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Effect of VOT on the Intelligibility of English Voiceless Stop

Consonants Produced by Native Speakers of Japanese

Akiyo Joto

Abstract

　　　This study examined how the voice onset time (VOT) affected the intelligibility of English voiceless 

stops produced by 20 native Japanese speakers. Five native English speakers evaluated the intelligibility of three 

English voiceless stops in the word-initial position of the words, “pet,” “Ted,” and “keck” when pronounced by 

native Japanese speakers. The VOT for each production was measured, and its relationship with intelligibility 

was examined. The results showed that /t/ and /k/ have the lowest and highest intelligibility, respectively. When 

voiceless stops were pronounced by native Japanese speakers with lower intelligibility, the native English 

speakers heard most of them as voiced. An acoustic analysis indicated that Japanese English stops with lower 

intelligibility had a shorter VOT than did those with higher intelligibility. Japanese English voiceless stops were 

highly intelligible when the VOT was longer than 30 ms for /p/, around 50 ms or longer for /t/, and about 55 ms 

or longer for /k/. Intelligibility tended to be low when the VOT was shorter than 20 ms for the three voiceless 

stops.

1. Introduction

　　　Native English speakers occasionally find English sounds pronounced by native Japanese speakers 

to be unintelligible, chiefly due to the linguistic differences in sound systems and articulation. Some English 

sounds are phonemically identical to but phonetically different from their Japanese equivalents. This phonetic 

or articulatory difference impedes the perception of certain English sounds pronounced by native Japanese 

speakers; English voiceless stops fall under this category of sounds.

　　　English voiceless stops in initial position of an accented syllable are characterized by aspiration in 

articulation, whereas their Japanese counterparts with or without aspiration are known to be free allophones 

(Hattori, 1984; Koizumi, 1998; Saito, 2009). As Cruttenden (2001) and Jenkins (2000) point out to learners of 

English, aspiration is a crucial cue for English voiceless stops; without it, native English speakers will recognize 

them as voiced. For this reason, Jenkins (2000) designated aspiration following English voiceless stops as one 

of the items of the Lingua Franca Core, a pedagogical core of phonological intelligibility for speakers of English 

as an international language. Therefore, we should inquire how intelligible Japanese English (henceforth, JE) 

voiceless stops are, and how acoustically different intelligible and unintelligible stops are.

　　　Aspiration and unaspiration of voiceless stops were acoustically observed by the measurement of the 

voice onset time (VOT). The VOT is defined as the interval between the release of a closure and the start of 

voicing (Ladefoged & Johnson, 2011). This paper studies how voice onset time affects the intelligibility of the 

English voiceless stops /p/, /t/, and /k/ produced by native Japanese speakers. Two experiments were performed 

to investigate this: one involved an evaluation of the intelligibility of the JE voiceless stops by native English 

speakers, and the other performed an acoustic analysis of the JE productions to measure their VOTs and also, 
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for comparison, the VOTs of voiceless stops produced by native speakers of English and the Japanese voiceless 

stops produced by native Japanese speakers.

　　　Few studies have investigated the intelligibility of JE stops and its relationship with acoustic factors 

based on the intelligibility levels. The findings of this study could provide some suggestions to improve phonetic 

education for Japanese learners of English and for learners whose native language has acoustic characteristics 

similar to those of the Japanese language.

2. Experiment 1

　　　Native English speakers evaluated each JE voiceless stop in order to study their intelligibility.

2.1. Materials

　　　The stimulus corpus for the evaluation comprised the monosyllabic English words “pet,” “Ted,” and 

“keck,” read by twenty native Japanese speakers and recorded in an anechoic chamber, using an electret 

condenser microphone connected to a DAT recorder. Each production was sampled at 44.1 kHz, randomly 

ordered, and burned on CDs.

