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Abstract
This study sought to investigate the voice onset time (VOT) of Western Andalusian Spanish 
voiceless plosives, a dialect whose phonetic characteristics have not been sufficiently re-
searched empirically. Results indicated that both place of articulation and vowel height had 
an effect on VOT, especially the former. Two Spanish dialects, Castilian and Latin American, 
were compared with Western Andalusian in terms of VOT. Findings revealed only minor di-
fferences in VOT between Castilian and Latin American voiceless plosives, but sizeable di-
fferences between these two dialects and Western Andalusian VOT. A number of potential 
explanations for the detected contrasts are expounded.

Keywords: Voice onset time, voiceless plosives, Western Andalusian Spanish, Castilian Span-
ish, Latin American Spanish

resumen
Este estudio investigó el tiempo de inicio de la sonoridad (VOT) de las oclusivas sordas del espa-
ñol de Andalucía Occidental, un dialecto cuyas características fonéticas no han sido suficiente-
mente investigadas empíricamente. Los resultados indicaron que tanto el lugar de articulación 
como la altura de la vocal tuvieron un efecto sobre el VOT, especialmente el primero. Se compa-
raron dos dialectos españoles, el castellano y el latinoamericano, con el andaluz occidental en 
cuanto al VOT. Los hallazgos revelaron solo diferencias menores en el VOT entre las oclusivas 
sordas del castellano y del latinoamericano, pero diferencias considerables entre estos dos dia-
lectos y el andaluz occidental. Se exponen posibles explicaciones para los contrastes detectados.

Palabras clave: Tiempo de inicio de la sonoridad (VOT), oclusivas sordas, español de Anda-
lucía Occidental, español de Castilla, español latinoamericano
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1. Introduction

Voice onset time (VOT) refers to the delay between the release of a plosive and the 
beginning of voicing. This acoustic feature has been shown to vary widely through-
out the languages of the world, and is a well-studied phonetic event. In fact, Whalen, 
DiCanio, and Dockum (2022) documented that VOT is the most studied consonant 
feature in the phonetics literature they surveyed. For voiceless plosives, VOT can 
be relatively short or relatively long, depending on how each language partitions 
this acoustic dimension (e.g., Ladefoged & Johnson, 2015). The phonological and 
phonetic description of a language or speech variety is not complete until its VOT 
has been analyzed (Ladefoged, 2003). The current study is in line with the spirit 
of Ladefoged’s call, and aims at investigating VOT in the speech variety known as 
Western Andalusian Spanish (WAS). The study focuses on the voiceless plosives ar-
ticulated at the bilabial place of articulation (PoA), /p/, the denti-alveolar /t/̪1, and 
the velar /k/. While VOT has been described for dialects such as Castilian and sev-
eral Latin American (LA) accents, to date no data have been reported for WAS, and 
this study addresses this research gap.

1.2. Spanish VOT

1.2.1. Spanish VOT and PoA

The relationship between VOT and PoA in Spanish has been researched in a num-
ber of studies, the vast majority of which have firmly established that VOT varies 
as a function of PoA, such that voiceless bilabial plosives have a shorter VOT than 
both denti-alveolars and velars, and denti-alveolars have a shorter VOT than ve-
lars. That is, in terms of articulatory description, the further back in the oral cav-
ity, the longer the VOT. This observation has been explained by Cho and Ladefoged 
(1999: 208) according to three sets of findings, to wit: (1) the further back the clo-
sure, the longer the VOT; (2) the more extended the contact area, the longer the 
VOT; and (3) the faster the movement of the articulator, the shorter the VOT. Thus, 
for example, velars tend to have a comparatively longer VOT because they are artic-
ulated back within the oral cavity; their active articulator, the tongue dorsum, rests 
on the velum with a sustained gesture; and, concomitantly, the active articulator 
takes longer to arrive at the release stage.

