim that a vowel is much shorter when followed by the stop /t/ than when followed by a 

fricative such as /s/ or /h/.  Tsuchida (1998) does not emphasize the influence of the 

preceding or following consonant, but simply reports that the high vowel /i/ was always 

devoiced between two voiceless stops or between a voiceless stop and a voiceless 

fricative as in [k(i)te], [ʃʃʃʃ(i)te] or [k(i)se].   

Interestingly, fricatives seem to have a strong inhibitory influence on vowel 

reduction.  Both Yoshida (2002) and Tsuchida (1998) report that vowel reduction is much 

less likely to occur when a high vowel is between two voiceless fricatives (e.g., [ʃʃʃʃise]).  

Vowels tend to remain voiced in the devoicing environment when followed by the 

alveolar fricative [s], the post-alveolar fricative [ʃ], and the glottal fricative [h] regardless 
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of accent (e.g., sushi [suʃʃʃʃi] ‘sushi’, kufu: [kuɸu:]
5
 ‘device’, shushoku [ʃuʃoku] ‘main 

meal’, and shishu: [ʃiʃu:] ‘embroidery’).  This effect is also seen in compounds.  

Devoiceable vowels are less likely to be reduced at the morpheme boundary followed by 

the above fricatives (e.g., kyo:aku hannin [kjo:aku] + [hanɲiN] ‘vicious criminal’, bo:eki 

suijun [bo:eki] + [suiʒuN] ‘trade level’ (Sakurai, 1985:129).   

This influence by fricatives cannot be accounted for in terms of the intrinsic 

duration of the high vowel.  Kubozono and Yoshida (2004) found that vowels tended to 

be shorter between two fricatives than between a stop and a fricative.  Sakuma (1959:58) 

provides a different perspective.  He explains that when a vowel is between two fricatives, 

deletion of the vowel makes two consecutive fricatives (e.g., [ʃʃu:] ‘embroidery’), which 

sounds like one long fricative (e.g., [ʃu:]).  This might cause confusion of the meaning.  

In order to avoid it, speakers consciously produce a fully voiced vowel in this 

environment.   

 The third factor for vowel reduction is speech rate and style.  Fast speech rate 

makes the intrinsic duration of vowels shorter, which increases the reduction rate 

(Kubozono, 1999; Kubozono & Yoshida, 2004; Sakurai, 1985).  An increase of speech 

tempo encourages the reduction of high vowels even in voicing environments as well as 

the reduction of the non-high vowels (/a, e, o/).  Arai (1999:615-616) found some 

unexpected vowel reduction in voicing environments, where high vowels were adjacent 

                                                 
5
 Colon denotes long vowels. 
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to a voiced consonant, such as sugoku [s(u)gok(u)] ‘terribly’, jitensha [dʒʒʒʒ(i)tenʃa] 

‘bicycle’ and hajime [hadʒʒʒʒ(i)me] ‘beginning’, in spontaneous, informal speech produced 

over the telephone (OGI Multi-Language Telephone Speech Corpus).  He also found that 

non-high vowels underwent devoicing as in totemo [t(o)temo] ‘very’, kakaru [k(a)kaɾu] 

‘take’ and omotteta [omott(e)ta] ‘be-thinking-PAST’.   

Unexpected vowel reduction is often treated as exceptional.  Sugitô mentions that 

the devoicing of a non-high vowel or a high vowel in unexpected environments is rare 

enough to ignore (1996).  Nevertheless, those unexpected reductions often happen in fast, 

casual speech as Arai found.  Other researchers support that reduction of a non-high 

vowel happens regularly.  For example, the vowel in an unaccented word-initial [ka], [ke], 

or [ko] is reduced when preceding a high pitched syllable as in kakaru [k(a)kaɾu] ‘to take, 

to cost’, kakashi [k(a)kaʃi] ‘scarecrow’, kesho: [k(e)ʃo:] ‘make-up’, ketatamasi: 

[k(e)tatamaʃi:] ‘noisy’, kokoro [k(o)koɾo] ‘feelings/mind’, and koko [k(o)ko] ‘here’ 

(Amanuma, Ohtsubo, & Mizutani, 1978:103; Sakuma, 1959:59; Sakurai, 1985:128; 

Vance, 2004:chapter 8). Also, non-high vowels between /h/ and a voiceless consonant 

tend to reduce as in haka [h(a)ka] ‘grave’ and hokori [h(o)koɾi] ‘dust’ (Inozuka & 

Inozuka, 2003:136; Sakurai, 1985:128).  Those examples would be enough evidence to 

claim that unexpected vowel reduction is not a rare case to be ignored. 
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1.1.4 Vowel Reduction and Pitch Accent 

Vowel reduction tends to occur on unaccented moras (Inozuka & Inozuka, 2003; 

Sakurai, 1985; among others) is not particularly common in high pitched syllables 

followed by low pitched syllables as in shison [ʃi˺soN]
6
 ‘descendent’ and kakusu 

[kaku˺su] ‘to hide’.  When vowel reduction interacts with pitch accent, vowel reduction 

usually takes precedence.  When a devoiceable vowel is in an accented syllable, the 

accent moves to the next syllable (e.g., Fusako [ɸ(u)sa˺ko] girl’s name) (Sakurai, 

1985:128; Vance, 2004:chapter 8).   

However, Sakurai (1985:128) lists some exceptional cases in which vowel 

devoicing does occur in a high pitched syllable as in itsuku [its(u)˺ku] ‘to come to stay’, 

garasuki [gaɾas(u)˺ki] ‘glass vessel’, and shokikan [ʃok(i)˺kaN] ‘secretary’.  Kubozono 

(personal communication, November 7, 2004) and Vance (2004:chapter 8) observe that 

vowel reduction and accent simultaneously occur especially among younger generations.  

In the NHK Accent Dictionary, Akinaga (1985:116) lists some examples of vowel 

reduction in an accented syllable such as Hisako [h(i)˺sako] (girl’s name), shikushiku 

[ʃ(i)˺kuʃiku] onomatopoeia for ‘sobbing’, and shiki [ʃ(i)˺ki] ‘four seasons’.   

Vance (2004:chapter 8) reports another type of interaction between vowel 

reduction and accent.  In the case of words which contain two consecutive devoiceable 

vowels, the accent occurs in its original location and the other vowel is devoiced (e.g., 

                                                 
6
 The symbol ‘˺’ denotes accented vowels. 
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Kikuko [ki˺k(u)ko] girl’s name).  According to Vance’s interview with native speakers, 

reducing both vowels is still possible ([k(i)˺k(u)ko]), but reducing only the vowel in an 

accented syllable ([k(i)˺kuko]) sounds odd for native speaker(s).  Han (1962a:81) also 

argues that the accent shift does not always occur.  Vowel reduction occurs in an 

accented syllable as in shiku [ʃ(i)˺ku] ‘4 x 9’.   

Kitahara (1998) found two correlations between vowel reduction and phrasal tone, 

and its effect on pitch elevation: (1) when a vowel in an accented syllable is reduced and 

there is no high pitched syllable preceding it (e.g., L(H)L), the high pitch is associated 

with the following syllable, which causes pitch elevation for the following syllable; (2) 

when a vowel in an accented syllable is reduced and there is a high pitched syllable 

preceding it (e.g., H(H)L), the high pitch on the reduced vowel is absorbed by the 

preceding high pitched syllable, which does not cause the pitch elevation effect.  He 

claims (1998:314) that this shows that vowel reduction is not a merely phonetic process 

but is related to a phonological process which integrates the prosodic structure of phrasal 

pitch.   

1.1.5 Vowel Reduction and Dialects 

In this dissertation, processing of reduced vowels in two major Japanese dialects, 

the Tokyo-type and the Kansai-type, is investigated.  Generally, vowel reduction is less 

likely to occur in the Kansai-type dialects than in the Tokyo-type dialects (Inozuka & 

Inozuka, 2003; Kubozono, 1999; Sakuma, 1959; Sugitô, 1996).  This fact in the Kansai-

type dialects can be attributed to the tendency for vowels to take priority over consonants.  
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In fact, Kansai speakers tend to produce vowels more clearly than Tokyo speakers.  In 

particular, Kansai speakers tend to pronounce the high back vowel /u/, with more lip 

rounding than Tokyo speakers (Inozuka & Inozuka, 2003).  Based on Kubozono (1999)’s 

observation of the intrinsic duration of vowels, the rounded [u] requires a longer duration 

for making lips rounded than the less rounded one, which may give time for the vocal 

folds to vibrate.   

Kubozono (1999:40) emphasizes the saliency of vowels in the Kansai-type 

dialects by giving an example from a euphonic change called ombin through time.  For 

example, the conjugated verb kapi-te
7
 ‘to buy-CONTINUATION’ in Old Japanese went 

through two different ombin for each of the two dialects.  The second syllable was 

dropped and changed to geminates in the Modern Tokyo-type dialects ([kapite] � 

[katte]).  On the other hand, [kapite] changed to [kaɸuta], and then changed to the long 

vowel [o:] in the Modern Kansai-type dialects ([kaɸuta] � [ko:te]).  This gives evidence 

for the strong tendency to retain vowels in the Kansai-type dialects.   

Fujimoto (2005)’s investigation of the glottal opening pattern of a Kansai speaker 

during the production of the C[-voice]VC[-voice] sequence with a devoiceable vowel found 

that there was a time lag between closure of vocal fold vibrations and the maximum point 

of glottis opening.  The closure of vocal fold vibrations slowly faded out even after the 

glottis opened for the following voiceless consonant.  This was not the case for the Tokyo 

speaker whose vocal fold vibrations stopped before the glottis opened maximally.  

Photoelectric glottography (PGG) data showed two peaks of glottis opening during the 

                                                 
7
 Vance (personal communication) points out that the original form in Old Japanese was [kapitari]. 
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C[-voice]VC[-voice] production by the Kansai speaker, which indicates that the speaker 

intended to produce each segment separately without reduction of the medial vowel.   

Chapter 4 in this dissertation focuses on the processing aspect of vowel reduction 

in the two dialects.  Although there is a significant dissimilarity in the production of 

reduced vowels between the two dialects, there might not be dialectal differences in the 

processing of reduced vowels.  Since the Tokyo dialect is considered the standard form of 

Japanese, it has a status of the language for public use primarily spoken in media.  People 

in the Kansai area are exposed to the Tokyo dialect on a daily basis, possibly enough to 

be able to process reduced vowels without any problems.  In order to test this hypothesis, 

a series of perception experiments were conducted with Kansai listeners and their results 

were compared with those of Tokyo listeners.  Details will be described in Chapter 4.   

1.2 Goals of the Study 

As seen in the previous section, vowel reduction is in the domain of both 

phonetics and phonology.  Two issues in the phonetic domain have been discussed.  First, 

the articulatory mechanism for producing reduced vowels shows one opening of the 

glottis throughout the sequence of C[-voice]VC[-voice].  This indicates that a higher level of 

the cognitive system purposely commands the muscles to keep the glottis open.  Second, 

the shorter intrinsic duration of high vowels makes reduction more likely than non-high 

vowels.  Faster speech rates also increase the reduction of high vowels even in the 

unexpected conditions (reduction of high vowels in voicing environments or reduction of 

non-high vowels), neither of which is a common phonological pattern.   
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There are some issues in the phonological domain discussed in the previous 

section.  First, reduction of high vowels in devoicing environments almost always occurs, 

at least in the Tokyo-type dialects, which can be phonologically obligatory.  Second, 

vowel reduction often interacts with pitch accent.  It does not occur in an accented 

syllable even when a vowel is devoiceable in relation to its surrounding consonants.  

Prohibition of consecutive reduction is another piece of evidence that vowel reduction is 

not only a phonetic phenomenon.   

 When native listeners process reduced and fully voiced variants of vowels in 

Japanese, it is expected that they would intuitively use the phonetics, phonology, and 

phonotactics knowledge about vowel reduction in their native language.  Native Japanese 

listeners must know in which consonantal environments vowel reduction occurs, which 

allophone is more appropriate in relation to its surrounding sounds, and which 

phonotactic constraint restrict the syllable structure in Japanese.  These pieces of 

information should independently affect processing, sometimes in a facilitatory fashion, 

and sometimes in an inhibitory fashion. 

 The main goal of this dissertation is to investigate how listeners use the above 

information for processing reduced and fully voiced vowels in Japanese.  A series of 

speech perception experiments were conducted using psycholinguistic methodologies to 

achieve this goal.  The results are analyzed and accounted for with use of existing speech 

perception models.  These speech perception theories and methodologies will be 

summarized in the following sections. 
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1.3 Speech Perception Models 

In this section, some existing speech perception models which relate to the current 

study are summarized.  These models are TRACE (Elman & McClelland, 1988; 

McClelland, 1979, 1987, 1991; McClelland & Elman, 1986), Shortlist (Norris, 1994; 

Norris, McQueen, Cutler & Butterfield, 1997), the Merge model (Norris, McQueen & 

Cutler, 2000), and the Exemplar model (Goldinger, 1998; Goldinger & Azuma, 2003; 

Johnson, 1997; Nosofsky, 1986, 1988, 1991; Pierrehumbert, 2002). 

1.3.1 TRACE 

TRACE (Elman & McClelland, 1988; McClelland, 1979, 1987, 1991; McClelland 

& Elman, 1986) has three levels in the word recognition process: the feature, phoneme, 

and word levels.  At the feature level, features, such as vocalic, acuteness, diffuseness, 

voiced, and so on, are detected from a speech stream at particular time slices.  While 

processing, values of relevant nodes for activated feature units increase, and activation 

spreads to connected nodes within the feature level and nodes at the phoneme level.  The 

detectors which exactly match the feature patterns at the phoneme level are then activated.  

As subsequent phonemes are built up, every word unit which contains the built up 

phonemes is activated at the word level.  Nodes within each level and across levels have 

bi-directional connections, so that not only bottom-up but also top-down feedback from 

the higher level is possible.  Decisions are made at each level based on the activation 

value of units.   

For example, at the word level, all activated words are in competition and the one 

that has the highest values (best matches the phoneme units) wins over other candidates.  
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If /p/ and /b/ are both activated together with /l/ and /ʌ/ at the phoneme level, the words 

plug, plus, blush and blood are activated at the word level.  When the phoneme /g/ comes 

in, plug wins over other words, and that causes /p/ to dominate /b/ at the phoneme level 

(Figure 1.2).  This feedback from the lexicon to the lower level is the most conspicuous 

characteristic in TRACE, which emphasizes that this is a connectionist model.  A weak 

point of TRACE is that because the network is multiplied for each time slot and as input 

comes in, an enormous number of networks are built up.  As a result, TRACE cannot 

handle a lexicon as large as that of an adult human speaker.    
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Figure 1.2. A simplified schema of TRACE (modified from McClelland & Elman, 

1986:24).  Details are omitted at the feature level. 

 

1.3.2 Shortlist 

 Shortlist (Norris, 1994; Norris, McQueen, Cutler & Butterfield, 1997) is a strictly 

autonomous model.  There are two stages in processing.  At the first stage, features of 

phonemes are detected from the input and multiple words that match activated phonemes 

are generated.  Unlike TRACE, this activated word list is kept small by leaving words out 

of the list which become more dissimilar to the input.  Shortlist does not need to build up 

a huge network because candidates are in competition in a smaller interactive network.  
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At the next stage, word candidates which are activated from the same input (e.g., catalog, 

cat, log) inhibit each other, and finally, one word that best matches the phoneme patterns 

is eventually selected at the word level.   

Unlike TRACE, there is no top-down feedback.  The phoneme recognizer is 

sensitive to phonotactic constraints and statistical properties of the input.  For example, 

the English phoneme /l/ will have lower probability than English /r/ after a sequence of 

/st/ at the phoneme level because /stl/ is an illegal sequence in English phonotactics, 

whereas /str/ is legal.  Such phonological analysis is carried out at the phoneme level 

without any influence of lexical feedback.  This is in contrast to TRACE, where 

sensitivity to phonological constraints arises through lexical feedback because inputs that 

obey the constraints receive more support from lexical words.     

1.3.3 The Merge Model 

The Merge model proposed by Norris, McQueen and Cutler (2000) is based on 

the same concept of the word recognition process as in Shortlist.   The architecture of this 

model consists of three levels: the prelexical, phoneme, and word levels.  Processing at 

the prelexical level feeds continuous information to the word level.  The flow of 

information is not bi-directional but strictly bottom-up from the prelexical level to the 

word level to activate lexical candidates.  The prelexical information also flows to the 

phoneme level.  Phoneme decision making is supported by information from the 

prelexical level and at the same time from the word level.  Thus, two sources of 

information merge at the phoneme level.  There is no inhibition between the prelexical 

level and the phoneme level.   
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When the input carries ambiguous information about a sound (sounding more like 

/v/ than /f/ in the word phoneme), this ambiguity is preserved as /?onim/ rather than as 

/vonim/, so that the most closely matched lexical candidate is selected.  Inhibition 

between units, however, occurs at the lexical level at the stage of decision making.  

Figure 1.3 is a simplified version of the schema of the Merge model.    

 

     

 

         

 

   

 

 

Figure 1.3. A simplified schema of the Merge model (modified from Norris, McQueen & 

Cutler, 2000:313).  

 

Notice that the phoneme level does not intervene between the prelexical level and 

the word level.  As arrows in the figure indicate, units at the word level receive 

information from activated units at the prelexical level.  The one-way arrow indicates that 

the activation from the prelexical level to the word level is strictly bottom-up.  In contrast, 

units at the phoneme level receive information from units at the prelexical level and from 

units at the word level.  The relationship between the word level and the phoneme level is 

a one-way relationship, in which no information is sent from the phoneme level to the 

word level.   
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1.3.4 Exemplar Models 

Exemplar models (Goldinger, 1998; Goldinger & Azuma, 2003; Johnson, 1997; 

Nosofsky, 1986, 1988, 1991; Pierrehumbert, 2002) posit that speech perception involves 

a comparison of an input to an already existing category which consists of remembered 

instances.  A perceptual category is a group of exemplars associated with auditory 

properties and category labels (linguistic value, gender, speaker’s name, etc.).  An input 

is evaluated by comparing its auditory properties to each exemplar’s, and the similarity 

between them activates the exemplars in a category.  When the activation reaches a high 

enough level, the input is categorized as an exemplar of the category.   

The model predicts that more recent and frequent exemplars gain higher 

activation, and also that feedback from a higher level (syntactic and semantic) increases 

the activation level of particular exemplars.  Categorization is modified by shrinking or 

expanding the perceptual space with parameters, or ‘attention weights’ (Nosofsky, 1986), 

which decide the types of auditory properties which will be given more attention.  In 

addition, association weights control the mapping of input to category nodes.  These 

weight parameters are learned by correct categorization and they play a role in keeping 

memory storage smaller.   

1.4 Methodologies 

 There are four methodologies employed in the speech perception experiments in 

this dissertation: phoneme monitoring, auditory lexical decision, single-word shadowing, 

and form priming.  Phoneme monitoring (Foss, 1969) is a method to test how quickly and 

accurately the target sound is detected.  Experiments 1 through 3 and 6 in this dissertation 
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adopted this method to examine whether a reduced vowel would be detected as quickly 

and accurately as a fully voiced vowel.   

Auditory lexical decision (Marslen-Wilson, 1980; McCusker, Hillinger, & Bias, 

1981) tests how quickly and accurately real words are recognized.  Experiments 4, 5, 7, 

and 8 adopted this method to investigate whether lexical words containing a reduced 

vowel would be recognized as quickly and accurately as the same words containing a 

fully voiced vowel.  In both methods, subjects listened to auditory stimuli and pressed a 

button on a response box connected to a computer as soon as they heard the target sounds 

or lexical words.  Response time (RTs) and responses (yes only, or yes/no) were recorded 

in the computer.   

Experiment 9 used a combination of two methods.  One is single-word shadowing, 

and the other is form priming.  Shadowing (Cherry, 1957; Chistovich, 1960; Marslen-

Wilson, 1973, 1985) is a method to test how quickly the target words are repeated.  

Subjects listened to real words and repeated the word as soon as they recognized the 

word.  Form priming (Tanenhaus, Flanigan, & Seidenberg, 1980) was also used to 

investigate the lexical representation of the words by examining whether the lexical 

words containing a reduced vowel prime the same words containing a fully voiced vowel, 

or vice versa. 

1.5 Structure of Dissertation 

 Chapter 2 introduces three phoneme monitoring experiments by native speakers 

of Japanese (Tokyo-type dialects) and of American English.  The target sound was the 

high vowel /i/ with reduced and fully voiced forms to test whether listeners find it easier 
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or more difficult to detect reduced vowels than full vowels in various environments in 

nonsense words.  Chapter 3 describes two auditory lexical decision experiments with 

Japanese (Tokyo) listeners to investigate whether the (reduced or fully voiced) 

allophones of the high vowel /i/ in a real word would influence lexical decision of the 

word.  Chapter 4 reports the results of the same phoneme monitoring and lexical decision 

experiments with Kansai listeners to examine effects of dialectal differences on single 

sound detection and lexical word recognition.  Chapter 5 introduces one auditory lexical 

decision task in fast speech by Tokyo listeners to see whether a fast speech rate would 

affect listeners’ processing of lexical words containing the allophonic variants.  Chapter 6 

describes one single-word repetition priming experiment with Tokyo listeners to 

investigate whether reduced and full vowel forms prime each other, and hence whether 

listeners access an abstract (phonemic) level of representation during recognition.  Finally, 

Chapter 7 summarizes the results of the experiments and discusses the conclusions. 
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CHAPTER 2 PROCESSING OF ALLOPHONIC VARIATION IN SPEECH STREAM 

This chapter explores how native speakers process allophonic variations of 

vowels in Japanese, and how they use acoustic information and language-specific 

phonological and phonotactic knowledge in processing sounds in the speech stream.  

Three phoneme monitoring experiments were conducted with Japanese (Tokyo) listeners 

and with American English listeners.  Participants were asked to detect the Japanese high 

vowel /i/ in nonsense words.  The target vowel was presented in the reduced form and in 

the fully voiced form in various consonantal environments.  It is assumed that three 

aspects (acoustic, phonological, and phonotactic) of knowledge related to reduced and 

full vowels would affect the processing of these allophones.  Furthermore, it is assumed 

that these three aspects would interact differently with one another in the processing of 

allophones depending on the consonantal environments. 

Details of the three experiments are provided in the following sections: Section 

2.1 introduces a phoneme monitoring experiment with Japanese (Tokyo) listeners 

(Experiment 1); Section 2.2 introduces the same experiment with American English 

listeners (Experiment 2); Section 2.3 introduces the second phoneme monitoring 

experiment with Japanese (Tokyo) listeners (Experiment 3); and finally, Section 2.4 gives 

a discussion of the results.    

2.1 Experiment 1: Phoneme Monitoring with Tokyo Listeners 

2.1.1 Purpose and Predictions 

This phoneme monitoring experiment was designed to investigate whether the 

reduced form of vowels in Japanese is processed differently from or similarly to the fully 
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voiced form.  For example, is the reduced vowel [(i)] harder to hear than the fully voiced 

vowel [i] in nonsense words such as /hokito/ and /tadʒiga/?  Or can listeners hear them 

eaqually well?  Does it require any extra processing to recognize the reduced [(i)] as the 

phoneme /i/?  In this experiment, listeners were asked to detect the high vowel /i/, 

presented both as reduced and fully voiced, in nonsense words. 

It is probably not always the case that full vowels are processed better than 

reduced vowels just because full vowels are acoustically more salient.  As cross-linguistic 

studies show, allophonic variation occurs based on the context.  In the case of the 

allophonic variation of Japanese vowels, the reduced form is the most common 

realization when a vowel is between voiceless consonants as in kita [k(i)ta] ‘north’.  On 

the other hand, reduced vowels are not supposed to occur when a vowel is adjacent to at 

least one voiced consonant as in tejina [tedʒina] ‘magic’.  These contextual restrictions 

are delineated by the vowel reduction rules in Japanese phonology as discussed in 

Chapter 1 (p.31).  

It is assumed that three kinds of information (acoustic cues, phonological patterns, 

and phonotactic constraints) would each play a role and interact with one another in the 

processing of reduced and full vowels.  Acoustic cues such as voicing bar, periodic waves, 

and formant structures are important physical properties of vowels.  Fully voiced vowels 

are endowed with all these properties.  On the other hand, reduced vowels are not, 

missing one or more of these properties, making them acoustically less salient than fully 

voiced vowels.  Nevertheless, reduced vowels are phonologically superior to fully voiced 

vowels in the environment where reduced ones are expected, such as between two 
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voiceless consonants.  Under this condition, the acoustic inferiority and the phonological 

superiority of reduced vowels conflict with each other.   

In addition, a phonotactic constraint is involved in the processing of the 

allophones.  The constraint (henceforth ‘CV constraint’) prohibits consonant clusters 

other than a geminate or a nasal followed by another consonant in order to maintain the 

CV syllable structure.  This CV constraint forces listeners to hear a vowel after each 

consonant, whether reduced or fully voiced, to avoid creating obstruent clusters (e.g., 

*/kt/ in /hok(i)to/ or */dʒg/ in /tadʒ(i)ga/).  Dupoux, Kakehi, Hirose, Pallier, and Mehler 

(1999) and Dupoux, Pallier, Kakehi, and Mehler (2001) found a strong effect of the CV 

constraint on Japanese listeners’ perception of ‘illusory’ vowels (1999:1568), in which 

vowels were actually deleted.  Japanese listeners were able to detect deleted vowels after 

a voiced consonant more than 70% of the time, but French listeners did not recognize 

vowels when they were reduced in length.   

On the other hand, when a nasal follows a vowel, this constraint does not cause 

listeners to hear the following vowel as strongly, as in [kedaɲɲɲɲ(i)da] because a CVC with a 

coda nasal is legal in Japanese phonotactics.  In fact, the palatalized nasal [ɲ] without 

realization of the following /i/ is phonotactically illegal, because it violates the Coda 

Condition (Itô, 1989).  If the Coda Condition constraint has weak effects on recognition 

of nasals, listeners might accept the palatalized nasal as a coda although the nasal does 

not share the same place of articulation with the following consonant (i.e. [kedaɲɲɲɲda]).   
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Otake, Yoneyama, Cutler, and van der Lugt (1996) found that Japanese listeners 

recognized syllable final nasals ([m], [n], [d̪], [ŋ]) as the same phoneme equally well 

regardless of their place of articulation, but when the Coda Condition was violated (e.g., 

[tonbo] for [tombo]), it slowed down listeners’ responses.  As in Otake, et al’s 

experiment, the current experiment shows that the palatalized nasal without the following 

/i/ should not prevent listeners from recognizing the nasal as a coda, although it might 

slow down the process.   

Considering the three types of information (acoustic, phonological, phonotactic) 

discussed above, the following predictions can be made for each condition. 

(1) Devoicing environment (C[-voice]VC[-voice]) 

Reduced vowels are acoustically less salient than fully voiced vowels, which is a 

disadvantage for them in perception of acoustic signals.  However, reduced vowels are a 

more common realization than fully voiced vowels in this environment.  Vowel reduction 

in this environment occurs nearly 100% in normal conversation (at least in the Tokyo-

type dialects).  This phonological pattern should create a perceptual advantage for 

reduced vowels.  The CV constraint (phonotactic information) would be equally effective 

for both reduced and fully voiced vowels.  Regardless of the reduction status of vowels 

(reduced or fully voiced), this constraint should force listeners to detect vowels after each 

consonant to avoid creating consonant clusters.  If the two conflicting types of 

information (acoustic and phonological) have equally strong effects, then reduced vowels 

should be detected as well as fully voiced vowels.   

 



 53 

(2)  Voicing environment (C[+voice]VC) 

Again, the CV constraint would be equally effective for both reduced and fully voiced 

vowels as explained above.  Reduced vowels are acoustically weaker than fully voiced 

vowels, which creates a perceptual disadvantage for reduced vowels.  Moreover, reduced 

vowels following a voiced consonant are not a common phonological pattern.  Thus, both 

the acoustic and phonological information would have inhibitory effects for perception of 

reduced vowels.  This should slow down listeners’ detection of reduced vowels in this 

environment.   

(3) Nasal-voicing environment (C[+nasal]VC) 

Reduced vowels are acoustically weaker than fully voiced vowels, and they are not the 

expected phonological pattern when the preceding consonant is a nasal, which is voiced.  

Furthermore, the CV constraint would not force listeners to hear a vowel after a nasal 

because nasals can be a coda of the preceding syllable (although the palatalized nasal is a 

violation of the Coda Condition).  In this environment, all three kinds of information 

(acoustic, phonological, and phonotactic) are inhibitory or not influential for reduced 

vowels.  As a result, reduced vowels should not be detected as accurately and as quickly 

as fully voiced vowels in this condition. 

2.1.2 Methods 

2.1.2.1  Conditions.  

A total of six (2 x 3) conditions were created by combining two variables: the 

reduction status of the target vowel /i/ (reduced and fully voiced) and three consonantal 

environments (devoicing, voicing, and nasal-voicing) as shown in Table 2.1.   
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The devoicing environment was where the target vowel /i/ was between two 

voiceless obstruents as in /hokito/, in which reduced vowels are expected as the most 

common phonological pattern ([hok(i)to]).  The voicing environment was where the 

vowel /i/ followed a voiced consonant /dʒ/
8
 as in /tadʒiga/, in which fully voiced vowels 

are phonologically appropriate ([tadʒʒʒʒiga]).  Reduced vowels in this environment might 

occur only in casual rapid speech, but they are not a common realization.  Only the 

voiced consonant /dʒ/ whose place of articulation is close to that of the target vowel was 

adopted as the preceding consonant due to the ease of articulation.  A female native 

Tokyo dialect speaker (the author) tried to produce a reduced [(i)] with various voiced 

consonants, but it was difficult to obtain decent reduced vowels with consonants other 

than [dʒ].  The nasal-voicing environment was where the target vowel /i/ followed a nasal 

as in /kedanida/, in which reduced vowels are phonologically inappropriate.   

 

Table 2.1  

Experiment 1: Conditions and examples  

Environment Reduced Stimulus Voiced Stimulus 

Devoicing:       C[-voice] ___ C[-voice] [hok(i)to]  [hokito] 

Voicing:            /dʒ/ ___ C[+/- voice] [tadʒ(i)ga]  [tadʒiga] 

Nasal-voicing:  /N/ ___ C[+/- voice] [kedaɲɲɲɲ((((i))))da]  [kedaɲɲɲɲida] 

 

                                                 
8
 It is reported that the phoneme /z/ (in front of /i/, it is realized as /dʒ/) is realized as a affricate or a 

fricative (Arisaka, 1973; Bloch, 1950; Kubozono & Tanaka, 1999; Matsugu, 2003; among others).  

Matsugu (2003) claims that the alternation between these realizations is gradient rather than categorical.  

The affricate tends to appear word-initially and the fricative word-medially.  There was a mixture of the 

affricate and fricative pronunciations among the voicing condition stimuli in the experiments in this 

dissertation; hence, the phoneme /dʒ/ is realized as [dʒ] or [ʒ] phonetically. 
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2.1.2.2  Materials. 

Thirty phonotactically legal nonsense words were created for each of the three 

environments as test items.  All items were either 3- or 4-mora in length.  Each nonsense 

word was presented once with a reduced [(i)] and once with a fully voiced [i].  The total 

number of stimuli was 180 (30 items x 2 reduction statuses of /i/ x 3 environments).  The 

target vowel /i/ appeared only once in each stimulus, in the second mora (CVCiCV) in 3-

mora words or in the third mora (CVCVCiCV) in 4-mora words, avoiding word-initial or 

final positions.   

All reduced vowels were of the deleted type, leaving coarticulation mostly after 

the preceding consonant.  Figure 2.1 shows waveforms and spectrograms of one of the 

devoicing environment items (/hokito/) with deletion of [(i)] (left figures) and a fully 

voiced [i] (right figures).  None of the acoustic properties of the target vowel such as 

periodic waves, voicing bar, or vertical striations during formants are seen in the left 

figures, which provide evidence that the vowel was deleted (see pp.29-31 in Chapter 1 for 

the definition of ‘deleted vowels’).  In contrast, those acoustic properties clearly appeared 

for the fully voiced vowel in the right figures. 
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Figure 2.1. Experiment 1: Waveforms and spectrograms of /hokito/ with the deletion of 

the vowel [(i)] (left) and with a fully voiced vowel [i] (right).  Neither periodic waves, 

voicing bars, nor vertical striations during formants are observed in the left figures, which 

suggest that the vowel was deleted.  High energy concentration is observed after the burst 

of [k], which shows this sound is fricative-like. 

 

 

Figure 2.2 shows the waveforms and spectrograms of the item /mokodʒibe/ with vowel 

deletion (left) and a fully voiced vowel (right). 
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Figure 2.2. Experiment 1: Waveforms and spectrograms of /mokodʒibe/ with the deletion 

of the vowel [(i)] (left) and with a fully voiced vowel [i] (right).  Neither periodic waves 

nor vertical striations during formants are seen in the left figures, which suggest that the 

vowel was deleted.  The voicing bar appears a halfway through the the preceding 

consonant, and high energy concentration is seen all the way through the consonant in 

both figures. 

 

Figure 2.3 shows the waveforms and spectrograms of the item /waniba/ with vowel 

deletion (left) and a fully voiced vowel (right). 
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Figure 2.3. Experiment 1: Waveforms and spectrograms for /waniba/ with the deletion of 

the vowel [(i)] (left) and with a fully voiced vowel (right).  F2 around 2500 Hz for the 

palatal nasal [ɲ] is faint, which is typical for nasals in the both spectrograms (Ladefoged 

2001:181).  Formant structures for the full vowel are clear in the right spectrogram; 

whereas it is not the case for [ɲ] with vowel deletion in the left spectrogram.   

 

Tables 2.2 through 2.4 below provide the durational information of the test items 

in each environment.  Since vowels were deleted in the reduced stimuli, the durational 

information for the preceding consonant and the vowel is not provided.  See Tables A.1 

through A.6 in Appendix A (pp.267-272) for more detailed acoustic information about 

the test items. 
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Table 2.2   

Experiment 1, Devoicing environment: Average durations (ms) of whole stimulus, target 

mora (/Ci/), preceding consonant, fully voiced vowel [i]   

 Stimulus Whole  Target µ  Preceding C Voiced [i] 

Reduced 494.1 131.5   3-mora 

stimuli Fully voiced 519.5 145.2 60.4 84.8 

Reduced 610.5 120.2   4-mora 

stimulus Fully voiced 677.7 145.0 65.9 79.0 

Reduced 552.3 125.8   All  

stimuli Fully voiced 598.5 145.1 63.1 81.9 

 

Table 2.3   

Experiment 1, Voicing environment: Average duration (ms) of whole stimulus, target 

mora (/dʒi/), preceding consonant ([dʒ]), fully voiced vowel [i]   

 Stimulus Whole  Target µ  Preceding [dʒ] Voiced [i] 

Reduced 471.0 110.3   3-mora 

stimuli Fully voiced 476.4 120.7 42.6 78.1 

Reduced 590.7 98.5   4-mora 

stimuli Fully voiced 629.7 113.4 49.4 64.0 

Reduced 530.9 104.4   All 

stimuli Fully voiced 553.0 117.1 46.0 71.0 

 

 

Table 2.4  

Experiment 1, Nasal-voicing environment: Average durations (ms) of whole stimulus, 

target mora (/ni/), preceding consonant ([ɲ]), fully voiced vowel [i]  

 Stimulus Whole  Target µ  Preceding [ɲ] Voiced [i] 

Reduced 468.5 157.8   3-mora 

stimuli Fully voiced 458.1 159.0 51.4 107.6 

Reduced 570.5 143.5   4-mora 

stimuli Fully voiced 577.6 140.9 50.7 90.2 

Reduced 519.5 150.7   All 

stimuli Fully voiced 517.8 150.0 51.1 98.9 

 

Among the items in the devoicing environment, pitch patterns were identical 

between reduced vowel stimuli and full vowel stimuli (H(L)L for the 3-mora items, and 

LH(L)L for the 4-mora items), except for /tadahika/ and /wagaʃite/.  In these two, the 
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reduced vowel stimuli had no falling pitch (LH(H)H); whereas the full vowel stimuli had 

one falling pitch (LHLL).  In the items in the voicing environment, five pairs of 3-mora 

items had different pitch patterns, which was L(H)H for reduced vowel stimuli and HLL 

for full vowel stimuli.  Eleven pairs of 4-mora items had different pitch patterns as well, 

which was LH(H)H for reduced vowel stimuli and LHLL for full vowel stimuli.  Finally, 

in the nasal-voicing environment, pitch patterns were identical between reduced vowel 

stimuli and full vowel stimuli, (L(H)H) for the 3-mora items, and LH(H)H for the 4-mora 

items).  There were seven stimuli containing the sequence of [ɲ(i)n] with a reduced vowel 

as in [haɲ(i)na].  Because the vowel was deleted, one long nasal ([haɲna]) instead of two 

appeared in the spectrogram.  Identification of the target mora ([ɲ(i)]) with a palatalized 

nasal distinguished from the following alveolar nasal was achieved by the experimenter’s 

careful attention to those stimuli.   

Thirty fillers containing a full vowel [i] in either word-initial or -final position 

were created (/i/-fillers).  Three hundred fillers without /i/ and 10 similar practice items 

were also created.  All items were phonotactically legal 2- and 4-mora-long nonsense 

words.  Syllable structures of those items varied, containing geminates, coda nasals, or 

long vowels in addition to CV syllables.  This was intentional, so that the materials would 

sound similar to natural Japanese and listeners would not expect to hear the target vowel 

/i/ only in CV syllables.  Pitch patterns of fillers were HL, HLL, HHL, LHH, LHHH, and 

LHLL.  Tables A.13 through A.17 in Appendix A (pp.280-285) provide a list of the 

practice items and fillers. 
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The author, a female native speaker of the Tokyo dialect who is a trained 

phonetician, recorded all stimuli in a recording booth at the Douglass Phonetics Lab of 

the University of Arizona, using a high quality microphone and a CD recorder, which 

sampled at 44.1 KHz.  All items were naturally produced without any subsequent editing 

of the recording by the speaker, who practiced pronouncing the target vowel in 

phonologically inappropriate consonantal environments.  Some stimuli, particularly for 

the voicing and the nasal-voicing environments, did have to be recorded multiple times to 

achieve this in a natural-sounding production.  

2.1.2.3 Participants. 

Forty-nine native speakers of the Tokyo-type dialects were recruited in the Kanto 

area (Tokyo and the neighboring prefectures, Chiba and Kanagawa).  They were students 

at five universities
9
 in Tokyo as well as acquaintances of the author.  Their ages ranged 

from 18 to 42 years old, and none of them reported speech or hearing disorders.  All of 

them were raised and spent most of their lives in the Kanto area, and never lived outside 

of the area during their childhood and elementary and junior high school times.  Twelve 

of them had parent(s) who occasionally spoke non-Tokyo-type dialects, but those 

participants were not able to speak their parent(s)’ dialects.  Participants received a small 

gift or small amount of money for their participation.   

All but four participants participated in the lexical decision experiment 

(Experiment 4) prior to the phoneme monitoring experiment.  The reason for this task 

ordering was to prevent the participants from focusing on the target vowel /i/ in the 

                                                 
9
 University of Tokyo, Hosei University, Sophia University, Toyo University, and Kanagawa University. 
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lexical decision task.  A short break between the two experiments was given if a 

participant requested one.  All subjects answered a questionnaire about their language 

background and linguistic knowledge after each experiment. 

2.1.2.4 Procedures. 

All experimental items were counterbalanced across the reduction status of the 

target vowel (reduced and fully voiced) and placed in two different sets of stimuli 

together with fillers.  Each set had a different order of stimuli with at least two non-/i/ 

fillers before each stimulus containing /i/.  Participants were randomly assigned to hear 

one of the two sets.  The experiment took place in quiet locations such as classrooms or 

libraries in the universities for the majority of participants and in private homes for the 

rest.   

Participants were asked to listen to nonsense words and to press a button on a 

response box connected to a laptop computer as quickly as possible when they heard a 

syllable which contained the vowel /i/ as in /i, ki, ʃi, tʃi, ni, hi, mi, ɾi, gi, dʒi, bi, pi/.  This 

part of the instructions was given because of the mora-based kana syllabary system in 

Japanese, which encourages Japanese listeners to identify moras rather than phonemes.  If 

participants were instructed to respond to the single phoneme /i/, they would have paid 

attention only to the onset-less syllable /i/, not to any other /Ci/ syllables.  Participants 

were instructed to emphasize speed rather than accuracy.   

The task consisted of two phases: the practice phase with 10 practice items and 

the test phase in which a total of 420 test items and fillers were presented.  Participants 

were seated in front of the laptop computer with a response box, listening to stimuli 
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through high quality headphones.  The response window was four seconds from the 

beginning of each item.  There was a one second pause between the time when a 

participant pressed the response button and the onset of the next stimulus.  The response 

times (RTs) were measured from the onset of each item.  E-Prime software (Psychology 

Software Tools, Inc.) was used to run the experiment and record the data.   

2.1.3 Results 

RTs were adjusted to be measured from the onset of the consonant in the mora 

following the target vowel (e.g., from the onset of the [t] in /hokito/).  Any RTs outside 

the range of 200 ms to 1500 ms were treated as errors, which excluded 8.4% of the data 

from the analyses of RT.  Three subjects’ data were removed entirely from by-subjects 

RT analysis due to their failure to respond to any items in the nasal-voicing condition.  

This suggests that the instructions for the task were appropriate so that the exclusion of 

subject was minimal.   

Analyses of variance (ANOVA) were conducted on the RTs and on the error rates, 

each with by-subjects (F1) and by-items (F2) analyses.  Each ANOVA included main 

factors: environment (devoicing, voicing, and nasal-voicing), the reduction status of the 

target vowel /i/ (reduced and fully voiced), and counterbalanced group (for the by-

subjects analysis only).  In the by-subjects analysis, environment and reduction status 

were within-subjects factors, and counterbalanced group was a between-subjects factor.  

In the by-items analysis, environment was a between-items factor and reduction status 

was a within-items factor.  The Greenhouse-Geisser correction was applied whenever 

sphericity was violated.   
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Figure 2.4 shows mean RTs for reduced and fully voiced vowels in the three 

environments.  In the devoicing environment, the difference between reduced and voiced 

vowels was small; whereas in the voicing and the nasal-voicing environments, reduced 

vowels were detected much more slowly than voiced vowels, which appears as a greater 

difference in the graph.   
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Figure 2.4. Experiment 1: Mean RTs (ms) for reduced and fully voiced vowels by 

Japanese (Tokyo) listeners in the devoicing, voicing, and nasal-voicing environments.  

One example from the experimental items is provided under each environment.  The star 

symbol indicates a statistically significant difference between reduced and fully voiced 

vowels.   

 

 

Ex.    [hok(i)to][hokito]  [tadʒ(i)ga][tadʒiga] [kedaɲ(i)da][kedaɲida] 

� 

� 

(ms) 
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(Adjusted mean RTs from the onset of fully voiced vowels appear in Figure 2.5 in the 

footnote below.  This adjustment indicates how listeners reacted after they heard the 

preceding consonant instead of the target mora.
10

) 

Both by-subjects and by-items ANOVAs confirmed that the main effect of 

environment F1(2, 88) = 6.27, p < .005; F2(2, 87) = 6.31, p < .005 and the main effect of 

vowel reduction status F1(1, 44) = 19.12, p < .001; F2(1, 87) = 11.10, p < .005 were 

significant.  Because the interaction of environment by reduction status was also 

                                                 
10

 This adjustment from the onset of fully voiced vowels does not seem to be a fair comparison because 

RTs to voiced stimuli were prolonged by including the length of the vowel itself.  
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Figure 2.5. Experiment 1: Adjusted mean RTs (ms) for reduced and fully voiced vowels by Japanese 

(Tokyo) listeners in the devoicing, voicing, and nasal-voicing environments 

 

The difference between reduced vowels and voiced vowels is greater (68.5 ms) in the devoicing 

environment than in the voicing (32.8 ms) and nasal-voicing environments (28.9 ms).  This difference does 

not come from the length of voiced vowels.  Vowel length in the devoicing environment is on average 81.9 

ms, which is not very different from those in the other environments (average 71.0 ms and 98.9 ms in the 

voicing and nasal-voicing, respectively).  The difference in the average length of the target mora (C + /i/) 

between reduced and voiced stimuli is a little greater in the devoicing environment (19.2 ms) than in the 

voicing (12.7 ms) and nasal-voicing (0.7 ms) environments, but it cannot be enough to account for the 68.5 

ms difference in the devoicing environment.  A possible reason for the great difference in the devoicing 

environment could be that fully voiced vowels were inappropriate, which made listeners’ processing much 

slower.  These results suggest that the effect of phonological appropriateness is reliable.    

   

(ms) 
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significant F1(2, 88) = 4.19, p < .05; F2(2, 87) = 3.42, p < .05, the data was further 

analyzed by testing the simple effect of reduction status for each environment separately.   

In the devoicing environment, the effect of reduction status was not significant 

F1(1, 44) = .36, p > .5; F2(1, 29) = .007, p > .5.  Listeners were able to recognize reduced 

vowels as fast as voiced vowels.  In contrast, the effect of reduction status was significant 

in by-subjects analysis and nearly significant in by-items analysis in the voicing 

environment F1(1, 44) = 18.40, p < .001; F2(1, 29) = 4.09, p = .052.  A significant effect 

of reduction status was observed in the nasal-voicing environment F1(1, 44) = 13.36, p 

< .005; F2(1, 29) = 9.15, p < .01).  In both environments listeners found more difficult to 

recognize reduced vowels than voiced vowels. 

Figure 2.6 shows mean error rate results.  Error rate refers to how many times 

listeners failed to respond to the target vowel.  The difference between reduced and fully 

voiced vowels was subtle in the devoicing and voicing environments.  On the other hand, 

the difference was great in the nasal-voicing environment.  Participants failed to respond 

to reduced vowels in this environment more than 40% of the time. 
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Figure 2.6. Experiment 1: Mean error rates for reduced and fully voiced vowels by 

Japanese (Tokyo) listeners in the devoicing, voicing, and nasal-voicing environments.  

The star symbol indicates a statistically significant difference between reduced and fully 

voiced vowels.   

  

 

In the error rate analysis, the main effect of environment F1(2, 88) = 43.06, p 

< .001; F2(2, 87) = 42.32, p < .001 and vowel reduction status F1(1, 44) = 54.7, p < .001; 

F2(1, 87) = 26.47, p< .001, and the interaction of these two factors F1(2, 88) = 51.06, p 

< .001; F2(2, 87) = 26.58, p < .001 were all significant.  Tests for the simple effect of 

vowel reduction status revealed that the effect was not significant in the devoicing 

environment F1(1, 44) = .51, p > .1; F2(1, 29) = .33, p > .5 or in the voicing environment 

F1(1, 44) = .42, p > .5; F2(1, 29) = .34, p > .5.  Listeners were able to respond to reduced 

     Ex.   [hok(i)to][hokito]   [tadʒ(i)ga][tadʒiga] [kedaɲ(i)da][kedaɲida] 

 

� 
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vowels as accurately as voiced vowels in these environments.  A significant effect of 

vowel reduction status appeared only in the nasal-voicing environment F1(1, 44) = 75.91, 

p < .001; F2(1, 29) = 33.8, p < .001.  Listeners failed to respond to reduced vowels much 

more frequently than voiced vowels after nasals.  

Figure 2.7 shows RTs recalculated from the beginning of the preceding consonant 

of the target mora (/Ci/).  The reason for this readjustment of RTs from the onset of the 

target mora is to solve a potential problem in the RT measurement from the offset of the 

target mora.  Offset of the target mora was the time point when more information for 

voiced vowels became available to listeners.  Hence, potentially, the amount of acoustic 

information would be potentially unbalanced between reduced and voiced vowels, which 

would create an unfair comparison of those vowels.   

After readjustment, any RTs outside the range of 300 ms to 1600 ms were treated 

as errors, which excluded 8.2% of the data from the analysis of RT.  The results for RTs 

(Figure 2.7) still show the same patterns as in the previous RT graph.  Listeners were able 

to recognize reduced vowels as fast as voiced vowels in the devoicing environment, but 

they found reduced vowels more difficult to recognize than voiced vowels in the voicing 

and the nasal-voicing environments.   
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Figure 2.7. Experiment 1: Adjusted mean RTs (ms) from the onset of the target mora for 

reduced and fully voiced vowels by Japanese (Tokyo) listeners in the devoicing, voicing, 

and nasal-voicing environments.  The star symbol indicates a statistically significant 

difference between reduced and fully voiced vowels.   

 

 

The by-subjects ANOVA confirmed that the main effect of environment F1(2, 88) 

= 12.24, p < .001 and vowel reduction status F1(1, 44) = 6.96, p < .02, and the interaction 

of these two factors F1(2, 88) = 4.41, p < .02 were all significant
11

.  The data was further 

analyzed by splitting across the environment factor.  In the devoicing environment, the 

effect of vowel reduction status was not significant F1(1, 44) = .36, p > .5; whereas it was 

                                                 
11

 The by-items ANOVA showed that the main effect of environment was marginally significant F2(1, 87) 

= 3.1, p = .05, but neither the effect of vowel reduction status F2(1, 87) = .73, p < .1 nor the interaction of 

these two factors was significant F2(2, 87) = 1.73, p < .1. 

Ex.  [hok(i)to][hokito]  [tadʒ(i)ga][tadʒiga] [kedaɲ(i)da][kedaɲida] 

(ms) 

� 

� 
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significant in the voicing environment F1(1, 44) = 8.13, p < .01 and in nasal-voicing 

environment F1(1, 44) = 8.29, p < .01.   

Figure 2.8 displays the mean error rates after the readjustment.  As well as RTs, 

the error rate results show the same pattern as in the previous error rate graph.  Listeners 

were able to detect reduced vowels as accurately as voiced vowels except in the nasal-

voicing environment.  They failed to hear reduced vowels after nasals more than 40% of 

the time.   
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Figure 2.8. Experiment 1: Adjusted mean error rates for reduced and fully voiced vowels 

by Japanese (Tokyo) listeners in the devoicing, voicing, and nasal-voicing environments.  

The star symbol indicates a statistically significant difference between reduced and fully 

voiced vowels.   

 

� 

      Ex.    [hok(i)to][hokito]  [tadʒ(i)ga][tadʒiga] [kedaɲ(i)da][kedaɲida] 
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The by-subjects ANOVA confirmed that the main effect of environment F1(2, 88) 

= 37.88, p < .001, F2(2, 87) = 40.04, p < .001 and vowel reduction status F1(1, 44) = 

56.03, p < .001, F2(1, 87) = 26.25, p < .001, and the interaction of these two factors F1(2, 

88) = 51.68, p < .001, F2(2, 87) = 24.63, p < .001) were all significant.  The data was 

further analyzed by splitting across environments.  In both the devoicing and in the 

voicing environments, the effect of reduction status was not significant in the devoicing 

environment F1(1, 44) = .38, p > .5, F2(1, 29) = .26, p > .5; voicing environment F1(1, 44) 

= 1.07, p > .1, F2(1, 29) = .74, p > .1, respectively, but it was significant in the nasal-

voicing environment F1(1, 44) = 76.18, p < .001, F2(1, 29) = 31.77, p < .001.  