2.2. Speakers

　　　The speakers were 20 Japanese learners of English, 9 males and 11 females.  They were all university 

students in Japan, between 18 and 23 years of age. Eleven were English majors and nine were non-English 

majors. They had received standard English education in junior and senior high school in Japan; none of them 

were educated in a school where English was the sole medium of instruction. Only two of the twenty speakers 

had resided in another country for six months or more. One had lived in the US for two years between 5 and 6 

years of age, where she used only English.  She had continued learning English after returning to Japan. The 

other speaker had lived in England for a year when she was 22, and had used English in her daily life there.

2.3. Evaluators

　　　Five native English speakers, aged between 23 and 50, participated in the evaluation. They comprised 

two Americans, a male and a female, living in the US and three Britishers, two males and one female, living 

in the UK. They had no prior experience of learning Japanese or staying in Japan for a long period: for one 

of the Britishers (male), the evaluation was conducted during his first month-long stay in Japan. None of the 

evaluators were accustomed to the English spoken by the Japanese. Two of them had received phonetic training 

at institutions of higher education.

2.4. Procedure

　　　Each evaluator was given evaluation sheets and the CDs containing the English words pronounced by 

the native Japanese speakers. Each word had two sheets, (1) and (2); they were bound together on the left sides. 

The right side of sheet (1) was folded so that sheet (1) could envelop sheet (2) to ensure that the evaluators 

could not see the word written on sheet (2). Each evaluator performed the evaluation task at his/her own pace by 

following the written instructions.

　　　First, they used a computer to listen to the CDs; they then spelled out each sound they heard, on sheet 

(1). If they were completely unable to understand the word, they could mark a cross (x). They then opened the 

fold on sheet (1) to view the actual word pronounced by the Japanese speaker written on sheet (2), compared it 

with the word they had written down on sheet (1), and rated the intelligibility level of the pronunciation of each 

initial consonant (/p/, /t/, or /k/) of the word, which was represented by the capital letter, on a three-point scale 
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by circling one of the following numbers: 3 = Excellent/Good, 2 = Fair, or 1 = Poor. The levels of intelligibility 

for rating the stop consonants were indicated on an instruction sheet as follows: 

　　　　1  POOR

　　　　A poor level of intelligibility:

　　　　　　　You recognize a strong foreign accent and find difficulty in understanding the initial part of 

this word or cannot understand it at all. If you think the difficulty in understanding the word is caused 

by poor pronunciation of the initial sound, please circle #1.

　　　　2  FAIR

　　　　A moderate level of intelligibility:

　　　　　　　You recognize a foreign accent, but it is not so strong that you cannot understand the initial 

part of this word. You anticipate it might be misunderstood or not understandable under some 

conditions or contexts. (You think it may be sometimes misunderstood.)

　　　　3  EXCELLENT/GOOD

　　　　A high level of intelligibility:

　　　　　　　Near-native pronunciation, or easily intelligible.

　　　　　　　You recognize no foreign accent or a very slight accent which has little effect on intelligibility.

They could write comments, if any, on the JE pronunciation in the specified place on sheet (2).

2.5. Results

　　　The scores assigned by five different evaluators to each sound produced by a native Japanese speaker 

were averaged. Table 1 shows the number of speakers assigned to each of the three intelligibility levels and the 

mean scores for each initial consonant.

Table 1

The mean scores and the number of Japanese speakers at the three 

intelligibility levels for the English voiceless stops

Voiceless
stops

Intelligibility
level

Number and
percentage (%) of

speakers

Mean score
(SD)

/p/

1.0-1.9 2 (10.0) 1.20 (0.28)

2.0-2.9 11 (55.0) 2.49 (0.29)

3.0 7 (35.0) 3.00 (0)

mean 2.54 (0.56)

/t/

1.0-1.9 5 (25.0) 1.36 (0.22)

2.0-2.9 7 (35.0) 2.71 (0.23)

3.0 8 (40.0) 3.00 (0)

mean 2.49 (0.70)

