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¡ The slides and materials for the hands-on activities 
are available on the following site. Download them 
as a zip folder from one of the following sites.

¡ The Workshop Material Webpage

¡ Waseda University Site

WEB SITE FOR THIS WORKSHOP
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¡ What is VOT?
¡ VOT research
¡ Research methods

§ Participants
§ Selection of target words
§ Recording

Demonstration & hands-on activities
¡ Acoustic measurement

§ Basics of Praat
§ Measurement of VOT
§ Analysis with Praat script
§ Statistical analysis for VOT

¡ Questions & answers
¡ Summary and future research

OUTLINE
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Relevant to:
¡ Voiced/voiceless: the state of the glottis during a given 

articulation
¡ Aspirated/unaspirated: the presence or absence of a period of 

voicelessness during and after the release of an articulation

Voice onset time (VOT): 
¡ the interval between the release of a consonant closure and 

the start of the voicing (Ladefoged & Johnson, 2015)
¡ the duration of the time interval by which the onset of 

periodic pulsing either precedes or follows release (Lisker & 
Abramson 1964)

WHAT IS VOT?

4
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NEGATIVE AND POSITIVE VOT

(Ladefoged & Johnson, 2015)

Negative VOT: voicing 
precedes release
(fully voiced stop)

Positive VOT: voicing 
follows release 
(unaspirated or aspirated)

Short lag VOT 
(0-30 ms)

Long lag VOT
(> 30 ms)

Lead VOT
(< 0 ms)
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CROSS-LINGUISTIC DIFFERENCES IN VOT

(Ladefoged & Johnson, 2015)

Japanese /b/ Japanese /p/

6
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Contextual effects on VOT in English stops (Lisker & 
Abramson, 1964)
¡ Effects of stress on VOT

§A voiceless stop in a stressed syllable has longer VOT.
§ In unstressed syllables, VOT is shorter.
§ In syllables bearing the final sentence stress, VOT is 

still longer.
§ The further such a syllable is from the end of the sentence, 

the less the effect is likely to be.

§ I need a piece of paper vs. I need a paper copy.

VOT RESEARCH FOR L1 SPEAKERS

7

Contextual effects on VOT in English stops (Lisker & 
Abramson, 1964)
¡ Effects of the number of syllables:

§Stressed monosyllables (e.g., cold, 68 ms)
§Stressed disyllables (e.g., curtain, 49 ms)
§Unstressed polysyllables (e.g., canary, 31 ms)
§VOT: Stressed monosyllables > stressed disyllables > 

unstressed polysyllables

VOT RESEARCH FOR L1 SPEAKERS

8
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Age group and regional dif ferences (Takada, 2011)
¡ For voiced stops ([b, d, g] in Japanese, there are two main 

regional variations among the older generation.
§ In northeast Japan, in most cases voiced stops have positive VOT.
§ In regions further west than the Kanto region (Tokyo and surrounding 

areas), they have negative VOT.
§ The younger the generation, the longer VOT for voiced stops is (in 

case of negative VOT, absolute values are smaller).

¡ For voiceless stops ([p, t, k]) in Japanese
§ In northeast Japan, the older generation’s VOT tends to be longer, 

whereas in the other regions, VOT is shorter.
§ Among the younger generation, no regional variations are likely to be 

observed.

VOT RESEARCH FOR L1 SPEAKERS
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Are L2 speakers able to notice cross-linguistic 
differences in VOT?
Flege (1991)
¡ Early Spanish-English bilinguals’ VOT values were not 

significantly different from those of native English 
speakers.

¡ Late Spanish-English bilinguals produced English /t/ 
with VOT values which fell between the short-lag VOT 
values of Spanish monolinguals and the long-lag 
values of English monolinguals.

PAST VOT RESEARCH FOR L2 SPEAKERS

10
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Are L2 speakers able to notice cross-linguistic 
differences in VOT?
¡Even early bilinguals can fail to produce 

nativelike VOT (e.g., Caramazza, Yeni-Komshian, 
Zurif and Carbone 1973).