Although this proves that the time point difference between the onset and the 

offset of the target mora does not change the patterns in the RT and error rate results, 

measuring from the onset also has a potential problem.  The readjustment made RTs to 

voiced vowels longer because the target mora length was longer with voiced vowels than 

with reduced vowels, and readjusted RTs contain this durational difference.  If listeners 

made a decision with the complete information of voiced vowels, they had to wait to 

respond until the whole vowel was presented.   

One might argue that in the devoicing environment, listeners would actually be 

able to recognize voiced vowels faster than reduced vowels, but because the RTs contain 

the length of the voiced vowels, this made the RTs longer than they otherwise would 

have been.  Measuring RTs from the offset of the target mora can resolve this problem.  

Listeners’ detection speed for reduced and voiced vowels was still equal in the devoicing 
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environment, and not faster than voiced vowels even after more information about voiced 

vowels became available.  

In summary, the current experiment displayed the following results: listeners were 

able to recognize reduced vowels as fast as and as accurately as voiced vowels when the 

vowels were between voiceless consonants in nonsense words (e.g., /hokito/).  Reduced 

vowels are phonologically more appropriate than voiced vowels in this environment 

because they are legal in terms of (de)voicing assimilation.  However, reduced vowels, all 

of which were of the deleted type, are acoustically much less salient than voiced vowels.  

This acoustic weakness balances out the phonological appropriateness of reduced vowels, 

and as a result, there was no difference in processing speed between reduced and voiced 

vowels.   

On the other hand, when vowels followed the voiced consonant /dʒ/ or nasals (e.g., 

/tadʒiga/ and /kedanida/), listeners’ detection speed was slower for reduced vowels than 

for voiced vowels.  Unlike the devoicing environment, reduced vowels violate the 

progressive voicing assimilation in the two voicing environments; in addition, reduced 

vowels are acoustically less salient.  Phonological inappropriateness and acoustic 

weakness inhibited the processing of reduced vowels.   

2.2 Experiment 2: Phoneme Monitoring with American English Listeners 

2.2.1 Purpose and Predictions 

The same phoneme monitoring experiment as in Experiment 1 was conducted to 

explore American English listeners’ ability to detect both reduced and fully voiced 

vowels in Japanese in the same three consonantal environments.  Because the stimuli 
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were nonsense words and the task did not require lexical processing, listeners with no 

knowledge of Japanese were deemed capable.  The purpose of having the American 

English group perform the same task was to compare their vowel detection ability with 

that of native Japanese listeners in order to determine what aspects of the original results 

might stem from subjects’ knowledge of Japanese phonology.   

English has a similar phenomenon to vowel reduction in Japanese.  The 

unstressed vowel /ə/ is often omitted in certain words such as parade ([phəəəəréd]�[phréd]) 

or Toronto ([t
həəəərɔńto]�[t

h
rɔńto]) (Hammond 1999).  Although American English 

listeners might be familiar to some extent with vowel deletion, deleted vowels are mostly 

limited to the schwa in English.  American English listeners would not expect the high 

vowel /i/ to disappear as it does in Japanese.  Moreover, English allows a much wider 

variety of consonant clusters than Japanese does, so the existence of a vowel between 

consonants is not obligatory as it is in Japanese, in sequences like /hokto/or /tadʒʒʒʒga/.   

The influence of Japanese-specific (phonological and phonotactic) knowledge 

should not emerge in the phoneme monitoring task since American English does not have 

the reduced and fully voiced allophonic variants of vowels.  American English listeners 

should rely only on acoustic cues for detecting the vowel /i/ due to the lack of 

phonological and phonotactic knowledge.  If this is the case, reduced vowels should 

always be detected more slowly and less accurately than fully voiced vowels regardless 

of their environment.    
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2.2.2 Methods 

2.2.2.1  Conditions, Materials and Procedures. 

The experiment was conducted using the same materials in the same conditions 

and procedures as in Experiment 1 except that the instructions and the questionnaire 

about participants’ linguistic background were given in English.  The task was conducted 

in the Douglass Phonetics Lab at the University of Arizona, but not in a sound attenuated 

booth, so as to create a testing environment similar to that in Experiment 1. 

2.2.2.2 Participants. 

Forty-five native speakers of American English with normal hearing were 

recruited from introductory linguistics courses at the University of Arizona
12

.  None of 

the participants had any knowledge of or prior training in Japanese.  They received a 

small amount of course credit for their participation.  

2.2.3 Results  

The same by-subjects (F1) and by-items (F2) ANOVAs as in Experiment 1 were 

performed on the RTs and the error rates with environment (devoicing, voicing, and 

nasal-voicing), reduction status of the target vowel (reduced and fully voiced), and 

counterbalanced group as main factors.  The Greenhouse-Geisser correction was applied 

whenever sphericity was violated.   

The criterion which excluded outlying RTs was the range between 200 ms to 

2000 ms.  This criterion excluded 8.1% of the data from the analysis on RTs.  Compared 

                                                 
12

 Most of the participants had experience learning a second (and, in some cases, a third) language such as 

Spanish, French, Russian, Chinese, German, or Hebrew at school.  None of their fluencies reached the 

bilingual level.   
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with Experiment 1, the results from Experiment 2 had a wider range of cut-off points to 

maintain almost the same proportion of exclusions as in Experiment 1.  For American 

English listeners, the task was more difficult due to their unfamiliarity with the foreign 

sounding stimuli, so their responses were relatively slower than those of Japanese 

listeners.   

The data from 14 subjects were removed entirely from the statistical analysis of 

RTs across subjects due to their failure to respond to even one item in one condition.  

Almost all the participants who were excluded from the analysis failed to respond to 

reduced vowels, presumably because such an allophone of /i/ does not exist in American 

English.  Also, three reduced vowel items in the voicing environment and four items in 

the nasal-voicing environment were excluded from the RT analysis across items because 

those items elicited no response.  Due to the low response rate of RTs, ANOVAs on the 

RTs
13

 were not very reliable.  ANOVAs on the error rates are more crucial in this 

experiment.   

                                                 
Table 2.5   

Experiment 2: Mean RTs (ms) excluding the 14 subjects who failed to respond to any stimuli in one 

condition 

 Reduced vowels Voiced vowels Difference 

Devoicing 939.3 785 154.3 

Voicing 1011 832.2 178.8 

Nasal-voicing 894 792.5 101.5 

 

Significant main effects of environment F1(2, 58) = 4.02, p < .05; F2(2, 80) = 2.49, p > .05 and vowel 

reduction status F1(1, 29) = 26.29, p < .001; F2(1, 80) = 16.56, p < .001 appeared in the RT analysis (with 

the exception of the effect of environment in by-items analysis).  However, the interaction of environment 

by reduction status was not significant F1(2, 58) = 1.08, p > .1; F2(2, 80) =.67, p > .5. 
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Figure 2.9 shows the mean RTs for reduced and fully voiced vowels in the three 

environments.  The data is from the full set of RTs including the 14 subjects who had to 

be excluded from the statistical analysis.  As the figure shows, reduced vowels were 

detected more slowly than fully voiced vowels in all environments.  
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Figure 2.9. Experiment 2: Mean RTs (ms) for reduced and fully voiced vowels by 

American English listeners in the devoicing, voicing, and nasal-voicing environments.  

One example from the experimental items is provided under each environment.     

 

Figure 2.10 shows the mean error rates for reduced and fully voiced vowels in the 

three environments.  The figure includes the data from all subjects.  Overall, the mean 

error rates for reduced vowels were much higher than for fully voiced vowels in all 

         Ex.   [hok(i)to][hokito] [tadʒ(i)ga][tadʒiga] [kedaɲ(i)da][kedaɲida] 

(ms) 
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environments.  The extremely high error rates reflect the failure of so many subjects 

(nearly one-third) to respond to reduced vowels. 
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Figure 2.10. Experiment 2: Mean error rates for reduced and fully voiced vowels by 

American English listeners in the devoicing, voicing, and nasal-voicing environments.  

The star symbol indicates a statistically significant difference between reduced and fully 

voiced vowels.   

 

Analyses of variance (ANOVA)s were performed on the error rates, each with by-

subjects (F1) and by-items (F2) analyses.  Each ANOVA had environment (devoicing, 

voicing, and nasal-voicing), the reduction status of the target vowel /i/ (reduced and fully 

voiced), and counterbalanced group (for the by-subjects analysis only) as main factors.  

In the by-subjects analysis, environment and reduction status were within-subjects factors, 

 Ex.     [hok(i)to][hokito] [tadʒ(i)ga][tadʒiga] [kedaɲ(i)da][kedaɲida] 
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and counterbalanced group was a between-subjects factor.  In the by-items analysis, 

environment was a between-items factor and reduction status was a within-items factor.  

The Greenhouse-Geisser correction was applied whenever sphericity was violated.   

The main effect of environment F1(2, 86) = 18.07, p < .001; F2(2, 87) = 9.74,  p 

< .001 and the reduction status of the target vowel F1(1, 43) = 362.07, p < .001; F2(1, 87) 

= 527.98, p < .001 were significant.  There was also a significant interaction of 

environment by reduction status F1(2, 86) = 25.11, p < .001; F2(2, 87) = 10.14, p < .001.  

The data was further analyzed by splitting across the environment factor.  The effect of 

the reduction status of the target vowel was significant in all environments: devoicing 

environment F1(1, 43) = 137.60, p < .001; F2(1, 29) = 74.13,  p < .001; voicing 

environment F1(1, 43) = 186.20, p < .001; F2(1, 29) = 233.07,  p < .001; nasal-voicing 

environment F1(1, 43) = 451.16, p < .001; F2(1, 29) = 301.75, p < .001.  The significant 

interaction, however, indicates that the difference was even larger in the two voicing 

environments than in the devoicing environment. 

2.3 Experiment 3: Phoneme Monitoring with Tokyo Listeners 

2.3.1 Purpose and Predictions 

Experiment 1 revealed that Japanese listeners detected reduced vowels as quickly 

as fully voiced vowels in the devoicing environment, in which reduced vowels are 

phonologically more appropriate than fully voiced vowels (e.g., /hokito/).  This can be 

explained as the weaker acoustic saliency of the reduced vowel being offset by the 

phonological appropriateness of reduced vowels in this environment.  In the voicing and 

nasal-voicing environments, where reduced vowels are inappropriate, Japanese listeners 
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had slower reactions to reduced vowels than fully voiced vowels (e.g., /tadʒʒʒʒiga/ and 

/kedanida/).  This would seem to be because reduced vowels were phonologically 

inappropriate in these two environments, and also acoustically weaker than fully voiced 

vowels, both of which factors lead to slower reactions.   

Regarding the accuracy of phoneme monitoring, reduced vowels were detected as 

accurately as fully voiced vowels in the devoicing and voicing environments.  In these 

environments, the CV constraint (phonotactic knowledge), which prohibits obstruent 

clusters, forced listeners to recognize a vowel after each consonant in order to maintain 

CV syllables (e.g., */kt/ in /hok(i)to/ or /dʒg/ in /tadʒ(i)ga/).  The effect of the CV 

constraint was further confirmed by the fact that reduced vowels elicited significantly 

lower accuracy than fully voiced vowels in the nasal-voicing environment.  Japanese 

listeners missed reduced vowels after a nasal almost a half of the time, which provides 

evidence that they use the phonotactic knowledge that the nasal-consonant cluster is legal 

and a vowel does not need to follow a nasal (e.g., /kedanda/) in processing vowel 

allophones. 

 However, did these results merely come from vowels’ reduction status (reduced 

or fully voiced), or were there any other acoustic differences that might have affected 

listeners’ reaction?  In the previous experiment, the segments outside the target mora 

were not tightly controlled.  Reduced vowel and fully voiced vowel stimuli were 

independently recorded without any subsequent manipulation.  Therefore, not only the 

target mora but also other segments were not acoustically identical between the two types 
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of stimuli.  One might argue that the results could have come not from the reduction 

status of the target vowel but also from other acoustic differences in the stimuli.   

In order to eliminate this possibility, stimuli in the current experiment were 

prepared in such a way that the target mora was spliced and all other segments outside the 

target mora were identical.  If those acoustic differences had some influence on listeners’ 

detection of the target vowel in the previous experiment, elimination of such differences 

in the current experiment should affect listeners’ detection ability in a more facilitatory or 

inhibitory fashion, in either way, which should lead to different outcomes. 

Furthermore, the stimuli in the voicing environment in the previous experiment 

might not be ideal because they all contain only the voiced segment /dʒ/ as the preceding 

consonant.  Items with a preceding /dʒ/ (e.g., /tadʒiga/) were used exclusively because the 

consonant /dʒ/ was easier to produce with a reduced vowel than potential items with other 

preceding voiced consonants.  Unfortunately, this choice provided a somewhat limited 

test of the hypothesis in the voicing environment.  Therefore, in the current experiment, a 

broader range of segments was used to construct the voicing environment stimuli by 

placing a voiceless segment before the target vowel and a voiced segment after the target 

in some cases to create a voicing environment of the type C[-voice]VC[+voice].  This will also 

extend the validity of the findings.   

The change of the preceding consonant condition (following /dʒ/ or a voiceless 

consonant) is likely to influence listeners’ processing of the target vowel.  If listeners 

judge the phonological appropriateness of the target vowel in relation to only the 
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preceding segment rather than to both preceding and following consonants, at the time 

when listeners hear a voiceless consonant preceding the vowel, they should expect the 

following vowel to be reduced.  Likewise, when the preceding consonant is voiced, 

listeners might expect the coming vowel to be fully voiced.  If this is the case, those sub-

conditions in the voicing environment should have a great influence on processing of the 

target vowel.  

2.3.2 Methods 

2.3.2.1  Conditions.  

The same total of six (2 x 3) conditions as in the first phoneme monitoring 

experiment (Experiment 1) were created by combining two variables: the reduction status 

of the target vowel /i/ (reduced or fully voiced) and three consonantal environments 

(devoicing, voicing, and nasal-voicing) as shown in Table 2.6.  The devoicing 

environment was that in which the target vowel /i/ was between voiceless consonants.  As 

mentioned above, in the voicing environment there were two sub-conditions: the target 

vowel /i/ followed the voiced consonant /dʒ/ in half of the items (10 items), and between 

a voiceless consonant and a voiced consonant in the sequence  

C[-voice]VC[+voice] in the rest of the items (10 items).  The nasal-voicing environment was 

that in which the target vowel followed a nasal. 
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Table 2.6   

Experiment 3: Conditions and examples  

Environment Reduced
 
Stimulus Voiced Stimulus 

Devoicing:       C[-voice] ___ C[-voice] [hok(i)to]  [hokito] 

Voicing:           /dʒ/ ___ C[+/- voice] 

                        C[-voice] ___ C[+voice] 

[tadʒʒʒʒ(i)ga] 

[kek(i)zo]  

 [tadʒʒʒʒiga]  

[kekizo]   

Nasal-voicing:  /N/ ___ C[+/- voice] [kedaɲɲɲɲ((((i))))da] [kedaɲɲɲɲida] 

 

2.3.2.2  Materials. 

Most of the experimental items from Experiment 1 were used in the current 

experiment.  Twenty items were chosen for the devoicing and for the nasal-voicing 

environments, ten previous items were chosen for the /dʒ/-condition and ten new items 

were created for the C[-voice]VC[+voice]-condition in the voicing environment.  Each item in 

the three environments was produced once with a reduced vowel and once with a fully 

voiced vowel.  The total number of experimental stimuli was 120 (20 items x 2 reduction 

statuses x 3 environments).  All items were 3- or 4-mora-long nonsense words which 

were phonotactically legal in Japanese.  The target phoneme /i/ appeared only once in 

each target item medially (as in CVCiCV in 3-mora words or in CVCVCiCV in 4-mora 

words).   

One of the major changes made to the stimuli in the current experiment was to 

eliminate any acoustic differences of the segments outside the target mora, and to 

maintain only the acoustic difference (reduced and fully voiced) in the target mora (/Ci/).  

This was achieved by splicing the target mora across vowel reduction status.  Among the 

forty stimuli in each environment, twenty were created from the stimuli originally 

recorded with a fully voiced vowel and spliced with a reduced vowel.  The remaining 
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twenty were left as originally recorded, with a fully voiced vowel.  The same 

manipulation was employed with the other twenty stimuli, splicing a fully voiced vowel 

into the originally recorded stimulus.  The mora was spliced from the beginning of the 

consonant of the target mora to the beginning of the consonant of the following mora (see 

Figures 2.11 through 2.14) by using Praat software.   
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Figure 2.11. Experiment 3, Splicing: stop + reduced vowel and stop + fully voiced vowel. 

The reduced vowel was realized as deleted.  The portion from the burst of the consonant 

[k
 
] in the target mora to the onset of [t] in the following mora was spliced. 
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Figure 2.12. Experiment 3, Splicing: fricative + reduced vowel and fricative + fully 

voiced vowel.  The portion from the onset of [ʃ] in the target mora to the onset of [t] in 

the following mora was spliced. 
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Figure 2.13. Experiment 3, Splicing: [dʒ] + reduced vowel and [dʒ] + fully voiced vowel. 

The portion from the onset
14

of [dʒ] in the target mora to the onset of [d] in the following 

mora was spliced. 

 

 

                                                 
14

 Instead of the onset or offset, a point slightly before or after the onset/offset was used if this was 

necessary for successful splicing.  In /modʒiza/, /tasadʒiba/, and /mokodʒibe/, the prevoicing part of /dʒ/ 

was included in splicing.  In /meɾahime/, /kunoʃime/, and /metʃina/, one or two voicing periods of the 

following nasal were included in splicing.   

    m  e            ʃ            t      e m   e      ʃ         i           t      e      
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Figure 2.14. Experiment 3, Splicing: nasal + reduced vowel and nasal + fully voiced 

vowel.  The portion from the onset of [ɲ] in the target mora to the onset of [g] in the 

following mora was spliced
15

. 

 

 

Tables 2.7 through 2.9 below provide the durational information of the test items 

in each environment after splicing.  See Tables A.7 through A.12 in Appendix A (pp.273-

279) for more detailed acoustic information about the test items. 

 

Table 2.7   

Experiment 3, Devoicing environment: Average durations (ms) of whole stimulus, target 

mora (/Ci/), preceding consonant, fully voiced vowel [i] after splicing   

 Stimulus Whole  Target µ  Preceding C Voiced [i] 

Reduced 520.6 140.8   3-mora 

stimuli Fully voiced 535.8 156.0 60.1 95.9 

Reduced 625.7 128.0   4-mora 

stimuli Fully voiced 657.7 160.0 62.3 97.6 

Reduced 573.2 134.4   All  

stimuli Fully voiced 596.8 158.3 61.2 96.8 

 

 

                                                 
15

  For the item /tasonibe/, one period of the following /b/ was included due to difficulty of splicing. 
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Table 2.8   

Experiment 3, Voicing environment: Average durations (ms) of whole stimulus, target 

mora (/Ci/), preceding consonant, fully voiced vowel [i] after splicing   

 Stimulus Whole  Target µ  Preceding C Voiced [i] 

Reduced 496.6 145.8   3-mora 

stimuli Fully voiced 525.2 167.4 59.8 107.6 

Reduced 599.5 129.0   4-mora 

stimuli Fully voiced 609.2 136.9 52.6 84.2 

Reduced 548.1 137.5   All  

stimuli Fully voiced 567.2 152.1 56.2 95.9 

 

Table 2.9   

Experiment 3, Nasal-voicing environment: Average durations (ms) of whole stimulus, 

target mora (/ni/), preceding consonant, fully voiced vowel [i] after splicing   

 Stimulus Whole  Target µ  Preceding [ɲ] Voiced [i] 

Reduced 473.9 159.9   3-mora 

stimuli Fully voiced 484.0 169.9 52.3 117.6 

Reduced 584.6 150.8   4-mora 

stimuli Fully voiced 602.2 168.4 52.0 116.5 

Reduced 529.3 155.3   All  

stimuli Fully voiced 543.1 169.2 52.1 117.0 

 

All reduced vowels in all environments were realized as deleted.  Regarding the 

pitch accent patterns of the stimuli in the devoicing environment, all 3-mora stimuli had 

H(L)L and all 4-mora stimuli had LH(H)H and LH(L)L pitch patterns.  Among the 

stimuli in the voicing environment and in the nasal-voicing environment, the 3-mora 

stimuli had the pitch accent pattern L(H)H.  Pitch patterns were identical between 

reduced and fully voiced stimuli except for the lack of pitch for reduced vowels.   

 The same 10 practice items and fillers as in Experiment 1 were recycled (see 

Tables A.13 through A.17 in Appendix A, pp.280-285).  However, the number of fillers 

was reduced from 330 to 200, as the number of experimental stimuli was reduced from 

180 to 120.  The same speaker as in Experiment 1 recorded some stimuli in the recording 
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booth at the Douglass Phonetics Lab of the University of Arizona, using a high quality 

microphone and a CD recorder, which sampled at 44.1 KHz.  Some new stimuli for the 

voicing environments had to be recorded multiple times to achieve this in a natural-

sounding production. 

2.3.2.3   Participants. 

Forty-seven university students who were native speakers of the Tokyo-type 

dialects were recruited in the Kanto area (Tokyo and the neighboring prefectures).  They 

were a different group of subjects from Experiment 1.  Their ages ranged from early 

twenties to early thirties, and none of them reported speech or hearing disorders.  All of 

them were raised and spent most of their lives in the Kanto area.  A few of them had lived 

abroad before they were school age but it was assumed that they were exposed to mostly 

Japanese at home.  The rest of the subjects had never lived outside of the area during their 

childhood or elementary and junior high school years.  Fifteen of them had parent(s) who 

occasionally spoke a dialect from outside the Kanto area, but they were not able to speak 

the parent(s)’ dialect.   

All subjects participated in the second lexical decision experiment (Experiment 5) 

prior to participating in the current experiment.  The reason for this task ordering was to 

prevent the participants from focusing on the target vowel /i/ while performing the lexical 

decision task.  A short break between the two experiments was given if the participant 

requested.  All subjects answered a questionnaire about their language background and 

linguistic knowledge after both experiments.  They received a small gift or a small 

amount of money for their participation.  
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2.3.2.4 Procedures. 

The same instructions and procedures were employed as in Experiment 1.  The 

experiment took place in quiet locations such as labs, classrooms or libraries in four 

universities
16

 in the Tokyo area.  The response times (RTs) were measured from the onset 

of the item.  E-Prime software (Psychology Software Tools, Inc.) was used to run the 

experiment and to record the data.   

2.3.3 Results 

RTs were adjusted to be measured from the onset of the consonant in the 

following mora (e.g., from the onset of the [t] in /hokito/).  Any RTs outside the range 

between 200 ms to 1800 ms were treated as errors, which excluded 5.9% of the data from 

the analysis of RTs.  One subject’s data were removed entirely from the by-subjects 

analysis of RTs due to his failure to respond to any of the items in the nasal-voicing 

condition.  

Analyses of variance (ANOVA) were carried out on the RTs and on the error 

rates, each with by-subjects (F1) and by-items (F2) analyses.  Each ANOVA had 

consonantal environment (devoicing, voicing, and nasal-voicing), the reduction status of 

the target vowel /i/ (reduced and fully voiced), and counterbalanced group (for by-

subjects analyses only) as main factors.  In the by-subjects analysis, the environment and 

the reduction status of the target vowel were within-subjects factors, and the 

counterbalanced group was a between-subjects factor.  In the by-items analysis, the 

consonantal environment was a between-items factor and the reduction status was a 
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within-items factor.  The Greenhouse-Geisser correction was applied whenever sphericity 

was violated.   

Figure 2.15 shows mean RT results.  In the devoicing environment, the difference 

in the detection speed between reduced vowels and fully voiced vowels was small.  In the 

nasal-voicing environment, reduced vowels were detected more slowly than fully voiced 

vowels.  These patterns were similar to the results obtained in the previous phoneme 

monitoring experiments with Japanese listeners (Experiment 1).  The only difference 

being that the difference between reduced vowels and fully voiced vowels was small in 

the voicing environment, which was not seen in the previous experiment.   
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Figure 2.15. Experiment 3: Mean RTs (ms) for reduced and fully voiced vowels by 

Japanese (Tokyo) listeners in the devoicing, voicing, and nasal-voicing environments.  

One example from the experimental items is provided under each environment.  The star 

symbol indicates a statistically significant difference between reduced and voiced vowels.   

 

 

 

 

� 

        Ex.   [hok(i)to][hokito]  [tadʒ(i)ga][tadʒiga] [kedaɲ(i)da][kedaɲida] 

                                               [kek(i)zo][kekizo] 

(ms) 
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(Adjusted mean RTs from the onset of fully voiced vowels appear in Figure 2.16 in the 

footnote below.  This adjustment indicates how listeners reacted after they heard the 

preceding consonant instead of the target mora.
17

) 

By-subjects and by-items ANOVAs confirmed that the main effect of reduction 

status of the target vowel F1(1, 44) = 6.40, p < .05; F2(1, 56) = 4.50, p < .05 was 

significant; however, the main effect of environment was not significant F1(2, 88) = 1.07, 

p > .1; F2(2, 56) = .53, p > .1.  The interaction of environment by reduction status was 

                                                 
17

 This adjustment from the onset of the target vowel does not seem to be a fair comparison because RTs 

for voiced stimuli were prolonged by including the length of the vowel itself.  
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Figure 2.16. Experiment 3: Adjusted mean RTs (ms) from the onset of voiced vowels for reduced and fully 

voiced vowels by Japanese (Tokyo) listeners in the devoicing, voicing, and nasal-voicing environments. 

 

The difference between reduced and voiced vowels was greater in the devoicing environment (71.8 ms) and 

the voicing environment (77.7 ms) than in the nasal-voicing environment (64.8 ms).  This difference did 

not come from the length of voiced vowels.  In fact, vowel length in the devoicing environment (96.8 ms) 

and in the voicing environment (95.9 ms) is shorter than that in the nasal-voicing environment (117.0 ms).  

A possible reason for the greater difference in the devoicing environment could be that fully voiced vowels 

were inappropriate, which made listeners’ processing much slower.  The same reason could apply to the 

voicing environment as well.  Although voiced vowels are phonologically appropriate realizations when 

following a voiced consonant (e.g., [tadʒʒʒʒiga]), listeners might have thought this was not the case when 

vowels follow a voiceless consonant (e.g., [kekizo]).  Voiced vowels after a voiceless consonant were 

judged inappropriate by listeners, which slowed down RTs.  These results suggest that the effect of 

phonological appropriateness is reliable. 

  

(ms) 
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significant in the by-subjects analysis while it was not significant in the by-items analysis 

F1(2, 88) = 3.75, p < .05; F2(2, 56) = 1.42, p > .1.   

The data was further analyzed by splitting across the environment factor in order 

to investigate the simple effect of the reduction status of the vowel.  No significant effect 

appeared in the devoicing or voicing environments: devoicing environment F1(1, 44) = 

2.61, p > .1; F2(1, 19) = 1.18, p > .1; voicing environment F1(1, 44) = .003, p > .5; F2(1, 

19) = .15, p > .5.  In contrast, slower mean RTs for reduced vowels were observed in the 

nasal-voicing environment, which was significant in the by-subjects analysis F1(1, 44) = 

7.63, p < .005; F2(1, 18) = 3.27, p > .05.   

The lack of a significant difference in detection speed between reduced vowels 

and fully voiced vowels in the voicing environment seems to be due to the sub-conditions 

created for the current experiment.  Recall that the target vowel /i/ was between a 

voiceless and a voiced consonant in half of the items.  Listeners might have judged the 

phonological appropriateness of reduced vowels based on the voicing of the preceding 

consonant.  When listeners heard a voiceless consonant, they might expect a reduced 

vowel to follow.  This might have facilitated the detection of reduced vowels, which led 

to no overall significant difference in detection speed between reduced and fully voiced 

vowels.  In order to test this possibility, mean RTs were sorted according to preceding 

consonant as shown in Figure 2.17.  
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Figure 2.17. Experiment 3: Mean RTs (ms) for reduced and fully voiced vowels by 

Japanese (Tokyo) listeners in the voicing environment only.  The target vowel /i/ 

followed the voiced consonant /dʒ/ (marked as C[+v] in the graph) in 10 items, and 

followed a voiceless consonant (marked as C[-v] in the graph) in the other 10 items.  One 

example from the experimental items is provided under each context. 

 

Post-hoc by-subjects and by-items ANOVAs were carried out with the preceding 

consonant (/dʒ/ and voiceless consonant) and the reduction status of the target vowel as 

main factors.  No significant effects were found: preceding consonant F1(1, 44) = .815, p 

> .1; F2(1, 18) = .288, p > .5; reduction status F1(1, 44) = .107, p > .5; F2(1, 18) = .155, p 

> .5; interaction F1(1, 44) = 1.20, p > .1; F2(1, 18) = 1.27, p > .1.  Post-hoc by-subjects 

and by-items ANOVAs were performed with reduction status as the main factor for only 

  Ex.         [tadʒ(i)ga] [tadʒiga]              [kek(i)zo] [kekizo] 

(ms) 
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the preceding voiced consonant condition.  Again, no significant effect of reduction status 

was found F1(1, 44) = 1.47, p > .1; F2(1, 9) = 2.652, p > .1.  The same post-hoc ANOVA 

for the preceding voiceless consonant condition also revealed no significant effect of 

reduction status of the target vowel F1(1, 44) = .301, p > .5; F2(1, 9) = .172, p > .5. 

However, Figure 2.17 clearly shows that listeners detected reduced vowels more 

slowly than fully voiced vowels after the voiced consonant [dʒ], which was compatible 

with the results from Experiment 1.  In contrast, reduced vowels were detected slightly 

faster than fully voiced vowels after a voiceless consonant.  These facts support the 

hypothesis that listeners judge a vowel’s phonological appropriateness depending on the 

preceding consonant. 

Figure 2.18 shows the mean error rate results.  The difference in mean error rates 

between reduced and fully voiced vowels was subtle in the devoicing and voicing 

environments.  In contrast, the difference was much greater (36.8%) in the nasal-voicing 

environment.   
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Figure 2.18. Experiment 3: Mean error rates for reduced and fully voiced vowels by 

Japanese (Tokyo) listeners in the devoicing, voicing, and nasal-voicing environments.  

The star symbol indicates a statistically significant difference between reduced and 

voiced vowels.   
 

The same by-subjects and by-items ANOVAs on the error rates were carried out.  

In the error rate analysis, the main effects of environment F1(2, 88) = 39.61, p < .001; 

F2(2, 56) = 21.08, p < .001 and reduction status of the target vowel F1(1, 44) = 29.1, p 

< .001; F2(1, 56) = 13.89, p < .001, as well as their interaction F1(2, 88) = 47.03, p < .001; 

F2(2, 56) = 17.64, p < .001, were all significant.  The data was further analyzed by 

splitting across the environments.  Tests of the simple effect of reduction status of the 

� 

  Ex.   [hok(i)to][hokito] [tadʒ(i)ga][tɑdʒiga] [kedaɲ(i)da][kedaɲida] 

                                         [kek(i)zo][kekizo] 
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target vowel in each environment revealed that the effect was not significant in the 

devoicing or voicing environments: devoicing environment F1(1, 44) = .66, p > .1; F2(1, 

19) = .45, p > .5; voicing environment F1(1, 44) = .21, p > .5; F2(1, 19) = .18, p > .5. 

Participants were capable of detecting reduced vowels as accurately as fully voiced 

vowels in these environments.  On the other hand, a significant effect of reduction status 

appeared in the nasal-voicing environment F1(1, 44) = 59.83, p < .001; F2(1, 18) = 19.03, 

p < .001.  As discussed in Experiment 1, the existence of a vowel after a nasal is not 

obligatory in Japanese phonotactics.  Thus, listeners missed reduced vowels much more 

frequently than fully voiced vowels in this environment.   

2.4 Discussion 

2.4.1 Summary of Results 

 The results from the two phoneme monitoring experiments with native Japanese 

(Tokyo) listeners (Experiments 1 and 3) revealed three major points about the processing 

of reduced and fully voiced allophones of the high vowel /i/.  First, reduced vowels were 

detected as quickly and as accurately as fully voiced vowels in the devoicing 

environment (e.g., /hokito/).  Second, in the first experiment only, reduced vowels were 

detected significantly more slowly than fully voiced vowels in the voicing environment 

(e.g., /tadʒʒʒʒiga/): but they were detected as quickly as fully voiced vowels in the current 

experiment.  In Experiment 3, there was no significant difference in detection speed 

between reduced and fully voiced vowels in this environment as reported in the previous 

section.  Third, as well as in the voicing environment, reduced vowels were detected 

significantly more slowly than fully voiced vowels in the nasal-voicing environment (e.g., 
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/kedanida/).  Also, they were detected much less accurately than fully voiced vowels in 

this environment.  

 Compared with the results for Japanese listeners, the results for American English 

listeners from Experiment 2 show that reduced vowels were detected significantly more 

slowly and much less accurately than fully voiced vowels in all environments.  American 

English listeners did not have the same phonological knowledge as Japanese listeners did; 

as a result, American English listeners had to rely on only the acoustic cues of the target 

vowel for detection.  Since reduced vowels were less salient than fully voiced vowels, 

listeners missed reduced vowels more frequently than fully voiced vowels, and more 

frequently than Japanese listeners.  Even if some of the American English listeners were 

successful in detecting reduced vowels, their RTs were much slower for reduced vowels 

than for fully voiced vowels regardless of environment.  This confirms that listeners used 

language-specific phonological knowledge for processing the vowels, and especially that 

Japanese listeners did not rely on acoustic cues for processing.   

2.4.2 Discussion  

These results can be accounted for by interactions of the three kinds of 

information: the acoustic saliency of reduced and fully voiced allophones of the target 

vowel, the phonological appropriateness of the allophones in terms of their environment, 

and the phonotactic constraint prohibiting obstruent clusters.   

Although reduced vowels are always acoustically less salient than fully voiced 

vowels, reduced vowels are phonologically more appropriate than fully voiced vowels in 

the devoicing environment.  The acoustic and phonological information was in conflict in 
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this environment and balanced each other out, which led to no significant difference in 

detection speed between reduced and fully voiced vowels.  The interaction of the acoustic 

and phonological information was different in the voicing and nasal-voicing 

environments.  Reduced vowels were both acoustically weaker than fully voiced vowels 

and phonologically inappropriate in these two voicing environments, which slowed down 

the processing of reduced vowels since reduced vowels violate voicing assimilation rules. 

Slower reaction times for phonologically inappropriate allophones were also 

observed in Otake, Yoneyama, Cutler, & van der Lugt (1996)’s experiment investigating 

the processing of nasals and their place assimilation in Japanese.  Otake et al. found that 

listeners were equally good at detecting syllable-final nasals at any place of articulation, 

which showed that surface forms were abstracted as the single phoneme /N/.  

Nevertheless, it took more time for listeners to monitor the following consonant after a 

nasal when nasal assimilation was violated (e.g., *[toŋŋŋŋbo] should be [tombo]).  Otake et 

al. claim that listeners were sensitive to a violation of place assimilation.   

When listeners missed reduced vowels after a nasal (e.g., [kedaɲɲɲɲ(i)da]) in the 

current experiment, they resyllabified to place the nasal in the coda position (e.g., 

[ke.daɲɲɲɲ.da.]
18

).  This creates a violation of the Coda Condition (Itô, 1989), because the 

palatalized nasal without /i/ does not share the place of articulation with the following 

consonant.  However, because Japanese phonotactics allows a CVC[nasal] syllable, 

listeners had no choice other than to accept the palatalized nasal as a coda when they 
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missed a reduced [(i)].  Otake, et al.’s experiment shows that Japanese listeners were still 

able to respond to nasals mismatched to their consonantal context with relatively high 

accuracy (more than 70%) although RTs became slower.  This supports the idea that 

listeners accepted the mismatched palatalized nasals as codas in the current experiment. 

Weber (2001:41), in her phoneme monitoring experiment, found that the 

phonological inappropriateness actually had a facilitatory effect on detection of the 

German fricative [x] in nonsense words.  In German, the velar fricative [x] and the palatal 

fricative [ç] are in complementary distribution, in which [x] follows non-high vowels 

(e.g., lacht [laxt] ‘laughs’), and [ç] follows high vowels (e.g., licht [lɪçt] ‘light’).  German 

listeners were asked to detect the velar fricative [x] following various vowels.  The 

results showed that the fricative [x] was detected more quickly when following high 

vowels, which is a violation of progressive assimilation.   

Weber claims that this facilitatory effect of the phonotactically illegal sequence 

can be attributed to the novel popout effect (Johnston & Schwarting, 1996, 1997), which 

asserts that novel items are more salient than familiar items.  In Weber’s experiment, this 

novel popout effect was found in a truly novel sequence ([x] after a high vowel), which 

never occurs in German even across word boundaries.  In contrast, detection of the 

palatal fricative [ç] after a non-high vowel, which is also a violation of progressive 

assimilation, did not show the novel popout effect.  This is because the sequence of [ç] 

after a non-high vowel can occur in German, thus, the sequence was not really novel to 

listeners.  
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However, the novel popout effect should not be expected in the case of allophonic 

variation of Japanese vowels.  Reduced vowels sometimes occur even in voicing 

environments in conversations at rapid tempo, and fully voiced vowels sometimes occur 

in devoicing environments, especially in very careful speech or in the Kansai-type 

dialects.  Although inappropriate allophones of vowels should be less familiar to native 

listeners, those unexpected allophones are not impossible.  Hence, in the case of Japanese, 

mismatched allophones should not be completely novel; thus, the novel popout effect 

should not emerge in the current experiment. 

  The CV constraint, which prohibits obstruent clusters, seems to have effects on 

the accuracy of the detection of vowels.  If listeners did not perceive an intervening 

vowel as in /hok(i)to/, /tadʒʒʒʒ(i)ga/ and /kek(i)zo/, there would be phonotactically illegal 

consonant clusters (*/kt/, */dʒg/, or */kz/).  In order to avoid this, the CV constraint 

forced Japanese listeners to hear a vowel after each consonant, even if it was realized as 

reduced.  Moreover, much higher error rates for reduced vowels in the nasal-voicing 

environment (e.g., /kedan(i)da/) confirmed the effect of the CV constraint.  As mentioned 

before, since a vowel after a nasal is not obligatory according to Japanese phonotactics, 

the CV constraint did not force listeners to detect reduced vowels in this condition.   

Experiment 1 found that there were effects of phonological appropriateness and a 

phonotactic constraint on the processing of vowel allophones.  Listeners use phonological 

and phonotactic knowledge as well as acoustic information for processing.  This was 

confirmed in Experiment 3, in which acoustic differences between segments outside the 

target mora were eliminated.  The same patterns in the results were obtained even after 
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splicing the target mora.  Moreover, the results from Experiment 3 revealed that listeners 

judge the allophones’ phonological appropriateness based on the voicing of the preceding 

consonant rather than that of the following consonant.  RTs for reduced vowels after a 

voiceless consonant were slightly faster than for fully voiced vowels.  It seems that 

listeners expected a reduced vowel to follow when they heard a voiceless consonant.  

This suggests that listeners use phonological knowledge for online processing. 

The results from the experiment with American English listeners (Experiment 2) 

revealed that the effects of phonological and phonotactic knowledge were language-

specific.  American English listeners had much slower RTs and higher error rates for both 

types of vowels than Japanese listeners.  They missed even fully voiced vowels in all 

environments more than 20% of the time, whereas Japanese listeners’ mean error rates 

for fully voiced vowels never exceeded more than 15%.   

This might be simply because American English subjects were not familiar with 

Japanese sounds, and had more difficulty isolating the vowel from the surrounding 

sounds.  Alternatively, Japanese /i/ might not be a perfect match to the English /i/ 

category, even though that is the closest category.  In order to test which hypothesis is 

more likely to be true, another phoneme monitoring experiment needs to be conducted as 

future research.  In this experiment, the same experimental items should be recorded by a 

native speaker of American English.  The target vowel /i/ should be in the category of 

American English /i/ rather than the Japanese one.  If listeners still have difficulty 

responding to the target vowel even in a fully voiced form, this would prove that 
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American English listeners have trouble isolating the vowel in the nonsense words in 

Japanese.   

 American English listeners consistently had slower RTs and higher error rates, 

particularly for reduced vowels, regardless of their environment.  This suggests that 

listeners were not making use of the same phonological and phonotactic knowledge as 

Japanese listeners.  It can be assumed that the American English listeners were more 

likely to accept consonant clusters such as /kt/ or /dʒg/, which are illegal in Japanese, and 

that reduced vowels were not familiar to those listeners as a realization of /i/.  Since the 

same types of Japanese phonological and phonotactic information were not available for 

the American English listeners, they had to rely on only the acoustic cues of the vowel.  

The poor performance in detecting reduced vowels by American English listeners 

appears to be due to the weaker, insufficient acoustic cues of reduced vowels.     

 In sum, the series of three phoneme monitoring experiments show that Japanese-

specific phonological and phonotactic knowledge plays an important role for native 

listeners in processing a sound with allophonic variations in the speech stream.  The 

experiments also show that the difference in the processing of reduced and fully voiced 

vowels is primarily caused by acoustic differences within the target mora itself, and that 

the timing of the information about phonological patterns of the vowels relative to the 

preceding sound influences how listeners judge the allophones.   

The next question is whether or not the same effects of acoustic, phonological, 

and phonotactic knowledge are found in processing a larger unit of speech—words which 

contain these allophonic variations of vowels.  In Chapter 3, the phonological and 
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phonotactic effects will be examined by conducting a series of lexical decision 

experiments. 
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CHAPTER 3 PROCESSING OF ALLOPHONIC VARIATION IN WORD 

RECOGNITION 

 

 Chapter 2 demonstrated the effects of language-specific phonological and 

phonotactic knowledge on the processing of a single sound with allophonic variation in 

Japanese.  The phonological appropriateness of the allophones in relation to their 

surrounding sounds facilitated for processing.  This chapter investigates whether or not 

the influence of phonological and phonotactic knowledge is real for the processing of a 

larger unit —words containing allophonic variation— as well as a single sound.      

Two lexical decision experiments were conducted with Japanese (Tokyo) listeners.  

Participants were asked to recognize lexical words with the phoneme /i/ presented with 

reduced and fully voiced forms in the same three consonantal environments as before 

(devoicing, voicing, and nasal-voicing).  It is assumed that three kinds of information 

(acoustic, phonological, and phonotactic) affect spoken word recognition as well as 

single sound detection.  The interactions of these types of information were observed in 

sound detection, in the previously conducted phoneme monitoring tasks.  Now, the 

question is whether the interactions of the three kinds of information emerge similarly or 

differently for word recognition. 

Chapter 3 is organized as follows: Section 3.1 introduces a lexical decision 

experiment with Japanese (Tokyo) listeners (Experiment 4), Section 3.2 introduces the 

second lexical decision experiment with a different group of Japanese (Tokyo) listeners 

(Experiment 5), and Section 3.3 gives discussions.   
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 3.1 Experiment 4: Lexical Decision with Tokyo Listeners 

3.1.1 Purpose and Predictions 

This experiment was designed to investigate whether the reduction status of 

vowels (reduced and fully voiced) matters for spoken word recognition.  In the phoneme 

monitoring experiments conducted previously with Japanese listeners (Experiments 1 and 

3), it was found that listeners used the phonological knowledge of vowel reduction and 

phonotactic knowledge of syllable structure in Japanese for recognizing the target vowel 

in the speech stream.  The current experiment addresses the question of whether or not 

these two types of information (phonological and phonotactic), in addition to the acoustic 

information of the vowel, will also affect recognition of words containing the same 

allophonic variation.  Japanese listeners performed a lexical decision task, and their word 

recognition speed and accuracy were measured.   

It is assumed that the phonological appropriateness of the allophones would play a 

more important role in word recognition than in phoneme detection.  Words with a 

phonologically inappropriate allophone are much less likely to occur in normal 

conversation than in nonsense words.  For example, words with a fully voiced vowel 

between voiceless consonants such as akikan [akikaN] ‘empty can’ might happen only 

when a speaker needs to pronounce a word very clearly in ‘motherese’ or when talking to 

non-native speakers.  Words with an unexpected reduced vowel adjacent to a voiced 

consonant such as jitensha [dʒʒʒʒ(i)tenʃa] ‘bicycle’ might occur in casual speech at a rapid 

rate, but it is not very frequent.   
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When native listeners hear words with an inappropriate allophone, they might try 

to retrieve (in the case of a deleted vowel) or to convert the inappropriate allophone to the 

appropriate one in order to recognize the word correctly.  This would require extra 

processing for listeners, which would slow down the process.  Based on this assumption, 

the following predictions can be made for the current experiment: 

(1) Devoicing environment (C[-voice]VC[-voice]) 

Words with a reduced vowel (e.g., akikan [ak(i)kaN] ‘empty can’) should be 

recognized better than those with a fully voiced vowel.  Although reduced vowels are 

acoustically less salient than fully voiced vowels, they are phonologically appropriate and 

a more common form in this environment.  As mentioned before, words with a fully 

voiced vowel (inappropriate) are much less likely to occur in normal conversation, hence, 

listeners should not be as familiar with this realization.  The CV constraint, which 

prohibits obstruent clusters, should encourage listeners to hear a vowel after each 

consonant to maintain CV syllables.  This would increase the chance for words with a 

reduced vowel to be recognized correctly.   

(2)  Two voicing environments (Voicing C[+voice]VC and Nasal-voicing C[+nasal]VC) 

Words with a reduced vowel in these environments (e.g., tejina [tedʒʒʒʒ(i)na] 

‘magic’ and onigiri [oɲɲɲɲ(i)giɾi] ‘rice ball’) should not be recognized as well as those with 

a fully voiced vowel.  Reduced vowels in these environments are phonologically 

inappropriate and acoustically weaker than fully voiced vowels, both of which should 

have inhibitory effects on the processing of words with a reduced vowel. 
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3.1.2 Methods 

3.1.2.1 Conditions. 

A total of six (2 x 3) conditions were created by combining two variables: the 

reduction status of the target vowel /i/ (reduced and fully voiced) and three consonantal 

environments (devoicing, voicing, and nasal-voicing) as shown in Table 3.1.  The 

devoicing environment was that in which the target vowel /i/ was between two voiceless 

obstruents in a real word, as in akikan /akikaN/ ‘empty can’.  The voicing environment 

was that in which the vowel /i/ followed /dʒ/ as in tejina /tedʒʒʒʒina/ ‘magic’.  Only the 

voiced consonant /dʒ/ was chosen as the preceding consonant due to its ease of 

pronunciation with a reduced vowel.  The nasal-voicing environment was that in which 

the vowel /i/ followed a nasal as in onigiri /onigiɾi/ ‘rice ball’.   

 

Table 3.1   

Experiment 4: Conditions and examples 

Environment Reduced
 
 

Stimulus 

Voiced  

Stimulus 

Glossary 

Devoicing:        C[-voice] ___ C[-voice] [ak(i)kaN]  [akikaN] empty can 

Voicing:            /dʒ/ ___ C[+/- voice] [tedʒʒʒʒ(i)na]  [tedʒʒʒʒina] magic 

Nasal-voicing:  /N/ ___ C[+/- voice] [oɲɲɲɲ(i)giɾi]  [oɲɲɲɲigiɾi] rice ball 

 

3.1.2.2  Materials 

Twenty real words were chosen for each environment for a total of 120 stimuli 

(20 items x 2 voicing status of vowel x 3 environments), but two items
19

 were excluded 

from the voicing environment because the vowel /i/ in both stimuli were actually voiced.  

                                                 
19

 Tojiru /todʒiɾu/ ‘to close’ and sujigaki /sudʒigaki/ ‘plot’ were excluded. 
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Hence, the total number of the stimuli was 118.  All experimental items were 3- to 6-

mora in length.  Although some words contained more than one /i/ such as mijikai 

/midʒikai/ ‘short’, only the /i/ in the target mora was presented with a reduced vowel and 

with a fully voiced vowel, and any other /i/s were presented with the phonologically 

appropriate allophone based on context.  For example, in the item kujibiki /kudʒʒʒʒibiki/ 

‘drawing lots’, the first /i/ was the target, presented with the two types of vowel, but the 

second /i/ was fully voiced, and the third /i/ was reduced based on the context.  There 

were thirteen such words with more than one /i/: one in the devoicing environment, five 

in the voicing environment, and seven in the nasal-voicing environment. 

Tables 3.2 through 3.4 below provide the durational information of the test items 

in each environment.  Since all reduced vowels were of the deleted type, the durational 

information for the preceding consonant and a reduced vowel is not provided.  For more 

detailed acoustic information about the test items, see Tables B.1 through B.3 in 

Appendix B (pp.287-291). 

 

Table 3.2  

Experiment 4, Devoicing environment: Average durations (ms) of whole stimulus, target 

mora (/Ci/), preceding consonant, fully voiced vowel [i]  

Stimulus Whole  Target µ  Preceding C Voiced [i] 

Reduced  616.0 129.8   

Fully Voiced  654.3 165.3 66.0 99.2 
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Table 3.3   

Experiment 4, Voicing environment: Average duration (ms) of whole stimulus, target 

mora (/dʒi/), preceding consonant ([dʒ]), fully voiced vowel [i]  

Stimulus Whole  Target µ  Preceding [dʒ] Voiced [i] 

Reduced  580.6 121.5   

Fully Voiced  608.7 136.9 45.8 91.1 

 

 

Table 3.4 

Experiment 4, Nasal-voicing environment: Average durations (ms) of whole stimulus, 

target mora (/ni/), preceding consonant ([ɲ]), fully voiced vowel [i]   

Stimulus Whole  Target µ  Preceding [ɲ] Voiced [i] 

Reduced  552.9 190.4   

Fully Voiced  625.7 186.7 68.1 118.6 

 

All reduced vowels in all environments were realized as deleted.  Figures 3.1 and 

3.2 show the waveforms and spectrograms of akikan /akikaN/ ‘empty can’ and genjitsu 

/gendʒitsu/ ‘reality’ with vowel deletion (left) and with a fully voiced vowel (right).  In 

the left figures, no periodic waves, voicing bar, or formant structures are seen, which 

provide evidence that the vowel was in fact deleted.   
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Figure 3.1. Experiment 4: Waveforms and spectrograms of akikan /akikaN/ ‘empty can’ 

with the deletion of the vowel [(i)] (left) and with a fully voiced vowel (right).  Neither 

periodic waves, voicing bars, nor formant structures are seen in the left figure, which 

shows that the vowel was deleted leaving its trace in the preceding consonant [k] 

coarticulated with the vowel.  High energy concentration is seen after the burst of [k], 

which shows this sound is fricative-like. 
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                             dʒ     (vowel deletion)                                      dʒ    i 
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Figure 3.2. Experiment 4: Waveforms and spectrograms of genjitsu /gendʒitsu/ ‘reality’ 

with the deletion of the vowel [(i)] (left) and with a fully voiced vowel [i] (right).  Neither 

periodic waves nor vertical striations during formants are seen in the left figures, which 

suggest that the vowel was deleted.  The voicing bar appears halfway through the 

preceding consonant, and high energy concentration is seen all the way through the 

preceding consonant. 

 

 

Figure 3.3 shows the waveform and spectrogram of monita: /monita:/ ‘monitor’ with 

vowel deletion (left) and with a full vowel (right).  In the left spectrogram, F2 around 

2500 Hz for the palatal nasal [ɲ] is faint, which is typical for nasals (Ladefoged 

2001:181).  Also, the formant structures of the vowel are not observed compared with the 

right spectrogram. 
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Figure 3.3. Experiment 4: Waveforms and spectrograms of monita: /monita:/ ‘monitor’ 

with the deletion of the vowel [(i)] (left) and with a fully voiced vowel [i] (right).  F2 

around 2500 Hz for the palatal nasal [ɲ] is faint, which is typical for nasals, in the both 

spectrograms (Ladefoged, 2001:181).  Formant structures for the fully voiced vowel are 

clear in the right spectrogram; while this is not the case for [ɲ] with vowel deletion in the 

left spectrogram.   