Asensi, Portolés, and del Río (1998) examined the VOT of Castilian Spanish voice-
less plosives, finding that /p/ had a mean VOT of about 15 ms, /t/̪ had a mean VOT 
of 20 ms, and /k/ had a mean VOT of 35 ms. Rosner et al. (2000) however found for 
Castilian that there were statistically significant differences between the bilabials 
and denti-alveolars on the one hand, and the velars on the other, but no statistical 

1 This consonant has been usually described as dental but, in this study, it is referred to as denti-al-
veolar, following Martínez-Celdrán, Fernández-Planas, and Carrera-Sabaté (2003).
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difference between bilabials and denti-alveolars. Castañeda Vicente (1986) for her 
part observed again that in Castilian the VOT pattern p < t < k was ratified. Poch 
(1984) reported similar data also for Castilian, as did Machuca Ayuso (1997) for the 
same variety. For Gran Canarian Spanish, Troya Déniz (2005) reported the same re-
sults, albeit with lower VOT values for the voiceless plosives than those found for 
Castilian in the studies mentioned. Recently, Martínez-Belda and Padilla (2021) in-
vestigated the VOT of Alicante Spanish plosives in emotional speech, and their re-
sults are in line with the durational pattern previously referred to. In LA dialects of 
Spanish, the VOT of voiceless plosives has been the focus of a number of studies.

Avelino (2018) reported for Mexican Spanish characteristically short values for 
the voiceless plosives, and PoA followed the sequence whereby velars had longer 
VOT values than bilabials and denti-alveolars, and denti-alveolars in turn were 
longer than bilabials. For Chilean Spanish, both Roldán and Soto-Barba (1997) and 
Soto-Barba and Valdivieso (1999) reported analogous results of the effect of PoA on 
VOT, that is, the sequence was p < t < k. Research on Ecuadorian Spanish by Stewart 
(2018) yielded slightly different results. This researcher examined both urban and 
more local rural speech varieties in the Ecuadorian context, and found that /p/ and 
/t/̪ did not differ in their VOTs (in fact, they had the same value), whereas /k/ con-
trasted with the bilabial and the denti-alveolar. Villamizar (2002) investigated the 
VOT of plosives in Venezuelan Spanish, and she reported the same PoA effect on 
VOT values. Finally, Williams (1977) examined voicing in three LA dialects, namely 
Venezuelan, Peruvian, and Guatemalan. Data from all three varieties supported the 
previous findings in the literature, such that the VOT values of the voiceless plosives 
were in agreement with the p < t < k sequence.

In sum, European and LA dialects of Spanish evidence a coherent and strong ef-
fect of PoA on the mean VOT values of voiceless plosives, whereby /p/ values are 
shorter than /t/̪ and /k/, and /t/̪ has shorter VOT than /k/.

1.2.2. Spanish VOT and vowel height

For a number of languages, VOT has been found to show substantial variation in 
duration depending on the height of the following vowel, such that VOT is longer 
before high vowels (e.g., /i/, /u/) than before lower vowels (e.g., /a/). However, as 
shown in what follows, this variability has not always been corroborated.

In English, Morris, McCrea, and Herring (2008) reported statistically significant 
shorter values for voiceless plosives in syllables with /a/ than in syllables with /i/ or 
/u/, with a large effect size, η2

p = 0.59; this means that almost 60% of the variability 
in the VOT of the voiceless plosives can be attributed to the height of the following 
vowel (see Lakens 2013 for an introduction to this family of effect sizes). For Aus-
tralian English, on the contrary, Clothier and Loakes (2018) found a vowel height ef-
fect only for /t/, whose VOT was longer in the presence of high vowels than when 
followed by low vowels. This effect was not found for /p/ and /k/. Significant effects 
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of vowel height on VOT duration were reported for Mandarin by Chen, Chao, and 
Peng (2007), showing that high vowels triggered statistically significant longer VOT 
values for the voiceless plosives. Bijankhan and Nourbakhsh (2009) examined plo-
sive VOT duration as a function of vowel height in Persian, finding that VOT values 
for the plosives varied significantly according to the height of the following vowel, 
again with high vowels lengthening this acoustic characteristic of the plosives. Oh 
(2011) reported for Korean plosives that the effect of vowel context was statistically 
significant for the plosives of this language, such that, as in the previous studies, the 
presence of a following high vowel induced longer mean VOT values.