¡Williams (1980): “Compromise” VOT, 
intermediate between L1 and L2
§Spanish bilinguals’ VOT values for English /b/ and for 

Spanish /b/ were intermediate between the mean 
VOT values for the monolingual Spanish and 
monolingual English stops.

PAST VOT RESEARCH FOR L2 SPEAKERS

11

Flege’s (1995, 2003) Speech Learning Model
¡One of the hypotheses in his model assumes 

that the likelihood that L2 learners notice the 
phonetic differences depends on both the 
phonetic dissimilarity between L1 and target 
L2 sounds and the age of L2 learning.

THEORETICAL FRAMEWORK

12



PSLLT 2018, Pre-conference Workshop #5 9/6/18

Tetsuo Harada 7

Flege’s (1995, 2003) Speech Learning Model
¡ In other words, the greater the phonetic 

difference between L1 and L2 sounds is and the 
earlier L2 learners are exposed to a second 
language, the more likely they are to notice the 
phonetic difference, which will lead to authentic 
production of L2 sounds.

¡ My research interest:
§ Phonetic similarity or dissimilarity > Cross-linguistic VOT
§ Age of L2 learning > Bilingual education in elementary 

school

THEORETICAL FRAMEWORK

13

VOT in immersed Dutch–German late bilinguals (Stoehr, 
Benders, van Hell, & Fikkert, 2017)
¡ L2 Dutch bilinguals attained native-like short lag VOT, but they 

did not yet reach native-like consistent prevoicing.
¡ Success in acquiring native-like VOT in L2 and maintaining 

native-like VOT in L1 may be limited to VOT in the short lag 
range.

Voice onset time and global foreign accent (Lein, Kupisch, & 
van de Weijer, 2016)
¡ Compared French-German bilinguals’ VOT to their global 

accent and found the speech with shorter VOTs was overall 
more accented.

RECENT RESEARCH ON ACQUISITION OF 
VOT IN NATURALISTIC SETTINGS

14
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Acquisition of German VOT by Dutch–German 
simultaneous bilingual preschoolers (Stoehr, Benders, 
Van Hell, & Fikkert, 2018)
¡ Bilinguals with more heritage language exposure 

produced more target-like aspiration (long lag VOT)in 
German. More heritage language exposure is 
associated with more language-specific voicing 
systems.

RECENT RESEARCH ON ACQUISITION OF 
VOT IN NATURALISTIC SETTINGS

15

French immersion students and VOT (Netelenbos, Li, & 
Rosen, 2016)
¡ They produced non-native-like VOT for French 

voiceless stops in the intermediate range between 
monolingual English voiced and voiceless stops.

¡ Their L2 English VOT was longer than the French 
monolinguals’, but was separate from their L1 
French.

¡ For voiced stops, their English and French were 
indistinguishable, located within the range of voiced 
stops for monolingual English speakers.

RECENT RESEARCH ON ACQUISITION OF 
VOT IN INSTRUCTIONAL SETTINGS

16
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Acquisition of VOT by English-speaking children in a 
Japanese immersion program (Harada, 2007)
¡ The immersion students made a phonetic distinction 

in VOT between Japanese and English.
¡ But their VOT values were still intermediate, 

compared with the norms of the monolingual 
speakers and their immersion teachers.

¡ English- and Japanese-Dominant Children’s Voice 
Onset Time (VOT) in a Two-Way Immersion Program 
(Harada, in progress, to be presented at 11:00 AM 
tomorrow)

RECENT RESEARCH ON ACQUISITION OF 
VOT IN INSTRUCTIONAL SETTINGS
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¡ Short lag VOT may be easier to acquire than 
prevoicing (lead or negative VOT).

¡ VOT may be related to global accent.

¡ Heritage language exposure will play an important 
role in the target-like acquisition of VOT.

¡ Immersion students can make a phonetic distinction 
between two languages, but their VOT values are 
intermediate.

