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ABSTRACT: Voiceless plosives are frequently produced with multiple bursts (MBs), a phenomenon that has sub-
stantial implications for voice onset time measurement (VOT) of these consonants. MBs have been noted in pre-
vious research, but have not been systematically quantified. The objective of this study was to analyze MBs in
non-native English (with data from twelve first languages) and native English, and to discern the effect of MBs
on VOT measurement. Further, the potential effects of place of articulation (PoA), gender, speech rate, and age on
MBs were explored. Results showed that VOT measurement method in the presence of MBs had a significant effect
on the VOT values obtained for the plosives. In addition, MBs were influenced to a large extent by PoA, but not by
gender, speech rate, or age. Comparisons between non-native English and native English revealed some significant
differences, but in both varieties the analyses of MBs showed overall similar tendencies.

Keywords: multiple bursts, voiceless plosives, voice onset time measurement, non-native English, native English.

RESUMEN: Barras de explosion multiples en inglés no nativo e inglés nativo: datos provenientes de doce prime-
ras lenguas. Las oclusivas sordas se producen con frecuencia con barras de explosion multiples, un fenémeno que
tiene implicaciones sustanciales para la medicion del tiempo de inicio de la sonoridad (VOT) de estas consonantes.
Las barras de explosion multiples se han observado en investigaciones anteriores, pero no se han cuantificado siste-
maticamente. El objetivo de este estudio fue analizar las barras de explosion multiples en inglés no nativo (con datos
de doce idiomas como primera lengua) e inglés nativo, y discernir el efecto de las barras de explosion multiples en
la medicion del tiempo de inicio de la sonoridad (VOT). Ademas, se exploraron los efectos potenciales del lugar de
articulacion (PoA), el género, la velocidad del habla y la edad en las barras de explosion multiples. Los resultados
mostraron que el método de medicion de VOT en presencia de barras de explosion multiples tuvo un efecto signi-
ficativo en los valores de VOT obtenidos para las oclusivas. Ademas, las barras se explosion multiples se vieron
influenciadas en gran medida por el PoA, pero no por el género, la velocidad del habla o la edad. Las comparaciones
entre el inglés no nativo y el inglés nativo revelaron algunas diferencias significativas, pero en ambas variedades los
analisis de MB mostraron tendencias similares en general.

Palabras clave: barras de explosion multiples, oclusivas sordas, medicién del tiempo de inicio de la sonoridad, inglés no
nativo, inglés nativo.
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1. INTRODUCTION

Plosives are, as a group, the most common conso-
nants in the languages of the world, and the greater part
of world languages have voiceless plosives (Ladefoged
& Maddieson, 1996; Maddieson, 1984). More specifical-
ly, Moran and McCloy (2019) found that /p/ had an 86%
frequency in the languages they surveyed (2,186 languag-
es); the frequencies for /t/ and /k/ were 68% and 90% re-
spectively. A crucial characteristic that contrasts voiceless
plosives among the languages of the world is their voice
onset time (VOT) (e.g., Hayward, 2000). This refers to
the time that elapses between the release of the plosive
and the onset of vocal fold vibration (of the following
vowel or approximant). There are three types of VOT:
negative VOT, zero VOT, and positive VOT. The latter
type can be further subdivided into long and short positive
VOT; plosives with a long positive VOT are said to be
aspirated (e.g., Wayland, 2019). The release stage of the
plosive is evidenced acoustically by a burst or transient
on the waveform, and a plosion bar on the spectrogram.
As noted by Béna and Auszmann (2014) and Ladefoged
(2003), among others, measuring VOT is often marred
with complications. One of them is that voiceless plosives
can be released in multiple stages, thus producing multi-
ple bursts (MBs). Figure 1 displays the production of the
initial plosive in the word kids by a non-native speaker of
English with Hindi as his first language (L1). The velar
has two transients (as shown on the waveform) and two
corresponding plosion bars (shown on the spectrogram.

A few explanations for the production of MBs have
been advanced. According to Plauché (2001), this phe-
nomenon may be due to rapid intraoral pressure during
closure, which lowers abruptly upon the release of the
plosive, producing multiple transients. As will be illus-

Figure 1: Hindi speaker 19 production of kids ['k"dz] with two
bursts.

trated later (see sections 1.1 and 1.2), velar plosives have
been shown to present many more MBs than other places
of articulation (PoAs). Song, Demuth, and Shattuck-Huf-
nagel (2012) and Plauché (2001) explain that this phe-
nomenon may result from the large area of the velar ob-
struction and its accompanying slow release, which gives
rise to multiple burst releases. Plauché (2001) also notes
that some researchers have posited that the closure stage
may be conditioned by the Bernoulli force, whereby the
quick airflow initiation creates negative pressure at the
obstruction place.

To reiterate, aspiration can only be analyzed by meas-
uring the VOT of the plosive, and, as is in many occasions
the case when voiceless plosives are produced with MBs,
complications arise. In the presence of MBs, it has to be
decided whether VOT measurement will be made from
the first burst or the last burst (or some other point, see
Graczi & Kohari, 2014). Prior research has determined
that different methods produce statistically significant
disparate VOT durations, and that factors such as PoA,
vowel height, and speech rate have an effect on MBs to
varying degrees (Barrera-Pardo, 2022). In line with these
past findings, the aim of the current study is to analyze
MBs in non-native English and establish a comparison
with native English. First, it explores whether VOT values
are affected when measuring VOT from the first or last
burst. Second, it investigates the effect of PoA, gender,
speech rate, and age on MBs.