Turning now to Spanish, fewer analyses have been conducted to ascertain the 
role of vowel height on VOT. Rosner et al. (2000), studying Castilian plosives, found 
no effect of vowel height on VOT duration. The same dialect was investigated by 
Castañeda Vicente (1986), and this researcher’s experiment yielded data that are in 
line with what has been reported for other languages: VOT values increase as the 
height of the vowel rises. For Gran Canarian Spanish, Troya Déniz (2005) reported 
the same pattern, especially noticeable for the high vowel /u/. It should be noted 
nonetheless that these data were not analyzed quantitatively.

To sum up, it seems that there is an overall tendency for vowel height to have an 
effect on VOT, whereby high vowels lengthen the VOT of voiceless plosives, and low 
vowels shorten it. This phenomenon may be explained by the narrower constric-
tion in the gesture required for high vowels, which leads to a longer VOT. This is 
further explained by the greater resistance to the airstream caused by high vowels, 
which in turn delays the glottal pressure differential that generates voicing (Chang 
et al., 1999).

1.2.3. Spanish VOT and gender

Another factor that has been found to have an impact on VOT is speaker gender, al-
though, as we will observe, the results for this relationship are partially inconclusive 
and not fully resolved. Clothier and Loakes (2018) reported that in Australian English 
women had, for voiceless plosives, longer VOTs than men, a finding that is congruent 
with data from other English varieties. Kaňok and Novotný (2019) examined the effect 
of gender on Czech VOT, and found statistically significant shorter values for men, but 
only for /p/ as well as /t/, and not for /k/. Research on Mandarin Chinese by Li (2013) 
yielded significant differences between women and men, but only for the voiced plo-
sives. Li focused on speech rate in his analysis, because this temporal measure has 
previously proved differential when considering speaker gender, such that men tend 
to talk faster than women. Controlling for speech rate, then, Li did not find significant 
differences in the VOT of voiceless plosives by women and men. Noting the discrep-
ancy between these results and the data reported for English, where women do show 
significantly longer VOTs, Li comments that such dissimilarity may be due to cultural 
or sociolinguistic causes, rather than anatomical factors (e.g., women having shorter 
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vocal tracts). In fact, while Munson and Babel (2019: 511) explain the shorter VOTs of 
men according to males’ larger vocal tract volumes, they also acknowledge that these 
acoustic patterns may reflect language-specific learned language performance (see 
Oh 2011 for similar conclusions regarding Korean).

With respect to Spanish, it is generally claimed that the general tendency is for 
women to produce longer VOTs than men. Asensi, Portolés, and del Río (1998) con-
firmed for Castilian this tendency, although they did not quantify their results. To 
gather more objective data, therefore, the VOTs reported in this study were sub-
jected to a series of chi-square tests, none of which were statistically significant (all 
p > 0.05) and the effect sizes were negligible. This means that, in reality, there was 
no effect of gender on VOT in that study. The same methodological reasoning can be 
applied to the data reported by Troya Déniz (2005) for Gran Canarian Spanish. This 
researcher found slightly higher VOTs for women than for men, but did not quantify 
this relationship. Again, chi-square tests showed that none of the differences by gen-
der in the VOT of /p t ̪k/ were statistically significant, and that the effect sizes were 
trivial, meaning that there actually was no effect of gender on VOT. Also for Castil-
ian, Rosner et al. (2000) reported for their part no statistical effect of gender on VOT.

To round up hence this review of the relationship between gender and VOT in 
Spanish, it can be concluded that to date there are no data that support a hypothe-
sis whereby gender has an effect on the VOT of voiceless plosives.

1.3. WAS

The dialectal area of the provinces of Huelva, Seville, Cordoba, and Cadiz (and, 
depending on the authors, also Malaga) has been classified within WAS (Fernán-
dez de Molina & Hernández-Campoy, 2018; Herrero de Haro & Hajek, 2022; Villena 
Ponsoda, 2000). The other Andalusian dialectal area, Eastern Andalusian Spanish 
(EAS), has been the focus of more research than WAS. Many, perhaps most, stud-
ies of WAS have a sociolinguistic aim, such as investigations of ceceo (e.g., Regan in 
press), or inquiries into attitudes toward this speech variety (see Santana Marrero 
& Manjón-Cabeza Cruz, 2021).