SUMMARY OF BILINGUAL ACQUISITION 
OF VOT

18
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Criteria for the selection of participants
¡ Language background

§ Native language(s)
§ Other languages spoken and understood well
§ Family’s native and dominant language(s)
§ Language proficiency levels
§ Age of learning (AOA)
§ Length of learning
§ Experience in L2-speaking countries
§ Amount of L1 and L2 use
§ Quality of L1 and L2 use (e.g., L2 use in higher education or the work 

place)

RESEARCH METHODS: PARTICIPANTS

19

Criteria for the selection of participants
¡ Other factors

§ Age
§ Regional differences
§ Types of instruction participants received (e.g., content-based 

instruction or regular language courses)

¡ Native speakers as baseline data?
§ “Bilingual attainment, whether in early or late bilinguals, cannot be 

directly compared to monolingual attainment” (Ortega, 2009).
§ The movement toward English as a lingua franca (ELF) 
§ The nativeness and intelligibility principles (Levis, 2005)
§ Bilingual speakers rather than native speakers for baseline data

RESEARCH METHODS: PARTICIPANTS

20
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¡ Sample sizes for several VOT studies

RESEARCH METHODS: SAMPLE SIZE

Study Total number of 
speakers

Number of speakers 
per group

Lisker & Abramson 
(1964)

4 (for isolated words)
2 to 10 (for sentences)

NA

Flege (1991) 40 10

Netelenbos, Li, & 
Rosen (2016)

56 18

Lein, Kupisch, & van 
de Weijer (2016)

17 7

Stoehr, Benders, van 
Hell, & Fikkert (2017)

97 23, 18, 29, & 27

Stoehr, Benders, Van 
Hell, & Fikkert (2018)

88 29, 30, & 29

21

Control for the following variables in the selection of words
¡ # of the syllables

§ stressed monosyllables (longest VOT)
§ stressed disyllables
§ unstressed polysyllables (shortest VOT)

¡ Stress
§ tonic syllable in an intonation unit (longest)

§ I need a piece of paper. (sentence final): longest VOT
§ I need a paper copy. (sentence non-final): long VOT

§ stressed syllables
§ The paper is useless.

§ unstressed syllables (shortest)
§ The paper is useless.

RESEARCH METHODS: SELECTION OF 
TARGET WORDS

22
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Control for the following variables in the selection of words
¡ Prosodic patterns

§ Sentence frame or carrier phrase required
§ Take a _____. (Flege, 1991)
§ Say _____ again.
§ Tengo un _____. “I have a ….” (Spanish) (Flege, 1991)
§ I see a _____ in the picture. (Harada, 2007)
§ Sore wa _____ desu. “That is a ....” (Japanese) (Harada, 2007)

§ No sentence frame
§ Naming target words in a picture (Stoehr, Benders, van Hell, & Fikkert, 

2017, 2018)
§ Word-repetition task for children (Netelenbos, Li, & Rosen, 2016)
§ Narratives based on images of objects whose names often begin with 

target sounds (Lein, Kupisch, & van de Weijer, 2016)

RESEARCH METHODS: SELECTION OF 
TARGET WORDS

23

Control for the following variables in the selection of words
¡ Stress placement

§ Word-initial stress (Flege, 1991)
§ Same stress (SW) or pitch accent pattern (HL) (Harada, 2007)

¡ Other phonetic environments
§ Following vowel quality: VOT before high vowels is significantly longer 

than VOT before low vowels (Berry, & Moyle, 2011)
§ Only front vowels ([i] and [ɛ] for both English and Spanish (Flege, 1991)
§ Only low vowels ([æ] for English, [a] for Japanese) (Harada, 2007)
§ [i], [u], and [a] for French and [i], [u], [æ] for English (Netelenbos, Li, & 

Rosen, 2016)

RESEARCH METHODS: SELECTION OF 
TARGET WORDS

24
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Control for the following variables in the selection of 
words
¡ Vocabulary familiarity
¡ Check potential participants’ word knowledge, using