MBs have been identified in various languages, al-
though few researchers have quantified them systemati-
cally (notable exceptions are Graczi & Kohari, 2014, for
Hungarian; Barrera-Pardo, 2022, and Lavoie, 2001, both
for Spanish). The following sections review research on
MBs in English and other languages.

1.1. MBs in English

Lavoie (2001) found in her North American English
data MBs for /p/ (6 MBs), /t/ (1 MB), and /k/ (25 MBs).
Interestingly, she reported many more MBs for the voiced
plosives (11 for /b/, 9 for /d/, and 29 for /g/). In both
voiceless and voiced plosives she analyzed 30 tokens per
consonant, and the reported figures refer to the total num-
ber of MBs.

Repp and Lin (1989), for the same variety, found that
MBs were common for alveolars and velars in back vow-
el contexts, and that MBs were always present for velars
in front vowel contexts. A few cases of double bursts
involving bilabials were also reported. They also found
that, in spontaneous speech, MBs especially for velars
were much less frequent. These researchers further not-
ed that vowel type, speaker identity, and gender did not
statistically affect the number of bursts, whereas PoA
did. Like other studies, Parveen and Goberman (2012),
also for North American English, reported a significant
effect of MBs across PoA, such that velars had the highest
number of MBs, followed by alveolars and then bilabials.
Suckova (2020) investigated VOTs of North American
English-speaking residents in a Czech language context,
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noting the presence of MBs, although she did not quanti-
fy them. For Australian English, Millasseau et al. (2019)
also reported finding MBs in the production of plosives.
Imbrie (2005) investigated the development of plosive
production in North American English-speaking children.
She determined that children produced more bursts than
adults, with a statistically significant difference. Again,
and as in prior research, the effect of PoA on the number
of bursts was statistically significant, with velars present-
ing the highest number of bursts, and bilabials the least.

1.2. MBs in other languages

MBs have been attested for languages other than
English. Yang (2018) determined that in Mandarin ve-
lars had more MBs than the alveolars and bilabials. The
vowel context was found to have an effect on the num-
ber of bursts, whereby plosives followed by /i/ presented
significantly more MBs than plosives before /a/ or /u/. In
Spanish, Torres and Iparraguirre (1996) observed MBs for
/k/. Asensi, Portolés, & del Rio (1997) studied the plo-
sives of Castilian Spanish, finding in their analyses that
especially the velar had MBs, which had double and triple
plosion bars, whereas /t/ presented double bars. Lavoie
(2001) reported for Mexican Spanish numerous MBs for
/k/ (31), whereas she found only 1 for /t/ and none for /p/.
Barrera-Pardo (2022), analyzing the voiceless plosives
of Western Andalusian Spanish, reported MBs across all
three PoAs. 9.5% of bilabials had MBs, and the percent-
ages for /t/ and /k/ were 15.22% and 33.33% respectively.
The velar presented up to 5 bursts. Vowel context had a
statistically significant effect on MBs, such that high vow-
els triggered more bursts.

MBs have also been reported for Hindi. Sirsa and
Redford (2013) found MBs in the measurement of VOT
for voiceless plosives of Hindi. Davis (1994) reported that
velars in this language very frequently presented MBs. In
Brazilian Portuguese, Michelon Melo et al. (2014) found
MBs for both voiceless and voiced plosives. In the speech
of child speakers of European Portuguese, Brinca et al.
(2016) also reported MBs for voiceless plosives. Also for
European Portuguese, Lousada, Jesus, and Hall (2010)
found MBs in the speech of adult speakers. A language
in which MBs have been identified and further quantified
is Hungarian; Graczi and Kohari (2014) determined that
nearly 48% of the voiceless plosives they analyzed pre-
sented MBs: 27.5% of the bilabials had MBs, whereas the
percentages for /t/ and /k/ were 45% and 66.4% respec-
tively. They also reported that the height of the vowel fol-
lowing the plosive had no effect on the number of bursts,
except for /k/, which, when followed by /i/, presented at
least two bursts in 77.5% of the productions. For Czech,
Kanok and Novotny (2019) reported MBs in their analy-
sis of the effects of age and gender on the plosives of this
language. They reported MBs as occurring in their analy-
ses, but no further quantification was offered.

In summary, PoA emerges as a powerful factor in the
production of MBs, such that, according to most research-
ers, bilabial consonants have fewer MBs than alveolars,

and these in turn present fewer MBs than velars. The pat-
tern when quantifying MBs then appears to be /p/ < /t/ </k/.

1.3. VOT measurement in the presence of MBs

MBs complicate VOT measurement (e.g., Foulkes,
Docherty, & Jones, 2010). A number of methods may
be employed to measure VOT in the presence of MBs
(see Barrera-Pardo, 2022 for a review), although most
researchers seem to take the first burst as the measure-
ment point: 24 (63%) of the 38 studies reviewed by Barre-
ra-Pardo chose this method. It is noteworthy, nonetheless,
that only Graczi and Kohari (2014) and in more detail
Barrera-Pardo (2022) have investigated the effect of
choosing a particular method when measuring VOT (first
or last burst, in both studies). The results reported by these
researchers suggest that this decision may be crucial for
VOT measurement.

1.4. MBs and gender

Plauché¢ (2001) investigated the acoustic cues that are
used to identify the PoA of plosives; she determined that
the number of bursts did not vary statistically significant-
ly by speaker gender. Barrera-Pardo (2022) found that in
a Spanish variety (Western Andalusian), gender did not
play a role in the number of bursts that the voiceless plo-
sives of this dialect presented.