/k/

1.0-1.9 2 (10.0) 1.40 (0.28)

2.0-2.9 3 (15.0) 2.73 (0.12)

3.0 15 (75.0) 3.00 (0)

mean 2.80 (0.49)
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　　　Table 1 indicates that /t/ had the lowest intelligibility (mean score: 2.49); five speakers (25.0%) were 

assigned the lowest scores for their productions of this consonant. The intelligibility of /k/ (mean score: 2.80) 

was the highest; fifteen speakers (75.0%) were assigned the highest score in the case of this consonant. About 

half of the speakers (55.0%) received the medial score for their production of /p/.

　　　The words written on sheet (1) revealed that in most cases, when English native speakers heard the 

Japanese speakers’ productions of /p/, /t/, and /k/ as the voiced /b/, /d/, and /ɡ/, they assigned scores of 1 or 

2. In some cases, they also commented that the sounds were unaspirated. Aspirated stops are considered to 

have a longer VOT. The next section will use acoustic data to identify the VOTs that result in higher or lower 

intelligibility.

3. Experiment 2

　　　Acoustic analyses of the JE voiceless stop consonants and their English and Japanese equivalents were 

conducted to examine the relationship between the intelligibility and the VOTs of the JE voiceless stops.

3.1. Speech materials

　　　The JE productions were the same as those used in Experiment 1. The sounds produced by native 

English speakers were chosen from the “English Learners’ Speech Database” (V. 1.0, Vol. 10) built in 2003 for 

the Grant-in-Aid for Scientific Research on Priority Areas, “Advanced Utilization of Multimedia to Promote 

Higher Education Reform,” supported by the Ministry of Education, Culture, Sports, Science and Technology. 

All the speakers, three males and three females, spoke General American.

　　　The Japanese materials for analysis comprised disyllabic/trimoraic meaningful and nonsense words 

considered phonemically equivalent to the English materials: they were /petto/, /teddo/, and /kekku/.

　　　The Japanese words were produced by three males and three females chosen from among the Japanese 

speakers of the English materials. They spoke different dialects as they hailed from different regions-

Hiroshima, Yamanashi, Nagano, and Shizuoka.  There are no significant differences in the dialects of these 

regions with regard to the pronunciation of the stop consonants.

3.2. Methods

　　　The VOT was measured for each of the JE productions, the American English (henceforth, AE) 

productions, and Japanese voiceless stops by using the free software Praat for acoustic analyses of speech 

sounds. We measured the VOT between the release of a stop closure and the start of the glottal vibration on a 

computer display, on which the waveforms and the spectrograms of each sound were shown. A 6.6 ms hamming 

window was employed on the computer to show wideband spectrograms.

　　　To investigate the relationship between the VOT and the intelligibility of the JE voiceless stops, the 

intelligibility scores were compared with the VOTs for JE, AE, and Japanese voiceless stops.

3.3. Results

　　　Table 2 represents the mean scores and VOTs for JE productions according to the intelligibility levels, 

for AE productions and for Japanese voiceless stops produced by native Japanese speakers (hereafter, JJ). It 

shows that the higher the intelligibility scores, the longer were the VOTs for each of the JE stop consonants: as 

for /p/, for instance, the VOT was 10.9 ms for the JE productions with the lowest intelligibility of 1.20, whereas 

it was the longest of 31.7 ms for the JE stops with the highest intelligibility. The same was true of the other JE 

stop consonants. There was, however, little difference for the overall tendency: the mean value of the VOT for 
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/t/ with the lowest intelligibility was 37.2 ms, and for /k/ with the highest intelligibility, 50.7 ms, whereas for 

JE /p/ which was second highest to /k/, the VOT was 23.3 ms, the shortest of all. The VOT of JE /p/ with the 

highest intelligibility was only about a half VOT of AE /p/, but our data showed that JE productions were still 

intelligible enough. 