Less research has been directed to the acoustic properties of WAS; Del Saz (2014, 
2019) carried out experimental studies of this type. Coloma (2012) classified the 
worldwide dialects of Spanish after developing a linguistic innovation index that 
included ten phonetic features (such as seseo, aspiration of /s/, velarization of /n/, 
deaffrication of /tʃ/). He concluded that WAS can be classified as the most innova-
tive accent (out of 28) according to this scheme. Fernández de Molina & Hernán-
dez-Campoy (2018: 501) as well refer to WAS as an innovative variety (as opposed 
to conservative varieties, for example Castilian or Andean Spanish). All this makes 
WAS an ideal target for further phonetic investigation, especially since there is a 
dearth of data on the acoustic features of this variety (see Hernández-Campoy & 
Villena-Ponsoda, 2009 for additional characterization of this accent).
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1.4. Research questions

Give the literature review in the previous sections, the present study addressed the 
following research questions (RQs):

1.	 RQ1: What are the relative effects of PoA, vowel height, and gender on WAS VOT?
2.	 RQ2: To what extent are the WAS VOT values different from the Castilian and LA 

VOTs reported in the literature?

2. Method

2.1. Participants

The researcher advertised a call for participants through fliers and personal con-
tacts in a large public university in the city of Seville. Course credit was offered to 
participants enrolled in two of his courses, and these efforts resulted in 21 partici-
pants, all of them university students. 12 were females and 9 males, with a mean age 
of 20.4 (SD = 1.16, range 19 – 23). 16 subjects were from the Seville area (Seville city 
and province), and 5 from the Cadiz area (all of them from the Cadiz province). 20 
subjects resided in the city of Seville and 1 in the city of Cadiz at the time of the ex-
periment. All reported normal hearing and knowledge of at least one second lan-
guage (English, French).

2.2. Materials

The stimuli of the experiment consisted of a wordlist (see Table 1) featuring the 
three voiceless plosives followed by a high or low vowel in CVCV words, with the 
first syllable being stressed. This syllabic pattern is the most common in Spanish 
(Dauer 1983), and has been used customarily in other phonetic studies of this lan-
guage (e.g., Lavoie 2001). Together with the 27 target words, the stimuli included 
another 21 distractor words with the same phonological pattern (e.g., ‘fase’, ‘milla’, 
‘nube’). There were thus 48 stimuli in total.

Table 1

Stimuli for the experiment

Context /p/ /t/̪ /k/

High vowel pito, pulla, pino, 
pura, piso

tito, tino, tuya, tuna, 
tiro

cuya, cuna, quito, 
quiso, kilo

Low vowel pata, para, paso, pala tala, tara, tasa, talo cala, casa, calo, cara
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2.3. Procedure

The experiment took place at the phonetics laboratory of the university, in a sound-
treated booth. The recordings were done at a 44.1 kHz sampling rate using a Ma-
rantz professional PDM671 solid-state recorder and a Shure SM48 microphone. 
Participants were instructed to record each of the 48 words in the carrier sentence 
‘Digo la palabra ______’ (‘I say the word ______’). They completed an anonymous 
background questionnaire after the recording session. This questionnaire collected 
age, place of birth, place of residence, gender, and educational level information 
from each speaker.

2.4. Analysis

The recording sessions yielded a total of 567 tokens (21 speakers x 27 words; the 21 
distractors were left out of the analysis). VOT was measured both from the wave-
form (upper panel in Figure 1) and from the spectrogram (lower panel in Figure 1). 
As shown in Figure 1, on the waveform the transient corresponding to the burst of 
the consonant can be identified. On the spectrogram, a plosion bar clearly signals 
the presence of the plosive release.

Figure 1

VOT of the first syllable of the token ‘tala’ [ˈta̪la] by speaker 1, 
showing the transient on the waveform (upper arrow) and the 
plosion bar on the spectrogram (lower arrow)

As shown in Figure 2, VOT measurement can be done from the waveform or from 
the spectrogram. For the VOT analyses in this study the waveform measurement 
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was preferred, but the spectrogram reading was resorted to in cases when the wave-
form did not provide an optimal measurement.