1.5. MBs and speech rate

Sonmez et al. (2000) offered data that suggest that in
spontaneous speech (with a concomitant faster speech
rate), MBs were less numerous than in elicited speech.
However, Barrera-Pardo (2022) reported a very weak
and marginally significant (p = 0.15, p = 0.8) correlation
between speech rate and the number of bursts produced,
such that a faster speech rate appeared to be related to
a larger number of bursts. Similarly, Wang et al. (2004)
found that patients with traumatic brain injury who spoke
at a faster speech rate produced more MBs.

1.6. MBs and age

For Mandarin, Yang (2018) examined developmental
data of children, finding that children produced signifi-
cantly more MBs than adults, a pattern that corroborated
Imbrie’s (2005) findings for English plosives. Parveen
and Goberman (2012) explored MBs in younger and old-
er adult speakers. They did not find statistically significant
differences between PoA and age group; the effect of age
group on the number of bursts was not statistically signif-
icant either.

1.7. Research questions
The current study investigates the production of MBs

by non-native English speakers of twelve different L1s,
as further explained in section 2.1. It further compares
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non-native productions with native productions of MBs.
Given the findings presented in the preceding sections, it
is hypothesized, first, that measuring VOT either from the
first or last burst will produce markedly different VOT
values for the three voiceless plosives analyzed (/p/, /t/,
/k/). Second, it is expected that the number of MBs will be
influenced by PoA, speech rate, and perhaps age; speak-
er gender, however, is not expected to play a role in the
number of MBs. The present study seeks to answer the
following research questions:

RQ1 What is the effect of measuring VOT in non-na-
tive English and native English according to two MB
measurement methods?

RQ2 What are the effects of the factors PoA, speech
rate, age, and gender on MBs in non-native English and
native English?

2. THE STUDY

The data for this study were collected from native and
non-native speakers of English with twelve different L1s.
Native speaker data were collected to compare VOT meas-
urement method in the presence of MBs and the effects of
PoA, speech rate, age, and gender with non-native data.
The selected L1s were listed as having the most native
speakers in the world (Ethnologue, 2022); the languag-
es are Mandarin, Spanish, Hindi, Bengali, Portuguese,
Russian, Japanese, Vietnamese, Turkish, Korean, Farsi
(Persian), and German. Arabic was excluded because this
language does not have /p/ in its phonological inventory.

2.1. Speakers

The speaker characteristics are listed in Table 1. These
speakers were selected for VOT and MB scrutiny accord-
ing to their feasibility for acoustic analysis; recordings of
poor quality were hence discarded. One of the biographi-
cal data reported in the Speech Accent Archive (see below
section 2.2) is length of English residence (LOR; range
0 — 58), which was not included in the current study, since
a non-parametric Spearman correlation between LOR and
the number of bursts yielded a negligible and non statis-
tically significant relationship (p = 0.07, p = 0.09). The
Speech Accent Archive does not report speaker’s level of
English, but it does report English learning method (aca-
demic or naturalistic) and age of English learning onset.
Speakers were thus chosen so that they had learned Eng-
lish in an academic setting and had started learning Eng-
lish after puberty (i.e., older than 12 years); the latter is a
variable that has long been known to determine accent-
ed speech (e.g., Flege, 1981). Foreign-accented speech
was evident in all the recorded samples chosen for fur-
ther acoustic analysis. Thus, for the purposes of the cur-
rent study, the non-native speakers evidenced equivalent
characteristics. Regarding age, the range for the native
speakers was 18 — 86, similar to the non-native speakers’
range (18 — 84). There were roughly the same number of
females and males in both groups of speakers, non-native
and native.

Table 1: Speaker characteristics

L1 N M.ge | SD.. | Female | Male
English 125 39.3 19.8 59 66
Bengali 14 29.8 13.39 7 7
Farsi 15 29.1 11.70 8 7
German 15 353 11.11 9 6
Hindi 15 31.2 11.52 6 9
Japanese 15 41.4 19.54 8 7
Korean 15 31.9 13.88 7 8
Mandarin 15 31.6 8.99 9 6
Portuguese 15 29.5 8.09 8 7
Russian 15 37.6 16.02 8 7
Spanish 15 32.9 10.70 6 9
Turkish 15 253 5.96 7 8
Vietnamese 15 35.8| 15.28 6 9
Total non-native 179 | 32.62 4.33 89 90

2.2. Material

Recordings from the 125 English native speakers
and the 179 non-native speakers were retrieved from the
Speech Accent Archive (Weinberger, 2015), which houses
a large sample of native and non-native speakers of Eng-
lish, reading the elicitation passage that follows:

Please call Stella. Ask her to bring these things with
her from the store: Six spoons of fresh snow peas, five thick
slabs of blue cheese, and maybe a snack for her brother
Bob. We also need a small plastic snake and a big toy frog
for the kids. She can scoop these things into three red bags,
and we will go meet her Wednesday at the train station.

The words peas, toy, and kids were used to measure the
VOT and MBs (if any) of /p, t, k/. These words were cho-
sen because the voiceless plosives are followed by a vowel,
instead of an approximant, as in please or train. Words with
different phonological shapes (e.g., multisyllabic words)
might yield different results (see section 5). As previously
mentioned, sound files for each language and speaker were
carefully inspected in order to select those of good quality
for acoustic analysis. The sound files were saved and sub-
sequently normalized for peak amplitude.