　　　For all the JE stops, the intelligibility level was low when the VOT was shorter than 20 ms: VOTs were 

10.9 ms, 19.9 ms, and 16.2 ms, respectively, for the /p/, /t/, and /k/ consonants that received a “Poor” rating. 

On the other hand, the VOTs varied with the stop consonants when the intelligibility was “Fair” or “Excellent/

Good.” When intelligibility was the highest (3), the VOT was more than about 30 ms for /p/, around 50 ms for 

/t/, and around 55 ms or longer for /k/. It was observed that when the value of VOT ranged from 20 ms to the 

above-mentioned values for each stop consonant, native English speakers sometimes misheard the voiceless 

stops as voiced ones. 

Table 2

The mean scores of intelligibility and VOTs for the English 

and Japanese voiceless stop consonants

　　　As mentioned above, the mean VOT for the JE /k/ was the longest (50.7 ms), and its mean intelligibility 

score was the highest (2.80). On the other hand, the VOTs for /p/ and /t/ were shorter (23.3 ms and 37.2 ms, 

respectively) and their intelligibility scores were lower than that for /k/. The intelligibility score of the JE /t/ (2.49) 

was the lowest.

　　　A comparison of the VOTs for JE and three Japanese stops (JJ) with those for the English stops (AE) 

indicated that the VOTs for JE and JJ were considerably shorter: the mean VOTs for AE /p/, /t/, and /k/ were 

57.3 ms, 86.4 ms, and 83.7 ms, respectively, whereas JE equivalents were 23.3 ms, 37.2 ms, and 50.7 ms, and 

JJ equivalents were 21.2 ms, 29.3 ms, and 52.7 ms. The VOT for each JE stop was almost identical to those for 

Voiceless
stops

Speakers’
productions

Mean scores of
intelligibility

VOT (ms)
(SD)

/p/

JE

1.20 10.9 (3.68)

2.49 20.1 (11.26)

3.00 31.7 (13.45)

JE mean 2.54 23.3 (13.15)

AE 57.3 (23.11)

JJ 21.2 (8.85)

/t/

JE

1.36 19.9 (9.75)

2.71 35.3 (14.70)

3.00 49.6 (27.94)

JE mean 2.49 37.2 (22.82)

AE 86.4 (17.58)

JJ 29.3 (11.81)

/k/

JE

1.40 16.2 (0.42)

2.73 50.0 (21.94)

3.00 55.4 (14.75)

JE mean 2.80 50.7 (18.81)

AE 83.7 (15.47)

JJ 52.7 (11.81)
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the Japanese stops. The shorter VOTs of Japanese stop consonants than English equivalents are also reported 

in Homma (1985) and Shimizu (1996). However, the difference in VOTs between Japanese stops and the most 

intelligible JE stops varied with the consonants: the difference for /t/ was the largest (20.3 ms), that for /k/ 

was the smallest (only 2.7 ms), and for /p/, 10.5 ms. The difference in the VOT between AE and JJ stops was 

also the largest for /t/ (57.1 ms): the difference for /p/ was 36.1 ms, and for /k/, 31.0 ms. Therefore, Japanese 

speakers would find it most difficult to pronounce /t/ with enough aspiration to be intelligible.

4. Discussion

　　　In Experiments 1 and 2, the JE stops with lower intelligibility had a shorter VOT, and the native English 

speakers heard them as voiced. Concerning the relationship between the voicing of stops and the VOT, Stevens 

(1997) states that stop consonants are heard as voiceless when the VOT is more than about 25 ms, and as 

voiced when it is less than 25 ms. Kent and Read (1992) show that the VOT range from 20 to 25 ms serves as a 

boundary between voiced and voiceless stops. These findings were reflected in the results of our experiments: 

the JE voiceless stops with the lowest intelligibility (mean score: 1.0-1.9), which were heard as voiced, had a 

VOT shorter than 20 ms. The low intelligibility of the JE voiceless stops could be attributed to a shorter VOT, 

that is, less aspiration-some evaluators commented that the JE stops rated as ‘Poor’ were unaspirated.