Figure 2

VOT measurement of the first syllable of the token ‘tala’ [ˈta̪la] 
by speaker 1, from the waveform and from the spectrogram

While VOT measurement may seem a straightforward procedure, this is far from 
the truth (e.g., Thomas 2011). There were two complications encountered in this 
analysis. First, as shown in Figure 3, some plosives evidenced more than one burst 
and plosion bar. This is called a multiple burst (MB), and 25% of the plosives had 
more than one burst. Barrera-Pardo (2022) gave a comprehensive account of MBs 
in these data. Following Cho and Ladefoged (1999) and Thomas (2011), the decision 
was to take VOT measurements from the last burst for each consonant. It is an open 
question whether this methodological approach had an impact on the results of the 
current study (see section 3.2).

The second complication in the analysis was that some VOTs were not suitable 
for analysis, as shown in Figure 4. Here, the velar plosive seems to have three tran-
sients on the waveform, but the plosion bars on the spectrogram are less unequiv-
ocal. One plosion bar appears to be evident, but what follows is more obscure and 
not prone to further analysis. Such tokens were discarded in the analysis. Outliers, 
as identified in boxplots, were also removed from the data.

In sum, 117 tokens were eliminated in the final analysis, which left 451 VOT meas-
urements (567 – 117 = 451).
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Figure 3

First syllable of the token ‘tira’ [ˈti̪ɾa] by speaker 16, with two bursts 
(two transients, upper arrows; two plosion bars, lower arrows)

Figure 4

First syllable of the token ‘quiso’ [ˈkiso] by speaker 2, unanalyzable 
(see text)

Finally, to determine the reliability of the data measurements, a month after the 
initial analysis, the researcher reanalyzed 25% of the data, and a high correlation 
was observed, r = 0.89, p < 0.001) between both sets of measurements.



212 Dario Barrera-Pardo

ISSN 1132-0265
https://dx.doi.org/10.12795/PH.2022.v36.i01.10 Philologia Hispalensis 36/1 (2022) 203-226

3. Results

To address the first research question, a three-way ANOVA was conducted on VOT 
as the dependent variable and PoA (bilabial, denti-alveolar, velar), vowel height 
(high, low), and gender (female, male) as factors. Addressing the second research 
question, to understand the differences in VOT values between WAS and two other 
Spanish varieties, Castilian and LA Spanish, a two-way ANOVA was run on VOT and 
PoA (bilabial, denti-alveolar, velar) and dialect (Castilian, LA, and WAS) as factors. 
The results are presented first as descriptive statistics and thereafter with inferen-
tial statistics (i.e., ANOVAs) for the two research questions of the current study.

3.1. Research question 1

Research question 1 asked about the relative effects of PoA, vowel height, and gen-
der on WAS VOT. The answer is provided in the form of descriptive and inferential 
statistics. The latter are presented by means of ANOVAs, their significance tests and 
corresponding effect sizes. These effect sizes are reported as partial eta-square (η2

p) 
indexes for the ANOVA tests, and Cohen’s d indexes for the post-hoc tests. Briefly, 
the significance tests, indicated by the p-values, reveal whether there is an effect, 
and the effect sizes account for the magnitude of the effect. Researchers and con-
sumers of research may be clearly more interested in effect sizes. The descriptive 
statistics for PoA, vowel height, and gender are displayed in Table 2. PoA follows the 
sequence p < t < k mentioned in the literature, albeit with noticeably shorter VOTs 
than in other studies (more on this in section 3.2 below). The variability in the data 
seems rather uniform and unproblematic, as evidenced by the relatively low stand-
ard deviations and minimum and maximum values.