2.3. Analysis

For the non-native L1s, 537 plosives were collected (3
tokens x 179 speakers). Of these, 69 plosives were discard-
ed because they were impossible to analyze. This resulted
in 468 plosives subjected to analysis: 155 bilabials, 159 al-
veolars, and 154 velars. For the English native speakers,
375 plosives were collected (3 tokens x 125 speakers). Of
these, 43 plosives were discarded because it was not possi-
ble to analyze them. This resulted in 333 plosives subject-
ed to analysis: 112 bilabials, 114 alveolars, and 107 velars.
The release bursts of the voiceless plosives were identified
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on the waveform together with a wideband spectrogram.
Figures 2 and 3 illustrate this procedure.

Figure 2. Mandarin speaker 14 production of peas [ 'p"iz] with two
bursts.

Figure 3. Spanish speaker 25 production of kids [ 'k"1dz] with three
bursts.

For each plosive that presented MBs, VOT was meas-
ured from the first burst and also from the last burst. For
example, for the L1 Mandarin speaker production of
peas, shown in Figure 2, the VOT as measured from the
first burst resulted in 28 ms; when VOT was measured
from the last burst, the VOT was 22 ms. In the case of
the L1 Spanish speaker’s production of kids, shown in
Figure 3, the VOT measurement from the first burst was
62 ms, and from the last burst it resulted in 41 ms. VOT
was measured in each token from the first and last burst,
as indicated, to the beginning of periodicity, as marked
by a clear F2 of the following vowel. It was decided to
measure VOT from the last burst because, as explained
by Keating et al. (1980), this may be the intended one. In
addition, the number of MBs for each consonant was tal-
lied separately for non-native and native English. Finally,
to confirm the reliability of the data measurements (VOT,
number of MBs), the author reanalyzed 25% of the data
three weeks after the first analysis, which yielded a very
high correlation between both rounds of measurements, »
=0.87, p <0.001.

3. RESULTS
3.1. Effect of measurement method of MBs on VOT

Table 2 presents the descriptives related to RQ1, for
non-native English. Expectedly, the VOT measurement
method produced different VOT values. However, it ap-
pears that the mean differences between the first and last
burst measurement were very similar for both /p/ and /t/,
about 6 ms for each, whereas for /k/ the difference was
much larger, about 14 ms. The spread of the values, as in-
dicated by their SDs, was also similar in the bilabials and
alveolars, although higher for these than for the velars.

Table 2: VOT by measurement method (First, Last burst) in non-na-
tive English.

Burst | Plosive N Mean VOT SD
First | Bilabial 41 63.61 30.51
Alveolar 39 65.84 28.77
Velar 112 77.06 21.04
Last | Bilabial 41 56.82 30.87
Alveolar 39 59.48 28.92
Velar 112 62.70 21.06

To analyze in non-native English the effect of VOT
measurement method (from the first burst, or from the last
burst), an ANOVA with VOT as the dependent variable
and PoA (Bilabial, Alveolar, Velar) and VOT measure-
ment (First burst, Last burst) as factors was planned. Pri-
or to running this test, the assumptions of ANOVA were
checked. VOT was not normally distributed, as evidenced
by visual inspection of boxplots, and more formally as-
sessed by a Shapiro-Wilk test (W = 0.98, p < 0.001). Ac-
cordingly, non-parametric equivalents of ANOVA, the
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Kruskal-Wallis test, were run. There was a statistically
significant effect of PoA, y*(2) = 41.86, p < 0.001, with a
medium effect size, #2= 0.06 (for the interpretation of the
effect size indices hereafter reported, see Cohen, 1988).
A statistically significant effect of measurement method
was found, *(5) = 33.62, p < 0.001, M, = 11.12,
with a medium effect size, 7= 0.09. Post-hoc tests with a
Bonferroni correction showed the following. For /p/, there
was not a statistically significant difference as measured
from the first or last burst, M. =679,p . =1,
with a small effect size, d = 0.22; for /t/, there was not a
statistically significant difference as measured from the
first or last burst, M, =6.36,p, . =1, withasmall
effect size, d = 0.26; and finally, for /k/, there was a statis-
tically significant difference as measured from the first or
last burst, M. =14.36,p, . <0.001, with a large
effect size, d = 0.72.

The descriptives for the MB measurement method for
native English speakers are presented in Table 3. In this
case, the mean difference of the bilabial when measured
from the first or last burst was nearly 8 ms, 11.5 ms for the
alveolar, and about 14 ms for the velar. Thus, the mean
differences for /p/ and /t/ were higher in native English
than in non-native English; /k/ had the same mean differ-
ence in non-native and native English. It should also be
remarked that the SDs for the native English productions
in Table 3 are on the whole lower than the SDs for the
non-native English data presented in Table 2.

Table 3: VOT by measurement method (First, Last burst) in native
English.

Burst | Plosive N Mean VOT SD
First | Bilabial 37 60.71 15.55
Alveolar 18 83.55 23.37
Velar 72 80.52 15.45
Last | Bilabial 37 52.84 16.55
Alveolar 18 72.05 22.70
Velar 72 66.34 16.99

In order to analyze in native English the effect of VOT
measurement method (from the first burst, or from the last
burst), an ANOVA with VOT as the dependent variable
and PoA (Bilabial, Alveolar, Velar) and VOT measure-
ment (First burst, Last burst) as factors was planned. Pri-
or to running this test, the assumptions of ANOVA were
checked. VOT was normally distributed (W = 0.99, p =
0.77), and homogeneity of variances corroborated (F(5,
250) = 1.72, p = 0.13). An ANOVA with VOT as the de-
pendent variable and Burst measurement (First, Last),
and PoA (Bilabial, Alveolar, Velar) as factors revealed
a statistically significant effect of measurement method,
F(1,250) = 19.69, p < 0.001, with a medium effect size,
n*= 0.07, and a statistically significant effect of PoA,
F(2,250) = 28.44, p < 0.001, #*= 0.18, which is a large
effect size. There was a statistically nonsignificant inter-
action of Burst X PoA, F(2,250) = 0.83, p = 0.43, with
a trivial effect size, #>= 0.007. Post-hoc Bonferroni-ad-

justed tests on this interaction showed that the following.
There was a non statistically significant for /p/ accord-
ing to measurement method, M, =773, p . =
0.39, with a medium effect size, d = 0.44. For /t/, with a
M. ... = 11.50, the difference was not statistically sig-
nificant, p, . = 0.35, with a medium effect size, d =
0.66. Lastly, for /k/, there was a M. = 14.18, which
was statistically significant, p, . < 0.001, with a large
effect size, d = 0.82.