　　　The VOTs for the English stops were considerably greater than those for the JE stops; however, the 

native English speakers could hear them correctly if the VOT was greater than a particular time duration, which 

varied with the voiceless stops. If the VOT was shorter than that duration, there would be a stronger possibility 

of the JE voiceless stops being heard as voiced. According to Lisker & Abramson (1964), English speakers hear 

stops as voiceless if the VOT is over 25 ms for labials, 35 ms for alveolars, and 40 ms for velars. Our results 

indicated a longer VOT than these for each stop. However, the relative relationships between the VOTs for the 

three stops were the same as ours: the VOT was the longest for JE /k/ and the shortest for JE /p/. Johnson (2012) 

also mentions that many languages have a boundary between aspirated and unaspirated stops at about 30 ms 

VOT. Our data also showed the VOT of the JE /p/ with the highest intelligibility was 31.7 ms, the shortest of 

the three stops. Although learners’ productions do not have to be the same as native English speakers’ ones, it 

could be said from our data that the aspiration of about 30 ms or longer is necessary for /p/, and that of about 50 

to 60 ms or more, for /t/ and /k/ to be intelligibly perceived as voiceless stops.

　　　It is plausible that the JE /k/ had the highest intelligibility because it had the longest VOT, which was 

almost identical to that for the Japanese /k/. It could be stated that the Japanese speakers found it easier to 

articulate the English consonant /k/ with proper aspiration for high intelligibility. On the other hand, they would 

find the English /t/ most difficult to produce with adequate aspiration. This is not only because the difference in 

VOTs between AE and JJ and also between JJ and JE productions with the highest intelligibility was the largest 

for the alveolar stop /t/ among the three stops, which will require learners to make more effort in producing 

aspiration to be intelligible, but because the articulatory difference exists between English and Japanese /t/: 

in pronouncing the English /t/, the tongue tip touches the rear part of the upper alveolar ridge, whereas in the 

articulation of the Japanese /t/, the tongue tip and blade touch the wider area from the back of the upper teeth 

to the fore part of the alveolar ridge (Shirota, 1993). The negative L1 transfer would cause weaker aspiration in 

Japanese learners’ productions of /t/.  

　　　A comparison between the VOTs for the JE and Japanese stops revealed negative L1 transfer in that the  
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Japanese pronunciation hindered the correct articulation of the English voiceless stops. In order to apply these 

findings in the field of education, we suggest the following: (1) English learners whose native language has  

shorter VOTs than English should be taught that a particular amount of aspiration is obligatory for the 

intelligible pronunciation of English voiceless stops; (2) they should learn how to articulate voiceless stops with 

sufficient aspiration; and (3) Japanese learners should especially pay attention to the articulation of the voiceless 

alveolar stop /t/, of which tongue position is different from that of the Japanese /t/, and thus, would enable them 

to produce sufficient aspiration to be intelligible enough.

5. Conclusions

　　　The intelligibility of JE voiceless stop consonants was investigated and the VOTs for English, Japanese, 

and JE voiceless stops were measured and compared. The relationship between intelligibility and VOT was 

examined.

　　　The VOT for the JE stops with lower intelligibility was found to be shorter than that for those with 

higher intelligibility. When the VOT was less than 20ms, the possibility of the JE voiceless stops being heard as 

voiced would increase. The VOT varied according to the stops when the intelligibility score was high. Based on 

the data, some pedagogical suggestions were made for Japanese learners and learners of English whose L1 has 

no contrast between aspirated and unaspirated stop consonants.

　　　Although this paper focused on VOT, there are other acoustic factors involved in distinguishing 

voiceless stops in different phonetic environments. These factors should be investigated in future research.
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