§ Textbooks or coursebooks
§ Scores on standardized tests (e.g., TOEFL)
§ Corpus
§ British National Corpus (BNC)
§ Corpus of Contemporary American English (COCA)

RESEARCH METHODS: SELECTION OF 
TARGET WORDS

25

¡ Data for L1 as well as L2 required to check 
phonetic/phonological distinctions between two 
languages

¡ Sample for the selection of target words (Harada, 
2007)

RESEARCH METHODS: SELECTION OF 
TARGET WORDS

26

http://www.natcorp.ox.ac.uk/
https://corpus.byu.edu/coca/
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¡ Equipment
§ Microphone: head-worn microphone (e.g., Shure SM10A)

§ Digital recorder (e.g., Marantz flashcard recorder PMD661)

RESEARCH METHODS: RECORDING

27

¡ Elicitation of target words
§ list reading task
§ aural repetition
§ oral response (e.g., What do you see in the picture? I see a taxi in the 

picture.)
§ naming objects in pictures

¡ How many tokens needed: VOT is variable and sensitive to 
contexts.
§ Repetition of target words helps average out VOT values for each 

word.
§ Seven observations for each target sound (Flege, 1991)
§ For example: 3 target words for [p], 3 repetitions (tokens) of each > 

[p] on 9 observations (Harada, 2007)

RESEARCH METHODS: RECORDING

28



PSLLT 2018, Pre-conference Workshop #5 9/6/18

Tetsuo Harada 15

¡ Fake tokens
§ Help disguise target sounds
§ Several tokens at the beginning and end of a session.
§ Randomize both target words and fake tokens.

¡ Language for instruction, practice, and main 
sessions
§ Use the same language as  the one for data elicitation.

RESEARCH METHODS: RECORDING

29

¡ Speed
§ Have participants read “as if talking to … friends” at a constant

speaking rate and loudness level (Flege, 1991)
§ Have them listen to some models in a practice session.
§ Speech could be statistically controlled for at a later stage.

Other caveats
¡ No pause before target words

§ A pause makes another intonation unit and gives a different prosodic 
pattern.

¡ Another repetition right after breakdown or repair
§ Do not take a token produced right after a researcher’s repair, which 

may not come from the participant’s own phonological memory.

RESEARCH METHODS: RECORDING

30
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ACOUSTIC MEASUREMENT

DEMONSTRATION & HANDS-ON 
ACTIVITIES

31

¡ Basics of Praat (Paul Boersma & David Weenink)
§ Praat: doing phonetics by computer - Phonetic Sciences, 

Amsterdam
§ Praat Objects & Praat Picture

¡ Sound Wave & Spectrogram
§ From Praat Objects, Open > Read from file … > 

SampleJapanese in the folder of SoundFiles.
§ From Objects, select View & Edit.
§ From Spectrum of the window, check Show spectrogram

BASICS OF PRAAT

32

http://www.fon.hum.uva.nl/praat/
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¡ TextGrid
§ From Praat Objects, with the sound file highlighted, click Annotate 

and select To TextGrid.
§ Enter all tier names with a space after each (e.g., Word Segment 

VOT).
§ Interval tiers or point tiers

¡ Interval tier & point tier
§ An interval tier is a connected sequence of labelled intervals, with 

boundaries in between, whereas a point tier is a sequence of labelled 
points.

§ Duration, words, and segments can be displayed with an interval tier.
§ Start and end points, and peaks can be displayed with a point tier.
§ Interval tiers for VOT, and point tiers for bursts and onset of voicing

BASICS OF PRAAT

33

¡ For SampleJapanese, create an interval tier for Word and a 
point tier for BurstVoicing. For ”Which of these are point tiers,” 
enter BurstVoicing, and then click OK.

¡ Highlight both Sound and TextGrid, and click View & Edit.
¡ Identify the interval for each word (papa, tako, kasa).