3.2. Effects of PoA, gender, age, and speech rate on
MBs

3.2.1. MBs and PoA

In non-native English, a total of 468 plosives were
subjected to analysis. Of these, 192 had MBs (range =
2 -5), i.e., 41% of the plosives. A chi-square test on this
result yielded a statistically significant difference, }*(1) =
111.08, p <0.001, with a medium effect size, Phi = 0.41.
26.45% of bilabials presented MBS, 24.52% of alveolars
had MBs, and 72.72% of velars had more than one burst.
These differences are statistically significant, with a large
effect size, ¥*(4) = 191.35, p < 0.001, Cramer’s V = 0.76.
In native English, a total of 333 plosives were analyzed.
Of these, 256 had MBs (range = 2 - 5), that is, 76.87% of
the plosives. A chi- square test on this result yielded a sta-
tistically significant difference, ¥*(1) = 299.15, p < 0.001,
with a very large effect size, Phi = 0.80. 33.92% of bila-
bials presented MBs, 15.78% of alveolars had MBs, and
67.28% of velars had more than one burst. These differ-
ences are statistically significant, with a large effect size,
¥4(4) =159.19, p < 0.001, Cramer’s V = 0.69.

The difference between non-native English and native
English in the number of plosives that had MBs is statisti-
cally significant, with a medium effect size, }*(1) =27.95,
p <0.001, Phi=0.38.

Table 4 shows the mean number of bursts by PoA in
non-native and native English, which are almost identi-
cal for both varieties. A Kruskal-Wallis test showed that
non-native and native English did not differ statistically
significantly in the number of MBs, y*(1) =0.19, p = 0.65,
with a negligible effect size, #7=0.001.

Table 4: Number of bursts by PoA in non-native and native English

Plosive |L1 N ([Mean| SD | Min | Max
Bilabial |Non-native | 82 2.20 | 0.55 2 5
Native 76 221 | 0.52 2 4
Alveolar |Non-native | 78 2.08 | 0.26 2 3
Native 36 2.28 | 045 2 3
Velar Non-native | 224 | 2.86 | 0.88 2 5
Native 144 | 2.86 | 0.93 2 5

Table 5 displays the frequency of occurrence of MBs
across PoA for non-native and native English. For non-na-
tive English, these differences were statistically signifi-
cant, y%(6) = 82.16, p < 0.001, Cramer’s V = 0.37, which
is a medium effect size. For native English, a chi-square
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was also statistically significant, ¥*(6) = 57.63, p < 0.001,
with a medium effect size, Cramer’s V = 0.31. For the
/p/, non-native and native English differed significantly in
the occurrence of MBs across PoA, ¥*(3) = 8.7, p = 0.03,
Cramer’s V =0.21, a small effect size. For /t/, non-native
and native English differed significantly in the occurrence
of MBs across PoA, ¥*(3) = 13.93, p = 0.003, with a small
effect size, Cramer’s V = 0.26. Finally, for /k/, non-native
and native English did not differ significantly in the oc-
currence of MBs across PoA, y*(3) = 0.62, p = 0.89, with

a trivial effect size, Cramer’s V = 0.05.

Table 5: Occurrence of MBs across PoA, in percentages

q 2 3 4 5
Plosive | L1 bursts | bursts | bursts | bursts
Bilabial | Non-native 8536 | 12.20 0 2.44

Native 84.21 | 10.52 5.27 0
Alveolar | Non-native 92.31 7.69 0 0
Native 72.22 | 27.78 0 0
Velar Non-native 4197 | 36.61 16.07 5.35
Native 4444 31.94| 16.66 6.96

In non-native English, a Kruskal-Wallis test showed
that the PoA of the plosive had a statistically significant
effect on the number of MBs, y*(2) = 87.54, p < 0.001,
with a substantial effect size, #*=0.23. Post-hoc tests with
a Bonferroni correction showed that there were significant
differences between /p/ and /k/, p < 0.001, with large ef-
fect size, d = 0.89, and between /t/ and /k/, p <0.001, with
avery large effect size, d = 1.19. There was no statistically
significant difference between /p/ and /t/, p = 0.47, with a
small effect size, d = 0.27.

In native English, a Kruskal-Wallis test showed that
the PoA of the plosive had a statistically significant effect
on the number of MBs, ¥*(2) = 37.72, p < 0.001, with a
large effect size, 7= 0.15. Post-hoc tests with a Bonferro-

Table 6: Multiple bursts by L1 in non-native English

ni correction showed that there were significant differenc-
es between /p/ and /k/, p < 0.001, with a large effect size,
d = 0.85, and between /t/ and /k/, p = 0.002, with a large
effect size, d = 0.78. There was no statistically significant
difference between /p/ and /t/, p = 0.39, with a small effect
size, d = 0.14.