 

The pitch patterns of all stimuli in the three environments were appropriate in the 

Tokyo dialect (standard Japanese) according to the NHK Accent Dictionary (1985)
20

.  

Pitch patterns between reduced stimuli and fully voiced stimuli were identical except for 

the lack of pitch in reduced vowels.  Four stimuli in the voicing environment, najimu 

                                                 
20

 Except for kunizukuri /kunizukuɾi/ ‘to form a nation’.  Pitch accent for the stimuli with a reduced vowel 

was L(H)HHH, and for the stimuli with a full vowel was LHHLL.  There is no entry of kunizukuri in the 

NHK Accent Dictionary (1985). 
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[nadʒ(i)mu] (L(H)L) ‘accustomed’, hajiku [hadʒ(i)ku] (L(H)L) ‘to snap’, nodojiman 

[nododʒ(i)man] (LH(H)LL) ‘be proud of one’s voice’, and kokugojiten [kokugodʒ(i)ten] 

(LHH(H)LL) ‘Japanese dictionary’, and two stimuli in the nasal-voicing environment, 

onigiri [oɲ(i)giɾi] (L(H)LL) ‘rice ball’ and inisharu [iɲ(i)ʃaɾu] (L(H)LL) ‘initial’ had a 

reduced vowel in an accented syllable.  Generally, this is a violation of the accent pattern 

of Japanese prosody (Vance, 1987; Kubozono, 1999).  Usually accent shift happens to 

avoid this violation, although there are some cases when vowel reduction happens in an 

accented syllable in fast speech. 

Thirty real words were chosen as real-word fillers.  Twelve of them contained the 

vowel /i/.  Two hundred nonsense word fillers and ten similar practice items (four real 

words and six nonsense words) were used as well.  All nonsense words were between 2- 

and 4-mora in length and phonotactically legal in Japanese.  The fillers and practice items 

had a variety of syllable structures, containing geminates, coda nasals, or long vowels in 

addition to CV syllables.  Tables B.7 through B.11 in Appendix B (pp.299-304) provide a 

list of the practice items and fillers.   

The same female native speaker of the Tokyo dialect as in the previous 

experiments recorded all of the stimuli in the recording booth at the Douglass Phonetics 

Lab of the University of Arizona, using a high quality microphone and a CD recorder, 

which sampled at 44.1 KHz.  All items were naturally produced without any subsequent 

editing of the recording by the speaker, who practiced pronouncing the target vowel in 

phonologically inappropriate consonantal environments.  Some stimuli, particularly for 
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the voicing and the nasal-voicing environments, did have to be recorded multiple times to 

achieve this in a natural-sounding production. 

3.1.2.3 Participants. 

Forty-seven Japanese (Tokyo) listeners were recruited in the Kanto area (Tokyo 

and the neighboring prefectures).  All of them except two subjects participated in the 

phoneme monitoring experiment (Experiment 1) after the current experiment.  

3.1.2.4 Procedures. 

 All experimental items were counterbalanced across the reduction status of the 

target vowel (reduced and fully voiced), and placed in two different sets of stimuli 

together with the fillers.  Each set had a different order of stimuli with at least two non-

word fillers before each real word stimulus.  Participants were randomly assigned to hear 

one of the two sets.  They were asked to press a button on a response box connected to a 

laptop computer as quickly as possible when they heard a real word.  They were 

instructed not to respond to nonsense words.  Both oral and written instructions were 

given in Japanese.  The experiment took place in the same locations as in Experiment 1, 

such as classrooms or libraries in the five universities in the Tokyo area and in private 

homes for a small number of subjects.  Participants were instructed to emphasize speed 

rather than accuracy.   

The task consisted of two phases: the practice phase with 10 practice items and 

the test phase in which a total of 290 test items and fillers were presented.  Participants 

were seated in front of a laptop computer with a response box, listening to stimuli 

through high quality headphones.  The response window was 4 seconds from the 
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beginning of each item.  When a participant pressed the response button, there was a 1 

second pause before the next word was played.  The response time (RT) was measured 

from the onset of the item.  E-Prime software (Psychology Software Tools, Inc.) was 

used to run the experiment and record the data.   

As mentioned earlier, all but two subjects also participated in the phoneme 

monitoring experiment (Experiment 1), but did so only after the current experiment in 

order to prevent them from focusing on the target sound /i/ during the lexical decision 

task.  After they finished the two experiments, participants were asked to fill out 

questionnaires about their language background.  A short break was given between the 

two experiments if participants requested one.   

3.1.3 Results 

RTs were adjusted from the offset of the word.  Any RTs below 50 ms or above 

800 ms were excluded as errors.  It was assumed that responses occurring less than 50 ms 

before the offset of the word were likely to be errors.  7.6% of the data was excluded by 

this criterion.  After the exclusion, one item (kejime /kedʒime/ ‘to draw a line’) was also 

excluded because it failed to elicit a response from any subject in the voicing 

environment.  

Analyses of variance (ANOVA) were carried out on the RTs and on the error 

rates, each with by-subjects (F1) and by-items (F2) analyses.  Each ANOVA had 

consonantal environment (devoicing, voicing, and nasal-voicing), reduction status of the 

target vowel (reduced and fully voiced), and counterbalanced group (for by-subjects 

analyses only) as main factors.  In the by-subjects analysis, consonantal environment and 
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reduction status were within-subjects factors and counterbalanced group was a between-

subjects factor.  In the by-items analysis, consonantal environment was a between-items 

factor and reduction status was a within-items factor.  The Greenhouse-Geisser correction 

was applied whenever sphericity was violated.   

Figure 3.4 shows the mean RTs for words containing a reduced vowel and for 

words containing a fully voiced vowel in the three environments.  In the devoicing 

environment, words containing a reduced vowel were recognized faster than the same 

words containing a fully voiced vowel.  The opposite pattern was seen in the voicing and 

nasal-voicing environments, in which words with a fully voiced vowel were recognized 

faster than those with a reduced vowel.  The difference between mean RTs across 

reduction status was greater (111.5 ms) in the nasal-voicing environment than in the 

voicing environment (51.7 ms).   
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Figure 3.4. Experiment 4: Mean RTs (ms) for words with a reduced vowel and words 

with a fully voiced vowel by Japanese (Tokyo) listeners in the devoicing, voicing, and 

nasal-voicing environments.  One example from the experimental items is provided under 

each environment.  The star symbol indicates a statistically significant difference between 

reduced and fully voiced stimuli.   

  

 

By-subjects (F1) and by-items (F2) ANOVAs revealed that the main effect of 

environment F1(2, 90) = 56.52, p < .001; F2(2, 54) = 6.57, p < .005, reduction status of 

the target vowel F1(1, 45) = 49.39, p < .001; F2(1, 54) = 10.02, p < .005 and the 

interaction of these two factors F1(2, 90) = 102.32, p < .001; F2(2, 54) = 18.51, p < .001 

were all significant.  The data was further analyzed by splitting across the environment 

factor to test the simple effect of the reduction status of the target vowel in each 

� 

� 

� 

   Ex.  [ak(i)kaN][akikaN] [tedʒ(i)na][tedʒina]  [oɲ(i)giɾi][oɲigiɾi] 

(ms) 
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environment.  The effect of reduction was significant in all environments: in the 

devoicing environment F1(1, 45) = 50.1, p < .001; F2(1, 19) = 11.32, p < .005; in the 

voicing environment F1(1, 45) = 47.07, p < .001; F2(1, 16) = 4.57, p < .05; and in the 

nasal-voicing environment F1(1, 45) = 123.1, p < .001; F2(1, 19) = 31.1, p < .001 except 

that the effect in the voicing environment was marginal in the by-items analysis. 

Figure 3.5 shows the mean error rate results.  In the devoicing environment, the 

mean error rates for words containing a reduced vowel were lower than for the same 

words containing a fully voiced vowel.  That is, the words with a reduced vowel elicited 

more correct responses than those with a fully voiced vowel.  In contrast, words with a 

fully voiced vowel elicited more correct responses than the same words with a reduced 

vowel in the voicing environment.  This pattern was more extreme in the nasal-voicing 

environment.  Listeners missed the words with a reduced vowel 42.3% of the time while 

they showed much better performance on the same set of words with a fully voiced vowel 

(the mean error rate was only 8.1%). 
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Figure 3.5. Experiment 4: Mean error rates for words with a reduced vowel and words 

with a fully voiced vowel by Japanese (Tokyo) listeners in the devoicing, voicing, and 

nasal-voicing environments.  The star symbol indicates a statistically significant 

difference between reduced and fully voiced stimuli.   

 

 By-subjects and by-items ANOVAs were carried out on the error rates.  The 

analyses confirmed that consonantal environment and reduction status of the target vowel 

had significant effects on error rates: main effect of environment: F1(2, 90) = 48.95, p 

< .001; F2(2, 54) = 11.05, p < .001; main effect of reduction status: F1(1, 45) = 57.27, p 

< .001; F2(1, 54) = 18.72, p < .001; interaction: F1(2, 90) = 56.65, p < .001; F2(2, 54) = 

21.96, p < .001.  The data was further analyzed by splitting across the environment factor.  

A significant effect of reduction status was seen in all environments except the by-items 

analysis for the devoicing environment: in the devoicing environment F1(1, 45) = 19.27, 

� 

� 
� 

     Ex.  [ak(i)kaN][akikaN] [tedʒ(i)na][tedʒina]  [oɲ(i)giɾi] [oɲigiɾi] 
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p < .001; F2(1, 19) = 3.55, p = .075; in the voicing environment F1(1, 45) = 14.92, p 

< .001; F2(1, 16) = 8.10, p < .02; and in the nasal-voicing environment F1(1, 45) = 78.9, p 

< .001; F2(1, 19) = 34.47, p < .001.   

Figures 3.6 and 3.7 show readjusted mean RTs and error rates.  RTs were 

calculated from the onset of the target words rather than the offset.  Any RTs outside the 

range of 0 ms to 1300 ms were treated as errors, which excluded 7.2% of the data from 

the analysis on RT.  Re-measuring RTs from the onset could be justified by the 

assumption that listeners begin to access the lexicon before the whole word is presented 

although it would not be a fair comparison due to the difference in the whole word length 

between reduced and voiced stimuli.   
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Figure 3.6. Experiment 4: Adjusted mean RTs (ms) measured from the onset of words 

with a reduced vowel and words with a fully voiced vowel by Japanese (Tokyo) listeners 

in the devoicing, voicing, and nasal-voicing environments.  The star symbol indicates a 

statistically significant difference between reduced and fully voiced stimuli.   

   

 

By-subjects (F1) and by-items (F2) ANOVAs revealed that the main effect of 

environment was significant F1(2, 90) = 62.82, p < .001; F2(2, 54) = 5.59, p < .01, but the 

main effect of reduction status of the target vowel was not F1(1, 45) = 1.06, p > .1; F2(1, 

54) = .06, p > .5.  Their interaction F1(2, 90) = 63.57, p < .001; F2(2, 54) = 10.04, p 

< .001 was significant.  The data was further analyzed by splitting across the environment 

factor to test the simple effect of reduction status of the target vowel in each environment.  

The effect of reduction status was significant in all environments except for the by-items 

         Ex.  [ak(i)kaN][akikaN] [tedʒ(i)na][tedʒina] [oɲ(i)giɾi][oɲigiɾi] 

� 

� 

� 

(ms) 
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analysis in the voicing environment: devoicing environment F1(1, 45) = 175.4, p < .001; 

F2(1, 19) = 14.48, p = .001; voicing environment F1(1, 45) = 5.87, p < .02; F2(1, 16) = 

1.20, p > .1; and nasal-voicing environment F1(1, 45) = 16.64, p < .001; F2(1, 19) = 4.52, 

p < .047. 
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Figure 3.7. Experiment 4: Adjusted mean error rates measured from the onset of words 

with a reduced vowel and words with a fully voiced vowel with Japanese (Tokyo) 

listeners in the devoicing, voicing, and nasal-voicing environments.  The star symbol 

indicates a statistically significant difference between reduced and fully voiced stimuli.   

 

 

By-subjects (F1) and by-items (F2) ANOVAs revealed that the main effect of 

environment was significant F1(2, 90) = 58.22, p < .001; F2(2, 54) = 11.28, p < .001; the 

main effect of reduction status of the target vowel F1(1, 45) = 82.58, p < .001; F2(1, 54) = 

      Ex.  [ak(i)kaN][akikaN]  [tedʒ(i)na][tedʒina] [oɲ(i)giɾi][oɲigiɾi] 

� � 

� 
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21.29, p < .001, and their interaction F1(2, 90) = 92.76, p < .001; F2(2, 54) = 10.04, p 

< .001 were also all significant.  The data was further analyzed by splitting across the 

environment factor to test the simple effect of reduction status of the target vowel in each 

environment.  The effect of reduction status was significant in all environments: 

devoicing environment F1(1, 45) = 42.38, p < .001; F2(1, 19) = 10.53, p < .005; voicing 

environment F1(1, 45) = 38.83, p < .001; F2(1, 16) = 7.72, p < .02; and nasal-voicing 

environment F1(1, 45) = 121.67, p < .001; F2(1, 19) = 54.32, p < .001. 

Overall, the results from the re-measured RTs and error rates still show the same 

patterns as in Figures 3.4 and 3.5.  This confirms that the phonological appropriateness of 

allophones matters from the beginning of lexical access.  Measuring from the word onset 

should give a disadvantage to the voiced stimuli because the word length is usually 

longer than for reduced stimuli.  Nevertheless, RTs for voiced stimuli in the voicing and 

nasal-voicing environments are still faster than for reduced stimuli.  It can be assumed 

that although it takes more time for voiced stimuli to be presented, the phonological 

appropriateness of a voiced vowel in the two voicing environments facilitates lexical 

access.  In other words, inappropriate reduced vowels slowed down listeners’ processing 

despite the shorter word length.   

3.2 Experiment 5: Lexical Decision with Tokyo Listeners 

3.2.1 Purpose and Predictions 

Experiment 5 was the second lexical decision experiment.  The results of the 

previous lexical decision experiment revealed that words with the phonologically 

appropriate allophone were recognized better than the same words with the inappropriate 



 124 

allophone.  Remarkably, words with a reduced vowel in the devoicing environment 

elicited better performance from listeners than words with a fully voiced vowel.  This 

indicates that the facilitatory effect of the phonological appropriateness of reduced 

vowels in the devoicing environment not only canceled out but also surpassed the 

inhibitory effect of their weaker acoustic cues.   

One might argue that these results were derived from not only the allophonic 

variation of the vowel but also from acoustic differences in other segments outside the 

target mora, since those other segments were not tightly controlled in Experiment 4.  

Reduced and fully voiced stimuli were recorded separately and no subsequent 

manipulation was employed.  In the current experiment, stimuli were prepared with 

splicing of the target mora.  Other segments outside the target mora were identical across 

conditions in order to eliminate the influence from other segments as in the second 

phoneme monitoring experiment (Experiment 3).  If listeners still rely on the 

phonological appropriateness of the allophones (reduced vowel and fully voiced vowel) 

in relation to its context, elimination of any other acoustic differences should not have 

any influence on listeners’ performance of spoken word recognition.  The same patterns 

in processing should be obtained after this manipulation. 

Additionally, a broader range of consonants was used to construct the stimuli in 

the voicing environment by placing a voiceless segment before the target vowel and a 

voiced segment after the target (C[-voice]VC[+voice]) to create a voicing environment as in 

the second phoneme monitoring experiment (Experiment 3).  In Experiment 3, this 

change sped up the detection of the reduced [(i)] in the voicing environment.  When a 
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reduced [(i)] followed a voiceless consonant and preceded a voiced consonant, it was 

detected slightly faster than the fully voiced [i].   

The same sub-conditions were created in the voicing environment for the current 

experiment in order to extend the validity of the findings.   If listeners adopted the same 

strategy for processing each segment to recognize lexical words as they did to detect a 

single phoneme, then creating the sub-condition of C[-voice]VC[+voice] in the voicing 

environment should increase the chance for the words with a reduced vowel to be 

recognized.  If this is the case, it would mean that listeners judge the phonological 

appropriateness of allophones based on the preceding consonant rather than the following 

consonant. 

3.2.2 Methods 

3.2.2.1  Conditions.  

The same 3 x 2 conditions as in Experiment 4 were recreated in this experiment, 

as shown in Table 3.5.  The two main variables were consonantal environment (devoicing, 

voicing, and nasal-voicing) and the reduction status of the target vowel /i/ (reduced and 

fully voiced).  In the voicing environment there were two sub-conditions: the target 

vowel /i/ followed the voiced consonant /dʒ/ in half of the items (10 items); and the 

vowel /i/ was between a voiceless consonant and a voiced consonant, as in the sequence 

of C[-voice]VC[+voice], in the rest of the items (10 items). 
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Table 3.5    

Experiment 5: Conditions and examples  

Environment Reduced
 
 

Stimulus 

Fully Voiced 

Stimulus 

Gloss 

Devoicing:        C[-voice] ___ C[-voice] [ak(i)kaN]  [akikaN] empty can 

Voicing:            /dʒ/ ___ C[+/- voice] 

                          C[-voice] ___ C[+voice] 

[tedʒʒʒʒ(i)na] 

[tak(i)bi]  

[tedʒʒʒʒina] 

[takibi] 

magic 

bonfire 

Nasal-voicing:  /N/ ___ C[+/- voice] [oɲɲɲɲ(i)giɾi]  [oɲɲɲɲigiɾi] rice ball 

 

3.2.2.2  Materials. 

Twenty real words were chosen for each environment, and each word was 

produced once with a reduced vowel and once with a fully voiced vowel.  The total 

number of experimental stimuli was 120 (20 real words x 2 vowel statuses x 3 

environments).  All experimental stimuli were 2- to 6-mora in length.   

In order to achieve the goal of controlling any acoustic differences outside the 

target mora, the experimental stimuli were prepared by splicing the target mora (/Ci/) 

from the onset of the consonant of the target mora to the onset of the consonant of the 

following mora by using Praat software.  The same splicing technique was employed as 

in Experiment 3 (the second phoneme monitoring experiment, Figures 2.11 through 2.14 

in pp.83-85 in Chapter 2).  Among the forty stimuli in each environment, twenty were 

created from the stimuli originally recorded with a fully voiced vowel and spliced with a 

reduced vowel.  The remaining twenty were left as they were, with a fully voiced vowel.  

The same manipulation was employed with the other 20 stimuli: stimuli originally 

recorded with a reduced vowel were then spliced with a fully voiced vowel.  

Tables 3.6 through 3.8 below provide the durational information for the test items 

after splicing in each environment.  Since all reduced vowels were of the deleted type, the 
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durational information for the preceding consonant and reduced vowel is not provided.  

For more detailed acoustic information about the test items, see Tables B.4 through B.6 

in Appendix B (pp.293-297). 

 

Table 3.6   

Experiment 5, Devoicing environment: Average durations (ms) of whole stimulus, target 

mora (/Ci/), preceding consonant, fully voiced vowel [i] after splicing 

 Stimulus Whole  Target µ  Preceding C Voiced [i] 

Reduced 610.1 136.9   Modified 

stimuli Fully Voiced 656.3 172.4 60.1 112.3 

Reduced 619.0 135.1   Base 

stimuli Fully Voiced 634.1 160.9 59.7 101.3 

Reduced 614.5 136.0   All  

stimuli Fully Voiced 645.2 166.7 59.9 106.8 

 

Table 3.7   

Experiment 5, Voicing environment: Average durations (ms) of whole stimulus, target 

mora (/Ci/), preceding consonant, fully voiced vowel [i] after splicing 

 Stimulus Whole  Target µ  Preceding C Voiced [i] 

Reduced 615.5 139.7   Modified 

stimuli Fully Voiced 612.5 170.8 57.4 96.8 

Reduced 591.8 150.0   Base 

stimuli Fully Voiced 623.3 147.5 49.8 91.9 

Reduced 603.6 144.9   All  

stimuli Fully Voiced 617.9 159.2 53.6 94.3 

 

 

Table 3.8   

Experiment 5, Nasal-voicing environment: Average durations (ms) of whole stimulus, 

target mora (/ni/), preceding consonant, fully voiced vowel [i] after splicing 

 Stimulus Whole  Target µ  preceding [ɲ] Voiced [i] 

Reduced 602.1 184.9   Modified 

stimuli Fully Voiced 544.8 197.4 66.5 115.6 

Reduced 537.8 190.4   Base 

stimuli Fully Voiced 619.9 202.8 66.8 122.4 

Reduced 569.9 187.7   All  

stimuli Fully Voiced 582.3 200.1 66.6 119.0 
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All reduced vowels in all environments were realized as deleted.  Pitch patterns of 

all stimuli were appropriate in the Tokyo dialect (standard Japanese) according to the 

NHK Accent Dictionary (1985).  In the voicing environment, four stimuli, techigai 

[tetʃ(i)gai] (L(H)LL) ‘mistake’, hajiku [hadʒ(i)ku] (L(H)L) ‘to snap’, dekigoto 

[dek(i)goto] (L(H)LL) ‘incident’, and daijiken [daidʒ(i)ken] (LH(H)LL) ‘big incident’, 

had a reduced vowel in an accented syllable.  In the nasal-voicing environment, two 

stimuli onigiri [oɲ(i)giɾi] (L(H)LL) ‘rice ball’ and inisharu [iɲ(i)ʃaɾu] (L(H)LL) ‘initial’, 

had a reduced vowel in an accented syllable.  Pitch patterns between reduced and fully 

voiced stimuli in the three environments were identical except for the lack of pitch for 

reduced vowels.   

The same practice items (n=10), real-word fillers (n=30) and non-word fillers 

(n=190) as in Experiment 4 were used (Tables B.7 through B.11 in Appendix B, pp.299-

304).  The same speaker as in the previous experiments recorded all stimuli in the 

recording booth at the Douglass Phonetics Lab of the University of Arizona, using a high 

quality microphone and a CD recorder, which sampled at 44.1 KHz.  Some new stimuli 

for the voicing environments did have to be recorded multiple times to achieve this in a 

natural-sounding production. 

3.2.2.3 Participants. 

Forty-six university students who were native speakers of the Tokyo-type dialects 

were recruited in the Kanto area (Tokyo and the neighboring prefectures).  They were 

different subjects from the previously conducted lexical decision experiment (Experiment 
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4).  None of them reported speech or hearing disorders.  They received a small gift or 

small amount of money for their participation.  All of them participated in the second 

phoneme monitoring experiment (Experiment 3) after the current experiment.   

3.2.2.4 Procedures. 

 The same procedure was employed as in the previous lexical decision experiment 

(Experiment 4).  The response times (RTs) were recorded from the onset of the item.  E-

Prime software (Psychology Software Tools, Inc.) was used to run the experiment and 

record the data.  As mentioned earlier, all subjects participated in both the phoneme 

monitoring (Experiment 3) and the current lexical decision experiments.  They did the 

current experiment first in order to avoid any influence from monitoring a single 

phoneme while doing the lexical decision task.  A short break was given between the two 

experiments if requested.  After participants completed the two experiments, they 

answered questionnaires which asked for information about their language background 

and linguistic knowledge.   

3.2.3 Results 

RTs were adjusted to be measured from the offset of the word.  Any RTs outside 

the range between 0 ms to 900 ms were treated as errors, which excluded 4.9% of the 

data from the analysis on RTs.  One subject’s data was removed entirely from the by-

subjects RT analysis due to his failure to respond to any items in one condition.  Analyses 

of variance (ANOVA) were carried out on the RTs and on the error rates, each with by-

subjects (F1) and by-items (F2) analyses.  Each ANOVA had as main factors consonantal 

environment (devoicing, voicing, and nasal-voicing), reduction status of the target vowel 
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/i/ (reduced and fully voiced), and counterbalanced group (for by-subjects analyses only).  

In the by-subjects analyses, consonantal environment and reduction status were within-

subjects factors, and counterbalanced group was a between-subjects factor.  In the by-

items analyses, consonantal environment was a between-items factor and reduction status 

was a within-items factor.  The Greenhouse-Geisser correction was applied whenever 

sphericity was violated.   

Figure 3.8 shows the mean RT results.  In the devoicing environment, words 

containing a reduced vowel were recognized more quickly than the same words 

containing a fully voiced vowel.  In contrast, words with a fully voiced vowel were 

recognized more quickly than the same words with a reduced vowel in both voicing and 

nasal-voicing environments (difference of 54.1 ms and of 124.4 ms, respectively).   
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Figure 3.8. Experiment 5: Mean RTs (ms) for words with a reduced vowel and words 

with a fully voiced vowel by Japanese (Tokyo) listeners in the devoicing, voicing, and 

nasal-voicing environments.  One example from the experimental items is provided under 

each condition.  The star symbol indicates a statistically significant difference between 

reduced and fully voiced stimuli.   

 

  

By-subjects and by-items ANOVAs confirmed that the main effect of 

environment F1(2, 86) = 32.12, p < .001; F2(2, 57) = 4.39, p < .05, reduction status of the 

target vowel F1(1, 43) = 49.96, p < .001; F2(1, 57) = 22.51, p < .001, and the interaction 

of environment by reduction status F1(2, 86) = 67.82, p < .001; F2(2, 57) = 24.22, p 

< .001 were all significant.  The data was further analyzed by splitting across the 

environment factor in order to investigate the simple effect of reduction status of the 

target vowel /i/.  In all the three environments, the simple effect of reduction status of /i/ 

� 

� 
� 

        Ex.  [ak(i)kaN][akikaN] [tedʒ(i)na][tedʒina]  [oɲ(i)giɾi][oɲigiɾi] 
                                               [tak(i)bi][takibi] 

(ms) 
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was significant: devoicing environment F1(1, 43) = 32.06, p < .001; F2(1, 19) = 6.52, p 

< .05); voicing environment F1(1, 43) = 27.49, p < .001; F2(1, 19) = 10.92, p < .005; and 

nasal-voicing environment F1(1, 43) = 93.13, p < .001; F2(1, 19) = 40.88, p < .001). 

In the voicing environment, the target vowel /i/ was between voiceless and voiced 

consonants in half of the words instead of always following the voiced consonant /dʒ/.  

The phoneme monitoring results show that listeners judged the phonological 

appropriateness of the allophones based on the preceding consonant.  Reduced vowels 

following a voiceless consonant (e.g., kekizo [kek(i)zo]) were detected somewhat faster 

than fully voiced vowels (Figure 2.17, p. 93 in Chapter 2).  In order to test this possibility 

in word recognition, mean RTs for reduced and fully voiced stimuli in the voicing 

environment were sorted by the preceding consonants as in Figure 3.9.  
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Figure 3.9. Experiment 5: Mean RTs (ms) for words with a reduced vowel and words 

with a fully voiced vowel by Japanese (Tokyo) listeners in the voicing environment only.  

The target vowel /i/ followed the voiced consonant /dʒ/ (marked as C[+v] in the graph) in 

10 items, and the vowel was between a voiceless and a voiced consonant (marked as C[-v] 

in the graph) in other 10 items.  One example from the experimental items is provided 

under each context.  The star symbol indicates a statistically significant difference 

between reduced and fully voiced stimuli.   

 

 

Post-hoc by-subjects and by-items ANOVAs were carried out with the preceding 

consonant (/dʒ/ and voiceless consonant) and the reduction status of the target vowel as 

main factors.  A partially significant effect of preceding consonant was found F1(1, 43) = 

7.43, p < .01; F2(1, 18) = 1.07, p > .1.  The main effect of the reduction status of the 

   Ex.        [tedʒ(i)na] [tedʒina]               [tak(i)bi]  [takibi] 

� 

� 

(ms) 
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vowel was significant F1(1, 43) = 22.44, p < .001; F2(1, 18) = 10.44, p = .005, but the 

interaction of the two effects was not F1(1, 43) = .54, p > .1; F2(1, 18) = .152, p > .5.  

Post-hoc by-subjects and by-items ANOVAs were performed with reduction status as the 

main factor only for the preceding voiced consonant condition.  Again, a significant 

effect of reduction status was found F1(1, 43) = 16.68, p < .001; F2(1, 9) = 7.04, p < .05.  

The same post-hoc ANOVA for the preceding voiceless consonant condition found a 

partially significant effect of reduction status of the target vowel F1(1, 43) = 8.47, p < .01; 

F2(1, 9) = 3.77, p > .05. 

The above graph shows that the words with a reduced vowel elicited slower RTs 

not only when [(i)] following the voiced consonant /dʒ/ (e.g., tejina [tedʒ(i)na] ‘magic’) 

but also when it followed a voiceless consonant (e.g., takibi [tak(i)bi] ‘bonfire’).  This 

indicates that listeners did use phonological knowledge, and applied it to word 

recognition, but that phonological appropriateness is determined in relation to adjacent 

consonants on both sides of the target vowel, not just the preceding one.   

Figure 3.10 shows the mean error rate results.  Words with a reduced vowel were 

recognized more accurately than the same words with a fully voiced vowel in the 

devoicing environment.  In contrast, words with a fully voiced vowel were recognized 

more accurately than the same words with a reduced vowel in the voicing and nasal-

voicing environments.  In particular, the difference in error rates was much grater in the 

nasal-voicing environment than in the voicing environment.  Listeners missed words with 

a reduced vowel 38% of the time. 
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Figure 3.10. Experiment 5: Mean error rates for words with a reduced vowel and words 

with a fully voiced vowel by Japanese (Tokyo) listeners in the devoicing, voicing, and 

nasal-voicing environments.  The star symbol indicates a statistically significant 

difference between reduced and fully voiced stimuli.   

 

 

The main effects of environment F1(2, 86) = 76.93, p < .001; F2(2, 57) = 14.42, p 

< .001 and reduction status of the target vowel F1(1, 43) = 68.81, p < .001; F2(1, 57) = 

19.07, p < .001, as well as their interaction F1(2, 86) = 47.02, p < .001; F2(2, 57) = 15.97, 

p < .001, were all significant.  The data was further analyzed by splitting across the 

environments.  Tests of the simple effect of reduction status for each environment show 

that the effect was significant in all environments: devoicing environment F1(1, 43) = 

� 

� 

� 

       Ex.   [ak(i)kaN][akikaN] [tedʒ(i)na][tedʒina] [oɲ(i)giɾi][oɲigiɾi] 
                                                 [tak(i)bi] [takibi] 
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15.71, p < .001;  F2(1, 19) = 9.85, p < .05; voicing environment F1(1, 43) = 18.55, p 

< .001; F2(1, 19) = 6.88, p < .05; and nasal-voicing environment F1(1, 43) = 72.69, p 

< .001; F2(1, 19) = 20.46, p < .001.    

3.3 Discussion 

3.3.1 Summary of Results 

 Similar results were obtained in both lexical decision experiments (Experiments 4 

and 5).  In the devoicing environment, listeners recognized words with a reduced vowel 

more quickly and more accurately than words with a fully voiced vowel (e.g., akikan 

/akikaN/ ‘empty can’).  In contrast, in the voicing and nasal-voicing environments, they 

recognized words with a reduced vowel more slowly and less accurately than words with 

a fully voiced vowel (e.g., tejina /tedʒʒʒʒina/ ‘magic’, takibi /takibi/ ‘bonfire’, and onigiri 

/onnnnigiɾi/ ‘rice ball’).  This trend was especially clear in the nasal-voicing environment, in 

which listeners failed to recognize words with a reduced vowel nearly 40% of the time.   

In the second lexical decision experiment (Experiment 5), any acoustic 

differences in segments outside the target mora were removed, so that the difference 

existed only in the target mora.  After this change was made, similar results were still 

obtained.  Furthermore, sub-conditions were created in the voicing environment.  The 

target vowel /i/ followed the voiced consonant /dʒ/ in half of the stimuli, and was 

between a voiceless consonant and a voiced consonant in the remaining half.  In the 

phoneme monitoring experiment, this change increased detection rates for detection of 

reduced vowels, which were phonologically inappropriate in this environment.  However, 
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in the lexical decision task, this change did not speed up listeners’ recognition of words 

with a reduced vowel. 

3.3.2 Discussion  

The two lexical decision experiments revealed that listeners used Japanese-

specific phonological and phonotactic knowledge for recognition of words with 

allophonic variations (reduced and fully voiced vowels).  Words with the appropriate 

vowel (e.g., akikan [ak(i)kaN] ‘empty can’ with a reduced vowel in the devoicing 

environment, tejina [tedʒʒʒʒina] ‘magic’ in the voicing environment and onigiri [oɲɲɲɲigiɾi] 

‘rice ball’ in the nasal-voicing environment, both with a fully voiced vowel) always 

required less time to be recognized.  This indicates that a vowel’s phonological 

appropriateness in relation to its surrounding segments strongly affects processing.   

The effect of this phonological knowledge was demonstrated by the results from 

the second lexical decision experiments (Experiment 5), in which any acoustic 

differences other than the target mora were eliminated by splicing the target mora.  The 

elimination of acoustic differences in other segments shows that the difference in 

listeners’ responses to words with a reduced vowel and with a full vowel definitely came 

from the allophonic variation, that is, whether the vowel was reduced or fully voiced.   

A strong effect of phonological appropriateness also appeared in the results for 

the voicing environment in the second lexical decision experiments.  In the sub-condition 

of the voicing environment which the target vowel was between a voiceless and a voiced 

consonant (e.g., takibi [tak(i)bi] ‘bonfire’), it was predicted that reduced stimuli might be 

recognized better than fully voiced ones since listeners would expect a reduced vowel 
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after they heard a voiceless consonant.  As a result, this would speed up the recognition 

of reduced stimuli.   

However, as Figure 3.9 shows, after sorting the results by sub-conditions, the 

mean RTs still show the same trend that words with a reduced vowel were recognized 

more slowly than those with a full vowel, even when the vowel followed a voiceless 

consonant.  This indicates that listeners did not recognize reduced vowels as the 

phonologically common realization in a word in the voicing environment regardless of 

the voicing of the preceding the consonant.  In normal conversation, it is rare that the 

inappropriate reduced vowel appears adjacent to a voiced consonant in words like takibi 

[tak(i)bi] ‘bonfire’.  The results from the current experiment confirm that the 

phonological appropriateness of the allophone is judged based on the segments on both 

sides of the target vowel, not only the preceding consonant. 

It seems that the CV constraint, which prohibits obstruent clusters, was not 

equally influential for reduced and fully voiced vowels in the lexical decision task.  This 

constraint should force listeners to hear a vowel after each consonant except a nasal 

which can be a coda of the preceding syllable.  The CV constraint should have been 

equally facilitative to both reduced and fully voiced stimuli in the devoicing and voicing 

environments.  However, the error rate results show that this was not the case.  In the 

devoicing environment, fully voiced stimuli were missed more frequently than reduced 

stimuli, and in the voicing environment, reduced stimuli were missed more frequently 

than fully voiced stimuli, both of which were phonologically inappropriate allophones.  
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This suggests that the effect size of phonological appropriateness was greater than that of 

the phonotactic constraint.    

Vowel reduction occurs nearly 100% of the time in the Tokyo-type dialects, 

which shows that the phonological patterns in relation to the environment are robust 

among speakers.  Phoneme monitoring and lexical decision experiments in this 

dissertation tested native Tokyo listeners to investigate the perception side of vowel 

reduction.  Participants’ performances showed that they used phonological and 

phonotactic knowledge for processing reduced and fully voiced vowels to detect a single 

phoneme and to recognize spoken words.  The next question is whether this is dialect-

specific.  Would listeners of a different dialect show the same reaction as Tokyo listeners 

even though vowel reduction is not a consistent phonological pattern in the dialect?   Do 

listeners of non-Tokyo dialects use the same strategy as Tokyo listeners for single sound 

detection and for spoken word recognition?  These questions will be addressed in the next 

chapter.  
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CHAPTER 4 EFFECTS OF DIALECT ON THE PROCESSING OF ALLOPHONIC 

VARIATION 

 

The preceding two chapters discussed how language-specific phonological and 

phonotactic knowledge affects the processing of reduced and fully voiced vowels in 

Japanese.  The effect was strong enough to cancel out and sometimes to surpass the 

acoustic weakness of the sound.  In the Tokyo-type dialects, vowel reduction in 

devoicing environments occurs nearly 100% of the time, and native Japanese speakers 

intuitively have knowledge about the appropriateness of reduced and fully voiced 

allophones of vowels in relation to their environment.  The previous experiments with 

Tokyo listeners proved this.   

This chapter investigates whether phonological and phonotactic knowledge about 

the Tokyo dialect influences even listeners of a different dialect, in which vowel 

reduction is not obligatory.  The target dialect is the Kansai-type dialect, another major 

dialect in Japan, spoken in the Kansai area (Osaka, Kobe, Kyoto, and neighboring 

prefectures).  The same phoneme monitoring and lexical decision experiments 

(Experiments 3 and 5) were carried out with Kansai listeners.   

In this version of the experiments, as described before, any acoustic differences in 

the segments outside the target mora were removed, and two sub-conditions were created 

in the voicing environment: in the first, the target vowel /i/ was between a voiceless 

consonant and a voiced consonant (C[-voice]VC[+voice]); in the second, the target vowel 

always followed the voiced consonant /dʒ/. 
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Details of the two experiments are provided in the following sections: Section 4.1 

introduces the phoneme monitoring experiment with Kansai listeners (Experiment 6), and 

Section 4.2 introduces the lexical decision experiment with Kansai listeners (Experiment 

7).  

4.1 Experiment 6: Phoneme Monitoring with Kansai Listeners 

4.1.1 Purpose and Predictions 

The same phoneme monitoring task as with Tokyo listeners (Experiment 3) was 

conducted with Kansai listeners.  The current experiment focused on the effect of dialect 

on the detection of a single sound in the speech stream.  Since the Tokyo and Kansai 

dialects are two major dialects in Japan, it is worth conducting cross-dialectal research to 

investigate how native dialect influences listeners’ perception and processing of speech 

sounds.   

When listening to a different dialect, how do listeners recognize sounds?  When 

phonological patterns differ from their native dialect, do listeners apply only the 

phonological knowledge of their own dialect to process the non-native patterns?  Or if 

listeners have some exposure to the different dialect, can they use the phonological 

knowledge of the non-native dialect?  Can listeners have phonological knowledge of 

more than one dialect?  If so, do listeners use the phonological knowledge of their own 

dialect for producing phonological patterns, and use the phonological knowledge of the 

different dialect for processing patterns?   

As mentioned in Chapter 1, the Kansai-type dialects differ significantly from the 

Tokyo-type dialects in terms of pronunciation.  Vowels in the Kansai-type dialects tend 
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to be more salient than in the Tokyo-type dialects.  One example is that vowels tend to 

resist phonological changes in the Kansai-types dialects.  Historically, the Old Japanese 

word kapita [kapita] ‘bought’ has changed to kafuta [kaɸuta] and then [ɸu] changed to 

geminates as in katta [kaQta] in the Tokyo-type dialects; while the same word has 

changed to koota [ko:ta] with a long vowel instead of a geminate in the Kansai-type 

dialects (Kubozono, 1999:40).   

In general, vowel reduction is less likely to occur in the Kansai-type dialects than 

in the Tokyo-type dialects.  Fujimoto (2004) tested ten Tokyo speakers and ten Kansai 

(Osaka) speakers to examine their reduction rate (referred to as devoicing in her work, in 

keeping with the traditional literature) in producing the high vowel /i/ at normal and fast 

tempos.  She found that Kansai speakers had more variability of reduction rate than 

Tokyo speakers.  Two Kansai speakers showed very low vowel reduction rates, but other 

Kansai speakers had almost equal or even higher reduction rate than Tokyo speakers.  

Fujimoto’s study shows that vowel reduction in the Kansai dialect is not as common a 

phenomenon among speakers of the Kansai dialect as among Tokyo dialect speakers, and 

that reduction rate is quite random among speakers of Kansai dialect.   

However, this dialectal difference between Tokyo and Kansai may not have a 

large impact on perception and processing of speech sounds, because Kansai listeners are 

used to hearing Tokyo-type speech in everyday life.  The Tokyo dialect is considered 

standard Japanese, primarily spoken in media and in public speech even in Kansai.  As 

means of transportation and communication develop, contact between the two dialects 

increases.  People living in Tokyo and Kansai communicate with each other on a daily 
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basis.  Although their conversations are conducted based on their native dialect, people in 

Kansai are frequently exposed to the Tokyo-type dialects.  The Tokyo-type dialect is also 

expected in some work situations.  Many Japanese people move to a different dialect area 

for college or work.  The Tokyo dialect is the prestige dialect for most situations, as well 

as the standard dialect.  The Kansai dialect has very low prestige in many situations.   

Based on these observations, it can be predicted that if Kansai listeners switch to 

the Tokyo dialect when they hear Tokyo-type speech, they should be able to hear reduced 

vowels as well as Tokyo listeners do.  On the other hand, if Kansai listeners do not switch 

dialects when processing speech, they should show a stronger preference for fully voiced 

vowels not only in the voicing and nasal-voicing environments, but also in the devoicing 

environment.   

4.1.2 Methods 

4.1.2.1 Conditions, materials and procedures. 

The exact same materials and procedures as in the previous phoneme monitoring 

experiment with Tokyo listeners (Experiment 3) were employed in the current 

experiment with Kansai listeners.  All the materials were the same recordings by the 

same speaker (the author, who is a native speaker of the Tokyo dialect) as in the other 

experiments.  The experimenter (the author) gave instructions to the subjects, and the 

experiment was run entirely in the Tokyo dialect.  Although there were interactions 

between subjects and the experimenter, the subjects were not informed that the stimuli 

were in the Tokyo dialect.   
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The experiment took place in the linguistics labs at universities
21

 in Kobe.  Prior 

to the current experiment, all subjects participated in the lexical decision experiment, 

which will be discussed in the next section as Experiment 7.  The reason for this ordering 

was to prevent the participants from focusing on the target vowel /i/ in the lexical 

decision task.  A short break between the two experiments was given if the participant 

asked for one.  All subjects answered a questionnaire about their language background 

and linguistic knowledge after the experiments. 

 4.1.2.2 Participants. 

Forty-four university students who were native speakers of the Kansai-type 

dialect were recruited in the Kobe area.  Their ages ranged from early twenties to early 

thirties, and none of them reported speech or hearing disorders.  All of them were raised 

and spent most of their lives in the Kansai area, and had never lived outside of the area 

for more than one year.  Five of the subjects had parent(s) who occasionally spoke a 

dialect from outside the Kansai area, but they were not able to speak their parent(s)’ 

dialect.  Participants received a small gift or small amount of money for their 

participation.  They all participated in the lexical decision experiment (Experiment 7) 

prior to conducting the phoneme monitoring task as mentioned before. 

4.1.3 Results 

4.1.3.1 Results from Kansai listeners. 

RTs were adjusted to be measured from the onset of the following consonant as in 

Experiment 3.  Any RTs outside the range between 200 ms to 1700 ms were treated as 

                                                 
21

 University of Kobe and Konan University. 



 145 

errors, which excluded 5.8% of the data from the analysis on RT.  This was about the 

same range as for Tokyo listeners.  Analyses of variance (ANOVA) were carried out on 

the RTs and error rates, each with by-subjects (F1) and by-items (F2) analyses.  Each 

ANOVA had consonantal environment (devoicing, voicing, and nasal-voicing), reduction 

status of the target vowel /i/ (reduced and fully voiced), and counterbalanced group (for 

by-subjects analyses only) as the main factors.  In the by-subjects analysis, consonantal 

environment and reduction status were within-subjects factors, and counterbalanced 

group was a between-subjects factor.  In the by-items analysis, consonantal environment 

was a between-items factor and reduction status was a within-items factor.  The 

Greenhouse-Geisser correction was applied whenever sphericity was violated.   

Figure 4.1 shows the mean RT results.  Reduced vowels were detected as quickly 

and as accurately by Kansai listeners as fully voiced vowels in the devoicing environment, 

where reduced vowels were phonologically appropriate.  In contrast, reduced vowels 

were detected more slowly than fully voiced vowels in the voicing and nasal-voicing 

environments. 
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Figure 4.1. Experiment 6: Mean RTs (ms) for reduced and fully voiced vowels by Kansai 

listeners in the devoicing, voicing, and nasal-voicing environments.  One example from 

the experimental items is provided under each condition.  The star symbol indicates a 

statistically significant difference between reduced and fully voiced vowels.   

 

By-subjects and by-items ANOVAs confirmed that the main effect of 

environment F1(2, 76) = 7.23, p < .05; F2(2, 57) = 3.36, p < .05 and the main effect of the 

reduction status of the target vowel F1(1, 38) = 26.5, p < .001; F2(1, 57) = 5.04, p < .05 

were significant.  The interaction of the environment by reduction status was significant 

in the by-subjects analysis, but not significant in the by-items analysis F1(2, 76) = 9.3, p 

< .001; F2(2, 57) = 1.68, p > .1.   

� 

� 

       Ex.   [hok(i)to][hokito] [tadʒ(i)ga][tadʒiga] [kedaɲ(i)da][kedaɲida]        

                                              [kek(i)zo][kekizo]                  

         

(ms) 
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The data was further analyzed by splitting across the environment factor in order 

to investigate the simple effect of reduction status of the vowel.  No significant effect 

appeared in the devoicing environment F1(1, 38) = .62, p > .1; F2(1, 19) = .31, p > .1.  In 

contrast, slower mean RTs for reduced vowels were observed in the voicing and nasal-

voicing environments, which was significant in the by-subjects analyses: voicing 

environment F1(1, 38) = 4.21, p < .05; F2(1, 19) = 1.44, p > .1; nasal-voicing 

environment F1(1, 38) = 23.78, p < .001; F2(1, 19) = 3.41, p > .05. 

Recall that there were sub-conditions in the voicing environment.  The target 

vowel /i/ followed the voiced consonant /dʒ/ in half of the words, and was between a 

voiceless consonant and a voiced consonant in the remaining half of the words.  Tokyo 

listeners detected reduced vowels in this condition as quickly as fully voiced vowels, 

which led to no overall difference in detection speed across the whole voicing 

environment.  In order to examine whether or not this trend existed in the results with 

Kansai listeners, the mean RTs for reduced and fully voiced vowels in the voicing 

environment were sorted by preceding consonant as in Figure 4.2.   
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Figure 4.2. Experiment 6: Mean RTs (ms) for reduced and fully voiced vowels by Kansai 

listeners in the voicing environment only.  The target vowel /i/ followed the voiced 

consonant /dʒ/ (marked as C[+v] in the graph) in 10 items, and the vowel followed a 

voiceless consonant (marked as C[-v] in the graph) in the other 10 items.  The star 

symbol indicates a statistically significant difference between the two types of stimuli.   

 

 

Post-hoc by-subjects ANOVAs were performed with the preceding consonant 

(/dʒ/ and /C[-voice]/) and reduction status of the vowel (reduced and fully voiced) as the 

main factors.  The effects of a preceding consonant F1(1, 38) = .49, p > .1; F2(1, 18) = 

1.15, p > .1 and the reduction status of the vowel F1(1, 38) = 3.77, p > .05; F2(1, 18) = 

1.47, p > .1 were not significant, but the interaction of the two effects was partially 

significant F1(1, 38) = 4.68, p < .05; F2(1, 18) = 1.35, p > .1.  The simple effect of 
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    Ex.          [tadʒ(i)ga][tadʒiga]               [kek(i)zo][kekizo] 
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reduction status of the vowel was partially significant when the vowel /i/ followed the 

voiced consonant /dʒ/ F1(1, 38) = 7.79, p < .05; F2(1, 9) = 3.06, p > .1.  The simple effect 

of reduction status of the vowel was not significant when the vowel /i/ followed a 

voiceless consonant F1(1, 38) = .01, p > .5; F2(1, 9) = .001, p > .5.   

This result with Kansai listeners shows similar trends to those of Tokyo listeners.  

Kansai listeners were able to detect reduced vowels as quickly as fully voiced vowels 

when they followed a voiceless consonant.  However, the significantly slower RTs for 

reduced vowels following the voiced consonant /dʒ/ was the primary cause for the overall 

significant difference between reduced and fully voiced vowels in the voicing 

environment. 

Next, by-subjects and by-items ANOVAs were carried out on the error rates.  

Figure 4.3 shows the mean error rate results.  Reduced vowels were detected as 

accurately as fully voiced vowels in the devoicing and voicing environments.  On the 

other hand, reduced vowels were missed more often than fully voiced vowels in the 

nasal-voicing environment.  
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Figure 4.3. Experiment 6: Mean error rates for reduced and fully voiced vowels by 

Kansai listeners in the devoicing, voicing, and nasal-voicing environments.  The star 

symbol indicates a statistically significant difference between reduced and fully voiced 

vowels.   

 

 

In the error rate analyses, the main effects of environment F1(2, 76) = 57.22, p 

< .001; F2(2, 57) = 26.79, p < .001, and reduction status of the target vowel F1(1, 38) = 

52.02, p < .001; F2(1, 57) = 15.99, p < .001, as well as their interaction F1(2, 76) = 63.64, 

p < .001; F2(2, 57) = 16.36, p < .001, were all significant.   

The data was further analyzed by splitting across the environments.  Tests of the 

simple effect of reduction status for each environment revealed that the effect was not 
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        Ex.      [hok(i)to][hokito] [tadʒ(i)ga][tadʒiga] [kedaɲ(i)da][kedaɲida]        

                                                 [kek(i)zo][kekizo]                    
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significant in the devoicing or voicing environments: devoicing environment F1(1, 38) 

= .17, p > .1; F2(1, 19) = .1, p >  .5; voicing environment F1(1, 38) = .05, p > .5; F2(1, 19) 

= .02, p >  .5.  Participants detected reduced vowels and fully voiced vowels equally 

accurately in these two environments.  On the other hand, a significant effect was seen in 

the nasal-voicing environment F1(1, 38) = 100.44, p < .001; F2(1, 19) = 20.74, p < .001.  

Listeners missed reduced vowels more frequently than fully voiced vowels. 

 4.1.3.2 Comparison of Kansai and Tokyo results. 

 The results with Kansai listeners were compared to those of the Tokyo listeners 

from Experiment 3.  Three-way by-subjects (F1) and by-items (F2) ANOVAs on RTs and 

error rates were carried out with consonantal environment (devoicing, voicing, and nasal-

voicing), reduction status of the target vowel (reduced and fully voiced), and dialect 

(Tokyo and Kansai) as main factors.  In the by-subjects analysis, consonantal 

environment and reduction status of the target vowel were within-subjects factors, and 

dialect was a between-subjects factor.  Counterbalanced groups were collapsed since the 

purpose of having counterbalanced group is generally to remove variability from the error 

term, and this factor was considered to have no real effect.  In the by-items analysis, 

consonantal environment was a between-items factor and reduction status of the vowel 

and dialect were within-items factors.  The Greenhouse-Geisser correction was applied 

whenever sphericity was violated. 

Figure 4.4 shows the mean RTs for the two dialects.  As the graph below shows, 

there were similar patterns between Tokyo and Kansai listeners although Kansai listeners 

had overall slower responses because they were processing in a non-native dialect. 
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Figure 4.4. Experiments 3 & 6: Mean RTs (ms) for reduced and fully voiced vowels by 

Tokyo and Kansai listeners in the devoicing, voicing, and nasal-voicing environments.  