§ Sore wa papa desu. (That is Papa.)
§ Sore wa tako desu. (That is an octopus.)
§ Sore wa kasa desu. (That is an umbrella.)

¡ To position the cursor hair, click in the Sound (sound wave or 
spectrogram), on a boundary, on a point, or inside an interval.

¡ For a new interval, create a new boundary or point in a tier by 
clicking inside the cursor circle in that tier, when it becomes 
red. Click on another boundary and then it turns blue.

¡ Click inside the interval and insert the word at the top (e.g., 
papa).

HANDS-ON ACTIVITY #1

34
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¡VOT should be measured
§ from the beginning of the release burst
§to the onset of voicing energy in F1 or F2 

formants. 

¡When the onset of F1 or F2 formants is not 
clear, VOT can be measured
§ from the beginning of the release burst
§to (the nearest zero-crossing of) the first positive 

peak in the periodic portion of the waveform

CRITERIA FOR SEGMENTATION

35

CRITERIA FOR SEGMENTATION

36

VOT

Burst
Voicing onset
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¡ Identify the burst (b) and onset of voicing (v) for each stop 
consonant ([p, t, k]) in the point tier named BurstVoicing.
§ Closure, release (burst) and voicing for pa

HANDS-ON ACTIVITY #2

Onset of voicing

Burst

Closure

Sharp beginning of 
formant structure

Gap in pattern
Start of vertical striations

37

No energy

Abrupt spike

¡ Point tier showing release burst (b) and the onset of 
voicing (v). Use the point tier when your data include 
negative VOT.

POINT TIER FOR VOT MEASUREMENT

38
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¡ For SampleJapanese, create an interval tier for both 
Word and VOT. For ”Which of these are point tiers,” 
leave it blank and then click OK. This is done for you. 
Highlight the sound file, and open 
SampleJapaneseInterval.TextGrid.

¡ Using the interval tier, identify the duration from the 
burst to the onset of voicing (i.e., VOT).

HANDS-ON ACTIVITY #3

39

¡ Using the interval tier, not the point tier, is a better way to 
analyze only positive VOT.

¡ With Praat, open the sample file ‘SampleJapanese
IntervalDone.TextGrid.”

HANDS-ON ACTIVITY #3, CONT’D

40
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Manual measurement
¡ Opening TextGrid, click the interval of a target stop in the VOT 

interval tier.
¡ The VOT value appears at the top or bottom of the window. Or 

from Query select Get selection length.

Automatic measurement: Tabulation Function and Praat Scripts
¡ Tabulate: Down to Table

¡ Obtain duration values (VOT) in the interval tier

¡ Calculate from the point tier (better for negative VOT)

MEASUREMENT OF VOT

41

¡ Tabulate: Down to Table
§ Highlight TextGrid (e.g., SampleJapanese

IntervalDone.TextGrid).
§ Click Tabulate and select Down to Table. The Down to Table 

window appears, and just click OK.
§ In the Object window, Table is listed. Highlight it and click View 

& Edit.
§ Note that it shows no VOT values, but only the minimum and 

maximum time at the burst and the onset of voicing.

AUTOMATIC MEASUREMENT OF VOT: 
TABULATION FUNCTION

42
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¡ Tabulate: Down to Table
§ Save the table as tab-separated file in Object, and open it with 

Excel. Subtract the minimum time from the maximum time, 
and you can obtain VOT values.

¡ Caveat
§ Excel may not allow Mac users to read tab-separated text files 

created with Praat.
§ The Praat manual recommends converting text file formats by going 

to Text writing preferences in the Preferences submenu in the Praat
menu and there setting the output encoding to UTF-8. But this may 
not work well, either.

§ The last resort is to open Praat-created table files with TextEdit and 
copy them to Excel.

AUTOMATIC MEASUREMENT OF VOT: 
TABULATION FUNCTION

43

¡ Praat scripts are available online.
§Praat script resources (UCLA Phonetics Lab)
§SpeCT - Speech Corpus Toolkit for Praat (formerly 

known as Mietta's Praat scripts)
§Akira Utsugi's web site (only in Japanese, but VOT 

measurement scripts are available at the bottom of 
the page.)