Table 6 displays the mean number of bursts by L1. A
Kruskal-Wallis test showed that the L1 did not have a sta-
tistically significant effect on the number of MBs, y*(11) =
8.94, p = 0.62, with a small effect size, #°= 0.02. None of
the Bonferroni-corrected post-hoc pairwise comparisons
between L1s were statistically significant, all p > 0.05.

3.2.2. MBs and gender

Tables 7 and 8 show the mean number of bursts by
gender, in non-native and native English respectively. The
data indicate that the mean differences were very small.
In non-native English, a Kruskal-Wallis test showed that
there was no effect of gender on the number of bursts,
x*(1)=0.03, p = 0.85, with a trivial effect size, #* = 0.001.
The same result was obtained for native English, y*(1) =
0.24, p=0.62, n*=0.001.

Table 7: Mean bursts by gender in non-native English

L1 Mean bursts SD Min Max
Bengali 2.46 0.76 2 4
Farsi 2.50 0.60 2 4
German 2.65 1.02 2 5
Hindi 2.38 0.63 2 4
Japanese 2.62 1.01 2 5
Korean 2.64 0.82 2 4
Mandarin 2.56 0.70 2 4
Portuguese 2.33 0.47 2 3
Russian 2.58 0.97 2 5
Spanish 2.53 0.70 2 4
Turkish 2.89 0.75 2 4
Vietnamese 2.60 0.87 2 5

Gender Female Male
Mean 2.58 2.52
SD 0.85 0.75
Minimum 2 2
Maximum 5 5
Table 8: Mean bursts by gender in native English
Gender Female Male
Mean 2.61 2.55
SD 0.87 0.79
Minimum 2 2
Maximum 5 5
3.2.3. MBs and age

A non-parametric Spearman’s rho correlation between
the number of bursts and age in non-native English yield-
ed a very weak and marginally significant effect, p=0.10,
p =0.05. In native English, the association was trivial and
nonsignificant, p = 0.03, p = 0.62.

3.2.4. MBs and speech rate

Speech rate was computed as the mean number of
syllables per second. In non-native English, the resulting
speech rate was M =2.88, SD = 0.63. There was no signif-
icant correlation between speech rate and the number of
bursts, with a negligible effect size, p =0.03, p = 0. 47;

Logquens, 10(1-2), December 2023, e100, e[SSN 2386-2637. https://doi.org/10.3989/loquens.2023.e100


https://doi.org/10.3989/loquens.2023.e100

8 * Dario Barrera-Pardo

for native English, speech rate and the number of bursts
were not statistically associated either, and the effect was
as well trivial, M =3.69, SD = 0.54, p=0.05,p =0. 41.

4. DISCUSSION

The results presented in the preceding sections will be
considered in terms of their effect sizes, rather than refer-
ring only to their statistical significance (see Cumming,
2012, especially chapter 2). There is a growing trend in
the social sciences to answer research questions not with
a dichotomous yes or no, that is, whether a result is sta-
tistically significant or not. Rather, the focus of statistical
interpretation is shifting to a recognition of the magnitude
of the detected effects, instead of solely considering its
statistical significance below an arbitrary p value (e.g., p <
0.05; see Cohen, 1990). This statistical reform movement
is gathering momentum in areas such as second language
acquisition (see, e.g, Gass, Loewen, & Plonsky, 2021),
and it firmly encourages answering research questions as
how much of an effect was found, not as whether or not
there was an effect (Cumming, 2012, p. 34).

One aspect of the statistical analyses that merits atten-
tion is the decision to use separate analyses for the native
and non-native data. One motivation to do this was that,
for the analysis of VOT measurement method in non-na-
tive English, the data were not normally distributed, and
hence non-parametric tests were opted for. In contrast, the
data for native English for the same variable were normal-
ly distributed. Thus, the analyses were split by language
population, which potentially lessens the interpretation of
the results. It may have been more fruitful to make a more
general analysis on all the data, for example including na-
tiveness as a predictor (i.e., native English vs. non-native
English), together with the other factors and their interac-
tions. This is a limitation of the study and future research
may circumvent this methodological problem, perhaps by
implementing statistical tests that are robust to violations
of statistical assumptions such as normality of the data.

The first research question asked about the effect of
measurement method of MBs on VOT, that is, whether
the VOT values of the voiceless plosives differed sub-
stantially when this acoustic characteristic was measured
from the first or the last burst to the onset of voicing. In
non-native English, it was found that the measurement
method in the presence of MBs had a fair impact on VOT.
These two methods differed by about 11 ms, which in
terms of VOT can be a substantial difference, for exam-
ple, when describing a voiceless plosive as aspirated or
not (e.g., Docherty, 1992). The effect size for this finding
was medium, #*= 0.09, which means that 9% of the var-
iance in VOT values was associated with the MB meas-
urement method. For native English, it was found that the
MB measurement method had as well a medium effect
size, °=0.07. The two methods in native English differed
by almost 13 ms, which also constitutes a meaningful dif-
ference. Both results are to some extent comparable with
the findings of Barrera-Pardo (2022), who found that in
Western Andalusian Spanish 18% of the variance in VOT

values was associated with the measurement method in
the presence of MBs. This researcher also reported a dif-
ference of 8 ms when the voiceless plosives were meas-
ured from the first or last burst. In Hungarian, Graczi and
Kohari (2014) reported on the effects of three VOT meas-
urement methods when MBs were present (the first burst,
the most intense burst, and the last burst), finding that
these differed statistically significantly and with medium
effect sizes, similarly to the results of the current study. It
could be argued that, obviously, the two VOT measure-
ments would produce different results; the first measure-
ment will logically yield larger values than the second, in
all measurements, and it could also be reasoned that with
a large enough sample size a significant difference and an
associated substantial effect size will be found. There are,
however, two problems with this reasoning. First, it is far
from clear which measurement method researchers use in
their analyses of VOT, since this is many times not report-
ed. Thus, VOT values described in past research might
be affected by this methodological inconsistency. Second,
statistically, the effect size is not dependent on sample
size; it is derived from two parameters, the mean and the
standard deviation (for example, Cohen’s d). Thus, effect
sizes are not biased by either large or small sample sizes
(Plonsky & Oswald, 2014).