The star symbol indicates a statistically significant difference between reduced and fully 

voiced vowels (black star: Tokyo listeners; white star: Kansai listeners).   

 

 Significant main effects of consonantal environment F1(2, 166) = 7.904, p < .005; 

F2(2, 56) = 2.26, p > .1 and reduction status of the target vowel F1(1, 83) = 27.864, p 

< .001; F2(1, 56) = 9.45, p < .005 were found, except for the main effect of environment 

in the by-items analysis.  However, there was no significant main effect of dialect in the 

by-subjects analysis, but a significant effect was found in the by-items analysis F1(1, 83) 

= 1.04, p > .1; F2(1, 56) = 4.97, p < .05.  There was no significant three-way interaction 

         Ex.    [hok(i)to][hokito] [tadʒ(i)ga][tadʒiga] [kedaɲ(i)da][kedaɲida]        

                                                [kek(i)zo][kekizo]             
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F1(2, 166) = 1.70, p > .1; F2(2, 56) = .25, p > .5.  Furthermore, neither the two-way 

interaction of environment and dialect F1(2, 166) = 2.51, p > .05; F2(2, 56) = .79, p > .1, 

nor the two-way interaction of reduction status of the target vowel and dialect F1(1, 83) = 

3.66, p = .059; F2(1, 56) = .23, p > .5 was significant.  Only the two-way interaction of 

environment and vowel reduction status F1(2, 166) = 12.23, p < .001; F2(2, 56) = 3.00, p 

= .058 was significant, except in the by-items analysis.   

 In order to investigate whether Tokyo and Kansai listeners’ reaction speed was 

different for reduced and fully voiced vowels in each environment, post-hoc interaction 

comparisons (vowels’ reduction status x dialect) on RTs were conducted.  In the 

devoicing environment, neither the main effect of vowel reduction status F1(1, 83) = 

2.274, p > .1; F2(1, 19) = 1.438, p > .1, the main effect of dialect F1(1, 83) = .732, p > .1; 

F2(1, 19) = 2.623, p > .1, nor the two-way interaction F1(1, 83) = .033, p > .5; F2(1, 19) 

= .201, p > .5 was significant.  In the voicing environment, again neither the main effect 

of vowel reduction status F1(1, 83) = 1.561, p > .1; F2(1, 19) = 1.398, p > .1, the main 

effect of dialect F1(1, 83) = .122, p > .5; F2(1, 19) = .33, p > .5, nor the two-way 

interaction F1(1, 83) = 1.827, p > .1; F2(1, 19) = .445, p > .5 was significant.  Finally, in 

the nasal-voicing environment, only the main effect of vowel reduction status was 

significant F1(1, 83) = 29.034, p < .001; F2(1, 18) = 6.267, p < .05, but neither the main 

effect of dialect F1(1, 83) = 2.805, p > .05; F2(1, 18) = 2.135, p > .1 nor the two-way 

interaction F1(1, 83) = 3.422, p > .05; F2(1, 18) = .185, p > .5 was significant. Although 

Figure 4.4 shows a larger difference between reduced and voiced vowels in Kansai 

listeners than in Tokyo listeners, this trend was not significant. 
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Figure 4.5 shows the mean error rates for the two dialects.  Again, similar trends 

are observed between Tokyo and Kansai listeners.  Mean error rates are almost the same 

between the two groups, except for reduced vowels in the nasal-voicing environment.  

Kansai listeners missed reduced vowels in this environment more often than Tokyo 

listeners.   
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Figure 4.5. Experiments 3 & 6: Mean error rates for reduced and fully voiced vowels by 

Tokyo and Kansai listeners in the devoicing, voicing, and nasal-voicing environments.  

The star symbol indicates a statistically significant difference between reduced and fully 

voiced vowels (black star: Tokyo listeners; white star: Kansai listeners).   

 

 

 The same three-way ANOVAs were carried out on the error rates.  Significant 

main effects of consonantal environment F1(2, 166) = 98.59, p < .001; F2(2, 56) = 42.0, p 
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< .001 and reduction status of the target vowel F1(1, 83) = 76.59, p < .001; F2(1, 56) = 

25.6, p < .001 were found.  However, there was no significant main effect of dialect F1(1, 

83) = 1.08, p > .1; F2(1, 56) = 1.61, p > .1 or three-way interaction F1(2, 166) = .98, p 

> .1; F2(2, 56) = .11, p > .5.  Furthermore, neither the two-way interaction of environment 

and dialect F1(2, 166) = 1.84, p > .1; F2(2, 56) = .83, p > .1 nor the two-way interaction 

of the reduction status of the target vowel and dialect F1(1, 83) = 1.76, p > .1; F2(1, 56) 

= .39, p > .5 was significant.  Only the two-way interaction of environment and reduction 

status F1(2, 166) = 105.88, p < .001; F2(2, 56) = 28.68, p < .001 was significant.   

 Post-hoc interaction comparisons (vowels’ reduction status x dialect) on error 

rates in each environment were conducted.  The same statistical patterns as for RTs were 

obtained.  In the devoicing environment, neither the main effect of vowel reduction status 

F1(1, 83) = .797, p > .1; F2(1, 19) = .352, p > .5, the main effect of dialect F1(1, 83) 

= .000, p > .5; F2(1, 19) = .000, p > .5, nor the two-way interaction F1(1, 83) = .115, p 

> .5; F2(1, 19) = .093, p > .5 was significant.  In the voicing environment, again neither 

the main effect of vowel reduction status F1(1, 83) = .000, p > .5; F2(1, 19) = .003, p > .5), 

the main effect of dialect F1(1, 83) = .28, p > .5; F2(1, 19) = .605, p > .4, nor the two-way 

interaction F1(1, 83) = .146, p > .5; F2(1, 19) = .24, p > .5 was significant.  Finally, in the 

nasal-voicing environment, only the main effect of vowel reduction status was significant 

F1(1, 83) = 148.62, p < .001; F2(1, 18) = 36.458, p < .001, but neither the main effect of 

dialect F1(1, 83) = 2.518, p > .1; F2(1, 18) = 1.148, p > .1 nor the two-way interaction 

F1(1, 83) = 1.93, p > .1; F2(1, 18) = .195, p > .5 was significant.  Although there was no 

significance of the main effect of dialect or significant interaction of dialect with other 
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factors for either RTs and error rates, Graphs 4.4 and 4.5 clearly show that Kansai 

listeners had slower responses to reduced vowels in all environments than Tokyo listeners, 

and higher error rates for reduced vowels in the nasal-voicing environment than Tokyo 

listeners.   

 Fujimoto (2005) found that vowel reduction rates varied among Kansai speakers.  

Some of them had nearly 100% of reduction of devoiceable vowels, but others’ reduction 

rates were about 60%.  Photoelectric glottography data shows that there are two peaks of 

glottis opening in Kansai speakers’ productions (Fujimoto, 2005:155).  This indicates that 

Kansai listeners tend to make the glottis open-close-open in C(V)CV syllables (e.g., 

/kise/).  It is quite possible that in perception Kansai listeners’ reactions might vary.  

Some Kansai listeners might accept reduced vowels less than others, especially 

inappropriate reduced vowels.   

 Figure 4.6 shows Kansai listeners’ RT results sorted by faster and slower subjects 

in order to see whether there is any pattern between these two groups.  As Fujimoto 

found, if Kansai listeners’ performance are so variable, different patterns should appear 

between faster and slower groups.  Mean RTs were calculated for each subject and the 

forty subjects were divided in half based on their mean RTs.   
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Figure 4.6. Experiment 6: Mean RTs sorted by Kansai faster and slower listeners for 

reduced and fully voiced vowels in the devoicing, voicing, and nasal-voicing 

environments.   

 

 In both faster and slower subjects, there does not seem to be a large difference 

between reduced and voiced vowels in the devoicing and voicing environments.  A great 

difference appears only in the nasal-voicing environment.  Mean RTs for reduced vowels 

are much slower than for voiced vowels.  Although the same trends appear in faster and 

slower listeners, overall, the difference in mean RTs by faster and slower subjects is great 

in all environments.  This might indicate a possibility that Kansai listeners’ reactions are 

more variable than Tokyo listeners’. 

        Ex.    [hok(i)to][hokito]  [tadʒ(i)ga][tadʒiga] [kedaɲ(i)da][kedaɲida]        
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 In order to investigate how Kansai speakers vary in the processing of allophones 

of vowels, another set of ANOVAs was conducted with standard deviations (SD) of the 

RTs as the dependent variable.  One Tokyo listener and three Kansai listeners were 

excluded from the statistical analyses since their SD values were zero.  Figure 4.7 shows 

the mean SDs for the two dialects.   
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Figure 4.7. Experiments 3 & 6: Mean standard deviations of RTs for reduced and fully 

voiced vowels by Tokyo and Kansai listeners in the devoicing, voicing, and nasal-voicing 

environments.   

 

 

   Ex.   [hok(i)to][hokito]  [tadʒ(i)ga][tadʒiga]  [kedaɲ(i)da][kedaɲida]        
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 A significant main effect of consonantal environment F(2, 158) = 6.665, p < .003 

was found, but neither the effect of reduction status of the target vowel F(1, 79) = 2.387, 

p > .1 nor the effect of dialect F(1, 79) = .093, p > .5 were found to be significant.  There 

was no significant three-way interaction F(2, 158) = .346, p > .5.  Furthermore, neither 

the two-way interaction of environment and dialect F(2, 158) = 2.38, p > .05, the two-

way interaction of reduction status of the target vowel and dialect F(1, 79) = 2.058, p > .1, 

nor the two-way interaction of environment and reduction status F(2, 158) = .713, p > .3 

was significant.   

 Although significant effects did not appear in the ANOVA, it seems that reactions 

to reduced vowels are more variable than to voiced vowels in the above graph.  Post-hoc 

analyses were conducted only with the reduced vowel data, and a significant main effect 

of environment was found F(2, 158) = 4.608, p < .02.  This means that listeners’ 

reactions to reduced vowels vary based on environment.  In the nasal-voicing 

environment, both Tokyo and Kansai listeners had higher SD than in the other 

environments.  Since nasals are allowed as codas, the phonotactic constraint prohibiting 

consonant clusters did not facilitate the detection of the vowel, which led to more 

variable reactions by listeners.  The graph shows that this tendency was greater among 

Kansai listeners than among Tokyo listeners.  The Kansai listeners’ error for reduced 

vowels in the nasal-voicing environments was very large (Figure 4.5).    

In fact, overall, Kansai listeners had higher SD for reduced vowels than for fully 

voiced vowels in all environments.  Another post-hoc ANOVA conducted only with 

Kansai listeners’ data revealed significant main effects of environment F(2, 72) = 11.025, 
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p < .001 and vowel reduction status F(1, 36) = 4.621, p < .05.  There was no significant 

two-way interaction of environment by reduction status F(2, 72) = .89, p > .4.   

The ANOVA results confirmed that reduced vowels elicited variable reactions 

from Kansai listeners.  Fujimoto (2005) found that Kansai speakers varied in their 

production of vowel devoicing in devoicing environments.  The results from the current 

experiment show that as in production, Kansai listeners are not uniform in processing 

reduced vowels, not only in the devoicing environment but also in the voicing and nasal-

voicing environments.   

4.1.4 Discussion 

 The results with Kansai listeners showed that overall they were able to detect 

reduced vowels as well as Tokyo listeners.  Non-significant dialectal effects on the RTs 

and the error rates proved this.  As predicted before, this is because Kansai listeners were 

sufficiently familiar with Tokyo-type speech, especially vowel reduction, to be able to 

process it as well as Tokyo listeners.   

 In the Kansai-type dialect, vowel reduction is less likely to occur than in the 

Tokyo-type dialect, and Kansai speakers probably do not produce reduced vowels in the 

devoicing environment as often as Tokyo speakers.  However, Kansai listeners had no 

problem detecting reduced vowels in the devoicing environment.  They did not show any 

strong preference for fully voiced vowels.  The results clearly show that Kansai listeners 

knew the phonological patterns of the allophonic variation of vowels in the Tokyo-type 

dialect and used the phonological knowledge for processing when they were dealing with 

speech in a non-native dialect.  This suggests that Kansai listeners retain the phonological 
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knowledge of their own dialect and of the non-native dialect, and are able to switch 

dialects when processing.   

 Also, the RT results for reduced vowels in the voicing environment confirm that 

Kansai listeners processed speech similarly to Tokyo listeners (Figure 4.2), detecting 

reduced vowels after a voiceless consonant as quickly as fully voiced vowels even though 

the following consonant was voiced.  This indicates that Kansai listeners expected the 

vowel after a voiceless consonant to be reduced because of their phonological knowledge 

of the non-native dialect, which sped up their detection of reduced vowels.  Again, they 

did not show any preference for fully voiced vowels in this sub-condition of the voicing 

environment.   

 We have seen that Kansai listeners share the dialect-specific phonological 

knowledge of vowel reduction.  Another piece of important information for processing 

the allophonic variation of vowels is the phonotactic constraint prohibiting obstruent 

clusters in order to maintain CV syllable structures.  This constraint is language-specific, 

not dialect-specific.  In all dialects in Japan, consonant clusters other than geminates and 

nasal-consonant clusters are phonotactically illegal.  It is easily understandable that 

Kansai listeners used this knowledge to detect a vowel after each consonant except for a 

nasal.  The very low error rates in all environments except for reduced vowels in the 

nasal-voicing environment confirm this.   

 One point that warrants discussion is that Kansai listeners seemed to show a 

larger effect of reduction in the nasal-voicing environment than Tokyo listeners did.  

Kansai listeners had much slower responses to reduced vowels in this environment than 
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Tokyo listeners.  A post-hoc comparison of one-way ANOVA on RTs with dialect as the 

main factor confirms that the effect of dialect was significant for reduced vowels in this 

environment (F1(1, 83) = 4.65, p < .05).   

 Vowel reduction after nasals is least likely to occur in both types of dialects; 

moreover, vowel reduction happens less frequently overall in the Kansai-type dialects 

than in the Tokyo-type.  Perhaps the reduction of vowels after nasals is extremely 

inappropriate for Kansai listeners.  When Kansai listeners hear the palatalized nasals, 

they naturally expect a high vowel to come next.  Probably their expectation for the high 

vowel is grater than that of Tokyo listeners.  In other words, Kansai listeners would not 

expect another consonant following right after a palatalized nasal, and therefore, it might 

take more time for Kansai listeners to re-syllabify the nasals as codas of the preceding 

syllable.   

 Although a post-hoc comparison of one-way ANOVA on error rates with dialect 

as the main factor did not reveal a significant effect of dialect (F1(1, 83) = 2.76, p > .1), 

still the graph shows that Kansai listeners had higher error rates for reduced vowels than 

Tokyo listeners did in this environment.  It seems that phonologically and phonotactically 

inappropriate reduction of the vowel in the nasal-voicing environment is less acceptable 

for Kansai listeners than for Tokyo listeners.   

4.2 Experiment 7: Lexical Decision with Kansai Listeners 

4.2.1 Purpose and Predictions 

Experiment 7 was conducted with Kansai listeners as an extension of the lexical 

decision experiment (Experiment 5) for cross-dialectal processing.  In the phoneme 
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monitoring experiment, a cross-dialectal similarity of Kansai listeners and Tokyo 

listeners was found.  Kansai listeners were able to detect reduced vowels in the devoicing 

environment as well as Tokyo listeners, which supports the claim that Kansai listeners 

followed the phonological rules of vowel reduction in the non-native dialect (the Tokyo-

type dialect) when they processed a single sound in the speech stream presented in 

Tokyo-type speech.   

The purpose of the current experiment is to further investigate whether the effects 

of phonological and phonotactic knowledge would be reliable for Kansai listeners in 

spoken word recognition.  The results for Tokyo listeners from Experiment 5 revealed 

that the phonological appropriateness of the allophone had a strong effect, which not only 

canceled out but even surpassed the acoustic weakness of the sound.  If the same is true 

for Kansai listeners, despite the difference in their native dialect phonology, then the 

same results would be expected as with Tokyo listeners.  If they lack knowledge of 

Tokyo phonology, or apply only knowledge of their own phonology in processing, then 

there should be dissimilarities between Tokyo and Kansai listeners.  

4.2.2 Methods 

4.2.2.1 Conditions, Materials, and Procedures. 

The same materials and procedures as in Experiment 5 were employed in this 

experiment.  All the materials were recorded by the same speaker as in other experiments, 

who is a native speaker of the Tokyo dialect.  All subjects participated in the phoneme 

monitoring experiment (Experiment 6) after the current experiment in order to prevent 

the participants from focusing on the target sound /i/ during word recognition.  After they 
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finished the two experiments, they were asked to fill out questionnaires about their 

language background.  A short break between the two experiments was given if 

participants requested one.  The experimenter (the author) gave the instructions to the 

subjects, and the experiment was run entirely in the Tokyo dialect.  The subjects were not 

informed that the stimuli were in the Tokyo dialect.  The experiment took place in the 

same locations as in Experiment 6. 

4.2.2.2 Participants. 

The same forty-four university students as in Experiment 6, who were native 

speakers of the Kansai dialects, were recruited in the Kobe area.  None of them reported 

speech or hearing disorders.  They received a small gift or small amount of money for 

their participation.    

4.2.3 Results 

4.2.3.1 Results from Kansai Listeners. 

RTs were adjusted to be measured from the end of the word.  Any RTs outside the 

range of 0 ms to 1000 ms were treated as errors, which excluded 5.6% of the data from 

the analysis of RT.  This was about the same range as for Tokyo listeners.  Four subjects’ 

data was eliminated from the analysis due to their failure to respond to any stimuli in the 

nasal-voicing environment.   

ANOVAs were carried out on the RTs and on the error rates, each with by-

subjects (F1) and by-items (F2) analyses.  Each ANOVA had consonantal environment 

(devoicing, voicing, and nasal-voicing), the reduction status of the target vowel /i/ 

(reduced and fully voiced), and counterbalanced group (for by-subjects analyses only) as 
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main factors.  In the by-subjects analyses, consonantal environment and reduction status 

of the vowel were within-subjects factors, and counterbalanced group was a between-

subjects factor.  In the by-items analyses, consonantal environment was a between-items 

factor and reduction status was a within-items factor.  The Greenhouse-Geisser correction 

was applied whenever sphericity was violated.   

Figure 4.8 shows the mean RT results.  Words with a reduced vowel were 

recognized more quickly than words with a fully voiced vowel in the devoicing 

environment.  The opposite pattern appeared in the voicing and nasal-voicing 

environments, where words with a fully voiced vowel were recognized more quickly than 

words with a reduced vowel. 
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Figure 4.8. Experiment 7: Mean RTs (ms) for words with a reduced vowel and words 

with a fully voiced vowel by Kansai listeners in the devoicing, voicing, and nasal-voicing 

environments.  One example from the experimental items is provided under each 

condition.  The star symbol indicates a statistically significant difference between 

reduced and fully voiced stimuli.   

 

By-subjects and by-items ANOVAs confirmed that the main effect of 

environment F1(2, 68) = 34.28, p < .001; F2(2, 57) = 5.01, p < .05 and reduction status of 

the target vowel F1(1, 34) = 113.76, p < .001; F2(1, 57) = 19.13, p < .001, and the 

interaction of these two factors F1(2, 68) = 37.55, p < .001; F2(2, 57) = 9.58, p < .001 

were all significant.   

� 

� 
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    Ex.   [ak(i)kaN][akikaN]  [tedʒ(i)na][tedʒina] [oɲ(i)giɾi][oɲigiɾi] 
                                              [tak(i)bi] [takibi] 

(ms) 
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The data was further analyzed by splitting across the environment factor in order 

to investigate the simple effect of reduction status of the vowel.  In the devoicing 

environment, a significant effect appeared in the by-subjects analysis but not in the by-

items analysis F1(1, 34) = 6.41, p < .05;  F2(1, 19) = .7, p > .1.  In contrast, slower mean 

RTs for words with a reduced vowel were observed in the voicing and nasal-voicing 

environments, a result which was significant in both the by-subjects and by-items 

analyses: voicing environment F1(1, 34) = 72.76, p < .001; F2(1, 19) = 10.46, p < .005; 

nasal-voicing environment F1(1, 34) = 75.86, p < .001; F2(1, 19) = 28.95, p < .001. 

Recall that there were sub-conditions in the voicing environment.  The target 

vowel /i/ followed the voiced consonant /dʒ/ in half of the words, and occurred between a 

voiceless consonant and a voiced consonant in the remaining half of the words.  Figure 

4.9 shows the mean RTs for Kansai listeners for words with a reduced vowel and words 

with a fully voiced vowel sorted by the preceding consonant. 
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Figure 4.9. Experiment 7: Mean RTs (ms) for words with a reduced vowel and words 

with a fully voiced vowel by Kansai listeners in the voicing environment only.  The target 

vowel /i/ followed the voiced consonant /dʒ/ (marked as C[+v] in the graph) in 10 items, 

and occurred between a voiceless consonant and a voiced consonant (marked as C[-v] in 

the graph) in the remaining 10 items.  The star symbol indicates a statistically significant 

difference between the two types of stimuli. 

 

Post-hoc by-subjects ANOVAs were performed with the preceding consonant 

(/dʒ/ and /C[-voice]/) and reduction status of the vowel (reduced and fully voiced) as main 

factors.  The main effect of the preceding consonant was partially significant F1(1, 34) = 

17.66, p < .001; F2(1, 18) = 1.52, p > .1, and the main effect of reduction status of the 

target vowel F1(1, 34) = 60.81, p < .001; F2(1, 18) = 10.64, p < .005 was significant, but 

the interaction of the two effects was not significant F1(1, 34) = 2.21, p > .1; F2(1, 18) = 

    Ex.       [tedʒ(i)na] [tedʒina]               [tak(i)bi] [takibi] 

� 

� 

(ms) 
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1.33, p > .1.  The simple effect of reduction status of the vowel was significant when the 

vowel /i/ followed the voiced consonant /dʒ/ F1(1, 34) = 47.20, p < .001; F2(1, 9) = 6.62, 

p < .05.  The simple effect of reduction status of the vowel was partially significant when 

the vowel /i/ followed a voiceless consonant F1(1, 34) = 9.13, p = .005; F2(1, 9) = 4.20, p 

> .05.   

The above graph and the statistical analyses show that the words with a reduced 

vowel elicited slower RTs not only when the vowel followed the voiced consonant /dʒ/ 

(e.g., tejina [tedʒʒʒʒ(i)na] ‘magic’) but also when it followed a voiceless consonant (e.g., 

takibi [tak(i)bi] ‘bonfire’).  A similar pattern was observed with Tokyo listeners.  This 

indicates that Kansai listeners used the same phonological knowledge as Tokyo listeners 

did, and applied it to word recognition, but that phonological appropriateness was 

determined in relation to the neighboring consonants on both sides of the target vowel, 

not just the preceding one.  

 Figure 4.10 shows the mean error rate results.  Words with a reduced vowel were 

recognized as accurately as words with a fully voiced vowel in the devoicing 

environment.  Words with a reduced vowel were recognized less accurately than words 

with a fully voiced vowel in the voicing and nasal-voicing environments.     
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Figure 4.10. Experiment 7: Mean error rates for words with a reduced vowel and words 

with a fully voiced vowel by Kansai listeners in the devoicing, voicing, and nasal-voicing 

environments.  The star symbol indicates a statistically significant difference between 

reduced and fully voiced stimuli.   

 

The same by-subjects and by-items ANOVAs were carried out on the error rates.  

In the error rate analysis, the main effects of environment F1(2, 68) = 86.72, p < .001; 

F2(2, 57) = 16.30, p < .001, the reduction status of the target vowel F1(1, 34) = 66.09, p 

< .001; F2(1, 57) = 28.23, p < .001, as well as their interaction F1(2, 68) = 52.14, p < .001; 

F2(2, 57) = 17.77, p < .001, were all significant.   
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    Ex.   [ak(i)kaN][akikaN] [tedʒ(i)na][tedʒina] [oɲ(i)giɾi][oɲigiɾi] 
                                             [tak(i)bi] [takibi] 
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The data was further analyzed by splitting across the environments.  The simple 

effect of reduction status of the target vowel was not significant in the devoicing 

environment F1(1, 34) = .63, p > .1; F2(1, 19) = 3.64, p > .05.  On the other hand, it was 

significant in the voicing environment only in the by-subjects analysis and in the nasal-

voicing environment: voicing environment F1(1, 34) = 14.63, p < .005; F2(1, 19) = 3.64, 

p > .05; nasal-voicing environment F1(1, 34) = 76.99, p < .001; F2(1, 19) = 29.17, p 

< .001).   

4.2.3.2 Comparison of Kansai and Tokyo results. 

 The results of this experiment were compared to those for the Tokyo listeners 

from Experiment 5. Three-way by-subjects and by-items ANOVAs were carried out with 

consonantal environment (devoicing, voicing, nasal-voicing), reduction status of the 

target vowel (reduced and fully voiced), and dialect (Tokyo and Kansai) as main factors.  

In the by-subjects analyses, consonantal environment and reduction status of the target 

vowel were within-subjects factors, and dialect was a between-subjects factor.  

Counterbalanced groups were collapsed since this factor was considered to have no effect.  

In the by-items analyses, consonantal environment was a between-items factor and 

reduction status of the vowel and dialect were within-items factors.  The Greenhouse-

Geisser correction was applied whenever sphericity was violated. 

Figure 4.11 shows the mean RTs for the two dialects.  As the graph below shows, 

there are similar patterns between Tokyo and Kansai listeners: words with the 

phonologically appropriate allophone were recognized more quickly than those with the 

inappropriate allophone in all environments.  Nevertheless, Kansai listeners had overall 
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slower responses because they were processing in a non-native dialect.  This trend 

appeared more clearly in word recognition (the current experiment) than in phoneme 

monitoring (Experiment 6).   
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Figure 4.11. Experiments 5 & 7: Mean RTs (ms) for words with a reduced vowel and 

words with a fully voiced vowel by Tokyo and Kansai listeners in the devoicing, voicing, 

and nasal-voicing environments.  One example from the experimental items is provided 

under each environment.  The star symbol indicates a statistically significant difference 

between reduced and fully voiced stimuli (black star: Tokyo listeners; white star: Kansai 

listeners).   

 

 

 Significant main effects of consonantal environment F1(2, 158) = 60.95, p < .001; 

F2(2, 57) = 4.82, p < .05 and reduction status of the target vowel F1(1, 79) = 82.91, p 

     Ex.    [ak(i)kaN][akikaN] [tedʒ(i)na][tedʒina]  [oɲ(i)giɾi][oɲigiɾi] 
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< .001; F2(1, 57) = 23.39, p < .001 were found.  Unlike the phoneme monitoring 

experiment, there was a significant main effect of dialect as well F1(1, 79) = 10.67, p 

< .005; F2(1, 57) = 195.39, p < .001.  There was no significant three-way interaction in 

the by-subjects analysis, but the three-way interaction was significant in the by-items 

analysis F1(2, 158) = 2.15, p > .1; F2(2, 57) = 3.20, p < .05.  Furthermore, neither the 

two-way interaction of environment and dialect F1(2, 158) = .66, p > .5; F2(2, 57) = 1.43, 

p > .1 nor the two-way interaction of reduction status of the target vowel and dialect F1(1, 

79) = .04, p > .5; F2(1, 57) = .4, p > .5 was significant.  Only the two-way interaction of 

environment and reduction status F1(2, 158) = 69.09, p < .001; F2(2, 57) = 17.37, p 

< .001 was significant.   

 In order to investigate whether Tokyo and Kansai listeners’ reaction speeds were 

different for reduced and fully voiced vowels in each environment, post-hoc interaction 

comparisons (vowels’ reduction status x dialect) on RTs were conducted.  In the 

devoicing environment, the main effect of reduction status F1(1, 79) = 28.09, p < .001; 

F2(1, 19) = 2.64, p > .1 and the main effect of dialect F1(1, 79) = 7.36, p < .01; F2(1, 19) 

= 27.83, p < .001 were significant except in by-items analysis of reduction status.  The 

two-way interaction of these factors F1 (1, 79) = 2.81, p > .05; F2(1, 19) = 3.27, p > .05 

was not significant.  In the voicing environment, again the main effect of reduction status 

F1(1, 79) = 63.89, p < .001; F2(1, 19) = 12.28, p < .005 and the main effect of dialect F1(1, 

79) = 10.69, p < .005; F2(1, 19) = 130.33, p < .001 were significant, but the two-way 

interaction of the factors F1(1, 79) = .67, p > .1; F2(1, 19) = 1.24, p > .1 was not 

significant.  Finally, in the nasal-voicing environment, the main effect of reduction status 
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F1(1, 79) = 91.1, p < .001; F2(1, 19) = 39.56, p < .001 and the main effect of dialect F1(1, 

79) = 11.41, p = .001; F2(1, 19) = 95.16, p < .001 were significant, but the two-way 

interaction of these factors F1(1, 79) = 1.39, p > .1; F2(1, 19) = 2.58, p > .1 was not 

significant.  These results suggest that unlike in the phoneme monitoring task, in the 

lexical decision task, although the same trends appeared for Tokyo and Kansai listeners 

as in Figure 4.11, there was a significant difference between the listeners of the two 

dialects. 

Figure 4.12 shows the mean error rate results.  Again, similar trends were 

observed between Tokyo and Kansai listeners.  Only in the devoicing environment, 

Kansai listeners recognized words with a reduced vowel as accurately as those with a 

fully voiced vowel, which was not with the case for Tokyo listeners.  
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Figure 4.12. Experiments 5 & 7: Mean error rates for words with a reduced vowel and 

words with a fully voiced vowel by Tokyo and Kansai listeners in the devoicing, voicing, 

and nasal-voicing environments.  The star symbol indicates a statistically significant 

difference between reduced and fully voiced stimuli (black star: Tokyo listeners; white 

star: Kansai listeners).   

 

 The same three-way by-subjects and by-items ANOVAs were carried out.  

Significant main effects of consonantal environment F1(2, 158) = 148.34, p < .001; F2(2, 

57) = 16.55, p < .001 and reduction status of the target vowel F1(1, 79) = 136.96, p < .001; 

F2(1, 57) = 26.67, p < .001 were found.  However, there was no significant main effect of 

dialect F1(1, 79) = .04, p > .5; F2(1, 57) = .69, p > .5 or three-way interaction F1(2, 158) 

= .67, p > .5; F2(2, 57) = 1.38, p > .1.  Furthermore, neither the two-way interaction of 
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environment and dialect F1(2, 158) = 1.01, p > .1; F2(2, 57) = 1.89, p > .1 nor the two-

way interaction of reduction status of the target vowel and dialect F1(1, 79) = 1.3, p > .1; 

F2(1, 57) = 1.54, p > .1 was significant.  Only the two-way interaction of environment 

and reduction status F1(2, 158) = 91.36, p < .001; F2(2, 57) = 19.03, p < .001 was 

significant. 

 Post-hoc interaction comparisons (vowel reduction status x dialect) on error rates 

in each environment were conducted.  In the devoicing environment, the main effect of 

reduction status was significant F1(1, 79) = 10.89, p = .001; F2(1, 19) = 8.02, p < .02, but 

neither the main effect of dialect F1(1, 79) = .00, p > .5; F2(1, 19) = .007, p > .5 nor the 

two-way interaction of these factors F1(1, 79) = 3.75, p = .056; F2(1, 19) = 3.23, p > .05 

was significant.  In the voicing environment, again the main effect of reduction status was 

significant F1(1, 79) = 27.32, p < .001; F2(1, 19) = 5.69, p < .05, but neither the main 

effect of dialect F1 (1, 79) = 1.71, p > .1; F2(1, 19) = 3.45, p > .05 nor the two-way 

interaction of reduction status and dialect F1(1, 79) = .12, p > .5; F2(1, 19) = .65, p > .3 

was significant.  Finally, in the nasal-voicing environment, the main effect of reduction 

status was significant F1(1, 79) = 153.84,  p < .001; F2(1, 19) = 27.28, p < .001, but 

neither the main effect of dialect F1(1, 79) = .27, p > .5; F2(1, 19) = .63, p > .3 nor the 

two-way interaction of these factors F1(1, 79) = .7, p > .3; F2(1, 19) = 1.09, p > .3 was 

significant. 

 In the phoneme monitoring, there were huge differences between faster and 

slower subject groups.  This suggests that Kansai lisners’ reactions varied in perception 

of reduced and voiced vowels as well as in production.  In order to see whether this is 
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true in the lexical decision, Kansai listeners’ RT results were separated by faster and 

slower subjects as in Figure 4.13.  Mean RTs were calculated for each subject and the 

thirty-six subjects were divided into two groups based on their mean RTs.   

 

devoicing voicing nasal

Environment

200

250

300

350

400

450

500

550

M
e
a
n

 R
T

VowelStatus

FastReduced

FastVoiced

SlowReduced

SlowVoiced

 

 

Figure 4.13. Experiment 7: Mean RTs sorted by Kansai faster and slower listeners for 

reduced and fully voiced vowels in the devoicing, voicing, and nasal-voicing 

environments.   

  

 Overall, there was an enormous difference between faster and slower subjects in 

all environments.  Like the phoneme monitoring task (Experiment 6), this might indicate 

a possibility that Kansai listeners’ reactions are more variable.  In the voicing and nasal-

     Ex.   [ak(i)kaN][akikaN]  [tedʒ(i)na][tedʒina]   [oɲ(i)giɾi][oɲigiɾi] 
                                                [tak(i)bi][takibi] 
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voicing environments, there seems to be a larger difference between reduced and fully 

voiced stimuli for faster subjects than for slower subjects.  Words with fully voiced 

vowels were recognized very fast by the faster subjects.  Probably, the phonological 

appropriateness and acoustic salience of voiced vowels facilitated the faster subjects’ 

decision-making more than it did the slower subjects.  However, only such difference is 

very small.  The differences between reduced and fully voiced vowels for the faste and 

slower groups in each environment appear small. 

 In order to investigate how Kansai speakers vary in the processing of allophones 

of vowels, another set of ANOVAs was conducted with standard deviations (SD) of RTs 

as the dependent variable.  One Tokyo listener and three Kansai listeners were excluded 

from the statistical analyses since their SD values were zero.  Figure 4.14 shows the mean 

SDs for the two dialects.   
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Figure 4.14. Experiments 5 & 7: Mean standard deviations of RTs for words with a 

reduced vowel and words with a fully voiced vowel by Tokyo and Kansai listeners in the 

devoicing, voicing, and nasal-voicing environments.   

 

 Significant main effects of consonantal environment F(2, 158) = 16.0, p < .001 

and effects of reduction status of the target vowel F(1, 79) = 23.56, p < .001 were found, 

but the effect of dialect was not significant F(1, 79) = .47, p > .3.  There was no 

significant three-way interaction of the factors F(2, 158) = .69, p > .5.  Furthermore, 

neither the two-way interaction of environment and dialect F(2, 158) = .58, p > .5 nor the 

two-way interaction of reduction status of the target vowel and dialect F(1, 79) = 1.97, p 
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> .1 were significant, but the two-way interaction of environment and reduction status 

F(2, 158) = 15.99, p < .001 was significant.  After collapsing the data across dialect, it 

was analyzed with environment and reduction status as two factors.  Significant main 

effects of consonantal environment F(2, 160) = 15.64, p < .001, reduction status of the 

target vowel F(1, 80) = 22.08, p < .001, and the interaction of consonantal environment 

and reduction status F(2, 160) = 16.66, p < .001 were all significant.   

 The data was further analyzed to determine the simple effect of reduction status in 

each environment.  The effect of reduction status was not significant in the devoicing 

environment F(1, 80) = 3.48, p > .05, but it was significant in the voicing environment 

F(1, 80) = 10.89, p = .001 and the nasal-voicing environment F(1, 80) = 40.35, p < .001.  

As the graph shows, in the two voicing environments, reduced stimuli had higher SD than 

voiced stimuli in both dialects, which means that Tokyo and Kansai listeners varied in 

their reaction to phonologically inappropriate stimuli. 

Post-hoc analyses were conducted only with reduced vowel data, and a significant 

main effect of environment was found F(2, 158) = 25.96, p < .001.  There was no 

significant effect of dialect F(1, 79) = 1.84, p > .1 or interaction of environment by 

dialect F(2, 158) = .21, p > .5.  This means that listeners’ reactions in both dialects to 

words with a reduced vowel varied based on the environment.   

Another post-hoc analysis with only Kansai listeners’ data found significant main 

effects of environment F(2, 70) = 11.89, p < .001 and vowel reduction status F(1, 35) = 

17.64, p < .001.  There was also a significant two-way interaction of environment by 

reduction status F(2, 70) = 5.69, p < .01.  The simple effect of reduction status in each 
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environment was then tested.  In the devoicing environment, the effect of reduction status 

was not significant F(1, 35) = .11, p > .5.  However, it was significant in the voicing 

environment F(1, 35) = 11.24, p < .003 and the nasal-voicing environment F(1, 35) = 

19.25, p < .001. 

The ANOVA results confirmed that reduced vowels elicited more variability in 

reactions from Kansai listeners.  Fujimoto (2005) found that Kansai speakers varied in 

their production of vowel devoicing in devoicing environments.  The results from the 

current experiment support that finding, as in production Kansai listeners are not uniform 

in their processing of reduced vowels in both the devoicing environment as well as the 

voicing and nasal-voicing environments.   

4.2.4 Discussion 

 Kansai listeners recognized words with the phonologically appropriate allophone 

better than those with the inappropriate allophone in all environments, which is 

compatible with the results from Tokyo listeners.  This was confirmed by the RT results 

in the voicing environment, in which there were sub-conditions of /dʒ/ + /i/ and C[-voice] + 

/i/ + C[+voice] (Figure 4.7).  In both conditions, words with a reduced vowel were 

recognized more slowly than those with a fully voiced vowel.  Regardless of the voicing 

of the preceding consonant, reduced vowels were not judged as appropriate in the voicing 

environment.  These facts show that Kansai listeners used the same phonological 

knowledge for processing as Tokyo listeners did.  As in single sound detection, Kansai 

listeners switched dialects when they heard words in a non-native (Tokyo) dialect.   
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 The results from the two experiments (phoneme monitoring and lexical decision) 

provide evidence for the existence of phonological knowledge of the two different 

dialects in Kansai listeners.  This is possible only because listeners had enough exposure 

to the non-native dialect.  The Kansai dialect is nowadays becoming familiar to Tokyo 

listeners through media, but the amount of Tokyo listeners’ exposure to the Kansai 

dialect should not be as much as that of Kansai listeners’ exposure to the Tokyo dialect.  

It is worth investigating Tokyo listeners’ responses to stimuli presented in the Kansai 

dialect to see if there is any difference between the listeners of the two dialects.   

 Phonotactic knowledge also had effects on spoken word recognition among 

Kansai listeners.  Low error rates for words with a reduced vowel and with a fully voiced 

vowel were observed in the devoicing and voicing environments, respectively.  The CV 

constraint, which prohibits obstruent clusters, forced Kansai listeners to hear a vowel 

after each consonant.  Also, the very high error rates for words with a reduced vowel in 

the nasal-voicing environment support the idea that the constraint was not effective in 

this condition because a vowel after a nasal is not necessary according to Japanese 

phonotactics.  These results demonstrate that Kansai listeners used this phonotactic 

knowledge for processing.  This is reasonable since the CV constraint is language-

specific: Kansai listeners should have this knowledge.   

 It should be noted that Kansai listeners’ overall responses were slower than Tokyo 

listeners’ in all environments.  Statistical analysis confirmed that the effect of dialect was 

significant on RTs.  The test words used in the experiment are often used in daily 

conversation in Japanese, and Kansai listeners were familiar with them.  This can be 
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shown by the fact that Kansai listeners recognized those words as well as Tokyo listeners, 

and there was no significant dialectal effect on error rates.  Nevertheless, presenting those 

words in the non-native dialect (the Tokyo dialect) slowed down Kansai listeners’ 

processing.  A similar effect was observed in the phoneme monitoring experiment 

(Experiment 6) as well, although it was not as strong as in spoken word recognition.   

 Another interesting point that should be discussed is that Kansai listeners seemed 

to accept words with a fully voiced vowel as readily as those with a reduced vowel in the 

devoicing environment.  There was no significant difference in error rates between these 

two types of words, which is incompatible with the results for Tokyo listeners.  Kansai 

listeners appeared to have a slightly smaller effect of reduction status of the vowel, 

moving the appropriate reduced vowels more toward the inappropriate full vowels.   

 A post-hoc interaction comparison by-subject analysis on the error rates in the 

devoicing environment was carried out with reduction status of the target vowel (reduced 

and full) and dialect (Tokyo and Kansai) as factors.  Although the main effect of dialect 

was not significant F(1, 79) = 0, p > .5, the main effect of reduction status was significant 

F(1, 79) = 10.9, p < .005, and the interaction of these two factors was marginally 

significant F(1, 79) = 3.75, p = .056.  Although the effect was small, the results show a 

trend that Kansai listeners preferred fully voiced vowels in the devoicing environment.   



 184 

CHAPTER 5 EFFECTS OF SPEECH RATE AND PROCESSING OF ALLOPHONIC 

VARIATION 

 

The previous lexical decision experiments with Tokyo listeners (Experiments 4 

and 5 in Chapter 3) demonstrated the effect of language-specific phonological and 

phonotactic knowledge on spoken word recognition with allophonic variation.  Words 

containing the phonologically appropriate allophone were always recognized more 

quickly and more accurately than those containing the inappropriate allophone in all 

environments.  In particular, the second lexical decision experiment (Experiment 5), in 

which the acoustic differences in segments other than the target mora were eliminated, 

revealed that the reduction status of the target vowel (reduced and fully voiced) in 

relation to its surrounding sounds does matter for processing.   

It was also found that phonotactic knowledge (the CV constraint), which forced 

listeners to detect a vowel after each consonant, influenced processing.  This constraint 

facilitated the word recognition process except for words with a reduced vowel in the 

nasal-voicing environment.   

In addition to language-specific phonological and phonotactic knowledge, speech 

rate also affects vowel reduction in Japanese.  Casual speech with a rapid tempo causes 

unexpected vowel reduction even of non-high vowels or high vowels adjacent to a voiced 

consonant (jitensha [dʒ(i)tenʃa] ‘bicycle’, Arai, 1999:615-616).  This chapter explores the 

effect of speech rate on spoken word recognition with allophonic variability (reduced and 

fully voiced vowels).  One lexical decision experiment was conducted with Japanese 

(Tokyo) listeners.  The chapter is organized as follows: Section 5.1 introduces the fast 
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speech lexical decision experiment with Japanese listeners (Experiment 8), and Section 

5.2 gives discussions.    

5.1 Experiment 8: Fast Speech Lexical Decision with Tokyo Listeners 

5.1.1 Purpose and Predictions 

The two lexical decision experiments (Experiments 4 and 5 in Chapter 3) showed 

that words containing the phonologically appropriate allophone of the vowel /i/ (e.g., 

akikan [ak(i)kaN] ‘empty can’ with a reduced vowel, tejina [tedʒʒʒʒina] ‘magic’, takibi 

[takibi] ‘bonfire, and onigiri [oɲɲɲɲigiɾi] ‘rice ball’ with a fully voiced vowel) were 

recognized better than the same words containing the phonologically inappropriate 

allophone (e.g., [akikaN] with a fully voiced vowel, [tedʒʒʒʒ(i)na], [tak(i)bi], and [oɲɲɲɲ(i)giɾi] 

with a reduced vowel).  Faster responses to reduced stimuli in the devoicing environment 

(e.g., [ak(i)kaN]) showed that the inhibitory effect of the acoustic weakness of reduced 

vowels was not only canceled out, but even surpassed by the facilitatory effect of the 

phonological appropriateness of the allophone.   

Although vowel reduction at normal tempo occurs nearly 100% of the time in the 

Tokyo-type dialects, casual speech with a rapid tempo increases the frequency of even 

unexpected vowel reduction (Kubozono & Yoshida, 2004).  The current experiment was 

designed to investigate how fast speech rate affects spoken word recognition with 

allophonic variability in Japanese.  In addition to high vowels (/i/ and /u/), which are 

expected to reduce, non-high vowels (/a/, /e/, and /o/) in the devoicing environment (e.g., 

koko /koko/ ‘here’) were also investigated in the current experiment.  Since vowel 
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reduction is generally more prevalent in fast speech than in careful speech, (even 

unexpected) reduced vowels in fast speech should be more acceptable for listeners than in 

careful speech.  Three conditions were created for the current experiment, and predictions 

for each condition are as follows. 

(1) High vowels in the devoicing environment (expected vowel reduction) 

Fast speech should facilitate the expected reduction of high vowels more than 

careful speech.  A greater preference for reduced vowels should be observed in fast 

speech compared to careful speech, since reduced vowels are the most common 

realizations, and a fast speech rate should also encourage more vowel reduction.   

(2) High vowels in the voicing environment (unexpected vowel reduction) 

Listeners’ preference for fully voiced vowels might be weaker in fast speech than 

in careful speech because a fast speech rate might increase listeners’ acceptance of even 

inappropriate reduced vowels.  If the effect size of a fast speech rate is large enough to 

balance out the phonological inappropriateness of an allophone, no difference in word 

recognition should be observed between reduced and fully voiced stimuli.   

(3) Non-high vowels in the devoicing environment (unexpected vowel reduction) 

Placing non-high vowels between voiceless consonants, which creates a devoicing 

environment, might cause conflicting effects of phonological appropriateness and speech 

rate.  If listeners know they are hearing fast speech, they should expect more vowel 

reduction no matter how phonologically inappropriate reduced non-high vowels are.  On 

the other hand, if the effect size of phonological appropriateness is greater than that of 

speech rate, listeners should not accept such unexpected vowel reduction. 



 187 

For non-high vowels in the devoicing environment, there is no comparison data in 

careful speech from the previous experiments.  The degree to which listeners accept 

reduced non-high vowels may be different from that to which they accept high vowel 

reduction in the voicing environment.  It is worth investigating whether there is any 

difference in acceptance of unexpected vowel reduction in fast speech between high 

vowels in the voicing environment and non-high vowels in the devoicing environment. 

5.1.2 Methods 

5.1.2.1 Conditions.  

3 x 2 experimental conditions were created based on two variables: consonantal 

environment together with vowel height (high vowel devoicing, high vowel voicing, and 

non-high vowel devoicing) and reduction status of the target vowel (reduced and fully 

voiced), as illustrated in Table 5.1.  Because non-high vowels (/e/, /o/, and /a/) only 

occurred in one environment, vowel height itself cannot be an independent factor.  The 

devoicing environment was the environment in which the target vowel was between two 

voiceless consonants (e.g., chikara /tʃʃʃʃikaɾa/ ‘power’ and sekai /sekai/ ‘world’).  The 

voicing environment was that in which a high vowel was adjacent to at least one voiced 

consonant (e.g., jishin /dʒʒʒʒiʃʃʃʃiN/ ‘earthquake’ and fuyu /ɸɸɸɸuju/ ‘winter’).  
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Table 5.1    

Experiment 8: Conditions and examples   

Vowel Type +  Environment  Reduced
 
 

Stimulus 

Fully Voiced 

Stimulus 

Gloss 

High vowel       C[-voice] ___ C[-voice] 

Devoicing          
[tʃʃʃʃ(i)kaɾa]  [tʃʃʃʃikaɾa] power 

High vowel      C[+voice] ___ C[-voice] 

Voicing            C[-voice]  ___ C[+voice]  

                         C[+voice]  ___C[+voice] 

[dʒʒʒʒ(i)ʃʃʃʃiN] 

[ɸɸɸɸ(u)ju]  

[dʒʒʒʒ(i)moto] 

[dʒʒʒʒiʃʃʃʃiN] 

[ɸɸɸɸuju] 

[dʒʒʒʒimoto] 

earthquake 

winter 

local 

Non-high vowel C[-voice] ___ C[-voice] 

Devoicing          

[s(e)kai]  [sekai] world 

 

5.1.2.2 Materials. 

Twenty real words were chosen for each condition.  In order to select words with 

naturally occurring vowel reduction, the following steps were taken to create a word list.  

First, two casual conversations between two friends, each between forty-five minutes and 

one hour in length were recorded.  Both speakers were female speakers of the Tokyo 

dialect (one of them was the author).  One speaker was recorded inside a sound 

attenuated room, sitting in front of a high quality microphone and wearing head-mounted 

headphones so that she was able to hear her partner through the headphones.  The other 

speaker (who was not recorded) was outside of the room, sitting in front of a microphone 

and wearing head mounted headphones as well.  While they were talking, they could see 

each other in order to make the condition close to a natural situation.  In the second 

conversation, they reversed positions, so that the second speaker was recorded.  

Next, the conversations were acoustically analyzed to find sixty words with vowel 

reduction matching each of the three conditions in Table 5.1.  Figure 5.1 displays the 

spectrograms of jishin [dʒʒʒʒ(i)ʃiN] ‘earthquake’ (left) and hazukashi: [h(a)zukaʃi:] 
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‘shameful’ (right) in one of the conversations.  Vowels were deleted in unexpected 

conditions in both words.   
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Figure 5.1. Experiment 8: Spectrograms of jishin [dʒʒʒʒ(i)ʃiN] ‘earthquake’ (left) and 

hazukashi: [h(a)z(u)kaʃi:] ‘shameful’ (right) with vowel deletion in natural conversation. 

 

Each word was recorded again by the author, once with a reduced vowel and once 

with a fully voiced vowel (e.g., chikara [tʃ(i)kaɾa] and [tʃikaɾa] ‘power’) at a fast rate of 

speech (less than 130 ms per mora).  The total number of experimental stimuli was 120 

(20 real words x 3 environments x 2 reduction statuses of the target vowel).  All 

experimental stimuli were 2- to 6-mora real words.   

The target vowels in the current experiment were all five Japanese vowels (/i, u, a, 

e, o/).  The number of words containing each vowel was as balanced as possible across 

environments: ten words each containing /i/ and /u/ for the high vowel conditions, seven 

words each containing /a/ and /e/, and six words containing /o/ words for the non-high 

vowel condition.   

  dʒ          ʃ 
   h         z 
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In order to have tight control over the acoustic differences in segments outside the 

target mora, experimental words were prepared by splicing the target mora (/Ci/) from the 

onset of the consonant in the target mora to the onset of the consonant in the following 

mora.  The same splicing technique was employed in the previous control experiments 

(Experiments 3 and 5).  See Figures 2.11 through 2.14 in pp.83-85 in Chapter 2 for the 

splicing technique.   

Among the forty stimuli in each environment, twenty were created from the 

stimuli originally recorded with a fully voiced vowel and spliced with a reduced vowel.  

The remaining twenty were left as they were with a fully voiced vowel.  The same 

manipulation was employed with the other 40 stimuli.  They were originally recorded 

with a reduced vowel and then spliced with a fully voiced vowel.  

Finally, each word was inserted in a carrier sentence ‘kare wa ne, _______ to itta’ 

(‘He said, _____.’)  The carrier sentence was recorded separately.  There was a 40 ms 

pause before the target word and a 60 ms pause after the target word.  Forty and sixty 

millisecond pauses were employed based on listening to sample stimuli and determining 

what pause lengths sounded most natural for fast speech.  The speed of the carrier 

sentence itself was 114.6 ms per mora.  As a comparison, the average mora duration for 

stimuli from the previous careful speech experiment was 164.8 ms.   

All experimental stimuli were recorded by a single speaker, the author.  The 

stimuli were produced independently, not as a part of a running conversation.  This was 

done to avoid confounds of coarticulation with the surrounding segmental environment, 

presence or absence of prosodic focus, etc. that would be encountered if the stimuli were 
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extracted from the actual conversations.  Separate recording of items also helped to 

control the speech rate.   