AUTOMATIC MEASUREMENT OF VOT: 
PRAAT SCRIPTS

44

http://phonetics.linguistics.ucla.edu/facilities/acoustic/praat.html
https://lennes.github.io/spect/
https://sites.google.com/site/utsakr/Home/praat/praatscript_introduction
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¡ Sample Praat Script (from durations print ms.praat)

AUTOMATIC MEASUREMENT OF VOT: 
PRAAT SCRIPTS

# = comment line

45

¡ How to run a script
§Download an appropriate script.
§Highlight TexGrid in Object for your measurement.
§From the main menu of Praat (neither Object Window 

nor TextGrid/Sound Window), Praat > Open Praat
script. Then select the script with the file extension 
.praat.

§From Run in the Script window, select Run.

AUTOMATIC MEASUREMENT OF VOT: 
PRAAT SCRIPTS

46
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¡ Obtain duration values (VOT) in the interval tier
§ From Object, select SampleJapanese IntervalDone.TextGrid and make 

sure it is highlighted.
§ From Praat, select Open Praat script and choose the file calculation 

durations print ms.praat.
§ From Run in the Script window, select Run.
§ Choose the tier you want to analyze (e.g. 1 = word, 2 = VOT).

HANDS-ON ACTIVITY #4

47

¡ Calculate from the point tier (needed for negative VOT)
§ Interval tiers always give positive numbers.
§ For measurement of negative VOT, enter points for the burst and 

onset of voicing in the point tier.
§ Open ta-da.wav and TextGrid ta-da (Akira Utsugi's web site) and listen 

to negative VOT for /d/ in Japanese.
§ Obtain VOT values using the script (vot_measurement_multiple). 

Before selecting it, make sure to highlight the TextGrid file.

HANDS-ON ACTIVITY #5

48

https://sites.google.com/site/utsakr/Home/praat/praatscript_introduction
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Repeated measures ANOVA (RM ANOVA)
¡ Dependent variable: VOT with at least three levels (i.e., 

[p, t, k]). They are not independent, each value coming 
from the same subjects.
§ Select repeated measures ANOVA.

¡ Independent variables: groups (e.g., early and late 
learners), proficiency levels (e.g., novice, intermediate, 
advanced learners), etc.

STATISTICS ANALYSIS OF VOT

49

Data arrangement in an SPSS DataSet file. 

STATISTICAL ANALYSIS OF VOT

50
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¡ Example using SPSS
§ From Analyze, select General Linear Model and then Repeated 

Measures.
§ Enter Within-Subject Factor Name and click Add.
§ Click Define.

STATISTICAL ANALYSIS OF VOT

51

¡ Example using SPSS
§ In the following window, drag the names for variables and levels.

§ For Plots, 

STATISTICAL ANALYSIS OF VOT

52
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¡ Example using SPSS
§ For Plots, move Place to Horizontal Axis, and JFL/JHL to Separate 

Lines, and then click Add.
§ Make appropriate selections for Chart Type and Error Bars, and click 

Continue.

STATISTICAL ANALYSIS OF VOT

53

¡ Example using SPSS
§ For EM Means, drag all the variables to Display Means for.
§ Check Compare Main Effects and click Continue.

§ For Options, select Descriptive statistics, Estimates of effect size, and 
Observed power and click Continue.

§ In the Repeated Measures Window, click OK.

STATISTIC ANALYSIS OF VOT

54
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Summary
¡ VOT and research on L1 and L2 VOT
¡ Research method, including participants, selection of target 

words, and recording
¡ Acoustic measurement

§ Basics of Praat
§ Point tier & interval tier
§ Tabulation and Praat script

¡ Statistical analysis for VOT

Other issues for future research
¡ Perception of VOT
¡ VOT of dialects and age groups
¡ VOT in disordered speech

SUMMARY AND FUTURE RESEARCH

55
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