The first research question also inquired about the role
that PoA may play in VOT values, in the presence of MBs.
The effect of PoA on VOT in non-native English was sta-
tistically significant, with a medium effect size (>= 0.06).
In native English this effect was as well statistically sig-
nificant and much larger, #* = 0.18. These findings are in
line with the data reported in previous literature, especially
in the case of native English. The post-hoc tests revealed
that in non-native English, for /p/, when measured from
the first or the last burst, there was a mean difference of
almost 7 ms, with a small effect size (d = 0.22). In native
English, the difference amounted to about 8 ms, in this case
with a medium effect size (d = 0.44). The results for /t/ are
as follows. In non-native English, the mean difference ac-
cording to measurement method was around 6 ms, and the
associated effect size was small (d = 0.26). In native Eng-
lish, this plosive differed in 11.50 ms as per measurement
method, which is a sizable amount; the effect size related
to this difference was medium (d = 0.66). Lastly, /k/ yield-
ed the largest mean differences and associated effect sizes
in both non-native and native English; for the former, the
mean difference was about 14 ms, with a large effect size (d
=(.72), and for the latter, there was the same mean differ-
ence of around 14 ms, with an associated large effect size (d
= 0.82). The effect sizes reported by Barrera-Pardo (2022)
for the Spanish dialect he investigated are to different de-
grees in line with the findings of the current study. In this
research, /p/ presented a mean difference of 6 ms according
to measurement method, with a large effect size, d = 0.78;
the mean difference for /t/ was 5 ms, with a medium effect
size, d = 0.65; and for /k/ the mean difference was 13.51
ms, with a very large effect size, d = 1.75. Thus, the data for
this Spanish variety are, to a certain extent, comparable to
the findings for non-native English reported in the present
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study, on account of the mean differences found according
to the VOT measurement method in the presence of MBs.
These cumulative findings therefore suggest that the meas-
urement method plays a significant role in the VOT values
obtained, and future research on VOT in which MBs are
found should probably be aware of this important methodo-
logical issue, as further discussed in Barrera-Pardo (2022).

The role of PoA, gender, age, and speech rate in MBs
was the focus of the second research question. Regarding
PoA, in non-native English 41% of the plosives analyzed
exhibited MBs, with an associated medium effect size.
This percentage is higher than in the Spanish dialect re-
searched by Barrera-Pardo (2022), who found that 25%
of the plosives presented MBs. It is also much higher than
the percentage reported by Lavoie (2001) for American
English, whose analysis found that only 9% of the voice-
less plosives had MBs. Further, Lavoie found that 11.5%
of the Spanish voiceless plosives she examined had MBs,
a figure that is clearly much lower than what was report-
ed in the current study. Lastly, Graczi and Kohari (2014),
who quantified MBs in Hungarian, documented that near-
ly 48% of the voiceless plosives realizations evidenced
MBs; this result is somewhat similar to the data reported
above for non-native English. Almost 77% of the plosives
produced in native English presented MBs (with a very
large effect size) a figure that surpasses all the previous
results. The difference between non-native English and
native English in MBs yielded a statistically significant
result, with a medium effect size (Phi = 0.38).

Proceeding with the number of MBs for the three plo-
sives, it was found that in non-native English slightly over
a quarter of the bilabials had MBs, and that in native Eng-
lish the percentage was about 34%. This result is in line
with the percentage reported for Hungarian by Gréczi and
Kohari (2014), 27.5%, but very different from the data pre-
sented for English by Lavoie (2001), 5%, and for Spanish
by the same author, 0%. Barrera-Pardo (2022) found that in
Spanish only about 10% of the bilabials had MBs. The next
plosive, /t/, presented MBs in a quarter of its realizations
in non-native English, and in native English about 16% of
the productions of /t/ had MBs. Graczi and Kohari (2014)
reported many more MBs for /t/ (45%), and Lavoie (2001)
found 0.8% of MBs for this consonant in English, whereas
she reported 0% MBs for /t/ in her Spanish data. Also for
Spanish, Barrera-Pardo (2022) found that about 15% of /t/
productions presented MBs. Finally, in non-native English
in the current study /k/ had MBs in nearly 78% of the reali-
zations, and around 67% of the /k/ productions had MBs in
native English. This finding is overall in agreement with the
data obtained by Graczi and Kohari (2014), but very differ-
ent from the 21% of MBs for /k/ reported by Lavoie (2001)
for English. In Spanish, Lavoie found that 32% of the /k/
productions presented MBs, which is coincident with the
percentage found by Barrera-Pardo (2022). The present
study found that non-native English and native English did
not vary in the mean number of bursts, which for both vari-
eties was M = 2.40, with a trivial effect size.