Tables 5.2 through 5.4 below provide the durational information of the test items 

for each environment after splicing.  Since all reduced vowels were of the deleted type, 

the durational information for the preceding consonant and a reduced vowel is not 

provided.  For more detailed acoustic information about the test items, see Tables C.1 

through C.3 in Appendix C (pp.306-310).  In order to maintain a fast speech rate, the 

average speed per mora of the test items did not exceed 120 ms.  This is almost 40 ms 

faster than the average speed per mora (164.8 ms) of the stimuli in the control lexical 

decision experiment (Experiment 5).   

 

Table 5.2   

Experiment 8, High vowel devoicing condition: Average durations (ms) of target mora 

(/Ci/), preceding consonant, fully voiced vowel [i], target word, speed/mora, and whole 

sentence after splicing 

 Stimulus  

 

Target  

µ 

Preceding  

C 

[i] Word  Speed / 

Mora 

Whole 

Sentence 

Reduced 108.4   349.7 113.8 1304.8 Modified 

stimuli Voiced 132.1 65.6 66.5 330.9 119.4 1286.0 

Reduced 114.7   313.5 112.2 1268.6 Base 

stimuli Voiced 126.8 56.7 70.2 368.1 119.2 1323.3 

Reduced 111.7   331.6 113.0 1286.7 

All  stimuli Voiced 129.9 61.1 68.3 349.5 119.3 1304.6      
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Table 5.3   

Experiment 8, High vowel voicing condition: Average durations (ms) of target mora 

(/Ci/), preceding consonant, fully voiced vowel [i], target word, speed/mora, whole 

sentence after splicing 

 Stimulus  

 

Target  

µ 

Preceding  

C 

[i] Word  Speed / 

Mora 

Whole 

Sentence 

reduced 118.7   386.3 117.3 1341.5 Modified 

stimuli voiced 124.5 50.9 73.6 368.5 114.8 1323.6 

reduced 107.0   348.0 108.4 1303.2 Base 

stimuli voiced 129.2 67.9 61.3 396.9 122.9 1352.0 

reduced 110.6   367.2 112.9 1322.3 All  

stimuli voiced 124.8 59.4 67.4 382.7 118.9 1337.8 

 

Table 5.4   

Experiment 8, Non-high vowel devoicing condition: Average durations (ms) of target 

mora (/Ci/), preceding consonant, fully voiced vowel [i], target word, speed/mora, whole 

sentence after splicing 

 Stimulus  

 

Target  

µ 

Preceding  

C 

[i] Word  Speed / 

Mora 

Whole 

Sentence 

reduced 105.4   426.6 118.3 1381.7 Modified 

stimuli voiced 132.9 53.1 79.8 416.0 115.5 1371.1 

reduced 128.2   411.3 114.9 1366.5 Base 

stimuli voiced 119.4 36.8 82.6 440.5 121.8 1395.8 

reduced 116.2   419.0 116.6 1374.1 All  

stimuli voiced 126.4 44.9 81.2 428.2 118.7 1383.4 

 

Figure 5.2 shows spectrograms of /kaɾewane tʃikaɾa to itta/ ‘he said, “power”’ 

with vowel deletion (top) and with a fully voiced vowel (bottom).  This is one of the test 

items in the high vowel devoicing condition.  The bottom spectrogram displays the 

physical properties for fully voiced vowels such as voicing bar, formant structures, and 

vertical striations; while those properties are not visible in the top spectrogram. 
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Figure 5.2. Experiment 8: Spectrograms of /kaɾewane tʃikaɾa toitta/ ‘He said, “power”’ 

with vowel deletion (top) and with a fully voiced vowel (bottom). 

 

Figure 5.3 shows spectrograms of /kaɾewane ɸuju to itta/ ‘He said, “winter”’ with vowel 

deletion (top) and with a fully voiced vowel (bottom).  This is one of the test items in the 

high vowel voicing condition.  

 

 

 

 

tʃ  i 
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Figure 5.3. Experiment 8: Spectrograms of /kaɾewane ɸuju toitta/ ‘He said, “winter”’ 

with vowel deletion (top) and with a fully voiced vowel (bottom). 

 

Figure 5.4 shows spectrograms of /kaɾewane sekai to itta/ ‘He said, “world”’ with vowel 

deletion (top) and with a fully voiced vowel (bottom).  This is one of the test items in the 

non-high vowel devoicing condition.  

 

 

 

 

ɸ   u 
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Figure 5.4. Experiment 8: Spectrograms of /kaɾewane sekai toitta/ ‘He said, “world”’ 

with vowel deletion (top) and with a fully voiced vowel (bottom). 

 

All reduced vowels in all conditions were of the deleted type.  Pitch accent 

patterns of all stimuli were appropriate for the Tokyo dialect according to the NHK 

Accent Dictionary (1985).  Only the word Hokkaido ‘Hokkaido (prefecture)’ has no entry 

in the NHK dictionary.  The pitch accent patterns between reduced and fully voiced 

stimuli in all environments were identical except for the lack of pitch in reduced vowels.  

Four stimuli in the high vowel voicing environment (kirei [k(i)ɾe:] ‘pretty’, kurasu 

[k(u)ɾasu] ‘class’, sugata [s(u)gata] ‘figure’ (all (H)LL), and uchiwa [utʃ(i)wa] ‘paper 

   s    e 
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fan’ (L(H)L)) and one stimulus in the non-high vowel devoicing environment (sekai 

[s(e)kai] ‘world’ ((H)LL)) had a reduced vowel in an accented syllable. 

Fifteen practice items and 180 nonsense-word fillers were placed in the same 

carrier sentence (see Tables C.4 and C.5 in Appendix C, pp.312-313).  The average speed 

per mora of these items was less than 130 ms.  The same speaker as in the previous 

experiments recorded all stimuli in a recording booth at the Douglass Phonetics Lab of 

the University of Arizona, using a high quality microphone and a CD recorder, which 

sampled at 44.1 KHz.  Some stimuli, particularly for the high vowel voicing and the non-

high vowel devoicing conditions, did have to be recorded multiple times to achieve this 

in a natural-sounding production.  

5.1.2.3 Participants. 

Thirty-seven university students who were native speakers of the Tokyo-type 

dialects were recruited in the Kanto area (Tokyo and the neighboring prefectures).  None 

of them had participated in any of the previously conducted experiments.  Their ages 

ranged from early twenties to early thirties, and none of them reported speech or hearing 

disorders.  All of them were raised and spent most of their lives in the Kanto area.  One 

of them had lived abroad before school age, but it is assumed that she was exposed 

mostly to Japanese at home.  The rest of the subjects had never lived outside of the area 

during their childhood or elementary and junior high school years.  Fourteen of them had 

parent(s) who occasionally spoke a dialect from outside the Kanto area, but they were not 

able to speak the parent(s)’ dialect.  Thirty-four of the subjects participated in the 
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shadowing experiment (Experiment 9) prior to the current experiment.  They received a 

small gift or a small amount of money for their participation.   

5.1.2.4 Procedures. 

All experimental items were counterbalanced across reduction status of the target 

vowel (reduced and fully voiced) and placed in two different sets of stimuli together with 

the fillers.  Each set had a different order of stimuli including non-word fillers.  

Participants were randomly assigned to hear one of the two sets.  They were asked to 

press a button on a response box connected to a laptop computer as quickly as possible 

when they heard a real word, even if it was before the end of the sentence.   

Prior to doing the task, participants were informed that they were going to hear 

the same sentence ‘kare wa ne, X to itta’ (He said, X.) with a different word in the 

position of X, which would be either a real word or a nonsense word.  Participants were 

instructed not to respond to nonsense words.  Both spoken and written instructions were 

given in Japanese.  Participants were instructed to emphasize speed rather than accuracy.  

The experiment took place in quiet locations such as labs, classrooms, or libraries at four 

universities
22

 in the Tokyo area.   

The task consisted of two phases: the practice phase, with 15 practice items; and 

the test phase, with 240 test stimuli and fillers.  It was assumed that during the practice 

phrase, listeners realized that they were hearing fast speech.  Participants were seated in 

front of a laptop computer with a response box, listening to stimuli through high quality 

headphones.  The response window was five seconds from the beginning of each stimulus.  

                                                 
22

 Kanda University of International Studies, Sophia University, Hosei University, and University of Tokyo. 
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When a participant pressed the response button, there was a one-second pause before the 

next stimulus was played.  The response time (RT) was measured from the onset of the 

stimulus.  E-Prime software (Psychology Software Tools, Inc.) was used to run the 

experiment and record the data.   

5.1.3 Results 

RTs were adjusted to be measured from the offset of each word (not from the end 

of the sentence, because due the verb-final structure of Japanese, the most natural frame 

sentence does not place the target at the end of the sentence).  Any RTs outside the range 

of 0 ms to 900 ms were treated as errors, which excluded 6.2% of the data from analysis.  

Analyses of variance (ANOVA) were carried out on RTs and on error rates, each with 

by-subjects (F1) and by-items (F2) analyses.   

Each ANOVA had consonantal environment/vowel height (high vowel devoicing, 

high vowel voicing, and non-high vowel devoicing), reduction status of the target vowel 

(reduced and fully voiced), and counterbalanced group (for by-subjects analyses only) as 

main factors.  In the by-subjects analyses, consonantal environment/vowel height and 

reduction status of the target vowel were within-subjects factors, and counterbalanced 

group was a between-subjects factor.  In the by-items analyses, consonantal 

environment/vowel height was a between-items factor and reduction status of the target 

vowel was a within-items factor.  The Greenhouse-Geisser correction was applied 

whenever sphericity was violated.   

Figure 5.5 shows the mean RT results.  In the high vowel devoicing environment, 

words containing a reduced vowel were recognized faster than those containing a fully 
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voiced vowel.  In the high vowel voicing environment, words with a fully voiced vowel 

were recognized faster than those with a reduced vowel.  However, in the non-high vowel 

devoicing environment, there was no difference between the two types of stimuli. 
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Figure 5.5. Experiment 8: Mean RTs (ms) for words with a reduced vowel and words 

with a fully voiced vowel for Tokyo listeners in the high vowel devoicing, high vowel 

voicing, and non-high vowel devoicing conditions.  One example from the experimental 

items is provided under each condition.  The star symbol indicates a statistically 

significant difference between reduced and fully voiced stimuli. 

 

 

The main effect of environment/vowel height was significant in the by-subjects 

analysis but not in the by-items analysis F1(2, 70) = 19.68, p < .001; F2(2, 57) = 1.37, p 

> .1.  A main effect of reduction status of the target vowel was not found in either the by-

    Ex.  [tʃ(i)kaɾa][tʃikaɾa]     [dʒ(i)ʃiN][dʒiʃiN]     [s(e)kai][sekai] 
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subjects or by-items analyses F1(1, 35) = .32, p > .5; F2(1, 57) = .8, p > .1, but the 

interaction of these two factors was significant F1(2, 70) = 11.41, p < .001; F2(2, 57) = 

4.58, p < .05.   

The data was further analyzed by splitting across the environment/vowel height 

condition in order to investigate the simple effect of reduction status of the vowel.  

Corresponding to the above graph, the simple effect of reduction status of the target 

vowel was significant in the high vowel devoicing environment F1(1, 35) = 15.57, p 

< .001;  F2(1, 19) = 10.07, p = .005.  A significant effect was also found in the high 

vowel voicing environment in the by-subjects analysis only F1(1, 35) = 7.19, p < .05; 

F2(1, 19) = 1.0, p > .1.  However, no significant effect was observed in the non-high 

vowel devoicing environment F1(1, 35) = .1, p > .5; F2(1, 19) = .07, p > .5. 

Figure 5.6 shows the mean error rate results.  In the high vowel devoicing 

environment only, words containing a reduced vowel were recognized more accurately 

than those containing a fully voiced vowel.  In the other two environments, words with a 

reduced vowel were recognized as accurately as those with a fully voiced vowel, even 

though reduced vowels were phonologically inappropriate.   
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Figure 5.6. Experiment 8: Mean error rates for words with a reduced vowel and words 

with a fully voiced vowel for Tokyo listeners in the high vowel devoicing, high vowel 

voicing, and non-high vowel devoicing conditions.  The star symbol indicates a 

statistically significant difference between reduced and fully voiced stimuli. 

 

 

The same ANOVAs were conducted on the error rate data.  The main effect of 

environment was significant in the by-subjects analysis only F1(2, 70) = 7.27, p = .001; 

F2(2, 57) = .88, p > .1.  The main effect of reduction status of the target vowel F1(1, 35) = 

51.57, p < .001; F2(1, 57) = 6.1, p < .05 and the interaction of these two factors F1(2, 70) 

= 42.26, p < .001; F2(2, 57) = 6.03, p < .005 were also significant.   

The data was further analyzed by splitting across the environment factor in order 

to investigate the simple effect of reduction status of the target vowel.  The simple effect 

of reduction status was significant only in the high vowel devoicing environment F1(1, 36) 

    Ex.      [tʃ(i)kaɾa][tʃikaɾa] [dʒ(i)ʃiN][dʒiʃiN]   [s(e)kai][sekai] 

                                                  

� 
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= 113.62, p < .001; F2(1, 19) = 16.37, p = .001.  No significant effect was observed in the 

high vowel voicing environment F1(1, 36) = .2, p > .5; F2(1, 19) = .08, p > .5 or in the 

devoicing environment with non-high vowels F1(1, 36) = .23, p > .5; F2(1, 19) = .21, p 

> .5. 

5.2 Discussion 

5.2.1 Summary of Results 

The results from the fast speech lexical decision experiments revealed the 

following.  First, in the high vowel devoicing environment, listeners found words with a 

reduced vowel easier to process than those with a fully voiced vowel (e.g., chikara 

/tʃikaɾa/ ‘power’).  Second, in the high vowel voicing environment, listeners recognized 

words with a reduced vowel as well as those with a fully voiced vowel (e.g., jisin /dʒiʃiN/ 

‘earthquake’), but it took more time (slower responses) to process words with a reduced 

vowel.  Third, in the non-high vowel devoicing environment, listeners found words with 

a reduced vowel as easy to process as those with a fully voiced vowel (e.g., sekai /sekai/ 

‘world’).  

5.2.2 Discussion  

In order to discuss the interactions of the effects of speech rate and phonological 

appropriateness of the allophones, a comparison of the results from the previously 

conducted second lexical decision experiment (Experiment 5) is necessary.  Figures 

below show the results for RTs and error rates from the two experiments (Experiment 5 

and the current one).  The results in the nasal-voicing environment in Experiment 5 were 

removed in the current experiment since there was no equivalent condition.  Also, the 
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results from the first lexical decision experiment (Experiment 4) were not included 

because the method (splicing) in the current experiment was more similar to Experiment 

5 than to Experiment 4.  Figure 5.7 shows the RT results from the two lexical decision 

experiments.  
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Figure 5.7. Experiments 5 & 8: Mean RTs (ms) for reduced and fully voiced stimuli for 

Tokyo listeners in the high vowel devoicing, high vowel voicing, and non-high vowel 

devoicing conditions in fast speech in a carrier sentence and in careful speech in single 

words.  One example from the experimental items is provided under each condition.  The 

star symbol indicates a statistically significant difference between reduced and fully 

voiced stimuli.  

 

 

 First, notice that overall processing time was slower for fast speech than for 

careful speech.  Listeners found it more difficult to recognize words in a sentence in fast 

      Ex.  /tʃʃʃʃikaɾa/     /kinoo/       /sekai/              /akikaN/      /takibi/ 
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speech.  However, the RT results revealed similar patterns between the two experiments 

for the high vowel devoicing environment and the high vowel voicing environment.  

Listeners found it easier to process words with the phonologically appropriate allophone 

than those with the inappropriate allophone in both careful and fast speech.  This shows 

that listeners preferred the phonologically appropriate vowel form for processing words, 

whether they were presented in isolation in careful speech or in a sentence in fast speech.   

 In the high vowel devoicing environment in fast speech, a large facilitative effect 

of speech rate for processing words with a reduced vowel (appropriate allophone) was 

expected, but this was not the case.  In fact, the difference between reduced and voiced 

stimuli was greater in careful speech (62 ms) than in fast speech (38 ms).   

 However, we can see the effect of speech rate in the difference in results in the 

voicing environment.  The difference between the two types of stimuli is smaller in fast 

speech (27 ms) than in careful speech (57 ms) as the above graph shows, which suggests 

that words with a reduced vowel (inappropriate) were more acceptable in fast speech than 

in careful speech.   

 A post-hoc comparison was carried out with speech rate (careful and fast) and 

reduction status of the target vowel (reduced and fully voiced) as the main factors for the 

high vowel voicing condition only.  The main effect of speech rate F1(1, 78) = 16.1, p 

< .001; F2(1, 38) = 13.75, p = .001 and the main effect of reduction status F1(1, 78) = 

30.98, p < .001; F2(1, 38) = 7.63, p < .01 were both significant.  The interaction of these 

factors was marginally significant in the by-subject analysis but not significant in the by-

items analysis F1(1, 78) = 3.74, p = .057; F2(1, 38) = 1.32, p > .1.   
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 The simple effect of speech rate was further analyzed for each reduction status.  

For both reduced and fully voiced vowels, there was a significant simple effect of speech 

rate: for reduced vowels F1(1, 80) = 11.33, p = .005; F2(1, 38) = 6.5, p < .02; for fully 

voiced vowels F1(1, 80) = 17.55, p < .001; F2(1, 38) = 15.56, p < .001.  The effect of a 

fast speech rate appeared more clearly in the non-high vowel devoicing environment.  In 

general, reduced non-high vowels are less likely to occur in daily conversation.  However, 

the current experiment shows that listeners responded to unexpected reduced non-high 

vowels as quickly as to expected fully voiced vowels in fast speech since no significant 

difference emerged in the above graph.  

 Comparing the results in just the high vowel voicing and non-high vowel 

devoicing environments in the fast speech experiment, the fast speech rate seems to have 

a greater effect in the devoicing environment than in the voicing environment.  Although 

the conditions were not exactly the same, and we cannot make a direct comparison, it 

might be the case that when (both high and non-high) vowels are between voiceless 

consonants in fast speech, listeners accept reduced vowels more readily than when 

vowels are adjacent to a voiced consonant.   

Next, error rate results were compared between fast speech and careful speech.  

Figure 5.8 shows the error rate results from the two lexical decision experiments. 
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Figure 5.8. Experiments 5 & 8: Mean error rates for reduced and fully voiced stimuli for 

Tokyo listeners in the high vowel devoicing, high vowel voicing, and non-high vowel 

devoicing conditions in fast speech in a carrier sentence and in careful speech in single 

words.  The star symbol indicates a statistically significant difference between reduced 

and fully voiced stimuli.  

 

 

Unlike the RT results, the error rate results showed different patterns between the 

two experiments in the high vowel devoicing and high vowel voicing environments.  First, 

the error rate for fully voiced stimuli in fast speech (inappropriate) in the devoicing 

environment was very high (34.7%), compared to careful speech (7.6%).  Although fully 

voiced vowels in the devoicing environment are phonologically inappropriate in both fast 

and careful speech, it seems that the fast speech rate, which should increase the rate of 

vowel reduction, made fully voiced vowels worse realizations than in careful speech.   

           Ex.   /tʃʃʃʃikaɾa/       /kinoo/      /sekai/              /akikaN/     /takibi/ 
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 A post-hoc comparison was carried out with speech rate (careful and fast) and 

reduction status of the target vowel (reduced and fully voiced) as the main factors for the 

devoicing environment only.  The main effect of speech rate F1(1, 78) = 53.34, p < .001; 

F2(1, 38) = 15.84, p < .001, the main effect of reduction status F1(1, 78) = 137.44, p 

< .001; F2(1, 38) = 22.24, p < .001, and the interaction of these two factors F1(1, 78) = 

59.38, p < .001; F2(1, 38) = 9.63, p < .005 were all significant.  The simple effect of 

speech rate was tested by splitting across reduction status of the target vowel.  The effect 

was significant for reduced vowels F1(1, 80) = 7.86, p < .01; F2(1, 38) = 7.68, p < .01 and 

for fully voiced vowels F1(1, 80) = 74.31, p < .001; F2(1, 38) = 14.06, p < .001.   

Second, in the voicing environment, the fast speech rate made reduced stimuli 

(inappropriate) as acceptable as fully voiced stimuli, which is evidenced by the lack of a 

significant difference in the mean error rates.  However, this was not the case in careful 

speech.  The reduced stimuli were recognized less accurately than fully voiced ones in 

the same environment.  Furthermore, the effect of the fast speech rate emerged in the 

non-high vowel devoicing environment.  Reduced non-high vowels are supposed to be 

phonologically inappropriate, but listeners accepted this realization as readily as fully 

voiced stimuli.   
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CHAPTER 6: PRIMING EFFECTS ON THE PROCESSING OF ALLOPHONIC 

VARIATION 

 

This chapter investigates whether the reduced and fully voiced allophones of 

vowels in Japanese are converted to some type of abstract unit (phonemes) in the process 

of lexical access, or whether they are directly mapped onto lexical representations.  

Although there are some possible abstract units other than the phoneme, such as features 

and syllable-sized units, those are not tested in this study.   

McLennan, Luce, and Charles-Luce (2003) discovered that allophones were 

converted to phonemes when allophones caused some ambiguity (e.g., [æɾəm] for Adam 

or atom) in accessing a word; while, when there was no ambiguity (e.g., [beɪkŋ]̣ and 

[beɪkən] for bacon), the initial representations of sounds were mapped directly onto the 

lexical word.   

In the case of the reduced and fully voiced allophones of Japanese vowels, 

however, there is no lexical ambiguity (e.g., [k(i)ta] and [kita] for kita ‘north’).  

According to McLennan, et al., those allophones (reduced and fully voiced vowels) 

should be directly mapped onto lexical representations.  In order to test McLennan, et 

al.’s results and interpretation for a different type of variability in a different language, 

one repetition priming experiment was carried out as described in this chapter, using 

reduced and fully voiced vowels in Japanese as the target allophones. 

This chapter is organized as follows: Section 6.1 introduces the repetition priming 

experiment with Japanese (Tokyo) listeners (Experiment 9), and Section 6.2 gives 

discussions.    
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6.1 Experiment 9: Repetition Auditory Priming with Tokyo Listeners 

 

6.1.1 Purpose and Predictions 

McLennan, Luce, and Charles-Luce (2003) investigated whether or not the 

English flap [ɾ] would be converted to its canonical form (either /t/ or /d/) as an 

intermediate representation in the process of lexical access.  According to the mediated 

lexical access models (Studdert-Kennedy, 1974), perceived acoustic information is 

processed by converting it to a successively more abstract representation, such as featural, 

allophonic, phonemic, and syllabic, at each intermediate level.  For example, a casually 

articulated stimulus with a flap ([æɾəm]) should be converted to /ædəm/ or /ætəm/ and 

activate a lexical form (/ædəm/) as well as a carefully articulated stimulus with a 

canonical form (/ædəm/).   

McLennan et al. (2003) used the terms ‘casual’ and ‘careful’ to refer to the flap 

and non-flap realizations respectively; however, it should be pointed out that the flap is 

not a ‘casual’ production in American English, and /t/ or /d/ is not a ‘careful’ one, either.  

It would be more accurate to use the terms ‘appropriate’ and ‘inappropriate’ realizations.  

On the other hand, if an appropriate stimulus is directly mapped onto the lexical form 

without going through any intermediate representation, it should not prime an 

inappropriate stimulus or vice versa, because these two stimuli have different 

representations (with and without a flap).  This would support the direct access models 

(Klatt, 1989; among others).   
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McLennan, et al. (2003) found that [æɾəm] primed [ædəm] and vice versa when 

the flap caused an ambiguity in accessing lexical words.  This result supports the claim 

that the surface form ([æɾəm]) changed to the underlying form ([ædəm] or [ætəm]) before 

accessing the lexical form.  In contrast, when there was no such lexical ambiguity, no 

priming effect appeared between the two types of stimuli (e.g., [beɪkŋ]̣ and [beɪkən]).  

This suggests that the surface form [beɪkŋ]̣ did not change to the underlying form [beɪkən] 

to access the lexical form.   

McLennan, et al. denied the possibility of lemma-based access (accessing Adam, 

atom, and bacon) instead of lexical form access ([ædəm], [ætəm], and [beɪkən]).  If a 

lemma is accessed, the casual form [beɪkŋ]̣ and the careful form [beɪkən] activate bacon 

equally.  There should be a priming effect between these two types of stimuli, but this 

was not the case in their results.  McLennan, et al. concluded that both the underlying and 

surface forms are stored at the lexical level, and dominance of one form over the other 

depends on the difficulty of processing.  When lexical ambiguity exists or word 

discrimination is difficult due to high neighborhood density, the underlying form is 

dominant.  When no ambiguity exists or word discrimination is easy, the surface form is 

dominant.   

The current experiment is an extension of McLennan, Luce, and Charles-Luce 

(2003)’s study with a different allophonic alternation in a different language.  The target 

allophones are the reduced and fully voiced forms of the high vowel /i/ in Japanese, with 
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the aim of examining whether or not reduced vowels are converted to the phoneme /i/ as 

a more abstract representation during processing.  If only the canonical form is presented 

at the lexical level, both reduced and fully voiced vowels should prime each other.  A 

word with a reduced vowel should prime the same word with a full vowel, and vice versa.  

If reduced vowels are directly mapped on to the lexical form without conversion to 

phonemes, then no priming effect should emerge.   

According to McLennan, et al, two forms are stored at the lexical level, but when 

allophones do not cause any phonological ambiguity, the surface form is dominant.  In 

the case of the allophones of Japanese vowels, reduced vowels should not cause any 

ambiguity because [k(i)ta] with a reduced vowel and [kita] with a fully voiced vowel 

have the same meaning.  In this case, the surface form should be dominant over the 

underlying form.  There should not be any priming effect between words with a reduced 

vowel and ones with a fully voiced vowel.    

6.1.2 Methods 

6.1.2.1  Conditions.  

Experimental conditions were made based on two variables: reduction status of 

the target vowel /i/ (reduced and fully voiced) and consonantal environment (devoicing 

and voicing).  Table 6.1 shows the 2 x 2 conditions.  The devoicing environment was the 

environment in which the target vowel /i/ was between two voiceless obstruents as in 

akikan /akikaN/ ‘empty can’; reduced vowels in this environment were phonologically 

appropriate and were therefore expected as the most common realizations.  The voicing 

environment was that in which the vowel /i/ followed the voiced consonant /dʒ/ as in 
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tejina /tedʒʒʒʒina/ ‘magic’ in half of the words (n= 9) and the vowel was between a 

voiceless consonant and a voiced consonant as in takibi /takibi/ ‘bonfire’ in the 

remaining half; in both of these cases, fully voiced vowels are phonologically appropriate 

and are the most common realizations.     

Table 6.1   

Experiment 9: Conditions and examples  

Environment Reduced 

Stimulus 

Fully Voiced 

Stimulus 

Gloss 

Devoicing: C[-voice] ___ C[-voice] [ak(i)kaN]  [akikaN] empty can 

Voicing:    /dʒ/ ___ C[+/- voice] 

                  C[-voice] ___ C[+voice] 

[tedʒ(i)na] 

[tak(i)bi]  

[tedʒina] 

[takibi] 

magic 

 bonfire 

 

6.1.2.2 Materials.  

Eighteen real words were chosen for each environment, and each word was 

produced once with a reduced vowel and once with a fully voiced vowel in careful 

speech.  The total number of experimental stimuli was 72 (18 real words x 2 

environments x 2 reduction statuses).  All experimental items were 3 to 5 mora long, and 

most of them were the same stimuli used in the second lexical decision experiment 

(Experiment 5).   

As in Experiment 5, the experimental stimuli were prepared by splicing the target 

mora (/Ci/) from the beginning of the preceding consonant to the onset of the consonant 

in the following mora for the purpose of controlling the acoustic differences of the 

segments outside the target mora.  The same splicing technique was employed as in the 

previous experiments (Experiments 3 and 5).  See Figures 2.11 through 2.14 in pp.83-85 

in Chapter 2 for the splicing technique.  
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Tables 6.2 through 6.3 below provide durational information for the test items in 

each environment after splicing.  Since all reduced vowels were of the deleted type, the 

durational information for the preceding consonant and a reduced vowel is not provided.  

For more detailed acoustic information about the test items, see Tables D.1 and D.2 in 

Appendix D (pp.317-319). 

Table 6.2   

Experiment 9, Devoicing environment: Average durations (ms) of whole stimulus, target 

mora (/Ci/), preceding consonant, fully voiced vowel [i] after splicing 

 Stimulus Type Whole word Target µ Preceding C Vowel [i] 

Reduced 601.0 146.4   Modified 

stimuli Fully Voiced 640.7 154.6 48.9 105.6 

Reduced 609.3 123.2   Base 

stimuli Fully Voiced 626.1 165.5 63.2 101.0 

Reduced 605.2 134.8   All  

stimuli Fully Voiced 633.4 160.0 56.0 103.3 

 

Table 6.3   

Experiment 9, Voicing environment: Average durations (ms) of whole stimulus, target 

mora (/Ci/), preceding consonant, fully voiced vowel [i] after splicing  

 Stimulus Type Whole word Target µ Preceding C Vowel [i] 

Reduced 620.9 137.0   Modified 

stimuli Fully Voiced 622.1 170.7 57.6 97.1 

Reduced 596.4 144.9   Base 

stimuli Fully Voiced 627.8 143.9 44.3 93.5 

Reduced 608.6 141.0   All  

stimuli Fully Voiced 625.0 157.3 50.9 95.3 

 

All reduced vowels in all environments were realized as deleted.  Pitch patterns of 

all stimuli were appropriate in the Tokyo dialect (standard Japanese) according to the 

NHK Accent Dictionary (1985).  Pitch patterns between reduced and fully voiced stimuli 

were identical except for the lack of pitch in reduced vowels.  In the voicing environment, 

four stimuli, techigai [tetʃ(i)gai] (L(H)LL) ‘mistake’, hajiku [hadʒ(i)ku] (L(H)L) ‘to 
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snap’, dekigoto [dek(i)goto] (L(H)LL) ‘incident’, so:jiki [so:dʒ(i)ki] (LH(H)L) ‘vacuum 

cleaner’, and daijiken [daidʒ(i)keN] (LH(H)LL) ‘big incident’, had a reduced vowel in an 

accented syllable. 

Thirty five control stimuli and eight similar practice stimuli were also used.  All 

of them were lexical words 3 to 5 mora in length (see Tables D.3 and D.4 in Appendix D 

in pp.321-322).  The same speaker as in the previous experiments recorded all stimuli in 

a recording booth at the Douglass Phonetics Lab of the University of Arizona, using a 

high quality microphone and a CD recorder, which sampled at 44.1 KHz.  Some stimuli 

for the voicing environments did have to be recorded multiple times to achieve this in a 

natural-sounding production. 

6.1.2.3 Participants. 

Thirty-four university students who were native speakers of the Tokyo-type 

dialects were recruited in the Kanto area (Tokyo and the neighboring prefectures).  None 

of them reported speech or hearing disorders.  They were a different group of subjects 

from the previously conducted lexical decision experiments (Experiments 4 and 5).  All 

of them participated in the fast speech lexical decision experiment (Experiment 8) after 

the current experiment.  They received a small gift or a small amount of money for their 

participation.  A short break between the two experiments was provided when a subject 

asked for one.  Participants were asked to fill out a questionnaire about their own and 

their parents’ linguistic background. 
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6.1.2.4 Procedures. 

The experimental stimuli and the control stimuli presented in the first block 

served as primes and the experimental stimuli presented in the second block served as 

targets.  There were six prime-target conditions across the reduction status of the vowel 

/i/ as shown in Table 6.4.   

Table 6.4  

Experiment 9: Prime-target conditions  

 Match Mismatch Control 

Prime ak(i)kaN 

tedʒ(i)na 

akikaN 

tedʒina 

akikaN 

tedʒina 

ak(i)kaN 

tedʒ(i)na 

sakana sakana 

Target ak(i)kaN 

tedʒ(i)na 

akikaN 

tedʒina 

ak(i)kaN 

tedʒ(i)na 

akikaN 

tedʒina 

ak(i)kaN 

tedʒ(i)na 

akikaN 

tedʒina 

 

The matching condition refers to the condition in which the primes and the targets 

were exactly the same: (1) reduced primes and reduced targets ([ak(i)kaN]-[ak(i)kaN] or 

[tedʒ(i)na]- [tedʒ(i)na]); and (2) fully voiced primes and fully voiced targets ([akikaN]-

[akikaN] or [tedʒina]- [tedʒina]).  The mismatch condition was that in which the primes 

and the targets contained opposing reduction statuses of the vowel: (3) fully voiced 

primes and reduced targets ([akikaN]-[ak(i)kaN] or [tedʒina]-[tedʒ(i)na]); and (4) 

reduced primes and full voiced targets ([ak(i)kaN]-[akikaN] or [tedʒ(i)na]-[tedʒina]).  In 

the control condition, primes were unrelated words and targets were experimental stimuli: 

(5) unrelated words and reduced targets ([sakana]-[ak(i)kaN] or [sakana]- [tedʒ(i)na]); 

and (6) unrelated words and fully voiced targets ([sakana]-[akikaN] or [sakana]- 
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[tedʒina]).  There were thirty-six pairs for each of the six conditions.  These pairs were 

counterbalanced across the prime-target conditions, and placed in six different sets of 

stimuli each with a different order of stimuli.  Participants were randomly assigned to 

hear one of the six sets.   

The experiment took place in the same places as in the fast speech lexical decision 

experiment (Experiment 8): quiet locations such as labs, classrooms or libraries at 

universities in the Tokyo area.  Participants were asked to listen to real words and to 

repeat each word out loud as quickly as possible in their own pronunciation without 

imitating what they heard.  They were informed that some words would be repeated, but 

they were not aware that there were two trial blocks.  The instructions were given to 

participants orally and in writing. 

The task consisted of two phases: the practice phase, with 10 practice stimuli, and 

the test phase, in which a total of 72 test stimuli (36 pairs) were presented.  Participants 

were seated in front of a microphone connected to a response box, which sent responses 

to a laptop computer.  They wore high quality headphones to listen to stimuli.  They also 

wore a high quality microphone, which connected to a recording device.  This was for the 

purpose of recording their responses.  The response window was five seconds from the 

onset of each stimulus, and response times (RTs) were measured from the onset of the 

stimulus.  E-Prime software (Psychology Software Tools, Inc.) was used to run the 

experiment and record the data.   
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6.1.3 Results 

RTs were adjusted to be measured from the end of the word.  All responses were 

checked for mispronunciation, and nine responses (out of 2040 responses to the 

experimental stimuli) were treated as errors.  Any RTs outside the range between 0 ms to 

800 ms were treated as errors, which excluded 5.2% of the data from the analysis of RTs.  

By-subjects (F1) and by-items (F2) analyses of variance (ANOVA) were carried 

out on the RTs and error rates for each environment separately.  Four subjects’ data were 

removed entirely from the by-subjects RT analysis due to their failure to respond to any 

items in one condition.  Each ANOVA had prime type (matching, mismatching, and 

control), environment (devoicing and voicing), reduction status of the vowel /i/ (reduced 

and full), and counterbalanced group (for by-subjects analyses only) as main factors.  In 

the by-subjects analysis, prime type, environment, and reduction status of the vowel were 

within-subjects factors, and counterbalanced group was a between-subjects factor.  In the 

by-items analysis, prime type and reduction status of the vowel were within-items factors, 

and environment was a between-items factor.  The Greenhouse-Geisser correction was 

applied whenever sphericity was violated. 

Figure 6.1 shows the mean shadowing RTs for reduced targets and fully voiced 

targets in the matching, mismatching, and control conditions.  
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Figure 6.1. Experiment 9: Mean shadowing RTs (ms) for reduced and fully voiced targets 

by Japanese (Tokyo) listeners in the matching, mismatching, and control conditions.   

 

 

By-subjects and by-items ANOVAs revealed that the main effect of prime type 

was significant F1(2, 48) = 5.01, p < .02; F2(2, 68) = 4.19, p < .05.  The main effect of 

reduction status of the vowel was partially significant F1(1, 24) = 5.16, p < .05; F2(1, 34) 

= 1.11, p > .1, but the main effect of environment was not F1(1, 24) = .13, p > .5; F2(1, 34) 

= .002, p > .5.  There was no significant three-way interaction of environment, prime type, 

and reduction status F1(2, 48) = .28, p > .5; F2(2, 68) = .29, p > .5.  Also, neither the two-

way interaction of prime type and environment F1(2, 48) = 1.96, p > .1; F2(2, 68) = .84, p 

        reduced-reduced      reduced-voiced      unrelated-reduced 

          voiced-voiced        voiced-reduced      unrelated-voiced 

(ms) 
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> .1, nor that of prime type and reduction status F1(2, 48) = 1.55, p > .1; F2(2, 68) = .34, p 

> .5 was significant.  Only the two-way interaction of environment and reduction status 

was partially significant F1(1, 24) = 5.27, p < .05; F2(1, 34) = 2.43, p > .1.   

The RT results were then sorted by environment.  Figure 6.2 shows the mean 

shadowing RTs for reduced and fully voiced targets in the matching (e.g., [ak(i)kaN]-

[ak(i)kaN] and [akikaN]-[akikaN]), mismatching (e.g., [akikaN]-[ak(i)kaN] and 

[ak(i)kaN]-[akikaN]), and control (e.g., [sakana]-[ak(i)kaN] and [sakana]-[akikaN]) 

conditions in the devoicing environment only.  
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Figure 6.2. Experiment 9: Mean shadowing RTs (ms) for reduced and fully voiced targets 

by Japanese (Tokyo) listeners in the matching, mismatching, and control conditions in the 

devoicing environment only.   

 

 

The above graph shows that both reduced and fully voiced targets had slower 

responses in the control condition than in the other two conditions.  Planned comparisons 

were carried out to examine the effect of prime type.  A partially significant effect (only 

in the by-subjects analysis) was observed between the matching and control conditions 

for the fully voiced targets only: reduced targets F1(1, 29) = 1.6, p > .1; F2(1, 17) = 2.7, p 

> .1; fully voiced targets F1(1, 29) = 8.41, p < .01; F2(1, 17) = 2.81, p > .1.  The same 

pattern was observed between the mismatching and control conditions: reduced targets 

        [ak(i)kaN]-[ak(i)kaN] [akikaN]-[ak(i)kaN]  [sakana]-[ak(i)kaN] 

          [akikaN]-[akikaN]   [ak(i)kaN]-[akikaN]   [sakana]-[akikaN] 

(ms) 

Devoicing environment 
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F1(1, 29) = 2.67, p > .1; F2(1, 17) = 4.08, p > .05; fully voiced targets F1(1, 29) = 6.65, p 

< .05; F2(1, 17) = 5.88, p < .05.   

On the other hand, there was no significant effect of prime type between the 

matching and the mismatching conditions: reduced targets F1(1, 29) = .13, p > .5; F2(1, 

17) = .18, p > .5; fully voiced targets F1(1, 29) = .04, p > .5; F2(1, 17) = .14, p > .5.  This 

suggests that fully voiced targets were primed by both matched and mismatched primes, 

which is incompatible with McLennan, et al.’s claim that when there is no lexical 

ambiguity, a priming effect should not emerge.  In the case of reduced and fully voiced 

vowels in Japanese, lexical ambiguity does not exist.  For example, listeners can access 

the word akikan ‘empty can’ from both [ak(i)kaN] and [akikaN].  The results of the 

current experiment are incompatible with McLennan, et al.’s findings.   

Figure 6.3 shows the RT results for the voicing environment only in the matching 

(e.g., [tedʒ(i)na]- [tedʒ(i)na] and [tedʒina]- [tedʒina]), mismatching (e.g., [tedʒina]-

[tedʒ(i)na] and [tedʒ(i)na]-[tedʒina]), and control (e.g., [sakana]- [tedʒ(i)na] and [sakana]- 

[tedʒina]) conditions.   
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Figure 6.3. Experiment 9: Mean shadowing RTs (ms) for reduced and fully voiced targets 

by Japanese (Tokyo) listeners in the matching, mismatching, and control conditions in the 

voicing environment only.   

 

 

Regardless of the condition, reduced targets had slower responses than fully 

voiced targets although the difference looks small in the control condition.  Planned 

comparisons were carried out to examine the effect of prime type.  No significant effect 

was observed between the matching and control conditions: reduced targets F1(1, 29) 

= .001, p > .5; F2(1, 17) = .06, p > .5; fully voiced targets F1(1, 29) = 1.55, p > .1; F2(1, 

17) = 3.11, p > .05. or between the mismatching and the control conditions: reduced 

    [tedʒ(i)na]-[tedʒ(i)na] [tedʒina]-[tedʒ(i)na] [sakana]-[tedʒ(i)na]       

       [tedʒina]-[tedʒina]    [tedʒ(i)na]-[tedʒina] [sakana]-[tedʒina] 

(ms) 

Voicing environment 
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targets F1(1, 29) = .49, p > .1; F2(1, 17) = .003, p > .5; fully voiced targets F1(1, 29) = 

2.94, p > .05; F2(1, 17) = 1.24, p > .1.  Finally, no significant effect was observed 

between the matching and the mismatching conditions: reduced targets F1(1, 29) = .71, p 

> .1; F2(1, 17) = .09, p > .5; fully voiced targets F1(1, 29) = .09, p > .5; F2(1, 17) = .001, 

p > .5).   

Next, analysis of the mean error rates was conducted.  Figure 6.4 shows the mean 

error rates in the devoicing and voicing environments.   
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Figure 6.4. Experiment 9: Mean shadowing error rates for reduced and fully voiced 

targets by Japanese (Tokyo) listeners in the matching, mismatching, and control 

conditions.   

           reduced-reduced     reduced-voiced      unrelated-reduced 
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By-subjects and by-items ANOVAs revealed that neither the main effect of prime 

type F1(2, 48) = 2.3, p > .1; F2(2, 68) = 2.92, p > .05, the main effect of reduction status 

of the vowel F1(1, 24) = .14, p >.5; F2(1, 34) = .14, p > .5, nor the main effect of 

environment F1(1, 24) = 2.69, p > .1; F2(1, 34) = 2.25, p > .1 was significant.  There was 

no significant three-way interaction of environment, prime type, and reduction status F1(2, 

48) = 2.24, p > .1; F2(2, 68) = 3.32, p < .05.  Also, no two-way interactions of prime type 

and environment F1(2, 48) = 1.24, p > .1; F2(2, 68) = 1.49, p > .1, prime type and 

reduction status F1(2, 48) = .92, p > .1; F2(2, 68) = .69, p > .5, or environment and 

reduction status F1(1, 24) =.22, p > .5; F2(1, 34) = .21, p > .5 was significant.  

The error rate results were sorted by environment.  Figure 6.5 shows the mean 

shadowing error rates for reduced and fully voiced targets in the matching (e.g., 

[ak(i)kaN]-[ak(i)kaN] and [akikaN]-[akikaN]), mismatching (e.g., [akikaN]-[ak(i)kaN] 

and [ak(i)kaN]-[akikaN]), and control (e.g., [sakana]-[ak(i)kaN] and [sakana]-[akikaN]) 

conditions in the devoicing environment only.  
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Figure 6.5. Experiment 9: Mean shadowing error rates for reduced and fully voiced 

targets by Japanese (Tokyo) listeners in the matching, mismatching, and control 

conditions in the devoicing environment only.   

 

Planned comparisons were carried out to examine the effect of prime type.  No 

significant effect was observed between the matching and control conditions: reduced 

targets F1(1, 29) = .001, p > .5; F2(1, 17) = .06, p > .5; fully voiced targets F1(1, 29) = 

1.55, p > .1; F2(1, 17) = 3.11, p > .05. or between the mismatching and control conditions: 

reduced targets F1(1, 29) = .49, p > .1; F2(1, 17) = .003, p > .5; fully voiced targets F1(1, 

29) = 2.94, p > .05; F2(1, 17) = 1.24, p > .1.  Finally, no significant effect was observed 

between the matching and mismatching conditions: reduced targets F1(1, 29) = .71, p > .1; 

F2(1, 17) = .09, p > .5; fully voiced targets F1(1, 29) = .09, p > .5; F2(1, 17) = .001, p > .5.   
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 Figure 6.6 shows the error rate results in the voicing environment. 
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Figure 6.6. Experiment 9: Mean shadowing error rates for reduced and fully voiced 

targets by Japanese (Tokyo) listeners in the matching, mismatching, and control 

conditions in the voicing environment only.   

 

Planned comparisons were carried out to examine the effect of prime type.  As the 

above graph shows, relatively high error rates for reduced targets were observed in the 

matching condition, compared to the control condition.  Statistical analysis confirmed 

that reduced targets showed a significant effect of priming between the matching and 

control conditions: reduced targets F1(1, 24) = 5.89, p < .05; F2(1, 17) = 11.54, p < .005; 

fully voiced targets F1(1, 24) =.09, p > .5; F2(1, 17) = .07, p > .5.  Reduced targets had a 

partially significant effect between the mismatching and control conditions: reduced 

          [tedʒ(i)na]-[tedʒ(i)na] [tedʒina]-[tedʒ(i)na]  [sakana]-[tedʒ(i)na]       

           [tedʒina]-[tedʒina]     [tedʒ(i)na]-[tedʒina]   [sakana]-[tedʒina] 
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targets F1(1, 24) = 1.87, p > .1; F2(1, 17) = 5.62, p < .05; fully voiced targets F1(1, 24) = 

1.51, p > .1; F2(1, 17) = 1.52, p > .1.  However, no significant effect was observed 

between the matching and mismatching conditions: reduced targets F1(1, 24) = 1.83, p 

> .1; F2(1, 17) = 3.36, p > .1; fully voiced targets F1(1, 24) = 1.62, p > .1; F2(1, 17) 

= .663, p > .1.   

6.2 Discussion 

 The RT analysis showed that fully voiced targets in the devoicing environment 

were primed by both matched and mismatched primes.  The error rate analysis showed 

that reduced targets in the voicing environment were primed by both matched and 

mismatched primes, although the statistical analyses showed that the effect was only 

partially significant between the mismatching and the control conditions.   

As mentioned earlier, realizations with reduced and fully voiced vowels in 

Japanese do not cause lexical ambiguity.  According to McLennan, Luce, and Charles-

Luce (2003), if there is no lexical ambiguity, the surface form is dominant; hence, 

priming effects should not emerge.  However, the results from the current experiment in 

Japanese were incompatible with their claim.  The existence of a priming effect in 

Japanese suggests that the underlying form is dominant in the lexicon even without 

lexical ambiguity.   

 Compared with McLennan et al.’s study in which they found significant priming 

effects all over the place, the effect in the current experiment looks smaller.  Although the 

size of the experiment was bigger than McLennan et al.’s study, it was still quite limited.  

In the current experiment, each subject contributed three items per condition, and 
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eighteen items averaged over subject contributed per condition, which could mean that 

the statistical power was insufficient.   

Furthermore, the auditory difference between reduced targets and fully voiced 

targets (e.g., [ak(i)kaN]-[akikaN] and [tedʒ(i)na]-[tedʒina]) seems to be much smaller 

than that between the appropriate and the inappropriate targets in McLennan et al.’s study 

(e.g., [æɾəm]-[ætəm]).  In the case of Japanese vowels, subjects have sufficient exposure 

to the two kinds of realizations in daily conversations; while the production of [ætəm] 

occurs rarely in English unless somebody really wants to pronounce single segments 

carefully, which is very unusual.   

It appears in the graphs including both environments (Figures 6.1 and 6.4) that the 

reduced targets in the voicing environment had a different pattern from other targets.  It 

seems that in the RT analysis, this type of target did not get primed even by itself.  Also, 

in the error rate analysis, participants did not recognize the targets after they had heard 

the same production previously.   

This does not mean that participants were incapable of recognizing the words, 

because they showed quite good performance with similar stimuli in other lexical 

decision tasks.  It is possible that the shadowing task does not force listeners to perform 

lexical access, as the lexical decision task does.  It could be that in the voicing-reduced 

environment, listeners simply repeated the words without recognizing them completely as 

if they had not heard the same words before.  This might explain why reduced targets in 

the voicing environment did not get a priming effect.   
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However, there is a problem with this assumption.  Fully voiced targets in the 

voicing environment had faster RTs in the mismatch condition.  Participants responded to 

fully voiced targets after they heard reduced primes.  If these phonologically 

inappropriate (reduced) primes did not cause lexical access, fully voiced targets should 

not get a priming effect.   

Nevertheless, the graph shows that there was a priming effect.  It might be that the 

inappropriate primes (reduced ones in the voicing environment) have a delayed effect.  

Since reduced primes are phonologically inappropriate in the environment, it takes more 

time for listeners to perform lexical access.  However, by the time listeners hear the 

appropriate targets (fully voiced ones), they have finished lexical access and fully voiced 

targets get a priming effect.  On the other hand, if the target is also inappropriate, lexical 

access does not happen, which would lead to no priming effect.   

In sum, when listeners hear primes with the phonologically appropriate form, 

lexical access happens.  If targets are also phonologically appropriate, lexical access 

happens, and appropriate targets get a priming effect.  If targets are inappropriate, lexical 

access does not take place, and no priming effect emerges.  On the other hand, when 

listeners hear inappropriate primes, lexical access happens but is delayed.  By the time 

listeners hear the appropriate target, the first lexical access via the prime has already been 

achieved.  The second lexical access by the target also happens, so the target gets a 

priming effect.  If targets are inappropriate, lexical access does not take place, and the 

priming effect does not appear. 
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The RT results were separated by faster subjects and slower subjects to 

investigate whether there was any pattern which differed between the two groups of 

subjects.  Figure 6.7 shows the mean RTs for faster subjects. 
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Figure 6.7. Experiment 9: Mean shadowing RTs for reduced and fully voiced targets by 

faster listeners in the matching, mismatching, and control conditions.   

 

 The graph shows that in the devoicing environment (/akikaN/), both reduced 

([ak(i)kaN]) and fully voiced ([akikaN]) stimuli appeared to have a priming effect in the 

matching and mismatching conditions, compared to the control condition, which had 

slower RTs.  Interestingly, fully voiced targets (inappropriate) in the matching condition 

had slower RTs than in the mismatching condition.  This supports the idea mentioned 

above that inappropriate primes ([akikaN]) lead to slower lexical access, and 

(ms) 

              Faster subjects 
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inappropriate targets ([akikaN]) do not access the lexicon: as a result, there is no priming 

effect.   

 In the voicing environment (/tedʒina/), it seems that inappropriate reduced targets 

([tedʒ(i)na] did not get a priming effect.  Even appropriate fully voiced targets ([tedʒina]) 

did not seem to get a priming effect in the mismatching condition.  In this condition, 

primes were inappropriate ([tedʒ(i)na], which might have delayed lexical access enough 

to prevent a priming effect.  It appears that only appropriate targets got a priming effect 

in the matching condition, in which both primes and targets led to lexical access. 

Next, Figure 6.8 shows the mean RTs by slower subjects. 
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Figure 6.8. Mean shadowing RTs for reduced and fully voiced targets by slower listeners 

in the matching, mismatching, and control conditions.   
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The patterns appear quite random in this graph.  In the devoicing environment (/akikaN/), 

even appropriate targets ([ak(i)kaN]) did not seem to get a priming effect.  In the voicing 

environment (/tedʒina/), perhaps inappropriate targets ([tedʒ(i)na]) did not lead to lexical 

access, even after listeners heard an appropriate prime ([tedʒina]) in the mismatching 

condition.  These results for slower subjects are quite different from those for faster 

subjects.  Perhaps slower subjects focused on the repetition task without performing 

lexical access at all.   

 Since the statistical power in this experiment does not seem to be enough to find 

reliable statistical results, it is necessary to conduct the same experiment with a larger 

number of subjects, and perhaps large enough to split faster and slower subjects to see if 

there is any difference in processing between the two types of subjects.  This will be a 

part of future research. 
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CHAPTER 7 CONCLUSIONS 

This dissertation investigated the processing of speech variability and the effects 

of language-specific phonological and phonotactic knowledge on processing.  Human 

speech is a highly complex phenomenon with many types of variability such as 

idiolectal/dialectal differences, age, gender, social/economical class, allophonic variation, 

and segmentation.  Due to the spontaneity and temporality of speech, human beings are 

coerced into the instantaneous processing of such highly complex speech in order to 

understand what they are told.  This process involves not only receiving acoustic signals 

at the lowest level, but also processing them to more abstract units such as features, 

allophones, phonemes, syllables, and finally to words in the lexicon by using linguistic 

information about phonetics, phonology, syntax, and semantics.   

This dissertation specifically focused on allophonic, dialectal, and speech rate 

variability in speech processing from the acoustic level to the phonemic and lexical levels.  

The major questions were how listeners deal with such variability and how they use 

acoustic, phonological, and phonotactic knowledge of their native language for 

processing.  A series of speech perception experiments was conducted to find out the 

answers to these questions.   

The allophonic variation under investigation in this dissertation was reduced and 

fully voiced allophones of Japanese vowels.  As mentioned in Chapter 1, reduced high 

vowels are common realizations between voiceless consonants, and reduced vowels are 

phonologically appropriate in this environment although they are acoustically less salient 

than fully voiced vowels.  Furthermore, a phonotactic constraint (the CV constraint), 
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which prohibits obstruent clusters, forces listeners to hear a vowel after each consonant 

regardless of its voicing.  This information helps reduced and fully voiced variants of 

vowels to be recognized even in environments where they are not supposed to occur due 

to mismatching with the surrounding consonants.  The series of perception experiments 

in this dissertation revealed that listeners make use of acoustic, phonological and 

phonotactic information for the processing of allophonic variation; that these pieces of 

information interact with each other; and that the interaction varies in different tasks.   

In this final chapter, the results of all the experiments are first summarized in 

Section 7.1.  Next, those results are discussed in the framework of existing speech 

perception models in Section 7.2; and finally, implications of the study are provided in 

Section 7.3.    

7.1 Summary of Results and Discussions 

7.1.1  Phoneme Monitoring (Experiments 1 through 3) 

 Chapter 2 investigated whether listeners can recognize reduced vowels as well as 

fully voiced vowels in different contexts.  Three phoneme monitoring experiments 

(Experiments 1 through 3) were conducted with three different groups of listeners, two 

Japanese (Tokyo) groups and one American English group.  Listeners heard reduced [(i)] 

and fully voiced [i] in three environments—the devoicing, voicing, and nasal-voicing 

environments—in nonsense words.  Reduced vowels are the most common phonological 

pattern (appropriate) in the devoicing environment, where the vowel was between two 

voiceless consonants.  On the other hand, fully voiced vowels are the most common 

pattern (appropriate) in the voicing environment, where the vowel was adjacent to at least 
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one voiced consonant; and in the nasal-voicing environment, where the vowel followed a 

nasal. 

The results from two groups of Japanese listeners (Experiments 1 and 3) showed 

that reduced [(i)] was detected as quickly as fully voiced [i] in the devoicing environment 

(e.g., [hok(i)to] and [hokito]), but the detection speed for reduced vowels was slower 

than for fully voiced vowels in the voicing and nasal-voicing environments (e.g., 

[tadʒʒʒʒ(i)ga] and [tadʒʒʒʒiga], [kek(i)zo] and [kekizo], [kedaɲɲɲɲ(i)da] and [kedaɲɲɲɲida]) where 

reduced vowels were unexpected.   

These results suggest that Japanese listeners used their phonological knowledge 

about the appropriateness of an allophone in relation to its context in the processing of 

allophonic variants.  Listeners were able to hear reduced [(i)] between voiceless 

consonants as quickly as fully voiced [i], even though the acoustic cues for reduced 

vowels were weaker than for fully voiced vowels.  When listeners detected the phoneme 

/i/ with reduced and fully voiced realizations in nonsense words, listeners paid attention 

not only to phonological appropriateness but also to the acoustic cues of the allophones.  

In the devoicing environment, the effects of acoustic cues and the phonological 

appropriateness of reduced vowels were in conflict.  It seems that the effect size of the 

acoustic and phonological information was equal, and the weaker acoustic cues of 

reduced vowels balanced out their phonological appropriateness.  As a result, no 

difference in detection speed emerged between reduced and fully voiced vowels in the 

devoicing environment.   
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In the voicing and nasal-voicing environments, the effects of both weaker acoustic 

cues and the phonological inappropriateness of reduced vowels inhibited processing.  

Listeners found reduced vowels harder to recognize because they were whisper-like 

sounds, and because they are not a common phonological pattern adjacent to a voiced 

consonant(s).  The results from Experiments 1 and 3 show slower detection of reduced 

vowels in these two environments. 

The effect of a language-specific phonotactic constraint (the CV constraint) 

played a role in the processing of allophonic variants, along with acoustic and 

phonological information.  The CV constraint prohibits consonant clusters other than 

coda nasals and geminates in order to maintain CV syllable structure in Japanese.  Even 

though reduced vowels were phonologically inappropriate in the voicing environment, 

listeners were able to detect reduced vowels as accurately as fully voiced vowels.  The 

CV constraint forced listeners to hear even inappropriate reduced vowels after each 

consonant. 

A similar pattern was observed in the studies by Dupoux, Kakehi, Hirose, Pallier, 

and Mehler (1999) and Dupoux, Pallier, Kakehi, and Mehler (2001).  They found a strong 

effect of the CV constraint on perception of ‘illusory’ vowels (1999:1568) with Japanese 

listeners.  Japanese listeners perceived even deleted vowels after a voiced consonant (e.g., 

/eb(u)zo/) more than 70% of the time, while French listeners did not hear vowels even 

when the vowel existed but had a short duration.   

Dehaene-Lamberts, Dupoux, and Gout’s study (2000) further found an effect of 

the CV constraint on the recognition of illusory vowels by Japanese listeners in 
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behavioral and neurological data.  French and Japanese listeners did a discrimination task, 

in which nonsense words (e.g., /igmo/) in four different voices were presented four times 

and the fifth stimulus was the same word with a vowel (e.g., /igumo/).  Behavioral results 

showed that French listeners could hear the difference between /igmo/ and /igumo/, but 

Japanese listeners could not.   

The event-related potentials (ERPs)
23

 data also showed a difference between 

French and Japanese listeners in brain activity at an early stage of processing.  French 

listeners had a greater mismatch negativity (MMN)
24

 in the deviant condition (/igmo/-

/igumo/) than in the control condition (/igmo/-/igmo/), but there was no difference in 

MMN across conditions for Japanese listeners.  Dehaene-Lamberts, et al. conclude that 

the lack of an MMN difference in Japanese listeners across the conditions indicates that 

the effects of the (CV) phonotactic constraint take place at an early stage of processing, 

so that MMN did not increase (rather than the effects later masking MMN).   

The results of the experiments in this dissertation were compatible with the 

behavioral data from the studies of Dupoux, et al. (1999, 2001) and Dehaene-Lamberts, 

et al. (2000).  All experiments showed a strong influence of the CV constraint on 

recognition of vowels by Japanese listeners.  The experiments in this dissertation further 

suggest that the CV constraint influences recognition of allophones.   

                                                 
23

 Libben (1997:397) explains that “ERP experiments measure electrical activity in the brain.  Electrodes 

are placed on a subject’s scalp and recordings are made of voltage fluctuations resulting from the brain’s 

electrical activity… The advantage of the ERP approach is that it uses a computer to calculate what part of 

the electrical brain activity is related to a stimulus event.” 
24

 MNN is a part of the ERP data.  The negativity is greater for (odd) stimuli which do not belong to the 

major group of stimuli (Mitterer, 2003:109). 
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On the other hand, the high error rates for reduced vowels in the nasal-voicing 

environment can be accounted for by assuming that the CV constraint did not sufficiently 

force listeners to hear reduced vowels.  Listeners failed to recognize inappropriately 

reduced [(i)] following nasals around 40% of the time, although 60% accuracy for 

reduced vowels indicates that there were enough acoustic cues to recognize them.  

Vowels after nasals are not obligatory in Japanese phonotactics as long as nasals are 

resyllabified as the coda of the preceding syllable.  These results also support the idea 

that Japanese listeners intuitively know that phonotactics allow nasals to be codas, and 

listeners used this knowledge for the processing of allophonic variants of vowels.  The 

effect of language-specific phonological knowledge has been reported in many previous 

studies (Cutler, 1997).  The results of the current experiments support this idea; however, 

what is new is that the current study suggests that phonotactic and phonological 

knowledge are independent and affect processing differently. 

The effects of phonological and phonotactic knowledge were verified by the 

second phoneme monitoring experiment (Experiment 3), in which any acoustic 

differences in the segments outside the target mora were eliminated.  In Experiment 3, the 

target mora was spliced in such a way that other segments were identical, and the primary 

acoustic difference was the voicing of the vowels in the target mora.  Still, the same 

patterns were obtained as in Experiment 1 (without splicing), thus confirming that all 

results in Experiments 1 and 3 came from the voicing difference between reduced and 

fully voiced vowels.  Listeners relied on language-specific phonological and phonotactic 
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knowledge for processing, but not on any acoustic cues in the segments outside the target 

mora.   

Experiment 3 had sub-conditions in the voicing environment.  In one condition, 

the target vowel /i/ followed the voiced consonant /dʒ/ (e.g., /tadʒʒʒʒiga/); and in the other, 

the vowel occurred between a voiceless and a voiced consonant (e.g., /kekizo/).    It 

turned out that listeners detected reduced vowels more slowly than fully voiced vowels 

after they heard the voiced consonant [dʒ]; on the other hand, reduced vowels were 

detected slightly faster than fully voiced vowels after a voiceless consonant.  It seems that 

listeners judged a vowel’s phonological appropriateness based only on the preceding 

consonant rather than the consonants on both sides.  This suggests sequential processing 

of acoustic signals in a single-sound detection task. 

The results from replicating the first phoneme monitoring experiment 

(Experiment 2) with American English listeners strengthen the claim that listeners use 

language-specific phonological and phonotactic knowledge for processing speech sounds.  

American English listeners missed reduced vowels much more frequently than fully 

voiced vowels in all contexts, even though coarticulation might suggest the existence of a 

vowel.  Even when some listeners were successful in hearing reduced vowels, their 

reactions were very slow.   

These results can be attributed to the fact that American English listeners did not 

have the same phonological and phonotactic knowledge as Japanese listeners did; thus, 

American English listeners had to rely on only the acoustic cues of reduced and fully 

voiced forms of the vowel /i/ for processing.  Of course, reduced vowels were 
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acoustically less salient than fully voiced vowels.  American English listeners had a hard 

time hearing reduced vowels.  Although coarticulation cues for the deleted vowel /i/ 

remained mostly in the preceding consonant, it should be more difficult to retrieve /i/ 

especially after the alveolar consonant [dʒ] and palatalized [ɲ] than after stops.   

American English listeners were familiar with deletion of schwa in English, but 

reduction of the high vowel /i/ was not a familiar version of vowel reduction for them.  

Moreover, English phonotactics allow more consonant clusters than Japanese.  Although 

Japanese and American English listeners received the same acoustic signals, their 

reactions differed significantly.  Due to the lack of Japanese-specific phonological and 

phonotactic knowledge, American English listeners failed to recognize reduced 

allophones as the phoneme /i/.  On the other hand, Japanese listeners were able to 

recognize even inappropriate reduced vowels as the phoneme /i/.  Perhaps, from the early 

stages of processing (assumed to be acoustic, allophonic, and phonemic levels), 

language-specific linguistic knowledge plays an important role, suggesting that  current 

speech perception models should emphasize the influence of language-specific linguistic 

knowledge on processing, and should include separate processing models for native and 

non-native listeners. 

7.1.2  Lexical Decision (Experiments 4 and 5) 

Chapter 3 focused on processing speech variability at a higher level, the lexicon.  

It investigated how well listeners can recognize lexical words when they hear words with 

allophonic variability.  Two lexical decision experiments (Experiments 4 and 5) were 

conducted with two groups of Japanese (Tokyo) listeners.  They heard real words 



 241 

presented with a reduced and a fully voiced vowel placed in the three consonantal 

environments (devoicing, voicing, and nasal-voicing).   

The two experiments had similar patterns of results: words with a phonologically 

appropriate allophone were recognized more quickly and accurately than those with an 

inappropriate allophone in all environments.  In the devoicing environment, reduced 

stimuli (e.g., akikan [ak(i)kaN] ‘empty can’) were recognized more quickly and 

accurately than fully voiced stimuli.  On the other hand, fully voiced stimuli (e.g., tejina 

[tedʒʒʒʒina] ‘magic’, takibi [takibi] ‘bonfire’, and onigiri [oɲɲɲɲigiɾi] ‘rice ball’) were 

recognized more quickly and accurately than reduced stimuli in the voicing and nasal 

voicing environments. 

These results were supported by the second lexical decision experiment 

(Experiment 5) in which any acoustic differences in the segments outside the target mora 

were eliminated by splicing the target mora.  Even after the elimination of acoustic 

differences in other segments, the same patterns were still obtained: words with the 

phonologically appropriate allophone elicited better performance from listeners.  This 

confirms that the difference in recognition speed and accuracy between the two types of 

stimuli came entirely from the allophonic variability.   

Compared to the results from the phoneme monitoring experiments, the results 

from the lexical decision experiments revealed that the influence of language-specific 

phonological and phonotactic knowledge differed in the two tasks, and that the 

interaction of acoustic, phonological, and phonotactic information varies based on the 
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consonantal environment and the task.  The phonological appropriateness of the 

allophone is more influential in word recognition than in sound detection.   

Words with a phonologically appropriate allophone always elicited better 

performance than those with an inappropriate allophone in the lexical decision tasks.  

Recall that in sound processing, listeners detected reduced vowels as easily as fully 

voiced vowels in the devoicing environment, where reduced vowels were appropriate. 

Listeners used their phonological knowledge, but they also paid attention to acoustic cues 

for processing allophones.  Thus, the phonological appropriateness of reduced vowels 

merely offset the disadvantage of weaker acoustic cues, which led to no significant 

difference in detection speed.  On the other hand, in word recognition, the phonological 

appropriateness of reduced vowels not only offset but even surpassed the weaker acoustic 

cues, which led to more quick and accurate responses.   

Whalen, Best, & Irwin (1997) found a similar trend in the processing of the 

phoneme /p/ in English.  They investigated the discriminability and perceptual preference 

for aspirated [p
h
] and unaspirated [p].  It was found that when listeners judged /p/ in real 

words, they preferred the appropriate allophone based on environment and prosody 

(stressed syllable-initial).  However, when listeners judged nonsense words, they 

evaluated the aspirated [p
h
] as a better example of /p/ than the unaspirated one even when 

the aspirated one was phonologically inappropriate.  This shows that listeners pay more 

attention to acoustic cues of the target sound in sound processing than in word 

recognition, and that the effect of phonological appropriateness is different for the two 

types of processing.  Whalen, et al.’s findings were compatible with the results from the 
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experiments in this dissertation, which suggests that the patterns in sound detection and 

word recognition are cross-linguistic.   

It seems logical that a stronger influence of phonological knowledge appeared in 

the lexical decision task, because listeners had to pay attention to a certain number of 

segments in the whole word, not just to a single sound as in the phoneme monitoring task.  

Listeners needed to obtain far more acoustic information from the speech signal in order 

to recognize the word correctly.  Sorting RT results by the preceding consonant (e.g., 

tejina /tedʒʒʒʒina/ ‘magic’ vs. takibi /takibi/ ‘bonfire’) revealed that words with a reduced 

vowel following a voiceless consonant ([tak(i)bi]) still had slower responses.  Listeners 

judged the phonological appropriateness of the allophone based on the voicing of not 

only the preceding consonant, but also the following consonant.  In contrast, in the 

phoneme monitoring task, the judgment of allophones was carried out primarily based on 

the preceding segment even before listeners had heard the following voiced consonant.  

This confirms that listeners process allophones in relation to the whole word to access the 

lexicon, but process allophones before they hear the entire stimulus when detecting a 

single sound.   

Otake, Yoneyama, Cutler, and van der Lugt (1996) found a similar effect of 

phonological knowledge on processing of nasal place assimilation in Japanese.  They first 

investigated the effect of nasal place assimilation on nasal recognition, and found that 

Japanese listeners could quickly detect nasals at any place of articulation ([m], [n], [n̪], 

and [ŋ]).  However, inappropriate nasals which violated place assimilation in relation to 
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the following consonant (e.g., [toŋŋŋŋbo]) slowed down the detection of the following 

consonant.   

Otake et al. claim that Japanese listeners were sensitive to violation of place 

assimilation and used their phonological knowledge about nasal place assimilation for 

segment detection.  A similar sensitivity to a violation of assimilation as in Otake et al.’s 

study was observed in word processing with Japanese vowel allophones in this study.  

Listeners were more sensitive to words with an inappropriate allophone than to an 

inappropriate allophone itself (takibi [tak(i)bi] ‘bonfire’ was recognized more slowly 

than [takibi] but [(i)] in the nonsense word [kek(i)zo] was detected as quickly as [i] in 

[kekizo]).   

7.1.3  Effect of Dialectal Difference (Experiments 6 and 7) 

Chapter 4 investigated the effects of dialectal difference on the processing of 

reduced and fully voiced vowels.  The experiments in the previous two chapters tested 

only listeners of the Tokyo-type dialects.  In this chapter, the phoneme monitoring 

(Experiment 3) and lexical decision (Experiment 5) experiments were replicated with 

listeners of the Kansai-type dialects, spoken in the Kansai area (Osaka, Kobe, and 

neighboring prefectures).   

Previous studies found that Kansai speakers had more variability in their 

production of reduced vowels than Tokyo speakers (Fujimoto, 2004; Fujimoto & Kiritani, 

2003), and that vowel reduction was less likely to occur in their dialects (Inozuka & 

Inozuka, 2003; Kubozono, 1999; Sakuma, 1959; Sugitô, 1996).  The purpose of the 

current experiments was to examine how well Kansai listeners can process reduced 
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vowels, and whether listeners use the same phonological and phonotactic knowledge as 

Tokyo listeners do.   

Overall, results showed similar trends for Kansai and Tokyo listeners in both 

tasks.  Kansai listeners have phonological knowledge of the non-native (Tokyo) dialect, 

and it seems that Kansai listeners switched dialect modes to the Tokyo one in processing 

non-native dialect speech.  This is quite an interesting discovery.  Kansai listeners’ 

exposure to the Tokyo dialect on a daily basis (in media, public speech, etc.) helped them 

to possess phonological knowledge of the Tokyo dialect.   

Another important finding is that Kansai listeners showed a slight preference for 

fully voiced vowels in word recognition.  In the devoicing environment, the error rates 

for words with a reduced vowel (appropriate) and for words with a fully voiced vowel 

(inappropriate) were equally low.  This implies that Kansai listeners preferred the 

phonologically inappropriate fully voiced vowels in this environment, which suggests an 

effect of Kansai dialect phonology.  Perhaps Kansai listeners pronounce words with a 

fully voiced vowel even in the devoicing environment more frequently in their dialect.   

Otake and Cutler (1999) found a similar effect of native dialect phonology on 

word recognition in Japanese.  Otake and Cutler found that non-Tokyo listeners of an 

accentless dialect made good use of pitch accent cues in the Tokyo dialect for word 

recognition, even though such cues did not exist in their native dialect.  It was also 

discovered that non-Tokyo listeners showed an interesting tendency to rely on word 

frequency more than accentual cues.  Non-Tokyo listeners did not rely on phonological 

knowledge of the non-native dialect as much as Tokyo listeners did.   
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Kansai listeners in the current study were influenced by the phonological patterns 

of their native dialect, showing a slight preference for full vowels in word recognition.  

As in Otake and Cutler’s study, it was found 1) that non-Tokyo dialect listeners had 

phonological knowledge of the Tokyo dialect due to daily exposure to the Tokyo-type 

speech, and non-Tokyo dialect listeners used the Tokyo phonology for phoneme 

monitoring and word recognition; 2) that non-Tokyo listeners were nevertheless 

influenced by their native dialect’s phonology; as a result, they showed slightly different 

processing patterns in word recognition than Tokyo listeners. 

Finally, overall response times were slower among Kansai listeners than among 

Tokyo listeners in both tasks.  Although the effect of dialect was statistically significant 

only in the word recognition task, this trend indicates that processing non-native stimuli 

required more time for Kansai listeners.  It is reasonable to suppose that the effect of 

dialect reached significance in the word recognition task since listeners needed to process 

several segments in a word instead of a single sound presented in the non-native dialect.    

7.1.4  Effect of Fast Speech (Experiment 8) 

 Chapter 5 investigated the effects of speech rate on processing reduced and fully 

voiced vowels.  Generally, fast speech increases vowel reduction (Arai, 1999; Kubozono 

& Yoshida, 2004).  It was predicted that Tokyo listeners would accept reduced vowels 

even in unexpected conditions (for example, adjacent to a voiced consonant), or reduced 

non-high vowels in fast speech.   

In the fast speech lexical decision experiment (Experiment 8), the test items were 

presented in a carrier sentence produced with a fast tempo (on average less than 130 ms 
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per mora, compared with an average speed of around 160 ms per mora in the careful 

speech experiments).  The results from the fast speech lexical decision experiment were 

compared with those from the careful speech lexical decision experiment with Tokyo 

listeners (Experiment 5). 

Listeners found it easier to recognize words with a reduced high vowel 

(appropriate) in the devoicing environment (e.g., chikara [ttttʃʃʃʃ(i)kaɾa] ‘power’) than fully 

voiced stimuli.  This was also found in the careful speech lexical decision task 

(Experiments 4 and 5); hence, at this point, an effect of fast speech was not observed.   

The effect of fast speech appeared in unexpected vowel reduction.  There was no 

difference in speed and accuracy between reduced stimuli (inappropriate) and fully 

voiced stimuli in the non-high devoicing environment (e.g., sekai /sekai/ ‘world’).  This 

means that listeners accepted unexpectedly reduced non-high vowels as well as fully 

voiced vowels.  Moreover, in the high vowel voicing environment, although fully voiced 

stimuli (e.g., jishin [dʒʒʒʒiʃiN] ‘earthquake’ and fuyu [ɸuju] ‘winter’) were recognized more 

quickly than reduced stimuli (inappropriate), the difference in recognition speed between 

reduced and fully voiced stimuli was significantly smaller in fast speech than in careful 

speech, which shows the effect of speech rate.  In addition, accuracy was the same 

between the two types of stimuli in the voicing environment, which was not the case in 

the careful speech experiments.   

The task for listeners in the fast speech experiment was to recognize real words in 

the middle of a sentence.  Perhaps, once listeners noticed they were hearing fast speech, 

they adjusted their perception to a fast speech mode before they heard the target words.  
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Listeners intuitively knew that fast speech would increase vowel reduction, so they 

accepted unexpected vowel reduction more readily in fast speech than in careful speech.    

7.1.5  Repetition Auditory Priming (Experiment 9) 

 Chapter 6 investigated whether reduced and fully voiced allophones of vowels in 

Japanese are converted to abstract forms in the process of lexical access, or whether the 

surface forms are directly mapped onto lexical representations.  McLennan, Luce, and 

Charles-Luce (2003)’s study was replicated for cross-linguistic investigation.  A 

repetition priming experiment was conducted with Tokyo listeners.  They listened to 

lexical words with a reduced and a fully voiced vowel in the devoicing and voicing 

environments, and repeated what they heard as quickly as possible.  There were a total of 

six prime-target conditions (match, mismatch, and control x 2 environments). 

According to McLennan et al., the priming effect should not appear when there is 

no lexical ambiguity between the two types of stimuli.  In their study, [æɾəm] with a flap 

(more common realization) primed [ædəm] with the phoneme /d/ and vice versa when the 

realization with a flap caused an ambiguity in accessing lexical words (Adam vs. atom).  

Otherwise, there was no priming effect if there was no lexical ambiguity between casual 

and careful realizations (e.g., [beɪkŋ]̣ and [beɪkən] for bacon).   

In the case of the allophonic variants of Japanese vowels, reduced and fully 

voiced stimuli (e.g., tejina [tedʒʒʒʒ(i)na] and [tedʒʒʒʒina] ‘magic’) do not cause lexical 

ambiguity.  Hence, these stimuli should not prime each other according to McLennan et 
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al.  However, it was found that fully voiced targets got a priming effect in the devoicing 

environment, which was incompatible with McLennan et al’s findings.   

 Reduced targets (inappropriate) in the voicing environment had different patterns 

from other targets.  Inappropriate reduced targets did not get primed even by exactly 

identical primes (reduced primes).  Moreover, listeners missed reduced targets in the 

voicing environment more than 10% of the time after they heard identical primes.  On the 

other hand, fully voiced targets (appropriate) in the same environment were primed by 

reduced primes.   

Most likely, the phonologically inappropriate prime delayed lexical access.  

Listeners started to repeat appropriate or inappropriate targets before they finished 

accessing the lexicon for inappropriate primes.  Under this interpretation of the results, at 

the first presentation of an inappropriate prime, lexical access was too slow for listeners 

to have access to the lexical representation while producing their shadowing 

response.  However, lexical access did occur, with a delay, so that by the second 

presentation of the same items, if they were presented with voicing (appropriate), a 

priming effect did occur.  For tokens presented as reduced (inappropriately) in the second 

presentation, however, lexical access was not triggered by the second presentation in time 

to affect the shadowing response to that presentation, so no priming effect was 

found.  Thus, if listeners hear the reduced token in the first block and the fully voiced 

token in the second, they show priming because lexical access has occurred after the first 

presentation, even though it was delayed by the inappropriate reduction.  On the other 

hand, if they hear a reduced token in the first block and then a reduced token again in the 
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second, no priming is found (even though the tokens are identical), because lexical access 

does not happen quickly enough at the second presentation to affect the shadowing 

reaction time.   

Unfortunately, reliable statistical analyses were not achieved in this experiment 

due to low statistical power.  The question of whether or not allophonic variants are 

converted to a phoneme-level representation still remains unanswered.  The same 

experiment should be conducted with more subjects in the future. 

7.2     Implications for Current Speech Perception Models 

This dissertation investigates how listeners process speech sounds which contain 

variability.  The variability under consideration in this dissertation is allophonic variation 

and indexical variation (Luce & McLennan, 2005).  Allophonic variation is 

phonologically conditioned variation, in which the realization of a phoneme varies in 

respect to the position in a syllable or a word and surrounding sounds.  

A phonological condition is language-specific, and listeners use the phonological 

knowledge of their native language for processing speech.  This is supported by the fact 

that previous studies show that listeners are sensitive to the violation of phonological 

rules (Cutler, 1997; Hallé, Segui, Frauenfelder, & Meunier, 1998; Otake, Yoneyama, 

Cutler, & van der Lugt, 1996; van Donselaar, Kuijpers & Cutler, 1999; Weber, 2001; 

among others).  The current study further found not only that phonological 

inappropriateness hinders processing, but also that phonological appropriateness 

facilitates processing. 
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Speech rate and speaker differences create indexical variation in the surface form, 

which happens at a lower level than allophonic variation.  Unlike allophonic variation, 

indexical variation is unpredictable to listeners, and the variation has been considered to 

have no role in processing in many of the previous studies.  It was assumed that when 

indexical variation happens, listeners discard information about individual speakers by 

normalizing speech.  However, some studies (Goldinger, Pisoni, & Logan, 1991; Martin, 

Mullennix, Pisoni, & Summers, 1989; Mullennix, Pisoni, & Martin, 1989; Palmeri, 

Goldinger, & Pisoni 1993; among others) have shown the importance of the speaker’s 

voice for processing.  Listeners performed better with stimuli produced by a single 

speaker than with those produced by multiple speakers, which indicates that listeners use 

the information about the speaker’s voice for processing sounds.   

Various word recognition models have been proposed to describe human auditory 

processing.  Two camps propose different hypotheses, which conflict with each other on 

the existence of intermediate representation(s) between the acoustic and the lexical levels.  

The mediated lexical access models postulate that acoustic signals are mapped onto 

higher, more abstract representations such as features, allophones, phonemes, or syllables, 

and finally to access the lexical representations.  These models include TRACE (Elman 

& McClelland, 1988; McClelland, 1979, 1987, 1991; McClelland & Elman, 1986), 

Shortlist (Norris, 1994; Norris, McQueen, Cutler & Butterfield, 1997), and Merge (Norris, 

McQueen & Cutler, 2000).  On the other hand, the mediated access models have been 

challenged by the direct access models, which argue that acoustic signals are mapped 

directly to the lexical level.  Many types of exemplar models are of this sort (Goldinger, 
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1998; Goldinger & Azuma, 2003; Johnson, 1997; Nosofsky, 1986, 1988, 1991; 

Pierrehumbert, 2002), although it is also possible for an exemplar model to involve 

recognition of sound-level units which are then mapped onto the lexicon.   

This debate remains unresolved because some studies provide evidence for the 

mediated lexical access models, while other studies support the direct access models.  In 

either case, the ultimate goal of speech perception is to access the right word in the 

lexicon resolving the lack of invariance and segmentation problems.  This is one of the 

fascinating cognitive abilities of human beings.  An important question is how language-

specific information for processing allophonic and indexical variation should be 

integrated into the current speech perception models.   

First, Mitterer (2003) posits no lexical influence on the processing of allophonic 

variants.  He tested liquid assimilation across word boundaries in Hungarian.  If listeners 

have knowledge of liquid assimilation, the pair [bɔlro:l] ‘from the left’ (underlying form) 

- [bɔrro:l] (surface form with liquid assimilation) should be more familiar to native 

listeners than the pair [bɔlna:l] ‘at the left’ - *[bɔrna:l] (with no liquid assimilation).  In 

this case, mismatch negativity (MMN) effects should be smaller for liquid assimilation 

pairs than for non-assimilation pairs.  In his results, no significant difference in MMN 

was found between the two types of pairs.  Mitterer concludes that compensation for 

coarticulation takes place at the acoustic processing level; hence there is no lexical 

influence at low levels of processing, and acoustic information is crucial.   
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Mitterer’s acoustic processing account does not seem to be sufficient for the 

processing of allophonic variants of Japanese vowels.  If we assume processing occurs 

only acoustically without the influence of phonological knowledge, we cannot explain 

why words with a reduced vowel between voiceless consonants were detected more 

quickly and accurately than the same words with a fully voiced vowel in the word 

recognition task, but reduced vowels were never detected more quickly than fully voiced 

vowels in single-sound detection.  Because the sequence of C[-voice]-[(i)]- C[-voice] was the 

same in both the phoneme monitoring and lexical decision experiments, if listeners 

processed the allophones acoustically without the influence of phonological knowledge 

(for instance, simply [k(i)t] sounds familiar), reduced vowels should have been detected 

more quickly than fully voiced vowels in phoneme monitoring as well as in lexical 

decision.  However, this was not the case.  As suggested before, the effects of acoustic 

cues and phonological information were of the same size in sound detection; therefore, 

they balanced out each other out, which resulted in no significant difference in RTs.  

Perhaps liquid assimilation across word boundaries in Hungarian in Mitterer’s 

experiment was optional, not obligatory as in vowel reduction in Japanese (almost 100% 

in appropriate phonological environments).  Since it is optional, liquid assimilation might 

not retained as a strong phonological rule for Hungarian listeners.  In contrast, vowel 

reduction should be maintained as a very important phonological rule for Japanese 

listeners, and the results from the current study showed that listeners use that 

phonological knowledge for processing.   
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Gaskell (2001, 2003), Gaskell, Hare, and Marslen-Wilson (1995), Gaskell and 

Marslen-Wilson (1996, 1997, 1998), and Gow (2001) suggest that listeners rely on 

phonological inference for processing allophonic variation resulting from place 

assimilation without referring to lexical information.  Listeners know the appropriateness 

of an allophone in relation to its context, and use that knowledge to identify the allophone, 

and/or to infer the neighboring sounds (phonological inference).   

Gaskell, et al. reject the speech perception models which deal with variability as 

noise.  Since the noise approach accepts mismatched inputs compared with the lexical 

representation, or uses top-down information to compensate for the mismatch, there 

should be no difference in the processing of matched and mismatched inputs.  However, 

in the current study as in Gaskel, et al’s studies, inputs with variability (reduced vowels) 

facilitated processing more than inputs matching the underlying forms (fully voiced 

vowels).  

Gaskel, et al. also contradicts another approach: underspecification (Archangeli, 

1988; Kiparsky, 1985; Pulleyblank, 1988).  In the underspecification approach, certain 

features in lexical representations are not specified so that deviating inputs would still 

match the lexical representations without referring to their context, even if the deviated 

segment violates place assimilation.  In the case of allophonic variants of Japanese 

vowels, since the high vowels are not specified for voicing according to this account, 

both reduced and fully voiced vowels should access the lexicon equally.  However, this 

was demonstrated not to be the case.  Especially in word recognition, the phonologically 

appropriate stimuli always accessed the lexicon more quickly and accurately than the 
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inappropriate stimuli.  Gaskel, et al. (1996) emphasize phonological inference in 

processing based on the surrounding segments instead of supporting the 

underspecification approach, and the current results also support this conclusion.   

Inference of an adjacent sound from context was observed in the phoneme 

monitoring experiments in the current study.  In the voicing environment, reduced vowels 

were detected as well as fully voiced vowels when they followed a voiceless consonant.  

When listeners heard the preceding voiceless consonant, they predicted that the following 

vowel should be reduced.  Gaskell, et al.’s phonological inference approach can account 

for the results of the current study, but there is a problem.  As mentioned before, both 

Mitterer’s and Gaskell and Marslen-Wilson’s models are unable, for the current results, 

to explain why listeners preferred reduced vowels in the devoicing environment in word-

level processing (e.g., akikan [ak(i)kaN] ‘empty can’), but there was no difference 

between reduced and fully voiced vowels in single-sound processing in nonsense words 

([hok(i)to] and [hokito]).  As both models posit, at the lower levels (acoustic or 

phoneme), the type of task (processing words or sounds, or real words vs. nonsense 

words) should not matter.  Both models predict that there should be no difference 

between sound-level and word-level processing at a lower level.  However, as we have 

seen, there was a difference between the two types of processing, which contradicts the 

prediction that the two accounts made.  

There are some models which predict an influence (top-down feedback) from the 

lexicon.  First, TRACE predicts that feature, phoneme, and word levels have bi-

directional connections, so that not only bottom-up but also top-down feedback from 
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higher levels is possible.  The sensitivity to phonotactic constraints arises through lexical 

feedback because inputs that obey the constraints receive more support from the lexical 

level.  Massaro and Cohen (1983) found that perception of an ambiguous segment 

between /r/ and /l/ is influenced by context.  There was a preference for /r/ in the context 

/t_i/, and a preference for /l/ in the context /s_i/.   

McClelland and Elman (1986:33) state that no phonotactic rules are considered in 

TRACE; however, interpretation of an ambiguous segment is biased by support from the 

lexical level.  For example, if an ambiguous segment is halfway /p/ and halfway /t/, /p/ is 

favored over /t/ at least at the beginning of processing because the lexicon contains more 

words starting with /p/.  This prediction is unable to explain the phoneme monitoring 

results (Experiments 1 through 3) in Chapter 2 in this study.  First, since all stimuli used 

in the experiments were nonsense words, there should be no representations in the 

lexicon; thus, there should be no support from the lexical level.  Nevertheless, the 

phonotactic constraint prohibiting obstruent clusters had effects on processing the 

phoneme /i/ presented in reduced and fully voiced forms.  This indicates that phonotactic 

information does not exist at the lexical level as TRACE predicts, but rather at a lower 

level.  Or, if we assume that there is still feedback from the lexical level for processing a 

segment in nonsense words, an activated lexical word should be similar to the nonsense 

word being processed (e.g., okita [ok(i)ta] ‘woke up’ for a nonsense word [hok(i)to]).  

As discussed earlier, the reduced [(i)] was detected as fast as the fully voiced [i] in the 

devoicing environment in phoneme monitoring.  Since the reduced form is acoustically 

weaker than the fully voiced form, the feedback from the lexical word ([ok(i)ta] okita 
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‘woke up’) should be enough to support the reduced vowel.  In this case, the lexical word 

must contain the allophonic information.  TRACE needs to be modified in such a way 

that the lexicon contains allophonic information.   

Another problem with TRACE is that activation is equal for all phonemes by 

normalizing the excitation value from the feature level to the phoneme level (McClelland 

and Elman 1986: 21).  In the case of allophonic variants of Japanese vowels, the value of 

the feature VOICE is low for reduced vowels and high for fully voiced vowels.  The 

model should be modified in such a way as to keep these values distinct instead of 

normalizing them, so that each value at the feature level activates the phoneme /i/ 

differently.   

Shortlist (Norris, 1994; Norris, McQueen, Cutler & Butterfield, 1997) can handle 

this problem that TRACE has.  Shortlist predicts that the phoneme recognizer is sensitive 

to phonological constraints and statistical properties (frequency) of the input.  

Phonological analysis is carried out at the phoneme level without any feedback from the 

lexical level.  This can account for sound detection in nonsense words in Japanese, which 

involves the use of phonological and phonotactic information.  It can be assumed that 

acoustic signals at a lower level are recognized as phonemes at a higher level.  Since the 

processing has not reached the lexical level, and Shortlist does not predict top-down 

feedback from a higher level, it does not matter whether the stimulus is a lexical word or 

nonsense word at the phoneme level.   

However, Shortlist still cannot explain why phonological and phonotactic 

knowledge work in different ways for single sound detection in nonsense words versus 
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for word recognition in real words.  As mentioned above, at the phoneme level, the 

processing from the acoustic level to the phoneme level should be the same for sound 

detection and for word recognition, but the phonological and phonotactic knowledge 

works differently.  One way to solve this paradox is to modify the models in the same 

way so that the lexicon contains allophonic information.  

The Merge model proposed by Norris, McQueen and Cutler (2000) is based on 

the same concept of the word recognition process as Shortlist.  The architecture of this 

model consists of three levels: the prelexical, phoneme, and word levels.  Processing at 

the prelexical level feeds continuous information to the word level.  The flow of 

information is not bi-directional but strictly bottom-up from the prelexical level to the 

word level to activate lexical candidates.  The prelexical information also flows to the 

phoneme level.  Phoneme decision making is supported by information from the 

prelexical level and at the same time from the word level.  Thus, two sources of 

information merge at the phoneme level.  There is no inhibition between the prelexical 

level and the phoneme level.  When the input carries ambiguous information about a 

sound (sounding more like /v/ than /f/ in the word ‘phoneme’), this ambiguity is 

preserved as /?onim/ rather than as /vonim/, so that the most closely matched lexical 

candidate is selected.  Inhibition between units, however, occurs at the lexical level at the 

stage of decision making.   

Notice that the phoneme level does not intervene between the prelexical level and 

the word level.  Units at the word level receive information from activated units at the 

prelexical level.  The one-way flow indicates that the activation from the prelexical level 
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to the word level is strictly bottom-up.  In contrast, units at the phoneme level receive 

information from units at the prelexical level and from units at the word level.  The 

relationship between the word level and the phoneme level is a one-way relationship, in 

which no information is sent from the phoneme level to the word level. 

 Unlike TRACE and Shortlist, the Merge model can potentially account for the 

allophonic variations in word recognition.  The detection of reduced vowels might be 

slower than the detection of fully voiced vowels at the prelexical level because reduced 

vowels are acoustically less salient.  However, if we assume that lexical representations 

contain allophonic information, the lexical representation of asita ‘tomorrow’ contains 

the feature [-voice] for the vowel /i/.  The input with a reduced vowel [aʃ(i)ta] exactly 

matches the lexical representation.  This could explain why reduced stimuli were 

recognized faster than fully voiced stimuli in the devoicing environment in the lexical 

decision task.  In other words, fully voiced vowels ([aʃita]) do not match the lexical 

representation as well as reduced input, which slows down the process.   

Now we need to consider how the Merge model can account for the phoneme 

monitoring results.  Reduced vowels should be detected more slowly than fully voiced 

vowels at the acoustic level due to their weaker acoustic cues.  At the same time, reduced 

vowels in the devoicing environment are phonologically appropriate, which should 

facilitate processing.  These two effects are in conflict, and perhaps have a similar effect 

size; as a result, reduced vowels were detected as quickly as fully voiced vowels.  Both 

reduced and voiced vowels equally activated the unit /i/ at the phoneme level.  The Merge 

model predicts lexical feedback to the phoneme level.  However, the phoneme 
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monitoring experiments in the current study were not designed for testing lexical 

feedback to a single phoneme in nonsense words.  Whether the units at the word level 

influence the units at the phoneme level or not remains as an open question.   

The extreme end of the spectrum is Exemplar models (Goldinger, 1998; 

Goldinger & Azuma, 2003; Johnson, 1997; Nosofsky, 1986, 1988, 1991; Pierrehumbert, 

2002), according to which each single utterance is stored as a set of exemplars.  There 

should be more exemplars of words containing the appropriate allophone than of those 

containing the inappropriate one because the appropriate one is the most common pattern 

and people have heard it over and over.  Exemplar models might be capable of 

accounting for the processing of allophonic variation in this sense.   

However, there are some potential problems with the exemplar account.  First, the 

unit of the exemplar is not clearly defined.  If stored units are words instead of phonemes, 

it would become difficult to explain the phoneme monitoring results of the current study.  

Since stimuli in the phoneme monitoring experiments were all nonsense words, there 

should not be exemplars of those items.  If that is so, how can we explain the fact that 

fully voiced vowels were detected more quickly than reduced vowels in the voicing and 

nasal-voicing environments, and reduced vowels were detected as fast as fully voiced 

vowels in the devoicing environment?  A word-based exemplar model could account for 

this through similarity of non-word stimuli to real words, however.  For example, 

[hok(i)to] would activate toki [tok(i)] ‘time’ and kita [k(i)ta] ‘north’, etc.  Nevertheless, it 

would still be difficult to account for the difference from lexical decision results. 
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If the units recognized through an exemplar model are both words and phonemes, 

the exemplar approach still cannot account for the phoneme monitoring and lexical 

decision results in the current study.  Imagine that the lexicon stores, for instance, more 

exemplars of both kita [k(i)ta] ‘north’ and of the phoneme string [k(i)t] with a reduced 

vowel (the most common realization) than with a fully voiced vowel. When listeners 

monitor the phoneme /i/ in a nonsense word /kito/, they should detect reduced vowels 

more quickly than fully voiced vowels since the reduced input should activate both 

reduced word and phoneme exemplars.  However, this was not the case in the phoneme 

monitoring results.  Reduced vowels were not detected faster than fully voiced vowels.  

This would imply that the number of phoneme exemplars of [k(i)t] with a reduced vowel 

is the same as [kit] with a fully voiced vowel, and the reduced input [k(i)t] does not 

activate the word exemplars of kita [k(i)ta].  However, these assumptions seem unlikely. 

Another problem with exemplar models is that the model does not allow for 

variation of input over time.  A buffer can be added to the model in order to keep 

auditory parameters over, for example, 10 ms in short-time memory.  In this way, each 

parameter and exemplars are compared and evaluated in parallel, and over the time 

course of recognition, the number of comparisons or evaluations becomes large, which 

makes processing very complicated.  This may, however, not be a problem: perhaps 

processing truly is this complicated.   

However, the results of Experiment 8, on processing of reduced vowels in fast 

speech context, may be more difficult to account for in an exemplar model.  Exemplar 

models are noted for being able to model the use of context (e.g. speaker voice attributes, 
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having heard the token before, etc.) in recognition.  Nevertheless, exemplar models may 

be weak in modeling the use of contextual cues at a longer distance in time from the 

token to be recognized, such as contextual cues not within the word.  In an exemplar 

model, an exemplar being recognized, whether the unit to be recognized is a phoneme, a 

word, or some other unit, activates a variety of categories (phoneme, word, speaker 

gender, or speaker dialect, etc.).  A preceding word does not activate categories for the 

recognition of a following word.   

The results from the fast speech experiment (Experiment 8) indicated that 

listeners were more accepting reduced vowels when they have been hearing a fast, 

reduced speech context before the word containing a reduced vowel than when they 

heard the word in isolation.  Thus, reduction, even in phonologically inappropriate 

contexts, is more acceptable if one is listening to fast, reduced speech.  What is important 

for exemplar modeling is that the fast, reduced context occurred outside the word 

containing the target vowel.  Whether one uses an exemplar model with words or one 

with phonemes as the unit to be recognized, it is difficult to see how context outside the 

word could make reduced vowels more acceptable.  If the preceding context itself 

contained several reduced vowels, one could perhaps argue that these exemplars of 

reduced vowels would shift the distribution of exemplars linked to those vowels’ 

phoneme categories, and thus affect recognition the next time those same vowels 

occurred, making reduced forms of those vowels more acceptable.  However, the 

preceding context in this experiment did not contain reduced vowels. Thus, the effect 

cannot stem from the preceding context having shifted the distribution of exemplars for 
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these vowels.  In addition, adult native speakers of a language must have so many 

exemplars of each category in their recent experience that the small number of tokens 

occurring in a short preceding frame sentence would be unlikely to affect the distribution 

of exemplars strongly.  Another possible solution would be to allow the unit stored as 

exemplars to be entire utterances.  However, since the majority of speech recognition is 

not of utterances one has heard in exactly the same form before, this would add a great 

quantity of computation to the system for little benefit. 

The difficulty of modelling this effect would also apply to other cases where 

surrounding context entirely outside the target word affects recognition, such as the 

famous effect found by Ladefoged and Broadbent (1957).  Thus, while exemplar models 

are known particularly for modelling context effects in recognition, their success at this 

may not extend to cases where the context occurs outside the word. 

A series of speech perception experiments in this dissertation have found that 

language-specific phonological and phonotactic knowledge plays an important role in 

processing allophonic variation.  Perhaps phonological interference occurs at a very early 

stage of processing and its interaction with acoustic information differs in sound 

detection and word recognition.  In sound detection, phonological inference is as strong 

as acoustic influence, but it is more influential in word recognition.  Moreover, 

allophones are judged based on progressive phonological inference (based on the 

preceding sound) in sound detection, but phonological inference from the surrounding 

segments on both sides (preceding and following sounds) takes place in word recognition.  

Moreover, it was found that phonological inference is skewed by the phonology of 
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listeners’ native dialect and the speech rate of the experimental stimuli.  Listeners showed 

more preference for inappropriate forms because they are more common forms in their 

native dialect, or because listeners adjusted their perception mode for faster speech.  

These facts suggest that the current speech perception models need to take into account 

allophonic and indexical variability of speech.   

7.3  Implications for Processing Speech Variability 

One might assume that variability it makes more difficult to process speech 

sounds.  Listeners have to deal with numerous variables such as idiolectal and dialectal 

differences, age, gender, social class, and contextual differences all at the same time, and 

the processing has to be done spontaneously.  It is a very important and interesting, but 

difficult, question how humans can handle all this variability without any conscious effort.  

Psycholinguistic studies have dealt with speech variability; however, we have not yet 

been able to construct a good perception model to account for it.   

This dissertation investigated allophonic variability in Japanese vowels as well as 

dialectal and speech rate variability.  It was confirmed that people intuitively know the 

phonological and phonotactic patterns of their own language and use that knowledge to 

process speech containing allophonic variability.  Also, it was found that the interactions 

of different types of sound-related information (acoustic, phonological, and phonotactic) 

are different for recognition of a single sound than for recognition of a larger unit such as 

the word.  These findings should be tested with different sounds in different languages to 

examine whether or not this is a universal human ability.  It is fascinating how our brain 
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organizes and processes low-level acoustic information to something meaningful at a 

higher level, and what kind of cognitive mechanisms are involved.   

Understanding such cognitive mechanisms will help to understand acquisition of a 

sound system in one’s first language.  In the first year of life, infants become familiar 

with speech sounds, and they acquire the sound system their own language in the first 2 

or 3 years of their life (O’Grady & Cho, 2005:365-366).  They are exposed to speech 

sounds from the people around them.  Although people often use ‘motherese’ when they 

talk to infants, language exposure is not limited to infant-directed speech.  Infants hear 

adults talking to other adults, and their speech contains variability.  How then can infants 

recognize each sound and organize them all in a system?   

Also, investigating the mechanisms for processing speech sounds containing 

variability will help to understand how people in different dialects or even in different 

languages can communicate with each other.  In the case of vowel reduction, cross-

linguistic research is necessary to investigate how the same linguistic phenomenon is 

dealt with in different languages in order to construct more detailed perception models 

with a solid understanding of the phenomenon.  For example, schwa deletion happens in 

French.  Fougeron and Steriade (1997) conducted articulatory and auditory experiments 

with native French speakers, and found an articulatory trace of schwa in the sequence of 

C1#C2 (e.g., [dr] in pas d(e) rôle ‘of role’) in electropalatographic and acoustic data.  

Also the rate of schwa deletion is variable among native speakers.  Moreover, 

participants were incapable of identifying [padrol] stimuli as d(e) role ‘role’ with schwa 

deletion or drôle ‘funny’ (underlyingly no schwa).  Barnes and Kavitskaya (2003) also 
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conducted a production test.  They saw the phenomenon as overlapped gestures instead of 

schwa deletion.  Smith (2002, 2003) investigated vowel devoicing in Parisian French.  

She found 1) that vowel devoicing happens not only in high vowels but also in the low 

vowel /a/; 2) that vowel devoicing happens in sentence-final position, which is a 

prosodically prominent position in French; and 3) that vowel devoicing is associated 

more with the declarative type of sentence to show ‘finality’.  The results of these studies 

suggest that canonical forms with schwa or other vowels are in French speakers’ lexicon, 

and devoicing/schwa deletion in French occurs not at the segmental level but at a higher 

(perhaps semantic) level.  As the French example indicates, vowel reduction differs 

cross-linguistically, and listeners’ psychological mechanisms for processing vowel 

reduction should be different based on one’s native language. 

This dissertation found that phonological and phonotactic knowledge of one’s 

own language is involved in processing speech variability.  This line of study will be 

expanded to find more evidence for understanding psychological mechanisms which can 

account for processing speech with different types of variability. 
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APPENDIX A: PHONEME MONITORING EXPERIMENTS 

 

Table A.1  

Experiments 1 & 2, Devoicing environment: 3-mora experimental stimuli (n=30) 

Average durations of whole stimulus, moras before target mora, target mora (/Ci/), preceding consonant, fully voiced vowel [i], 

and pitch accent.  Items are written in IPA.   

Reduced   

Stimuli 

Whole   Before 

target 

mora 

Target 

mora  

Pitch Fully 

Voiced 

Stimuli 

Whole  Before 

target 

mora 

Target 

mora 

Preced.