Addressing now the number of bursts by PoA, non-na-
tive English /p/ had the majority of bursts in the 2-burst

rank, as did this consonant for native English. /t/ in
non-native English had almost all of the MBs also in the
2-burst category, whereas native English was more spread
between the 2- (72%) and 3-burst (28%) ranks; it is re-
markable that this consonant did not show any MBs in
the 4- and 5-burst categories for either English variety.
/k/ had MBs across the entire series of ranks, and with
the same percentages for both non-native and native Eng-
lish. Non-native English and native English differed in the
occurrence of MBs by PoA in the bilabials, with a small
effect size, a result that also applied to the alveolars; for
the velars, however, the difference was negligible, as per
the effect size observed. The results reported by Barre-
ra-Pardo (2022) for Spanish and by Graczi and Kohari
(2014) for Hungarian are to a great extent comparable
to the data of the current study. Thus, this seems to cor-
roborate a general tendency of the voiceless plosives that
exhibit MBs. The PoA of the plosives had a large effect
on the number of MBs both in non-native English and
native English, explaining 23% and 15% of the variance
respectively; this concurs with the data reported by Bar-
rera-Pardo (2022). A related question was whether the L1
had an effect on the number of MBs; it was found that the
difference in mean bursts by L1 was not statistically sig-
nificant and the corresponding effect size was small (only
2% of the variance in MBs could be ascribed to the L1).
None of the pairwise comparisons yielded significant dif-
ferences in the mean number of bursts among the twelve
L1s. This result is perhaps unexpected, since the various
L1s analyzed present very different VOT patterns in their
native speech. For example, Russian voiceless plosives
are not aspirated (Yanushevskaya & Bunci¢, 2015), but
Hindi has a phonological contrast between voiceless un-
aspirated and voiceless aspirated plosives (Ladefoged &
Johnson, 2015).

An additional factor that may play a role in MBs is
speaker gender. In line with Plauché (2001) and Barre-
ra-Pardo (2022), the current study did not find an associa-
tion between gender and MBs. Speech rate, as in previous
studies (but partially contrary to Barrera-Pardo, 2022),
was not found to have an effect on MBs in either non-na-
tive English or native English. Lastly, in non-native Eng-
lish, the factor age had a small effect on the number of
bursts (p = 0.10,), and it played essentially no role in na-
tive English. Parveen and Goberman (2012) also reported
a lack of association between age and MBs.

Finally, this investigation of MBs may be relevant in
a number of speech research areas. MBs have been re-
peatedly reported in pathological speech when measuring
VOT (e.g., Fischer & Goberman, 2010; Kopkalli-Yavuz,
Mavis, & Akyldiz, 2011; Novotny et al., 2015). Lacking
full control of their motor capabilities, these speakers
tend to evidence a substantially higher number of MBs
than speakers without speech disorders, as reported in
past studies. The cumulative results of the current study,
together with those of previous research (Barrera-Pardo,
2022), suggest that MBs are present in nonpathological
populations to a larger extent than what may have been
normally assumed. VOT has also been extensively ex-
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plored in second language (L2) perception (Major, 2001)
and production (Zampini, 2008). However, to date, the
presence of MBs and the complications that may arise
when measuring the VOT of L2 speakers’ productions re-
mains an uncharted area. The current study suggests that
in non-native English, as reported for the twelve L1s ex-
plored, the presence of MBs needs to be considered when
analyzing VOT. Systems of automatic detection of VOT
(e.g., Kazemzadeh et al., 2006) should probably take into
account the potential occurrence of MBs in the data they
probe.

5. CONCLUSION

Systematically analyzing and quantifying MBs has
been rarely addressed in the literature. The current study
aimed at discerning the role of MBs in VOT measure-
ment and the potential role of the factors PoA, gender,
speech rate, and age in two varieties, non-native English,
with data from twelve L1s, and native English. Expand-
ing on previous studies, it was found that the VOT meas-
urement method in the presence of MBs had a substan-
tial effect in both varieties, and it is therefore concluded
that researchers who embark on VOT measurement of
voiceless plosives take heed of the findings reported in
prior research and in the present study. Since VOT is one
of the most studied consonant features in the phonetics
literature (Whalen, DiCanio, & Dockum, 2022), this rec-
ommendation seems all the more pressing. The results
of the present study also supported previous research
findings that clearly indicate an effect of PoA on MBs,
especially for /k/. In addition, this study quantified MBs
of voiceless plosives, something that has rarely been
done in the literature: MBs are almost routinely noted,
but data of the type reported here add to our knowledge
base of this phonetic event. These data also suggest that
although there are some sizeable differences between
non-native English and native English, overall both
varieties exhibited similar tendencies when the factors
of PoA, gender, age, and speech rate were subjected to
analysis. Together with previous research, these findings
seem to unveil aspects of voiceless plosives that are not
language-specific. To conclude, a number of limitations
of the current study will be noted. Data were obtained
from only three words in the elicitation passage, and fu-
ture research of the type reported here should expand to
more tokens, and in different vowel contexts, consider-
ing that prior research has suggested a potential effect
for vowel height on MBs (Barrera-Pardo, 2022; Yang,
2018). The current study focused on aspirated voiceless
plosives; it would be pertinent to address voiceless plo-
sives in unstressed positions, and examine whether they
also present MBs. In American English, Lavoie (2001)
found no MBs for unstressed /p/ and /t/, and only 10%
of unstressed voiceless velars presented MBs. She ana-
lyzed voiceless plosives in both initial (as in Tucson) and
medial position (as in boutique); the present study ob-
tained data only from three monosyllabic words (peas,
toy, kids), and it would be relevant to extend this re-

search to multisyllabic words. All these factors may play
arole in the production of MBs. In addition, the analysis
of speech rate in the current study was conditioned by
the recorded speaking task, the elicitation passage, and
future research may avoid this limitation by carrying out
a different production task.
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