C 

[i] Pitch 

hok(i)to 549.2 181.3 112.1 H(L)L hokito 545.5 148.6 118.5 29.9 88.5 HLL 

jutʃ(i)te 520.6 90.8 145.0 H(L)L jutʃite 542.7 128.8 155.2 78.7 76.5 HLL 

katʃ(i)ho 536.2 131.2 146.8 H(L)L katʃiho 499.5 129.1 144.0 73.0 70.9 HLL 

watʃ(i)ka 488.7 119.1 121.6 H(L)L watʃika 554.3 132.7 150.9 67.4 83.5 HLL 

tek(i)sa 447.8 91.4 403.8 H(L)L tekisa 520.3 106.8 101.2 18.9 82.2 HLL 

muk(i)to 485.7 92.0 118.0 H(L)L mukito 504.9 130.0 130.4 38.8 91.6 HLL 

moʃ(i)to 470.3 118.2 177.4 H(L)L moʃito 501.9 109.6 182.5 96.4 86.0 HLL 

meʃ(i)te 476.2 105.8 156.4 H(L)L meʃite 451.8 88.4 167.6 94.7 72.9 HLL 

matʃ(i)ke 523.4 132.5 116.3 H(L)L matʃike 549.4 139.7 156.5 70.5 86.0 HLL 

mah(i)ko 491.7 132.3 131.7 H(L)L mahiko 500.9 135.9 164.0 72.5 91.5 HLL 

seʃ(i)ta 490.9 169.2 155.5 H(L)L seʃita 606.9 193.0 182.0 93.3 88.7 HLL 

sek(i)te 550.3 172.1 95.3 H(L)L sekite 539.6 179.0 102.7 24.3 78.3 HLL 

nok(i)ta 468.8 135.6 100.2 H(L)L nokita 478.7 132.4 105.8 26.3 79.5 HLL 

nuh(i)ka 470.2 107.7 142.0 H(L)L nuhika 499.0 123.6 158.6 40.8 117.8 HLL 

neh(i)sa 442.3 113.1 149.4 H(L)L nehisa 496.3 115.2 158.3 80.5 77.8 HLL 

Average 494.1  131.5  Average 519.4  145.2 60.4 84.8  
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Table A.2  

Experiments 1 & 2, Devoicing environment: 4-mora experimental stimuli (n=30) 

Reduced   

Stimuli 

Whole   Before 

target 

mora 

Targe. 

mora  

Pitch Fully 

Voiced 

Stimuli 

Whole  Before 

target 

mora 

Targe.

mora 

Prece.

C 

[i] Pitch 

nagah(i)ta 577.9 265.8 111.2 LH(L)L nagahita 683.9 325.0 144.0 51.0 92.9 LHLL 

nosah(i)ko 580.3 266.1 104.3 LH(L)L nosahiko 709.5 323.6 139.5 47.9 91.6 LHLL 

nototʃ(i)ko 600.2 261.8 121.2 LH(L)L nototʃiko 719.5 296.2 156.8 73.4 83.4 LHLL 

menah(i)sa 571.5 275.7 89.1 LH(L)L menahisa 650.3 291.7 132.7 57.6 75.1 LHLL 

motah(i)ke 616.8 275.0 106.2 LH(L)L motahike 661.6 297.6 152.6 55.8 96.8 LHLL 

sumok(i)ka 668.8 291.7 151.5 (L)H(L)L sumokika 806.0 405.5 121.7 37.3 84.4 (L)HLL 

saneʃ(i)ta 636.5 320.9 143.5 LH(L)L saneʃita 783.0 369.8 174.0 100.3 73.7 LHLL 

moneʃ(i)to 602.0 258.1 149.8 LH(L)L moneʃito 642.2 279.4 185.1 108.8 76.2 LHLL 

tojak(i)ko 615.1 239.5 90.9 LH(L)L tojakiko 667.7 279.2 106.5 33.8 72.6 LHLL 

tadah(i)ka 583.9 242.3 122.9 LH(H)H tadahika 609.5 266.5 137.4 52.6 84.7 LHLL 

kutek(i)to 602.7 237.2 110.9 (L)H(L)L kutekito 554.6 222.3 104.9 29.2 75.7 (L)HLL 

wagaʃ(i)te 594.9 250.6 139.8 LH(H)H wagaʃite 687.4 280.1 195.9 113.9 81.9 LHLL 

jawatʃ(i)ke 632.5 243.3 103.4 LH(L)L jawatʃike 663.9 298.7 117.2 67.8 49.3 LHLL 

hasetʃ(i)to 654.3 289.7 118.0 LH(L)L hasetʃito 690.0 317.8 146.0 57.3 88.7 LHLL 

kotaʃ(i)ke 629.6 255.2 139.9 LH(L)L kotaʃike 635.9 273.3 160.2 101.7 58.5 LHLL 

Average 610.5  120.2  Average 677.7  145.0 65.9 79.0  

Average 

Total 

 

552.3 

  

125.8 

 Average 

Total 598.5  145.1 63.1 81.9 
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Table A.3  

Experiments 1 & 2, Voicing environment: 3-mora experimental stimuli (n=30) 

Reduced   

Stimuli 

Whole   Before 

target 

mora 

Target 

mora  

Pitch Fully 

Voiced 

Stimuli 

Whole  Before 

target 

mora 

Target 

mora 

Preced. 

C 

[i] Pitch 

hodʒ(i)do 476.3 124.1 147.4 L(H)H hodʒido 488.3 140.8 143.8 47.2 96.5 LHH 

kedʒ(i)zo 451.7 125.9 73.0 L(H)H kedʒizo 479.0 105.5 110.5 30.2 80.3 HLL 

kodʒ(i)ba 455.0 124.4 97.7 L(H)H kodʒiba 482.9 130.0 108.3 43.5 64.8 HLL 

medʒ(i)na 445.7 122.3 114.2 L(H)H medʒina 479.8 128.1 111.2 41.6 69.6 LHH 

nudʒ(i)da 485.4 159.0 145.0 L(H)H nudʒida 466.2 165.6 130.8 59.3 71.5 LHH 

modʒ(i)za 507.1 137.0 93.8 L(H)H modʒiza 451.9 118.3 114.8 32.9 81.8 HLL 

sodʒ(i)me 563.7 199.1 109.7 L(H)H sodʒime 499.9 169.1 99.4 47.5 51.8 LHH 

tadʒ(i)da 492.8 136.3 136.2 L(H)H tadʒida 455.5 127.9 136.6 47.3 89.2 LHH 

tadʒ(i)ga 424.2 120.9 106.9 L(H)H tadʒiga 473.2 125.9 135.3 32.8 102.5 LHH 

tedʒ(i)do 474.4 133.7 118.0 L(H)H tedʒido 476.8 138.0 138.4 58.3 80.1 HLL 

tedʒ(i)ba 458.4 110.7 95.5 L(H)H tedʒiba 409.7 112.4 76.2 17.5 58.6 HLL 

wadʒ(i)de 446.2 136.7 126.7 L(H)H wadʒide 495.3 151.7 133.2 40.5 92.7 LHH 

wadʒ(i)na 431.5 122.1 90.4 L(H)H wadʒina 507.8 124.8 110.18 45.3 64.8 LHH 

judʒ(i)ma 475.5 140.6 97.6 L(H)H judʒima 466.6 120.6 125.0 57.0 67.9 LHH 

jadʒ(i)do 477.5 153.9 102.5 L(H)H jadʒido 513.2 149.1 137.0 37.6 99.3 LHH 

Average 471.0  110.3  Average 476.4  120.7 42.6 78.1  
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Table A.4  

Experiments 1 & 2, Voicing environment: 4-mora experimental stimuli (n=30) 

Reduced   

Stimuli 

Whol 

-e  

 Before 

target 

mora 

Targe. 

mora  

Pitch Fully 

Voiced 

Stimuli 

Whole  Before 

target 

mora 

Targe.

mora 

Prece.

C 

[i] Pitch 

kunodʒ(i)me 550.9 221.5 93.1 LH(H)H kunodʒime 622.7 276.9 105.9 58.3 47.5 LHHH 

ketadʒ(i)ba 519.2 249.6 82.22 LH(H)H ketadʒiba 580.4 269.2 96.9 57.4 39.5 LHLL 

kanadʒ(i)da 563.3 266.1 116.0 LH(H)H kenadʒida 591.8 258.7 125.2 40.2 85.0 LHLL 

mokodʒ(i)be 582.8 279.0 94.2 LH(H)H mokodʒibe 628.1 286.7 126.9 62.6 64.2 LHLL 

masudʒ(i)do 666.3 278.6 132.8 LH(H)H masudʒido 641.2 322.0 126.8 41.8 84.9 LHLL 

meɾadʒ(i)me 551.9 221.3 100.9 LH(H)H meɾadʒime 664.6 288.5 117.3 57.1 60.1 LHLL 

naɾadʒ(i)zo 621.9 291.7 108.2 LH(H)H naɾadʒizo 617.3 271.9 125.4 39.3 86.0 LHLL 

natadʒ(i)ba 581.3 273.9 76.0 LH(H)H natadʒiba 634.4 292.2 105.9 45.8 60.0 LHLL 

sasadʒ(i)na 690.5 348.8 99.1 LH(H)H sasadʒina 682.7 355.9 109.6 44.2 65.3 LHLL 

tasadʒ(i)ba 563.8 269.3 79.7 LH(H)H tasadʒiba 629.1 289.1 97.6 48.8 48.8 LHHH 

towadʒ(i)na 593.8 228.0 107.9 LH(H)H towadʒina 659.2 253.1 121.2 71.5 49.7 LHLL 

waɾedʒ(i)da 573.4 230.0 108.5 LH(H)H waɾedʒida 612.7 261.4 120.5 29.2 91.3 LHLL 

waɾedʒ(i)na 581.9 222.2 89.7 LH(H)H waɾedʒina 606.5 236.2 115.4 48.3 67.0 LHLL 

jatedʒ(i)ma 579.0 256.8 83.1 LH(H)H jatedʒima 629.9 277.4 97.1 36.8 60.3 LHHH 

jotadʒ(i)no 640.5 280.7 106.9 LH(H)H jotadʒino 644.3 300.9 109.6 59.6 50.0 LHHH 

Average 590.7  98.5  Average 629.7  113.4 49.4 64.0  

Average 

Total 

 

530.9 

  

104.4 

 Average 

Total 553.0  117.1 46.0 71.0 
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Table A.5  

Experiments 1 & 2, Nasal-voicing environment: 3-mora experimental stimuli (n=30) 

Reduced   

Stimuli 

Whole   Before 

target 

mora 

Target 

mora  

Pitch Fully 

Voiced 

Stimuli 

Whole  Before 

target 

mora 

Target 

mora 

Preced. 

C 

[i] Pitch 

haɲ(i)na 443.7 145.4 143.4 L(H)H haɲina 433.3 130.4 156.2 46.5 109.6 LHH 

kuɲ(i)ma 417.9 104.9 142.6 L(H)H kuɲima 415.7 107.5 136.1 61.9 74.2 LHH 

meɲ(i)ga 457.0 132.2 185.1 L(H)H meɲiga 418.2 117.0 171.6 48.4 123.2 LHH 

naɲ(i)me 478.0 151.5 131.6 L(H)H naɲime 442.7 137.5 120.5 54.1 66.3 LHH 

neɲ(i)go 495.3 173.3 162.7 L(H)H neɲigo 481.1 118.2 186.2 54.7 131.5 LHH 

suɲ(i)go 522.1 184.4 181.5 L(H)H suɲigo 537.7 201.3 188.1 54.8 133.2 LHH 

soɲ(i)ba 518.1 213.3 158.6 L(H)H soɲiba 484.3 184.4 146.8 53.0 93.7 LHH 

saɲ(i)za 541.7 219.5 157.2 L(H)H saɲiza 569.5 209.0 183.5 50.2 133.2 LHH 

teɲ(i)do 437.3 138.6 155.3 L(H)H teɲido 440.7 110.7 160.3 49.2 111.0 LHH 

taɲ(i)na 421.0 128.1 140.1 L(H)H taɲina 425.3 119.4 147.4 49.7 97.7 LHH 

toɲ(i)ze 446.5 115.4 166.2 L(H)H toɲize 447.1 104.7 175.4 49.9 125.5 LHH 

taɲ(i)mo 467.8 139.3 141.7 L(H)H taɲimo 424.0 108.7 134.8 51.8 82.9 LHH 

juɲ(i)da 461.7 119.9 151.2 L(H)H juɲida 458.5 142.4 162.8 51.6 111.1 LHH 

waɲ(i)de 457.6 116.8 166.9 L(H)H waɲide 465.6 137.7 167.3 48.0 119.3 LHH 

waɲ(i)ba 461.5 118.3 182.6 L(H)H waɲiba 428.0 125.2 148.8 47.3 101.5 LHH 

Average 468.5  157.8  Average 458.1  159.0 51.4 107.6  
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Table A.6  

Experiments 1 & 2, Nasal-voicing environment: 4-mora experimental stimuli (n=30) 

Reduced   

Stimuli 

Whole   Before 

target 

mora 

Targe. 

mora  

Pitch Fully 

Voiced 

Stimuli 

Whole  Before 

target 

mora 

Targe. 

mora 

Prece.

C 

[i] Pitch 

ɸukoɲ(i)no 565.2 242.9 109.4 (L)HHH ɸukoɲino 596.8 280.0 130.1 45.0 85.0 (L)HHH 

hasaɲ(i)na 638.4 318.5 141.2 LHHH hasaɲina 620.2 298.2 155.0 60.0 94.9 LHHH 

kutoɲ(i)no 502.3 206.2 128.7 (L)HHH kutoɲino 504.0 220.9 134.0 47.1 86.8 (L)HHH 

ketaɲ(i)me 568.9 256.0 136.1 LHHH ketaɲime 539.4 253.6 110.1 57.9 52.2 LHHH 

kedaɲ(i)da 531.2 238.5 124.8 LHHH kedaɲida 543.8 248.1 138.7 31.2 107.5 LHHH 

kasoɲ(i)de 565.3 273.0 167.7 LHHH kasoɲide 567.7 262.7 157.5 47.6 109.8 LHHH 

nasaɲ(i)ba 591.4 291.3 151.5 LHHH nasaɲiba 561.0 270.3 116.3 50.7 65.6 LHHH 

nuɾaɲ(i)za 557.7 235.5 147.6 LHHH nuɾaɲiza 588.5 241.7 167.1 46.9 120.1 LHHH 

samoɲ(i)na 627.8 329.3 122.1 LHHH samoɲina 659.3 366.8 122.7 46.2 76.4 LHHH 

taɾeɲ(i)do 546.3 265.5 140.5 LHHH taɾeɲido 527.1 218.7 162.5 52.6 109.8 LHHH 

tasoɲ(i)be 570.1 248.1 186.7 LHHH tasoɲibe 590.6 270.8 137.5 49.6 87.9 LHHH 

josaɲ(i)ne 619.0 332.5 119.8 LHHH josaɲine 615.5 288.7 138.1 57.6 80.5 LHHH 

juɾaɲ(i)ide 508.0 217.8 153.9 LHHH juɾaɲide 593.1 260.0 158.3 51.0 107.2 LHHH 

waseɲ(i)da 574.3 276.7 158.1 LHHH waseɲida 599.0 274.6 165.6 57.3 108.3 LHHH 

wadoɲ(i)ma 591.6 261.2 164.8 LHHH wadoɲima 557.5 228.3 120.9 59.8 61.0 LHHH 

Average 570.5  143.5  Average 577.6  140.9 50.7 90.2  

Average 

Total 519.5  150.7 

 Average 

Total 517.8  150.0 51.1 98.9 
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Table A.7  

Experiment 3, Devoicing environment: 3-mora experimental stimuli (n=20) 

Average durations of original whole stimulus (before splicing), whole stimulus (after splicing), target mora (/Ci/), preceding 

consonant, fully voiced vowel [i], and pitch accent after splicing.  Items are written in IPA.   

Reduced  

Stimuli 

Origin. 

Whole 

 

Whole 

after 

Splice 

Target 

mora  

Pitch Fully  

Voiced 

Stimuli 

Origin. 

Whole 

 

Whole 

after 

Splice 

Target 

mora  

Preced. 

C 

[i] Pitch 

hok(i)to 549.2 538.6 114.3 H(L)L hokito 545.5  121.2 30.2 90.9 HLL 

seʃ(i)ta 539.0 554.1 161.9 H(L)L seʃita 595.9  203.6 93.9 109.6 HLL 

katʃ(i)ho 553.1 537.1 150.6 H(L)L katʃiho 515.5  129.0 45.4 83.6 HLL 

tek(i)sa 447.8 527.3 105.9 H(L)L tekisa 520.3  98.9 18.9 80.0 HLL 

watʃ(i)ka 488.7 524.8 121.2 H(L)L watʃika 554.3  150.7 67.9 82.7 HLL 

muk(i)to 485.7  120.9 H(L)L mukito 504.9 490.1 125.3 39.1 86.2 HLL 

moʃ(i)to 527.3  173.6 H(L)L moʃito 547.5 553.0 199.4 92.5 106.8 HLL 

meʃ(i)te 506.6  162.1 H(L)L meʃite 617.7 539.5 195.0 89.4 105.5 HLL 

matʃ(i)ke 512.6  133.7 H(L)L matʃike 553.5 537.4 158.4 50.7 107.6 HLL 

mah(i)ko 491.7  162.9 H(L)L mahiko 500.9 506.5 177.8 72.2 105.5 HLL 

 

Average 520.6 140.8 

  

Average 535.8 156.0 

 

60.1 

 

95.9  
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Table A.8  

Experiment 3, Devoicing environment: 4-mora experimental stimuli (n=20) 

Reduced  

Stimuli 

Origin. 

Whole 

 

Whole 

after 

Splice 

Targe.

mora  

Pitch Fully  

Voiced 

Stimuli 

Origin. 

Whole 

 

Whole 

after 

Splice 

Targe.

mora  

Prece. 

C 

[i] Pitch 

moneʃ(i)to 614.9 610.5 154.3 LH(H)H moneʃito 657.5  201.2 91.9 109.3 LHHH 

motah(i)ke 616.8 626.6 117.2 LH(L)L motahike 661.6  152.2 55.2 96.9 LHLL 

menah(i)sa 684.2 632.3 121.3 LH(L)L menahisa 679.3  168.4 69.2 99.1 LHLL 

hasetʃ(i)to 661.1 661.5 111.7 LH(L)L hasetʃito 687.3  137.5 42.3 95.2 LHLL 

kotaʃ(i)ke 598.7 576.0 108.2 LH(L)L kotaʃike 643.2  175.4 88.8 86.5 LHLL 

tadah(i)ka 602.9  134.9 LH(H)H tadahika 625.5 608.8 140.7 33.8 106.9 LHHH 

nagah(i)ta 635.2  127.4 LH(H)H nagahita 699.2 671.7 163.9 34.6 129.3 LHHH 

wagaʃ(i)te 664.5  154.5 LH(L)L wagaʃite 673.9 692.0 182.0 98.7 83.2 LHLL 

nototʃ(i)ko 633.3  130.4 LH(L)L nototʃiko 756.4 654.0 151.1 63.1 87.9 LHLL 

jawatʃ(i)ke 613.9  120.2 LH(H)H jawatʃike 649.2 621.1 127.5 45.4 82.0 LHHH 

4-mora 

Average 

 

625.7 

 

128.0 

 4-mora 

Average 657.7 160.0 62.3 97.6 

 

Average 

Total 

 

573.2 

 

134.4 

 Average 

Total 596.8 158.3 61.2 96.8 

 

Modified 

Average 578.9 126.7  

Modified  

Average 595.6 169.1 62.0 100.1 

 

Base 

Average 

 

567.4 

 

142.1 

 Base 

Average 597.9 146.9 60.4 93.4 
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Table A.9  

Experiment 3, Voicing environment: 3-mora experimental stimuli (n=20) 

Reduced  

Stimuli 

Origin. 

Whole 

 

Whole 

after 

Splice 

Target 

mora  

Pitch Fully  

Voiced 

Stimuli 

Origin. 

Whole 

 

Whole 

after 

Splice 

Target 

mora  

Preced. 

C 

[i] Pitch 

hodʒ(i)do 476.3 494.4 149.6 L(H)H hodʒido 488.3  143.5 40.2 103.2 LHH 

wadʒ(i)de 446.2 459.9 105.9 L(H)H wadʒide 497.9  143.9 37.9 105.9 LHH 

wadʒ(i)na 431.5 456.4 143.4 L(H)H wadʒina 521.2  137.3 41.2 96.1 LHH 

modʒ(i)za 571.5 583.4 185.4 H(L)L modʒiza 598.4  200.4 20.4 180.0 HLL 

kek(i)zo 506.9 591.3 119.6 H(L)L kekizo 632.2  160.5 21.9 138.6 HLL 

toʃ(i)ba 528.9  161.0 H(L)L toʃiba 485.7 563.3 195.4 110.9 84.5 HLL 

tadʒ(i)ga 424.2  111.3 L(H)H tadʒiga 473.2 461.1 148.1 42.2 105.8 LHH 

teʃ(i)do 489.4  156.4 H(L)L teʃido 530.6 540.3 207.3 110.5 96.8 HLL 

teʃ(i)ba 470.2  153.6 H(L)L teʃiba 528.7 507.3 190.6 99.1 91.4 HLL 

metʃ(i)na 467.3  171.8 H(L)L metʃina 521.1 441.9 146.4 73.3 73.1 HLL 

 

Average 496.6 145.8 

  

Average 525.2 167.4 

 

59.8 

 

107.6 

 

Ave. z+i 483.7 139.2  Ave. z+i 513.4 154.7 36.4 118.3  

Ave. C ̥̥ ̥̥+i 509.5 152.5  Ave. C ̥̥ ̥̥+i 537.0 180.1 83.2 96.9  
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Table A.10  

Experiment 3, Voicing environment: 4-mora experimental stimuli (n=20) 

Reduced  

Stimuli 

Origin. 

Whole 

 

Whole 

after 

Splice 

Targe.

mora  

Pitch Fully  

Voiced 

Stimuli 

Origin. 

Whole 

 

Whole 

after 

Splice 

Targe.

mora  

Prece. 

C 

[i] Pitch 

waɾeʃ(i)da 565.2 578.5 154.5 LH(H)H waɾeʃida 576.7  152.7 91.4 61.3 LHHH 

tanatʃ(i)da 618.3 615.4 133.2 LH(H)H tanatʃida 604.3  122.2 47.6 74.5 LHHH 

tasadʒ(i)ba 563.8 587.5 99.5 LH(L)L tasadʒiba 629.1  141.1 39.2 101.9 LHLL 

ketadʒ(i)iba 519.2 554.4 99.8 LH(L)L ketadʒiba 580.4  125.7 43.7 82.0 LHLL 

sasadʒ(i)na 690.5 659.9 126.0 LH(L)L sasadʒina 682.7  148.8 42.1 106.6 LHLL 

meɾah(i)me 600.0  157.8 LH(H)H meɾahime 595.5 550.8 108.6 22.5 86.0 LHHH 

kunoʃ(i)me 547.3  153.5 LH(H)H kunoʃime 611.4 586.5 173.9 113.1 60.8 LHHH 

kanadʒ(i)da 571.2  121.7 LH(H)H kanadʒida 591.8 578.5 129.0 42.4 86.6 LHHH 

mokodʒ(i) 

be 582.8  124.3 

LH(H)H mokodʒibe 

628.1 632.2 173.7 58.9 114.7 LHHH 

natak(i)ba 697.7  120.1 LH(H)H natakiba 669.7 670.1 92.5 24.9 67.5 LHHH 

4-mora 

Average 

 

599.5 

 

129.0 

 4-mora 

Average 609.2 136.9 52.6 84.2 

 

Ave. z+i 591.2 114.3  Ave. z+i 620.6 143.7 45.3 98.4  

Ave. C ̥̥ ̥̥+i 607.8 143.9  Ave. C ̥̥ ̥̥+i 597.7 130.0 59.9 70.1  

Average 

Total 

 

548.1 

 

137.5 

 Average 

Total 567.2 152.1 56.2 95.9 

 

Ave. z+i 537.5 126.7  Ave. z+i 567.0 149.2 40.9 108.3  

 

Ave. C ̥̥ ̥̥+i 

 

 

558.6 

 

 

148.2 

  

Ave. C ̥̥ ̥̥+i 
567.4 155.1 71.6 83.5 
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Table A.10 - Continued 

Modified 

Average 

 

558.2 

 

131.7 

 Modified 

Average 553.2 156.6 42.4 104.0 

 

Base 

Average 

 

537.9 

 

143.2 

 Base 

Average
25

 581.2 147.7 70.0 87.8 

 

 

 

                                                 
25

 Pitch pattern for /tasadʒiba/, /kanadʒida/, /mokodʒibe/ might be LHLH, which is a violation of a constraint in Japanese pitch accent pattern (not more 

than one falling). Onset of target mora in /modʒiza/, /tasadʒiba/, and /mokodʒibe/ was measured including the prevoicing part due to difficulty of 

splicing.  Offset of target mora in /merahime/, /kunosime/, and /metina/ was measured including 1 or 2 voicing periods due to difficulty of splicing. 
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Table A.11  

Experiment 3, Nasal-voicing environment: 3-mora experimental stimuli
26

 (n=20) 

Reduced  

Stimuli 

Origin. 

Whole 

 

Whole 

after 

Splice 

Target 

mora  

Pitch Fully  

Voiced 

Stimuli 

Origin. 

Whole 

 

Whole 

after 

Splice 

Target 

mora  

Preced. 

C 

[i] Pitch 

suɲ(i)go 522.1 528.6 185.3 HLL suɲigo 537.7  194.4 51.7 142.6 HHL 

soɲ(i)ba 518.1 497.8 179.8 HHL soɲiba 484.3  166.3 48.9 117.3 HHL 

taɲ(i)mo 498.1 487.3 152.2 HHL taɲimo 533.1  198.1 61.8 136.2 HHL 

meɲ(i)ga 457.0 430.3 182.9 HHL meɲiga 418.2  170.8 49.8 121.0 HHL 

saɲ(i)za 541.7 558.0 173.1 HHL saɲiza 569.5  184.6 46.2 138.4 HHL 

teɲ(i)do 473.6  171.6 LHH teɲido 480.7 503.8 201.9 52.1 149.7 LHH 

taɲ(i)na 421.0  138.0 LHH taɲina 425.3 425.9 142.9 52.3 90.5 LHH 

kuɲ(i)ma 417.9  106.9 LHH kuɲima 415.7 446.1 135.2 60.5 74.6 LHH 

toɲ(i)ze 446.5  176.8 LHH toɲize 447.1 454.7 185.0 42.5 142.4 LHH 

naɲ(i)me 478.0  131.4 LHH naɲime 442.7 466.1 119.4 56.6 62.8 LHH 

 

Average 473.9 159.9 

  

Average 484.0 169.9 

 

52.3 

 

117.6  

 

 

 

 

 

 

                                                 
26

 For the item /tasonibe/, one period of the following /b/ was included due to difficulty of splicing. 

The item /sunigo/ had different pitch between the stimulus with the voiceless [i ̥] (HLL) and one with the voiced [i] (HHL).  

 



 279 

Table A.12  

Experiment 3, Nasal-voicing environment: 4-mora experimental stimuli (n=20) 

Reduced  

Stimuli 

Origin. 

Whole 

 

Whole 

after 

Splice 

Targe.

mora  

Pitch Fully  

Voiced 

Stimuli 

Origin. 

Whole 

 

Whole 

after 

Splice 

Targe.

mora  

Prece. 

C 

[i] Pitch 

nasaɲ(i)ba 591.4 583.2 144.8 LHHH nasaɲiba 561.0  122.7 49.2 73.4 LHHH 

ɸukoɲ(i)no 565.2 578.9 112.4 (L)HHH ɸukoɲino 596.8  130.3 41.5 88.7 (L)HHH 

ketaɲ(i)me 627.6 660.7 134.1 LHHH ketaɲime 703.0  176.3 74.8 101.5 LHHH 

taɾeɲ(i)do 536.2 575.2 143.5 LHHH taɾeɲido 627.1  195.4 56.5 138.8 LHHH 

tasoɲ(i)be 570.1 597.9 185.3 LH(L)L tasoɲibe 590.6  177.9 45.7 132.2 LHHH 

kedaɲ(i)da 531.2  155.8 LHHH kedaɲida 612.8 556.5 181.1 58.2 122.9 LHHH 

juɾaɲ(i)de 508.0  177.8 LHHH juɾaɲide 593.1 514.6 184.4 47.9 136.4 LHHH 

waseɲ(i)da 574.3  168.4 LHHH waseɲida 647.9 532.1 126.2 25.7 100.5 LHHH 

kasoɲ(i)de 607.9  165.7 LHHH kasoɲide 658.1 654.5 212.4 56.6 155.7 LHHH 

samoɲ(i)na 627.8  119.7 LHHH samoɲina 657.7 685.4 177.3 63.2 114.0 LHHH 

4-mora 

Average 

 

584.6 

 

150.8 

 4-mora 

Average 602.2 168.4 52.0 116.5 

 

Average 

Total 

 

529.3 

 

155.3 

 Average 

Total 543.1 169.2 52.1 117.0 

 

Modified 

Average 

 

549.9 

 

159.4 

 Modified

Average 524.0 166.6 51.6 115.0 

 

Base 

Average 

 

508.7 

 

151.3 

 Base 

Average 562.2 171.7 52.7 119.1 
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Table A.13 

Experiments 1, 2, & 3: Practice items (n=10)   

Item Length Pitch Item Length Pitch 

isa 308.6 HL kademake 615.6 LHHH 

sata 406.9 HL maQtase 568.7 HLL 

janoma 435.3 HLL nasogi 528.0 HLL 

joka: 427.0 HLL moike 427.6 HLL 

tante 463.1 HLL miɾahoN 522.0 LHHH 
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Table A.14 

Experiments 1, 2, & 3: /i/-fillers (n=30) 

Item Length Pitch Item Length Pitch 

ize 304.8 HL waQtʃi 469.7 HL 

imu 286.4 HL ombi 405.7 HLL 

ia 248.7 HL tonʃi 489.9 HLL 

iho 299.7 HL mumaɾi 487.4 HLL 

ime 263.4 HL kamuni 796.3 HLL 

deni 379.3 HL ikamma 554.2 LHHH 

wami 341.4 HL intano 598.1 LHHH 

tegi 360.8 HL i:moku 635.7 LHHH 

ɸuni 340.7 HL iQkata 613.1 LHH 

jutʃi 394.3 HL iQsume 572.0 LHH 

iQpe 542.0 HL mujashi: 650.6 LHHH 

insa 450.9 HLL sa:kai 589.3 LHHH 

i:ma 387.1 HHL moŋkei 564.6 LHHH 

imoru 385.7 HLL amaari 533.5 LHHH 

ɾommi 741.8 HLL wanatei 546.3 LHHH 
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Table A.15 

Experiments 1, 2, & 3: 2-mora fillers (n=60) 

Item Length Pitch Item Length Pitch Item Length Pitch 

ata 342.4 HL suno 432.8 HL moho 381.2 HL 

anu 320.5 HL teu 294.3 HL meha 366.4 HL 

une 310.1 HL tasa 391.8 HL jaka 360.7 HL 

ewa 298.8 HL temu 353.5 HL juza 350.7 HL 

eme 315.0 HL teto 326.4 HL joto 392.7 HL 

ota 309.6 HL taja 326.7 HL joɾa 313.0 HL 

ode 298.4 HL tsugo 354.6 HL ɾato 435.3 HL 

kuzo 304.9 HL naso 407.0 HL ɾeha 342.6 HL 

kuna 293.1 HL nane 332.2 HL ɾome 343.1 HL 

kege 315.9 HL newa 352.6 HL ɾaja 342.0 HL 

kuta 296.4 HL nako 445.9 HL ɾeu 357.3 HL 

koze 323.2 HL noha 401.8 HL ɾowa 255.4 HL 

kaɾo 316.3 HL nute 379.1 HL wane 345.6 HL 

kena 309.4 HL homu 392.3 HL waze 345.6 HL 

sabe 369.2 HL hoke 390.4 HL geɾu 301.9 HL 

seke 412.3 HL mabe 387.4 HL gano 345.2 HL 

sedo 381.7 HL mano 379.3 HL damo 327.2 HL 

soke 447.5 HL mese 391.1 HL zaso 437.1 HL 

sona 386.9 HL meto 366.7 HL donu 300.2 HL 

semu 418.9 HL muke 390.0 HL juko 406.6 HL 
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Table A.16 

Experiments 1, 2, & 3: 3-mora fillers (n=120) 

Item Length Pitch Item Length Pitch Item Length Pitch Item Length Pitch 

akata 548.0 LHH koQse 503.9 LH tamojo 469.3 LHH hewasa 503.3 LHH 

ajade 540.9 HLL kotoN 438.8 HLL teama 452.9 HLL heQto 519.6 LH 

azaN 461.5 LHH kaɾase 537.6 HLL tsuwaka 532.2 LHH hoQka 518.7 HL 

aemu 488.4 LHH konɾe 480.3 LHH tebama 454.9 HLL hotako 566.2 LHH 

anoso 510.0 HLL sutama 596.9 LHH sezena 489.2 LHH ho:ma 472.8 HLL 

aɾena 459.0 LHH san’o 593.6 HLL teseN 453.4 HLL ɸumeka 550.0 HLL 

uɾedo 404.7 LHH sa:so 600.1 LHH tejoko 516.6 LHH ha:ja 497.3 HLL 

ekuja 419.2 HLL sateme 566.3 LHH toɾezo 462.9 LHH hawaɾo 476.9 LHH 

edaka 492.1 LHH suoN 439.8 HLL neuto 522.5 LHH majude 487.5 HLL 

ewaN 408.3 HLL seQte 555.1 HL neQka 531.2 HL magaN 499.5 LHH 

egato 491.9 HLL se:ga 534.8 LHH nemano 543.1 HLL mo:ne 506.1 HLL 

ezaN 418.5 LHH semmo 528.0 HLL nesoma 518.3 LHH musone 479.2 HLL 

esojo 446.3 HLL seteho 574.7 LHH nosamu 502.5 HLL mekao 479.1 HLL 

emoka 445.3 HLL seQko 519.7 LH noteko 563.7 LHH memana 514.1 LHH 

ojasu 519.8 LHH sokanu 578.8 HLL nukona 529.5 HLL mugasa 545.4 HLL 

oketo 477.5 HLL sowasa 582.5 HLL nomodo 504.3 LHH menmo 432.3 HLL 

oteju 783.5 HLL soene 607.7 LHH nakana 489.6 LHH menoka 524.2 LHH 

oQko 441.7 LH sonoo 513.9 HLL neata 471.8 HLL mukasa 511.7 HLL 

koQke 520.1 HL sanaɾe 534.9 LHH naɾese 524.0 LHH motada 483.1 HLL 

kanse 532.8 HHH saQke 583.9 LH naoza 467.7 HLL monna 478.3 LLH 

kagebo 477.1 HLL toata 494.6 HLL hawasa 565.1 HLL mo:te 499.3 HHL 

kaoN 474.0 LHH tosaN 468.9 LHH haeba 488.4 LHH jokana 547.2 LHH 

kaQso 514.5 HL tonso 494.2 HHL ɸu:wa 447.4 HLL joato 556.6 LHH 

ketesa 522.0 LHH tsujowa 506.0 LHH haQso 501.7 HL joQse 492.3 LH 
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Table A.16 - Continued 

keɲjo 489.4 HLL tawasa 476.8 HHL haona 454.4 HLL junto 476.7 HLL 

kenude 470.6 LHH taQka 481.4 HL hesata 512.3 HLL ɾadaN 504.5 LHH 

konnu 515.4 HLL tanho 485.8 LHH hemaju 546.2 HLL ɾutoma 465.6 HLL 

komake 566.8 LHH tasoN 471.4 LHH jujate 531.4 HLL ɾeQke 604.8 HL 

ɾenza 524.6 HLL ɾaketa 517.3 HLL ɾasane 552.9 HLL ɾobute 476.2 HLL 

ɾoŋga 474.7 HLL ɾo:sa 519.1 HHL ɾueka 500.6 LHH wazaN 437.0 LHH 
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Table A.17 

Experiments 1, 2, & 3: 4-mora fillers (n=120) 

Item Length Pitch Item Length Pitch Item Length Pitch 

awaguse 583.6 LHLL keŋguN 507.9 LHHH tantema 584.6 LHHH 

aQteso 534.4 LHH kesusane 581.6 LHLL tamejabu 518.4 LHHH 

asenda 514.8 LHHH koɾonaN 546.6 LHHH tan’oku 613.7 LHHH 

ao:sa 540.8 LHHH keQkuta 560.8 LHH tonobata 598.0 LHHH 

amoQka 539.1 LHL sukaneda 526.7 LHH toneQka 558.3 LHH 

aŋkoN 467.8 HLLL sanuwama 621.9 LHHH tsuzemasa 630.5 LHHH 

adotose 579.1 LHHH sasubate 672.7 LHHH todesaju 574.3 LHHH 

enusume 518.9 LHHH se:nta 671.5 LHHH tsuɾabata 606.6 LHHH 

eanose 557.4 LHLL sotobate 663.2 LHHH nakkaN 572.0 LHH 

enujada 528.2 LHHH sa:kana 592.4 LHHH nansoja 581.7 LHHH 

eQseno 581.4 LHH sajusejo 619. LHHH nusedano 589.7 LHLL 

etenaba 535.4 LHLL sukajamu 617.7 LHH nanahate 646.2 LHHH 

etokuwa 526.5 LHHH senonata 625.2 LHHH netameku 681.5 LHHH 

ebasae 567.8 LHHH sejakaN 620.6 LHHH neŋkaja 583.0 LHHH 

ebatone 548.1 LHHH se:taja 612.4 LHHH nenzamo 579.5 LLHH 

o:samo 547.5 LHHH setonusa 624.1 LHHH neQkasa 637.8 LHH 

oŋgaN 508.6 LHHH soanuja 634.1 LHHH nejonaso 654.8 LHLL 

oneQsa 510.3 LHH suQkase 695.5 LHH notanase 671.4 LHHH 

ojunotsu 619.5 LHHH somesanu 650.1 LHLL no:kate 640.0 LHHH 

kataQko 611.8 LHL seoseN 632.3 LHHH nowaQta 591.4 LHH 

ko:taN 542.8 HHLL sadegana 723.0 LHHH nonejada 623.1 LHHH 

kon’ema 530.1 LHHH tanusake 618.1 LHHH naɾeneta 619.8 LHHH 

kumojyu: 560.6 LHHH tesagata 592.4 LHHH no:take 656.3 LHHH 

kogewaka 593.5 LHHH tennuka 560.22 LHHH nan’eɾu 561.4 LHHH 
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Table A.17 - Continued 

kantsume 499.2 LHHH tezenao 527.8 LHHH nosenade 604.3 LHLL 

kanseso 547.6 LHHH temosaku 595.6 LHHH haQsaka 642.7 LHH 

kunosema 519.0 LHHH tenejoso 601.2 LHHH ɸuQsanu 566.8 LHH 

kewanema 518.9 LHHH tanameno 537.2 LHHH man’aga 560.8 LHHH 

ɸusekusa 646.7 LHHH hoɾakaga 621.3 LHHH mokewaga 617.2 LHHH 

ɸu:no: 599.4 LHHH man’aga 560.8 LHHH monsajo 574.8 LHHH 

ɸukojate 659.2 HLL maQkage 589.0 LHH mabedono 541.8 LHHH 

hamunaku 671.0 LHHH metsuasa 643.4 LHHH motsuɾana 559.6 LHHH 

ha:mato 606.3 LHHH mejanoka 600.1 LHHH makanake 668.8 LHHH 

hasoQte 578.6 LHH mezaQko 598.5 LHH mosuɾeN 492.6 LHHH 

hantota 547.8 LHHH memukomo 576.7 LHHH jutanasa 632.7 LHHL 

hontau 516.9 LHHH manodana 543.9 LHHH joQtoma 518.5 LHH 

ɸutewase 593.5 HHH magosuno 572.6 LHHH jonomoka 587.4 LHHH 

hokutaka 634.1 LHH mekokano 565.9 LHHH jonatsuka 623.8 LHHL 

ɸutonaso 620.2 LHH monusane 578.8 LHHH jonekada 632.8 LHLL 

ɸuQkaN 545.7 LHH moQseN 552.0 LHH ɾanzako 665.8 LHHH 
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APPENDIX B: LEXICAL DECISION EXPERIMENTS 

 

Table B.1  

Experiment 4, Devoicing environment: Experimental stimuli (n=40) 

Average durations of whole stimulus, moras before target mora, target mora (/Ci/), preceding consonant, fully voiced vowel [i], 

and pitch accent.  Items are written in IPA.   

Reduced  

Stimuli27 

Whol 

-e 

Befor.

target 

mora 

Targe.

mora 

Fully 

Voiced 

Stimuli 

Whol 

-e  

Befor. 

target 

mora 

Target 

mora 

Prece.

C 

[i] Pitch Gloss 

ak(i)kaN 632.9 119.5 118.0 akikaN 616.5 117.7 117.0 29.2 87.8 L(H)H empty can 

haʃ(i)ka 525.1 137.0 159.2 haʃika 570.5 142.1 211.1 116.1 94.9 L(H)H measles 

katʃ(i)ku 
504.1 125.8 149.0 

katʃiku 
512.5 123.6 134.7 50.6 84.1 

 

L(H)H 

domestic 

animal 

ak(i)su 511.6 103.0 97.1 akisu 541.0 82.9 109.8 28.4 81.3 L(H)H thief 

aʃ(i)ta 487.3 115.4 162.6 aʃita 501.7 88.0 238.7 119.2 119.5 L(H)H tomorrow 

ɸuk(i)tsu 515.1 85.4 109.9 ɸukitsu 546.5 138.7 125.7 32.0 93.7 (L)(H)H unlucky 

koʃ(i)tsu 536.7 145.1 181.9 koʃitsu 566.3 123.0 222.0 116.0 106.0 L(H)H single room 

waʃ(i)tsu 
579.6 162.9 164.5 

waʃitsu 
593.9 139.3 217.8 109.4 108.4 

 

L(H)H 

Japanese-

style room 

hak(i)ke 575.7 147.3 113.1 hakike 588.3 144.3 142.1 28.1 113.9 L(H)H nausea 

soʃ(i)tsu 583.1 210.8 160.0 soʃitsu 695.7 206.5 220.2 113.6 106.6 L(H)H nature 

 

tsuk(i)sasu 710.4 96.7 93.6 

 

tsukisasu 710.1 74.3 133.9 29.7 104.1 

(L)(H)H

L 

 

piercing 

onʃ(i)tsu 
647.0 245.9 135.3 

onʃitsu 
663.0 219.1 206.3 104.1 102.2 

LH(H)H Greenhouse 

 

                                                 
27

 In /ɸukitsu/ and /tsukisasu/, the first vowel [u] was voiceless.  The reduced vowel in the target mora is not marked as voiceless in the NHK Accent 

Dictionary (1985: 773, 565). 
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Table B.1 - Continued 

kak(i)komu 681.1 142.9 110.5 kakikomu 730.6 137.9 132.4 33.8 98.5 L(H)HL to fill out 

sek(i)komu 737.0 193.0 108.3 sekikomu 794.3 199.9 144.5 32.9 111.6 L(H)HL coughing 

otʃ(i)komu 609.0 92.0 100.7 otʃikomu 702.4 113.5 171.1 80.0 91.1 L(H)HH depressed 

jak(i)soba 

631.6 165.6 86.2 

jakisoba 

774.3 142.9 117.6 28.3 89.2 

 

L(H)HH 

fried 

noodles 

tek(i)to: 646.1 140.9 105.7 tekito: 651.8 125.8 144.4 29.9 114.5 L(H)HH appropriate 

jak(i)toɾi 
646.6 96.3 118.8 

jakitoɾi 
667.4 131.6 127.2 22.03 105.2 

 

L(H)HH 

grilled 

chicken 

muʃ(i)sasaɾe 
798.9 131.6 146.2 

muʃisasaɾe 
827.4 112.0 177.0 98.9 78.0 

L(H)HH

H 

 

bug bite 

oʃ(i)kakeɾu 
759.8 92.9 173.7 

oʃikakeɾu 
831.0 92.0 211.0 117.5 93.5 

L(H)HH

L 

 

go uninvited 

Average 616.0  129.8 Average 654.3  165.3 66.0 99.2   
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Table B.2  

Experiment 4, Voicing environment: Experimental stimuli (n=40) 

Reduced  

Stimuli 

Whol 

-e 

Befor.

target 

mora 

Targe.

mora 

Fully Voiced 

Stimuli 

Whol 

-e  

Befor. 

target 

mora 

Targe

t mora 

Prec

e.C 

[i] Pitch Gloss 

tedʒ(i)na 461.7 124.5 116.2 tedʒina 450.7 115.7 104.8 32.8 72.0 H(L)L magic 

 

kedʒ(i)me 482.9 129.6 135.0 

 

kedʒime 458.8 107.3 126.5 46.9 79.6 L(H)H 

 to draw a 

line 

midʒ(i)me 501.8 130.0 105.0 midʒime 567.7 135.1 147.3 71.6 75.6 HLL miserable 

 

nadʒ(i)mu 485.6 154.1 107.3 

 

nadʒimu 468.7 132.1 133.4 44.6 88.8 L(H)L 

accustome 

-d 

madʒ(i)me 486.5 150.3 103.7 madʒime 480.9 145.6 133.2 61.7 71.5 L(H)H serious 

hadʒ(i)ku 578.4 151.2 162.1 hadʒiku 543.3 146.3 168.4 35.8 132.6 L(H)L to snap 

 

nekodʒ(i)ta 645.2 295.0 123.1 

 

nekodʒita 660.6 300.6 136.5 50.2 86.2 LH(H)H 

sensitive to 

hot food 

gendʒ(i)tsu 646.4 235.3 101.1 gendʒitsu 682.6 279.3 161.4 49.8 111.5 LH(H)H reality 

kudʒ(i)keɾu 
544.9 84.0 125.2 

kudʒikeɾu 
564.5 86.1 146.0 31.0 115.0 L(H)HL 

discourage

-d 

ɸudʒ(i)saN 669.4 154.7 135.3 ɸudʒisaN 592.2 127.4 175.1 57.9 117.2 H(L)LL Mt. Fuji 

kudʒ(i)biki 601.4 87.2 132.6 kudʒibiki 645.4 111.9 130.5 55.3 75.1 L(H)HH lottery 

odʒ(i)saN 493.4 87.6 105.1 odʒisaN 592.6 89.1 142.6 44.0 98.6 L(H)HH uncle 

midʒ(i)kai 534.6 112.8 127.0 midʒikai 674.7 112.7 137.0 36.7 100.2 L(H)HL short 

hadʒ(i)meɾu 543.4 126.0 133.6 hadʒimeɾu 615.1 129.7 114.7 41.0 73.7 L(H)HH to begin 

 

tatedʒ(i)ma 604.9 241.2 126.4 

 

tatedʒima 685.1 296.0 115.5 47.3 68.2 LH(H)H 

vertical 

stripe 
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Table B.2 - Continued 

 

akidʒ(i)kaN 725.2 242.9 119.4 

 

akidʒikaN 704.8 261.9 131.6 39.2 92.3 

LH(H)H

H 

 

free time 

 

nododʒ(i)maN 637.0 240.7 96.9 

 

nododʒimaN 707.5 291.0 128.5 53.1 75.4 

LH(H)L

L 

singing 

contest 

 

kokugodʒ(i)te

N 807.8 389.6 131.4 

 

kokugodʒite

N  860.7 389.9 132.0 25.7 106.2 

LHH(H)

LL 

Japanese 

dictionary 

Average 580.6  121.5 Average 608.7  136.9 45.8 91.1   



 291 

Table B.3  

Experiment 4, Nasal-voicing environment: Experimental stimuli (n=40) 

Reduced  

Stimuli 

Whol 

-e 

Befor.

target 

mora 

Targe.

mora 

Fully 

Voiced 

Stimuli 

Whol 

-e  

Befor. 

target 

mora 

Target 

mora 

Prece.

C 

[i] Pitch Gloss 

taɲ(i)ma 470.8 126.0 170.0 taɲima 468.0 126.2 160.1 65.8 94.3 L(H)H ravine 

hiɲ(i)ku 490.5 126.2 190.1 hiɲiku 559.5 146.3 198.8 67.6 131.1 L(H)H sarcasm 

aɲ(i)ki 511.5 69.0 179.4 aɲiki 567.1 98.8 228.9 78.3 150.5 H(L)L bro 

kaɲ(i)za 449.8 120.4 201.3 kaɲiza 498.6 116.9 216.5 67.0 149.4 L(H)H Cancer 

joɲ(i)ge 435.6 122.0 184.9 joɲige 519.0 157.2 205.1 66.6 138.4 L(H)H night flit 

baɲ(i)ɾa 420.0 103.7 184.8 baɲiɾa 450.5 112.2 183.0 79.9 103.1 H(L)L vanilla 

oɲ(i)igiɾi 499.6 62.6 226.9 oɲigiɾi 637.6 93.2 184.1 65.5 118.5 L(H)LL rice ball 

taɲ(i)goe 558.0 120.0 194.3 taɲigoe 665.9 127.9 176.2 64.9 111.2 L(H)HH over valley 

teɲ(i)motsu 646.9 120.2 173.7 teɲimotsu 692.0 105.5 150.7 63.1 87.6 LH(L)L luggage 

kuiɲ(i)ge 577.4 229.0 205.8 kuiɲige 645.5 253.3 194.2 83.9 110.2 LH(H)H bilk 

gaɲ(i)mata 596.2 99.0 179.3 gaɲimata 628.0 118.6 146.9 64.4 82.5 L(H)HH bowlegged 

iɲ(i)ʃaɾu 585.8 66.8 176.6 iɲiʃaɾu 631.2 85.1 172.6 78.3 94.2 L(H)LL initial 

gjuuɲ(i)ku 593.0 214.1 196.6 gjuuɲiku 647.8 240.6 188.1 72.2 115.9 LH(H)H beef 

butaɲ(i)ku 647.6 275.4 180.4 butaɲiku 690.9 293.9 180.2 61.2 118.9 LH(H)H pork 

moɲ(i)ta: 584.1 104.2 188.0 moɲita: 720.2 143.5 188.3 52.6 135.7 L(H)HH monitor 

naɲ(i)mono 558.0 118.1 170.5 naɲimono 674.6 149.7 167.1 67.3 99.7 L(H)HH whoever 

miɲ(i)kui 523.9 114.1 163.6 miɲikui 657.7 121.5 227.7 75.1 152.6 L(H)HL ugly 

waɲ(i)gawa 529.2 108.7 199.6 waɲigawa 664.3 137.8 206.9 68.8 138.0 L(H)HH croc skin 
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Table B.3 - Continued 

kuɲ(i)zukuɾi 
689.6 100.2 218.1 

kuɲizukuɾi 
733.1 100.5 153.2 61.4 91.7 

L(H)HHH

LHHLL 

to form  a 

nation 

oɲ(i)gokko 
690.5 73.1 223.8 

oɲigokko 
761.9 87.0 204.3 57.0 147.3 L(H)HL 

playing  

tag 

Average 552.9  190.4 Average 625.7  186.7 68.1 118.6   
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Table B.4  

Experiment 5, Devoicing environment: Experimental stimuli (n=40) 

Average durations of original whole stimulus (before splicing), whole stimulus (after splicing), target mora (/Ci/), preceding 

consonant, fully voiced vowel [i], and pitch accent after splicing.  Items are written in IPA.   

Reduced  

Stimuli 

Origin. 

Whole 

 

Whole 

after 

Splice 

Targe.

mora  

Fully  

Voiced 

Stimuli 

Origin. 

Whole 

 

Whole 

after 

Splice 

Targe.

mora  

Prece. 

C 

[i] Pitch Gloss 

ak(i)kaN 632.9 632.3 139.5 akikaN 616.5  123.6 29.5 94.1 L(H)H empty can 

haʃ(i)ka 543.9 554.3 136.9 haʃika 628.0  210.6 110.6 99.9 L(H)H measles 

katʃ(i)ku 
504.1 520.0 153.0 

katʃiku 
512.5  145.5 51.9 93.5 

L(H)H domestic 

animal 

ak(i)su 511.6 512.0 88.4 akisu 541.0  117.4 28.6 88.7 L(H)H thief 

jak(i)toɾi 
646.6 664.9 131.9 

jakitoɾi 
667.4  134.4 21.3 113.1 

L(H)HH grilled 

chicken 

onʃ(i)tsu 647.0 590.5 138.6 onʃitsu 663.0  211.1 108.2 102.9 LH(H)H greenhouse 

tek(i)to: 612.8 626.6 128.0 tekito: 641.6  143.0 23.1 119.9 L(H)HH appropriate 

koʃ(i)tsu
28

 536.7 551.6 218.2 koʃitsu 566.3  232.8 118.4 114.3 L(H)H single room 

kak(i)koto 

ba 763.4 810.3 122.7 

kakikotob

a 801.6  113.9 24.3 89.5 

L(H)HL

L 

written 

lang. 

otʃ(i)komu 609.0 638.1 112.2 otʃikomu 702.4  176.5 80.4 96.1 L(H)HH depressed 

soʃ(i)tsu 583.1  163.1 soʃitsu 695.7 646.7 226.7 114.3 112.3 L(H)H nature 

jak(i)soba 

631.6  86.9 

jakisoba 

774.3 658.6 113.9 28.6 85.2 

L(H)HH fried 

noodles 

hak(i)ke 575.7  117.5 hakike 588.3 610.3 152.1 29.2 122.9 L(H)H nausea 

aʃ(i)ta 487.3  168.6 aʃita 501.7 552.9 234.3 117.2 117.0 L(H)H tomorrow 

                                                 
28

 The target mora was taken up to right before the burst of the following consonant. 
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Table B.4 - Continued 

sek(i)toɾi 
674.1  109.9 

sekitoɾi 
764.6 707.6 143.4 23.4 119.9 L(H)HH 

sumo 

wrestler 

oʃ(i)kakeɾu 
782.0  164.9 

oʃikakeɾu 
821.3 813.1 196.1 105.1 90.9 

L(H)HH

L 

 

go uninvited 

ek(i)tai 533.1  120.8 ekitai 621.5 548.4 136.1 18.5 117.5 L(H)HH liquid 

waʃ(i)tsu 
579.6  169.9 

waʃitsu 
593.9 629.2 219.5 107.9 111.5 L(H)H 

Japanese-

style room 

sek(i)haN 747.1  125.4 sekihaN 767.1 779.1 157.5 20.9 136.5 L(H)HL red rice 

matʃ(i)kad

o 595.8  123.7 

matʃikado 

670.1 616.5 144.4 35.3 109.0 L(H)HH 

street 

corner 

Average 614.5 136.0 Average 645.2 166.6 59.9 106.8   

Modified 

Average 610.1 136.9 

Modified 

Average 656.3 172.4 60.1 112.3 

  

Base 

Average 619.0 135.1 

Base 

Average 634.1 160.9 59.7 101.3 
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Table B.5  

Experiment 5, Voicing environment: Experimental stimuli (n=40) 

Reduced  

Stimuli 

Origin. 

Whole 

 

Whole 

after 

Splice 

Targe.

mora  

Fully  

Voiced 

Stimuli 

Origin. 

Whole 

 

Whole 

after 

Splice 

Targe.

mora  

Prece. 

C 

[i] Pitch Gloss 

tedʒ(i)na 461.7 476.0 106.6 tedʒina 450.7  81.3 35.8 69.3 H(L)L magic 

tak(i)bi 478.0 469.7 120.8 takibi 497.7  148.8 21.7 92.3 L(H)H bonfire 

kedʒ(i)me 
482.9 482.1 153.9 

kedʒime 
458.8  130.7 48.4 80.9 L(H)H 

 to draw a 

line 

tatʃ(i)ba 490.4 462.2 124.1 tatʃiba 516.3  178.2 89.6 86.4 L(H)H standpoint 

nekodʒ(i)ta 
648.3 631.4 143.2 

nekodʒita 
668.0  179.7 35.7 106.0 LH(H)H 

sensitive to 

hot food 

tetʃ(i)gai 579.2 602.3 166.4 tetʃigai 607.7  171.8 74.9 96.8 L(H)LL mistake 

midʒ(i)kai 534.6 670.1 134.0 midʒikai 674.7  138.6 36.8 104.7 L(H)HL short 

saʃ(i)dasu 770.3 824.6 160.9 saʃidasu 867.1  203.4 104.8 91.8 L(H)HL stretch out 

sek(i)dome 

698.0 716.7 132.0 

sekidome 

694.9  110.2 20.1 93.7 L(H)HH 

cough 

syrup 

ak(i)ɾameɾ
u 807.1 819.3 155.4 

akiɾameɾu 

796.5  132.5 29.4 96.4 

L(H)HH

L 

 

to give up 

itʃ(i)go 482.8  148.5 itʃigo 432.7 482.5 148.2 68.6 93.1 L(H)H strawberry 

haz(i)ku 519.9  150.2 hadʒiku 543.3 534.7 165.0 35.6 121.2 L(H)L to snap 

saʃ(i)mi 553.8  181.4 saʃimi 602.0 573.5 201.1 97.9 102.4 L(H)H sashimi 

madʒ(i)me 486.5  138.7 madʒime 480.9 496.8 148.9 47.3 77.3 L(H)H serious 

oʃ(i)dasu 704.3  171.0 oʃidasu 730.6 736.1 202.7 109.7 105.2 L(H)HL to push out 

kudʒ(i)keɾ
u 544.9  156.6 

kudʒikeɾu 

564.5 551.1 162.9 34.5 99.8 L(H)HL 

discourage

-d 
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Table B.5 - Continued 

odʒ(i)saN 600.6  136.2 odʒisaN 639.6 662.3 197.9 52.9 104.8 L(H)HH uncle 

dek(i)goto 649.6  135.0 dekigoto 751.6 636.9 122.3 32.9 89.5 L(H)LL incident 

so:dʒ(i)ki 
639.5  130.4 

so:dʒiki 
647.2 678.1 169.0 56.1 86.4 HH(H)L 

vacuum 

cleaner 

daidʒ(i)ke

N 734.9  152.1 

daidʒikeN  

738.8 772.5 189.6 38.3 87.7 

LH(H)L

L 

big 

incident 

Average 603.6 144.9 Average 617.9 159.2 53.6 94.3   

Ave. z+i 578.7 140.2 Ave. z+i 594.8 156.4 42.2 93.9   

Ave. C ̥̥ ̥̥+i 628.6 149.6 Ave. C ̥̥ ̥̥+i 641.0 161.9 65.0 94.8   

Modified 

Average 615.5 139.7 

Modified 

Average 612.5 170.8 57.4 96.8 

  

Base 

Average 591.8 150.0 

Base 

Average 623.3 147.5 49.8 91.9 
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Table B.6  

Experiment 5, Nasal-voicing environment: Experimental stimuli (n=40) 

Reduced  

Stimuli 

Origin. 

Whole 

 

Whole 

after 

Splice 

Targe.

mora  

Fully  

Voiced 

Stimuli 

Origin. 

Whole 

 

Whole 

after 

Splice 

Targe.

mora  

Prece. 

C 

[i] Pitch Gloss 

oɲ(i)giɾi 499.6 606.5 211.7 oɲigiɾi 637.6  242.8 62.6 110.2 L(H)LL rice ball 

taɲ(i)goe 558.0 631.4 184.6 taɲigoe 665.9  219.1 70.6 110.0 L(H)HH over valley 

teɲ(i)mot

su 646.9 680.2 131.7 

teɲimotsu 

692.0  143.5 64.2 80.1 LH(L)L 

 

luggage 

kuiɲ(i)ge 577.4 622.9 195.2 kuiɲige 645.5  217.8 87.9 99.8 LH(H)H bilk 

gju:ɲ(i)ku 593.0 654.7 196.7 gju:ɲiku 647.8  189.8 68.3 125.5 LH(H)H beef 

oɲ(i)gokk

o 690.5 777.1 215.5 

oɲigokko 

761.9  200.3 55.7 116.8 L(H)HL 

 

playing  tag 

kaɲ(i)za 449.8 481.0 203.5 kaɲiza 498.6  221.1 65.69 158.2 L(H)H Cancer 

teɲ(i)su 526.8 549.3 144.2 teɲisu 589.8  184.7 55.1 127.6 H(L)L tennis 

haɲ(i)wa 541.0 488.4 182.5 haɲiwa 492.4  186.5 57.4 125.2 L(H)H clay figure 

aɲ(i)ki 511.5 528.7 183.4 aɲiki 567.1  221.7 80.2 170.2 H(L)L bro 

joɲ(i)ge 435.6  205.6 joɲige 519.0 435.9 206.0 62.6 111.9 L(H)H night flit 

baɲ(i)ɾa 420.0  185.8 baɲiɾa 450.5 444.1 209.8 76.6 107.7 H(L)L vanilla 

hiɲ(i)ku 490.5  193.2 hiɲiku 559.5 507.4 210.1 64.4 148.9 L(H)H sarcasm 

taɲ(i)ma 470.8  168.3 taɲima 468.0 459.8 157.3 60.7 97.7 L(H)H ravine 

kuɲ(i)zuk

uɾi 689.6  227.1 

kuɲizukuɾ
i 733.1 639.8 177.3 69.5 89.6 

L(H)HH

H 

to form  a 

nation 

miɲ(i)kui 523.9  195.9 miɲikui 657.7 571.5 243.6 68.8 151.6 L(H)HL ugly 
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Table B.6 - Continued 

waɲ(i)ga

wa 529.2  197.7 

waɲigawa 

664.3 546.0 214.5 63.5 111.4 L(H)HH 

 

croc skin 

butaɲ(i)k

u 647.6  178.5 

butaɲiku 

690.9 647.1 177.9 69.4 122.9 LH(H)H 

 

pork 

moɲ(i)ta: 584.1  175.3 moɲita: 720.2 609.5 200.6 49.0 121.8 L(H)HH monitor 

iɲ(i)ʃaɾu 585.8  176.4 iɲiʃaɾu 631.2 586.0 176.6 79.7 92.0 L(H)LL initial 

Average 569.9  187.7 Average 582.3  200.1 66.6 119.0   

Modified 

Average 602.1  184.9 

Modified 

Average 544.8  197.4 66.5 115.6 

  

Base 

Average 537.8  190.4 

Base 

Average 619.9  202.8 66.8 122.4 
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Table B.7  

Experiments 4 & 5: Practice items (n=10) 

Items without a gloss are nonsense words. 

Item Gloss Length Pitch Item Length Pitch 

tʃi:sai  small 566.7 HHHL magae 475.4 LHH 

kasuteɾa  sponge cake 639.7 LHH minta 498.2 HLL 

aɾuku  to walk 454.9 LHL wakkei 624.1 LHH 

aɾikui  anteater 590.5 LHHH ojotana 553.2 LHHH 

nazu  388.9 HL eitoN 473.9 HHHL 
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Table B.8  

Experiments 4 & 5: Real word fillers (n=30) 

Item Gloss Length Pitch Item Gloss Length Pitch 

oto  sound 294.2 LH same  shark 387.3 LH 

asa  morning 338.1 HL sato: sugar 501.3 LHH 

uma horse 268.7 LH sakana  fish 512.7 LHH 

empitsu pencil 578.6 LHHH ʃimbuN  newspaper 645.6 LHHH 

oʃieɾu to teach 532.9 LHHH taki falls 375.3 LH 

kawa  river 279.4 LH toɾu to take 319.6 HL 

kuɲi  country 319.0 LH tombo  dragon fly 413.5 LLH 

kesu  to erase 393.0 LH numa pond 320.4 LH 

kiŋko  safe 488.3 HLL nezumi  mouse 464.1 LHH 

kappa  rain coat 415.8 LH hanataba  bouquet 592.2 LHLL 

kabaN  bag 437.8 LHH mamoɾu  to protect 435.8 LHL 

ko:ɾi  ice 400.3 LHH ju:ki  bravery 513.7 HLL 

kiQte  stamp 438.8 LH waɾau  to laugh 485.6 LHH 

kokkai  congress 488.6 LHH gakko: school 582.9 LHH 

kju:ɾi  cucumber 439.3 HLLL esu  letter S 340.0 HL 
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Table B.9  

Experiments 4 & 5: 2-mora fillers (n=10) 

Item Length Pitch 

ata 410.7 HL 

iho 328.5 HL 

uɾo 228.5 HL 

iho 299.7 HL 

owa 287.4 HL 

kanu 355.6 HL 

kima 325.2 HL 

kune 342.1 HL 

kena 341.5 HL 

kota 334.2 HL 
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Table B.10  

Experiments 4 & 5: 3-mora fillers (n=95) 

Item Length Pitch Item Length Pitch Item Length Pitch Item Length Pitch 

kadeno 483.1 LHH aŋke 492.9 LLH tanza 505.3 HLL manato 540.0 LHH 

kizeɾa 440.2 HLL isse 448.2 HL tʃi:ka 494.3 HLL mikeda 482.3 LHH 

kuoɾu 467.0 LHH uteni 494.4 LHH tsuɾase 504.4 HLL munda 437.7 HLL 

kegoi 42.6 LHL ehano 477.7 HLL tekiɾu 458.6 LHH mesoɾe 469.9 LHH 

kozeɾu 448.0 LHH okua 487.2 LHH toaN 423.7 LHL moɾei 415.0 HLL 

sarosa 544.2 HLL kaniɾe 462.4 HLL nakeN 565.4 LHL jaejo 523.3 LHH 

ʃi:ke 526.5 LLH kijoɾa 426.8 LHH niseka 516.8 HLL jatogi 530.0 HLL 

sunoma 486.1 HLL kuwama 440.3 HLL nusasu 599.2 LHL jukoto 553.7 LHH 

sesuɾe 503.6 LHH keŋge 441.3 HLL nukaga 503.1 HLL ju:ɾu 443.6 HLL 

soju: 558.1 LHH ko:ke 473.9 HHL no:ne 493.2 LHH jossa 476.5 HL 

tatoba 443.6 HLL sademo 537.0 LHH nakke 520.8 HL ɾauʃi 505.6 HLL 

tʃinaN 500.2 LHH ʃikoso 551.1 HH nijama 482.6 LHH ɾikoto 530.8 HLL 

tsudeɾu 455.1 LHL suome 561.9 HLL numete 518.1 HLL ɾugaɾa 499.6 LHH 

teoma 412.7 HLL seaso 618.1 LHH nenɾa 531.2 LHH ɾetto 486.9 HL 

togane 481.3 LHH sotaku 627.4 LHH nekete 521.5 HLL ɾodaɾa 492.6 LHH 

nabaku 529.5 LHL saɾaze 570.5 HLL happe 517.7 LH wasso 530.2 HL 

nihiga 504.4 LHH ʃinre 560.5 LHH hi:ma 463.6 HLL inasa 554.7 HLL 

nuziN 498.9 LHH suQka 492.8 HL ɸuŋgo 464.3 HLL ukuɾu 445.9 HLL 

neɸuja 459.3 HLL setoN 506.5 LHH hesuto 512.1 LHH ekena 512.4 LHH 

nohaku 532.3 LHH someju 553.5 LHH hodai 420.1 HLL omoha 497.8 LHH 

nazai 451.1 HLL taɾaha 478.2 HLL hateɾa 460.5 LHH homaɾa 479.0 HLL 
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Table B.10 - Continued 

nideɾu 440.9 LHL tʃibeɾu 431.9 LHL higita 504.5 HLL noida 480.5 LHH 

nukoi 474.3 LHH tsujaka 507.4 HLL ɸuai 425.3 LHH todosu 466.8 LHL 

nurase 536.5 HLL teneN 441.1 LHH hekitsu 530.0 LHH    
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Table B.11  

Experiments 4 & 5: 4-mora fillers (n=95) 

Item Length Pitch Item Length Pitch Item Length Pitch 

haboina 631.8 LHHH iɾizana 613.4 LHHH nuteɾeta 659.5 LHHH 

hijogane 612.4 LHLL utonaN 618.7 LHHH nukigata 676.5 LHHH 

ɸumotaɾa 652.5 LHHH ekazisu 700.1 LHHL noŋkiɾa 588.7 LHHH 

heʃikozi 671.7 LHH otemima 610.4 LHHH haidema 597.5 LHHH 

hoketta 656.0 LHH kaɾiema 644.1 LHHH hikemai 576.5 LHH 

mamuite 605.7 LHLL kimotoʃi 660.5 LHHH ɸubekina 608.7 LHLL 

mikuake 637.5 LHHH kunosana 645.3 LHHH henotau 650.8 LHHH 

munakaɾu 570.2 LHHH keɾasui 634.9 LHHH hoabina 635.3 LHHH 

meseɾani 627.2 LHLL kobinojo 663.6 LHHH mawauku 654.0 LHHH 

motaɾuna 629.3 LHHH suzamida 620.1 LHLL mikuʃiɾa 648.5 LHHH 

jatonda 621.3 LHLL ʃiɾenza 714.2 LHHH muitai 569.3 LHHL 

janokena 629.8 LHHH sudanzu 737.8 LHHH mewaɾoko 656.9 LHHH 

jutenaN 621.7 LHHH seɾokite 702.6 LHL motaito 636.0 LHHH 

jozuɾume 638.0 LHHH sodokiɾe 693.5 LHHH maʃikete 638.2 LHL 

joaneN 650.7 LHHH tagaɾeɾu 582.6 LHHH mitowaso 684.5 LHHH 

ɾakikaja 661.1 LHH tʃikamoN 618.7 HHH mujasaN 657.9 LHHH 

ɾiwamai 585.4 LHHH su:baɾi 715.7 LHHH mejokona 692.8 LHHH 

ɾutanaʃi 704.6 LHHH sekaeɾe 659.2 LHHH momaita 659.3 LHHH 

ɾeŋgaN 609.5 LHHH sowaɾeta 653.1 LHHH jakken 650.7 LHH 

ɾoŋkai 554.0 HLLL taɾaesa 663.0 LHHH ju:tate 637.1 LHHH 

wasanabi 620.1 LHHH tʃinatta 680.0 LHH junhona 633.2 LHHH 
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Table B.11 - Continued 

waikeN 582.1 LHHH tsuɾukete 667.3 LHHH jonatoko 682.2 LHHH 

idatte 579.8 LHH temotʃimi 644.6 LHHH joekoN 600.8 LHHH 

uzento 637.1 LHLL tonagaN 580.1 LHHH jatoɾina 604.2 LHHH 

ozamane 627.1 LHHH nakomeɾu 620.9 LHHL jusekane 644.8 LHHH 

attaja 607.6 LHH nisowaɾa 602.2 LHHH juhasate 718.4 LHHH 

juQkiN 662.3 LHH jujagaɾe 614.2 LHHL idante 601.1 LHHH 

jonamiko 682.0 LHHH jomasata 662.4 LHHH ubamite 612.4 LHHH 

ɾaŋkeN 669.6 LHHH jo:zeN 631.5 LHHH eminoɾa 534.9 LHHH 

ɾitaŋka 716.2 LHHH wasatogo 646.7 LHHH o:naha 634.8 LHHH 

waseteme 672.2 LHHH itoɾina 624.4 LHHH utowano 666.2 LHHH 

etadase 672.3 LHHH otonake 687.2 LHHH    
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APPENDIX C: FAST SPEECH LEXICAL DECISION EXPERIMENT 

 

Table C.1  

Experiment 8, High vowel devoicing environment: Experimental stimuli (n=40) 

Average durations of target mora (/Ci/), preceding consonant, fully voiced vowel [i], target word, speecd/mora, whole sentence, 

and pitch accent after splicing.  The shaded items are modified stimuli with a spliced mora.  All items are written in IPA.   

Reduced stimuli Fully voiced stimuli  

Item 

 

 

Targe.  

mora  

 

Word Speed 

 

Senten 

-ce 

Targe.  

mora  

 

Prece. 

C 

 

 +Voi 

V 

Word Speed 

 

Senten 

-ce 

Pitch 

 

Gloss 

tʃ(i)kaɾa 113.1 353.0 117 1308.1 109.4 55.7 53.6 349.3 129 1304.4 (L)HH power 

ɸ(u)kuɾo 120.6 336.0 112 1291.2 145.6 76.4 69.2 361.0 120 1316.1 (L)HH sack 

ʃ(i)ta 135.2 237.0 118 1192.1 136.2 76.6 59.6 238.0 119 1193.1 (L)H down 

ɸ(u)toN 102.2 345.3 115 1300.4 138.3 58.9 79.4 381.4 127 1336.6 (L)HH futon 

h(i)toɾi 123.2 319.3 106 1274.5 145.7 74.8 70.8 341.9 113 1297.0 (L)HL alone 

k(i)keN 99.8 321.5 107 1276.6 104.5 33.3 71.1 326.1 108 1281.2 (L)HH danger 

s(u)ki 130.4 255.6 127 1210.7 132.0 77.3 54.7 257.2 128 1212.3 (L)H favor 

k(i)ku 106.0 220.2 110 1175.3 125.4 42.7 82.6 239.7 119 1194.8 (L)H to listen 

s(u)puɾe: 152.6 447.7 111 1402.9 177.6 116.9 60.6 472.7 118 1427.8 (L)HHH spray 

k(i)setsu 63.0 298.6 99 1253.7 105.7 43.0 62.7 341.2 113 1296.3 (L)H(L) season 

Base stimuli Average  Modified stimuli Average    

114.7 313.5 112.2 1268.6 132.1 65.6 66.5 330.9 119.4 1286.0   

gak(u)sei 49.3 447.4 111 1402.6 77.5 22.5 54.9 475.6 118 1430.7 L(H)HH student 

h(i)ku 138.1 250.5 125 1205.7 141.1 52.4 88.6 253.5 126 1208.7 (L)H to pull 

k(u)tsu 92.4 220.0 110 1175.1 92.6 37.4 55.1 220.2 110 1175.3 (L)H shoes 
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Table C.1 - Continued 

keʃ(i)ki 128.9 328.6 109 1283.8 165.2 97.4 67.8 364.9 121 1320.0 H(L)L view 

ʃ(u)kudai 138.3 472.9 118 1428.1 154.1 102.4 51.7 488.8 122 1443.9 (L)HHH HW 

tes(u)to 104.7 321.3 107 1276.4 172.6 71.9 100.7 389.2 129 1344.3 H(L)L test 

k(i)kanʒu: 
99.8 508.0 101 1463.2 108.1 33.6 74.4 516.3 103 1471.4 

(L)HHH

H 

machine

gun 

ts(u)ki 116.4 255.2 127 1210.4 106.6 48.8 57.7 245.4 122 1200.4 (L)H moon 

k(i)tsune 109.1 354.8 118 1309.9 109.5 34.7 74.8 355.1 118 1310.2 (L)HH fox 

ts(u)kuɾu 106.0 337.3 112 1292.4 140.6 65.0 75.6 371.9 123 1327.0 (L)HL to make 

Modified stimuli Average Base stimuli Average    

108.4 349.7 113.8 1304.8 126.8 56.7 70.2 368.1 119.2 1323.3   

Average 

Total  111.7 331.6 113.0 1286.7 129.9 61.1 68.3 349.5 119.3 1304.6  
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Table C.2  

Experiment 8, High vowel voicing environment: Experimental stimuli (n=40) 

Reduced stimuli Fully voiced stimuli  

Item Targe.  

mora  

 

Word Speed 

 

Senten 

-ce 

Targe.  

mora  

 

Prece. 

C 

 

 +Voi 

V 

Word Speed 

 

Senten 

-ce 

Pitch 

 

Gloss 

b(i)kkuɾi 101.4 336.8 84 1291.9 122.9 10.1 112.7 358.3 89 1313.4 (L)HL surprise 

ɸ(u)ju 117.6 244.0 122 1199.2 113.2 43.2 70.0 239.7 119 1194.8 (L)H winter 

tʃ(i)gau 150.3 376.8 125 1332.0 140.0 74.7 65.2 366.5 122 1321.6 (L)HH wrong 

s(u)nahama 155.1 501.1 125 1456.3 174.4 114.5 59.8 520.4 130 1475.6 (L)HHH beach 

dʒ(i)moto 77.0 337.5 112 1292.6 100.7 50.7 50.0 361.2 120 1316.3 (L)HH local 

dʒ(i)ʃiN 
129.0 359.7 119 1314.9 144.3 34.1 110.1 375.0 125 1330.2 (L)HH 

confide 

-nce 

k(u)damono 72.7 438.0 109 1393.1 112.0 48.3 63.7 477.3 119 1432.4 (L)HLL fruits 

 

k(i)no: 68.2 271.8 90 1227.0 111.3 44.3 66.9 314.9 104 1270.0 (L)HL 

yesterda

-y 

k(u)ɾi 80.7 183.9 91 1139.0 109.4 35.4 73.9 212.6 106 1167.7 (L)H chestnut 

kutʃ(i)biɾu 
117.5 430.1 107 1385.2 116.4 53.7 62.6 458.7 114 1413.9 

(L)(H)H

H 

 

lips 

Base stimuli Average Modified stimuli Average    

107.0 348.0 108.4 1303.2 124.5 50.9 73.6 368.5 114.8 1323.6   

sots(u)gjo: 

68.9 465.6 116 1420.7 120.3 58.2 62.0 517.0 129 1472.2 (L)HHH 

graduati

-on 

k(i)ɾei 122.0 318.5 106 1273.6 103.9 59.2 44.7 300.4 128 1255.5 (H)LL pretty 

s(u)goi 124.5 307.6 102 1262.7 148.8 98.8 49.9 331.8 110 1286.9 (L)HL great 

todʒ(i)ɾu 169.9 386.2 128 1341.3 129.0 48.2 80.8 345.3 115 1300.5 L(H)L to close 
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Table C.2 - Continued 

k(u)ɾasu 85.2 363.3 121 1318.4 111.3 45.7 65.6 389.4 129 1344.6 (H)LL class 

hadʒ(u)kaʃi: 
95.4 541.9 108 1497.0 113.8 41.5 72.2 560.3 112 1515.4 

L(H)HH

L 

 

ashamed 

utʃ(i)wa 
122.8 375.1 125 1330.2 123.2 74.9 48.3 375.5 125 1330.6 L(H)L 

paper 

fan 

s(u)gata 131.4 358.5 119 1313.7 149.9 96.3 53.6 377.0 125 1332.2 (H)LL figure 

k(i)motʃi 83.9 360.0 120 1315.1 116.2 41.1 75.0 392.3 130 1347.4 (L)H(H) feelings 

s(u)waɾu 182.0 386.3 128 1341.5 174.8 114.3 60.4 379.1 126 1334.2 (L)HH to sit 

Modified stimuli Average Base stimuli Average    

118.7 386.3 117.3 1341.5 129.2 67.9 61.3 396.9 122.9 1352.0   

Average 

Total 110.6 367.2 112.9 1322.3 124.8 59.4 67.4 382.7 118.9 1337.8  
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Table C.3  

Experiment 8, Non-high vowel devoicing environment: Experimental stimuli (n=40) 

Reduced stimuli Fully voiced stimuli  

Item Targe.  

mora  

 

Word Speed 

 

Senten 

-ce 

Targe.  

mora  

 

Prece. 

C 

 

 +Voi 

V 

Word Speed 

 

Senten 

-ce 

Pitch 

 

Gloss 

h(a)kama 127.8 388.3 129 1343.5 120.4 30.7 89.6 380.9 126 1336.1 (L)HH hakama 

 

h(o)kkaido 112.8 614.5 102 1569.6 167.2 83.6 83.6 668.9 111 1624.0 

(L)HH

LL 

 

Hokkaido 

k(e)kkoN 101.5 363.3 90 1318.5 118.5 29.7 88.8 380.4 95 1335.5 (L)HH marriage 

k(a)kko 127.5 301.0 100 1256.2 129.3 41.3 87.9 302.8 100 1258.0 (L)H looks 

 

h(o)tondo 179.2 514.3 128 1469.4 143.1 33.0 110.1 478.2 119 1433.3 

(L)HL

L 

 

almost 

t(o)saka 88.0 374.6 124 1329.8 94.0 29.0 65.0 380.6 126 1335.8 (L)HH crest 

s(e)kai 167.2 384.8 128 1340.0 151.9 97.1 54.8 369.6 123 1324.8 (H)LL world 

t(a)kai 99.9 303.9 101 1259.0 104.7 27.6 77.1 308.7 102 1263.9 (L)HL high 

h(o)keN 131.6 366.8 122 1321.9 137.0 65.0 71.9 372.2 124 1327.3 (L)HH insurance 

 

s(e)tsujaku 146.3 501.3 125 1456.5 162.0 93.1 68.9 517.1 129 1472.2 

(L)HH

H 

 

saving 

Base stimuli Average Modified stimuli Average    

128.2 411.3 114.9 1366.5 132.9 53.1 79.8 416.0 115.5 1371.1   

 

h(e)takuso 120.8 427.7 106 1382.9 122.6 40.6 81.9 429.6 107 1384.7 

(L)H 

(H)H 

 

clumsy 

k(a)tei 122.7 356.7 118 1311.8 143.5 32.3 111.1 376.1 125 1332.6 (L)HH home 

k(o)ko 103.0 257.9 128 1213.0 101.1 37.5 63.6 256.0 128 1211.2 (L)H here 

k(e)ʃo: 109.1 349.6 116 1304.6 108.9 41.3 67.6 349.4 116 1304.5 (L)HL cosmetics 
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Table C.3 - Continued 

ok(a)ʃi: 
98.2 507.0 126 1462.2 109.1 14.6 94.4 517.9 129 1473.0 

L(H)H

L 

 

weird 

k(a)kanai 

113.4 464.1 116 1419.2 119.8 65.7 54.1 470.5 117 1425.7 

(L)HL

L 

not to 

write 

t(o)ʃokaN 
78.9 488.3 122 1443.4 106.2 20.5 85.7 515.6 128 1470.8 

(L)HL

L 

 

library 

 

t(e)so: 110.8 347.6 115 1302.8 108.8 20.9 87.8 345.6 115 1300.7 (L)HL 

palm 

reading 

k(a)kasenai 

91.7 589.6 117 1544.8 141.2 52.9 88.3 639.1 127 1594.3 

(L)HH

HH 

 

essential 

k(e)ʃigomu 
105.2 477.2 119 1432.3 132.6 41.0 91.5 504.6 126 1459.7 

(L)HH

H 

 

eraser 

Modified stimuli Average Base stimuli Average    

105.4 426.6 118.3 1381.7 119.4 36.8 82.6 440.5 121.8 1395.8   

Average 

Total 116.2 419.0 116.6 1374.1 126.4 44.9 81.2 428.2 118.7 1383.4  

 



 312 

Table C.4  

Experiment 8: Practice items (n=15) 

Items without a gloss are nonsense words. 

Item Word  Speed Sentence Pitch Gloss 

masemaki 464.9 116 1420.0 LHH(H)  

bumande 421.8 105 1377.0 LHLL  

zunahjo: 489.0 122 1444.1 LHHH  

dedeseɾu 399.8 99 1355.0 LHHH  

miɾoŋgo 385.7 96 1340.7 LHHH  

de:ko 275.8 91 1230.9 HLL  

ʒo:hita 419.2 104 1374.4 LH(H)H  

katsussa 433.8 108 1389.0 LHL  

Kekito: 326.3 108 1281.4 H(L)L  

tsukabu 329.6 109 1284.7 (L)HL  

haʃiɾu 356.4 118 1311.63 LHL to run 

ʃo:setsu 468.6 117 1423.8 LHH(H) novel 

o:saka 395.9 98 1351.0 LHHH Osaka 

painappuɾu 555.4 92 1510.6 LHHLL pinapple 

sekaitʃizu 582.0 116 1537.2 LHHHL world atlas 
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Table C.5  

Experiment 8: Non-word fillers (n=180) 

Item Word  Speed  Sentence Pitch Item Word Speed  Sentence Pitch 

kugaio 425.7 106 1380.8 LHHH bja:to 318.5 106 1273.6 HLL 

kuʒonda 388.7 97 1343.6 LHLL bjo:seN 407.0 101 1362.0 LHHH 

kukusu 316.0 105 1271.0 (L)H(L) tʃakeN 349.5 116 1304.4 HLL 

kunakuko 480.8 120 1436.0 LH(L)L tʃikia 359.7 119 1314.9 (L)HH 

kunau 293.4 97 1248.5 HLL deʃʃiN 367.4 91 1322.6 HLL 

atteɾi 430.4 107 1385.6 LHH doho 191.2 95 1146.3 H(L) 

kjaɾoku 268.8 89 1224.0 HL(L) donjoN 436.3 109 1391.4 LHHH 

kjo:ɲiN 420.6 105 1375.8 LHHH ho:senkuga 612.7 102 1567.9 LHHH(L)L 

maiho 298.3 99 1253.5 HLL doɾaɾaN 398.6 99 1353.7 LHHH 

mamiʃite 467.3 116 1422.4 LH(L)L doɾeN 239.3 79 1194.4 HLL 

abasano 499.0 99 1454.2 LHHLL doʃi 209.3 104 1164.5 L(H) 

adeɾu 313.6 104 1268.8 LHL iɾanoɾa 461.6 115 1416.5 LHHH 

agu 187.6 93 1142.4 HL e:taɾi 412.4 103 1367.5 LHHH 

ani:ha 397.8 99 1352.2 LHLL ʒa:gaN 443.7 110 1398.9 LHHH 

dammju: 365.5 91 1317.5 LHHH eka 219.0 109 1174.2 LH 

dao 207.5 103 1162.3 HL ɸumaka 375.4 125 1330.5 (L)HH 

datsune 320.1 106 1275.3 H(L)L gage 230.5 115 1185.7 LH 

bantaku 494.2 123 1449.3 LHHH kappoi 358.2 89 1313.4 (L)HH 

bao: 297.7 99 1252.6 LHL gadakkai 500.3 100 1455.5 LHLL 

bigu 200.0 100 1155.2 HL ɾo:kekuŋga 631.4 105 1586.2 LHHHLL 

bennekizo: 671.7 111 1626.9 LHHHHH kattaŋgi 499.0 99 1454.1 (L)HLL 
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Table C.5 - Continued 

biɾui 267.2 89 1222.3 HLL gaɾuka 366.9 122 1321.9 HLL 

sokuboŋka 574.0 114 1529.1 LHHLL gattesaʃi 594.6 118 1549.5 LHL(L) 

tʃidoeteɾi 578.7 115 1532.9 (L)HHLL genatteki 578.5 115 1533.7 LHHL 

bunɾonʒu 534.5 106 1488.7 LHHLL wakuʃiku 479.0 119 1434.1 LH(H)H 

bunsaʃi: 591.4 118 1546.2 LHHLL wakjo 256.9 128 1212.1 HL 

kekkeN 408.3 102 1363.5 (H)LL jakaʃike 450.3 112 1405.4 LH(H)H 

genwa: 477.2 119 1431.4 LHHH taʃibo:da 554.9 110 1510.0 L(H)HLL 

ketonaN 429.7 107 1384.8 (L)HHH jahe 240.9 120 1195.6 HL 

getoiɾa 511.7 127 1466.8 LHHH jajoki 359.7 119 1314.8 HL(L) 

warakujo 441.2 110 1396.3 LH(H)H joɾokai 487.4 121 1442.5 LHHH 

giɲi 221.9 110 1176.9 HL jukkaeN 501.7 100 1456.8 LHLL 

goɾaba 321.4 107 1276.6 HLL juɾaki: 437.6 109 1392.7 LHHL 

gjo:kuʃo: 575.5 115 1530.6 LH(H)HH teketa 352.4 117 1307.5 (L)HL 

hajutsu 355.4 118 1310.5 HLL zaigoʃo: 550.9 110 1506.1 LHHLL 

hinnaba 454.5 113 1409.6 LHHH zazama 388.2 129 1343.3 LHH 

zinna 324.7 108 1279.3 HLL zezi 255.1 127 1209.8 H(L) 

ʒo:kite 469.8 117 1424.1 LH(H)H aga 198.2 99 1153.4 HL 

ʒo:teN 413.2 103 1368.1 LHLL miŋkja 266.1 88 1221.3 HLL 

ʒoɾakko 458.5 114 1412.9 LHL kikonaɾi 513.6 128 1468.7 (L)HHH 

kahju: 357.2 119 1312.3 (L)HH kikateku 447.8 111 1403.0 (L)HH(H) 

kaigetta 504.1 100 1459.2 LHHL kima 253.9 126 1209.1 HL 

kaka 245.9 122 1201.1 (L)H kimoba 341.7 113 1296.8 (H)LL 

kambitsukeN 572.9 95 1528.0 LHH(H)HL kanaju 361.6 120 1315.7 (H)LL 
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kaŋkakoN 506.1 101 1461.0 LHHLL kiɾiɾeʃi 447.5 111 1402.6 LHH(H) 

tsutaku 341.2 113 1296.3 (L)H(L) kiʃi:me 477.6 119 1432.8 (L)HHH 

tsunetsu 365.4 121 1320.5 (H)LL koŋgemiN 512.0 102 1467.2 HLLLL 

tsutsusaɾeɾu 575.4 115 1530.6 (L)HHHL koŋka:tʃi 524.6 104 1479.7 LHHH(H) 

sejazi 386.5 128 1333.5 HL(L) tokkaɾa 367.4 91 1322.6 (L)HH 

gaɾuzu: 359.6 89 1314.7 LHHH tokko 307.7 102 1262.7 HL 

utouʃi 451.5 112 1406.6 LHLL tokadenni 522.4 104 1477.5 (L)HHLL 

wa:ramaʃi 643.1 128 1597.0 LHHHL kema 259.6 129 1214.8 (L)H 

kouhoa 473.4 118 1428.2 LHHH mopi 243.4 121 1198.6 LH 

ko:piN 366.8 91 1321.9 LHHH tonaizi 500.2 125 1455.3 LHHH 

ko:ʃajaN 542.1 108 1497.3 LHHHH toniki 313.2 104 1268.3 HL(L) 

ko:pike 487.2 121 1442.1 LH(H)H to:gaɾiwa 479.2 95 1434.3 LHHHH 

kodeʃi 386.7 128 1341.8 HL(L) to:mo 322.9 107 1277.9 LHH 

kosse 336.2 112 1291.4 (L)H kjato: 337.9 112 1293.0 HLL 

kuba 206.8 103 1161.9 (L)H toɾimoi 395.7 98 1350.9 LHHH 

kudogette 487.7 97 1442.8 LHHL budemma 385.1 96 1340.2 LHLL 

tekkoɾu 349.2 87 1304.4 (L)HH tsuiɾebuN 543.7 108 1498.9 LHHLL 

ɾjoketenno 645.3 129 1600.1 LHHHH tsukkeni 492.6 123 1447.5 (L)HH 

nikigoni 464.4 116 1419.6 LHHH mikkinde 515.6 103 1470.7 LHLL 

sannu 351.5 117 1306.1 HLL keppe 279.9 93 1235.0 HL 

sau 240.6 120 1195.6 HL naʃiba 376.3 125 1331.4 L(H)H 

sekkite 482.1 120 1437.3 LHH masseiaN 576.3 96 1531.5 LHLLL 

sumaema 510.8 127 1465.9 (L)HHH massuN 491.3 122 1446.5 HLL 

semanaɾi 475.9 118 1430.8 LHHH madoɾu 323.1 107 1278.2 LHL 
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suɾasu 349.0 116 1303.9 (L)H(L) mazamo 384.9 128 1340.1 LHH 

ʃibiʃi: 502.9 125 1458.1 (L)HHH meitezi 495.3 123 1450.5 LHHH 

ʃa:o 363.6 121 1318.8 HLL neŋkjamaʃi 625.4 125 1580.5 LHHLL 

ʃiɾeza 385.5 128 1340.6 HLL honigo 365.0 121 1320.1 (L)HH 

tokkamo 394.6 98 1349.8 (L)HH nikamu 305.3 101 1260.4 LHH 

meɾuso 317.9 105 1273.1 LHL ʃo:jokina 620.8 124 1576.0 LHHLL 

mesatsunaɾaku 716.6 119 1671.7 LH(H)HL(L) nintataʃi 565.1 113 1520.2 LHHL(L) 

mepa 222.4 111 1177.4 LH ʃitomi 345.5 115 1300.7 (L)HH 

nesu 231.1 115 1186.2 LH nogabe 361.3 120 1316.5 LHL 

mihoe 328.4 109 1283.5 LHL kano 210.1 105 1165.2 LH 

miʃika 349.2 116 1304.1 H(L)L tonoʃi 312.7 104 1267.9 HL(L) 

boni 215.6 107 1170.7 HL oizi 359.4 119 1314.5 HLL 

neʃʃai 364.3 91 1319.5 HLL ʃaɾude 375.0 125 1330.2 HLL 

tano 236.1 118 1191.2 HL otaɾa 321.4 107 1276.4 HLL 

nuɾateN 484.6 121 1439.7 LHHH otokide 417.3 104 1372.5 LHHH 

baozi 344.9 114 1300.0 HLL pa:ki: 420.2 105 1375.3 LHHH 

obe 220.9 110 1176.1 HL pakke 384.0 128 1339.1 LH 

ɾaha 243.5 121 1198.7 LH ɾaŋkuN 470.3 117 1424.6 LHHH 

suta 222.0 111 1177.2 (L)H sokadaɾi 451.6 113 1406.8 LHHH 

ɾattekaN 556.0 111 1511.1 LHHL ɾoga 245.3 122 1200.4 LH 

daɾa 221.4 110 1176.5 LH koɾonogo 424.4 106 1379.5 LHHH 

ɾeme 252.6 126 1207.7 HL ɾoito 365.0 121 1320.2 HLL 
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APPENDIX D: REPETITION PRIMING EXPERIMENT 

 

Table D.1  

Experiment 9, Devoicing environment: Experimental stimuli (n=36) 

Average durations of original whole stimulus(before splicing), whole stimulus (after splicing), target mora (/Ci/), preceding 

consonant, fully voiced vowel [i], and pitch accent after splicing.  Items are written in IPA.   

Reduced  

Stimuli 

Origin. 

Whole 

 

Whole 

after 

Splice 

Targe.

mora  

Fully  

Voiced 

Stimuli 

Origin. 

Whole 

 

Whol

e after 

Splice 

Targe.

mora  

Prece. 

C 

[i] Pitch Gloss 

ak(i)kaN 632.9 632.3 139.5 akikaN 616.5  123.6 29.5 94.1 L(H)H empty can 

katʃ(i)ku 
504.1 523.0 155.7 

katʃiku 
512.5  145.2 52.7 92.5 L(H)H 

domestic 

animal 

kaʃ(i)koi 550.9 609.4 168.7 kaʃikoi 635.7  194.9 116.0 78.8 L(H)HL clever 

aʃ(i)ta 487.3 427.3 168.6 aʃita 501.7  234.3 117.2 117.0 L(H)H tomorrow 

onʃ(i)tsu 
647.0 595.2 141.3 

onʃitsu 
663.0  209.1 109.9 99.1 

LH(H)H Greenhous

-e 

kak(i)koto 

ba 763.4 810.3 122.7 

kakikotoba 

801.6  113.9 24.3 89.5 

L(H)HL

L 

written 

language 

hak(i)ke 575.7 554.3 120.2 hakike 588.3  154.2 30.3 123.9 L(H)H nausea 

otʃ(i)komu 707.6 630.2 172.8 otʃikomu 673.5  162.1 65.9 96.1 L(H)HH depressed 

tek(i)to: 

612.8 626.6 128.0 

tekito: 

641.6  143.0 22.5 120.5 L(H)HH 

Appropriat

-e 

haʃ(i)ka 543.9  150.1 haʃika 628.0 607.2 213.5 112.9 100.5 L(H)H measles 

ak(i)su 511.6  114.9 akisu 541.0 513.1 116.5 30.0 86.4 L(H)H thief 

oʃ(i)kakeɾu 
712.4  137.0 

oʃikakeɾu 
768.2 746.5 171.1 88.0 83.1 

L(H)HH

L 

go 

uninvited 

ek(i)tai 533.1  120.8 ekitai 621.5 548.4 136.1 18.5 117.5 L(H)HH liquid 
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waʃ(i)tsu 
533.9  139.7 

waʃitsu 
578.6 588.5 194.3 82.0 112.3 L(H)H 

Japanese-

style room 

sek(i)toɾi 
674.1  109.9 

sekitoɾi 
764.6 707.6 143.4 23.4 119.9 L(H)HH 

sumo 

wrestler 

jak(i)soba 

631.6  86.9 

jakisoba 

774.3 658.6 113.9 28.6 85.2 

L(H)HH fried 

noodles 

sek(i)haN 747.1  125.4 sekihaN 767.1 779.1 157.5 20.9 136.5 L(H)HL red rice 

matʃ(i)kad

o 595.8  123.7 

matʃikado 

670.1 616.5 144.4 35.3 109.0 L(H)HH 

street 

corner 

Average 605.2 134.8 Average 633.4 160.0 56.0 103.3   

Modified 

Average 601.0 146.4 

Modified 

Average 640.7 154.6 48.9 105.6 

  

Base 

Average 609.3 123.2 

Base 

Average 626.1 165.5 63.2 101.0 
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Table D.2  

Experiment 9, Voicing environment: Experimental stimuli (n=36) 

Reduced  

Stimuli 

Origin. 

Whole 

 

Whole 

after 

Splice 

Targe.

mora  

Fully  

Voiced 

Stimuli 

Origin. 

Whole 

 

Whole 

after 

Splice 

Targe.

mora  

Prece. 

C 

[i] Pitch Gloss 

 

nekodʒ(i)ta 648.3 631.4 143.2 

 

nekodʒita 668.0  179.7 35.7 106.0 LH(H)H 

sensitive to 

hot food 

ak(i)ɾameɾ
u 807.1 819.3 155.4 

akiɾameɾu 

796.5  132.5 29.4 96.4 

L(H)HH

L 

 

to give up 

tedʒ(i)na 461.7 476.0 106.6 tedʒina 450.7  81.3 35.8 69.3 H(L)L magic 

tak(i)bi 478.0 469.7 120.8 takibi 497.7  148.8 21.7 92.3 L(H)H bonfire 

 

kedʒ(i)me 482.9 482.1 153.9 

 

kedʒime 458.8  130.7 48.4 80.9 L(H)H 

 to draw a 

line 

tetʃ(i)gai 579.2 602.3 166.4 tetʃigai 607.7  171.8 74.9 96.8 L(H)LL mistake 

midʒ(i)kai 534.6 670.1 134.0 midʒikai 674.7  138.6 36.8 104.7 L(H)HL short 

saʃ(i)dasu 711.3 725.0 124.6 saʃidasu 783.0  182.6 93.7 88.8 L(H)HL stretch out 

sek(i)dome 

717.0 711.5 127.4 

sekidome 

712.6  128.6 22.3 106.2 L(H)HH 

cough 

syrup 

oʃ(i)dasu 704.3  171.0 oʃidasu 730.6 736.1 202.7 109.7 105.2 L(H)HL to push out 

kudʒ(i)keɾ
u 544.9  156.6 

kudʒikeɾu 

564.5 551.1 162.9 34.5 99.8 L(H)HL 

discourage

-d 

odʒ(i)saN 600.6  136.2 odʒisaN 639.6 662.3 197.9 52.9 104.8 L(H)HH uncle 

itʃ(i)go 482.8  148.5 itʃigo 432.7 482.5 148.2 68.6 93.1 L(H)H strawberry 

 

so:dʒ(i)ki 639.5  130.4 

 

so:dʒiki 647.2 678.1 169.0 56.1 86.4 LH(H)L 

vacuum 

cleaner 
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daidʒ(i)ke

N 734.9  152.1 

 

daidʒikeN  

738.8 772.5 189.6 38.3 87.7 

LH(H)L

L 

big 

incident 

tatʃ(i)ba 490.4  124.1 tatʃiba 516.3 544.5 178.2 89.6 86.4 H(L)L standpoint 

dek(i)goto 649.6  135.0 dekigoto 751.6 636.9 122.3 32.9 89.5 L(H)LL incident 

hadʒ(i)ku 519.9  150.2 hadʒiku 543.3 534.7 165.0 35.6 121.2 L(H)L to snap 

Average  608.6 141.0 Average  625.0 157.3 50.9 95.3   

Ave. z+i 588.9 140.4 Ave. z+i 605.7 157.2 41.6 95.6   

Ave. C ̥̥ ̥̥+i 628.4 141.5 Ave. C ̥̥ ̥̥+i 644.2 157.3 60.3 95.0   

Modified 

Average 620.9 137.0 

Modified 

Average 622.1 170.7 57.6 97.1 

  

Base 

Average 596.4 144.9 

Base 

Average 627.8 143.9 44.3 93.5 
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Table D.3  

Experiment 9: Control items (n=35) 

Item Word  Pitch Gloss Item Word  Pitch Gloss 

sakana 567.0 LHH fish midoɾi 423.8 HLL green 

tetʃo: 487.0 LHH notebook megami 464.1 HLL goddess 

kaeɾu 423.4 LHH frog taido 409.6 HLL attitude 

makuɾa 450.0 HLL pillow ʒumoN 424.1 LHH spell 

sanso 521.3 HLL oxygen dantai 533.8 LHHH group 

sawagu 567.5 LHL to make a noise ʃimauma 630.0 (L)HHH zebra 

migaku 559.4 LHH to pollish ko:kaN 540.5 LHHH exchange 

jo:su 537.2 LHH state ʃokubutsu 726.3 LHLL plants 

hiɾune 494.6 LHH nap tebukuɾo 534.0 LHLL gloves 

hogoʃa 532.3 LHL gardian satsuei 584.0 LHHH film 

ʃimedasu 724.6 LHHL to shut out eijo: 563.9 LHHH nutrition 

bjo:iN 528.0 LHHH hospital ɾjoko: 460.0 LHH travel 

zeikiN 534.1 LHHH tax mizutama 609.3 LHHH polka dots 

bo:eki 606.6 LHHH trade mezamaʃi 645.7 LHLL eye opener 

jamaneko 625.5 LHHH wild cat menseki 615.7 HLLL area 

natsujasumi 836.9 LHHLL summer break nettaigjo 696.3 LHLL tropical fish 

kataguɾuma 684.2 LHHLL 

to ride on one’s 

shoulders katazukeɾu 685.9 LHHHL 

 

to put in order 

suzuʃi 614.1 LHHL cool     
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Table D.4  

Experiment 9: Practice items (n=8) 

Item Word  Pitch Gloss Item Word  Pitch Gloss 

tʃi:sai 566.7 LHHL small jak(i)toɾi  664.9 L(H)HH grilled chicken 

kasuteɾa 639.8 L(H)HH pound cake jakitoɾi  667.5 LHHH grilled chicken 

aɾuku 455.0 LHL to walk maz(i)me  486.6 L(H)H serious 

aɾikui 590.6 LHHH anteater mazime  496.9 LHH serious 
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