Table 2

WAS VOT values by vowel and gender (in milliseconds)

Factors /p/ /t/̪ /k/

M VOT SD Min Max M VOT SD Min Max M VOT SD Min Max

PoA 10 3.15 2 18 12.6 3.12 6 21 16.1 4.34 7 25

High vowel 11.21 3.33 6 18 13.91 3.20 7 21 15.76 4,84 7 25

Low vowel 8.40 1.97 2 13 10.97 2.11 6 16 16.31 3.96 7 24

Female speaker 10.40 3.52 2 18 12.61 3.22 6 21 15.99 4.51 7 25

Male speaker 9.61 2.66 3 17 12.58 3.02 7 21 16.20 4.15 7 24

Figure 5 below illustrates in line graphs the relative effects of the three factors 
considered in the study. First, it can be observed that the VOT of each plosive di-
ffered substantially, increasing as the articulation goes from bilabial to velar. This 
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is evident for both genders, and for vowel height as well. Second, with reference to 
gender, females had seemingly higher (i.e., longer) VOT values than males, but only 
in the presence of high vowels, except for the velars, which behaved differently and 
showed a reversed pattern. And third, vowel height was also comparable, with the 
exception of the velars again.

Figure 5

Line graphs for the factors (PoA, vowel height, and gender) of the study

Turning now to the inferential statistics, the ANOVA test revealed a main ef-
fect for PoA (F(2,451) = 123.99, p < 0.001, η2

p = 0.35), where post-hoc Tukey tests 
showed that the bilabial PoA (M = 10 ms) had a significantly and to a very large 
extent (ptukey < 0.001, d = 1.9) shorter VOT than the velar PoA (M = 16.1 ms); the bi-
labial PoA also differed significantly and to a large extent (ptukey < 0.001, d = -0.8) 
from the denti-alveolar (M = 12.6) PoA. The velar had a longer VOT, that was sig-
nificantly different and this a large extent (ptukey < 0.001, d = 1.09), from the den-
ti-alveolar VOT.

There was also a main effect for the height of the vowel (high or low) follow-
ing the plosive, (F(1,451) = 27.45, p < 0.001, η2

p = 0.06), where the high vowels /i, u/ 
had a significantly higher VOT (M = 13.3 ms) than the low vowel /a/ (M = 12 ms) 
with a medium effect size (d = 0.5). There was also an interaction between PoA 
and vowel height (F(2,451) = 9.13, p < 0.001, η2

p = 0.05), where Tukey post-hoc tests 
showed the following. The bilabial had a nonsignificant lower VOT (M = 15.76) 
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when followed by a high vowel than when followed by a low vowel (M = 16.3), 
ptukey = 0.84, d = -0.21 with a weak effect size. The denti-alveolar had a statistically 
significant longer VOT (M = 13.91) when followed by a high vowel than when fol-
lowed by a low vowel (M = 10.97), ptukey < 0.001, d = 0.87; the effect size is large. The 
velar followed by a high vowel (M = 15.76) did not differ significantly when fol-
lowed by a low vowel (M = 16.31), ptukey = 0.84, d = -0.2, and the corresponding ef-
fect size is weak.

There was a significant interaction between Vowel and Gender, F(2,451) = 7.45, p 
= 0.007, η2

p = 0.02, but the effect size is small. Tukey post hoc tests revealed that fe-
males produced a longer VOT when the plosive was followed by a high vowel (M = 
13.8) than when it was followed by a low vowel (M = 11.8), p tukey < 0.001, d = 0.76, with 
a strong effect size. There was no significant difference for the males (ptukey = 0.46, d 
= -0.19); its associated effect size is small.

3.2. Research question 2

Research question 2 asked about the extent to which WAS VOT differed from 
the VOTs of other Spanish dialects across PoA. The Castilian and LA VOT val-
ues were compiled in the following way. Table 3 shows the sources from which 
the VOTs for Castilian were obtained (5 studies), and the sources from which the 
LA VOTs were collected (11 studies; these included Mexican, Argentinian, Puerto 
Rican, Chilean, Ecuadorian, Venezuelan, Peruvian, and Guatemalan). ANOVA 
tests showed that the Castilian VOTs did not differ significantly (F(4,10) = 0.505, 
p = 0.73), and neither did the LA VOTs (F(10,22) = 0.56, p = 0.82). These studies 
thence are homogeneous in terms of their VOTs and may be grouped as two dis-
tinct dialects. Their values were averaged and then used for comparison with the 
WAS VOTs.

The descriptive statistics for the three dialects are presented in Table 4. Cas-
tilian and LA showed rather similar values for the three PoAs, and also a com-
parable variability in the data, as signified by the relatively uniform standard 
deviations across both dialects. However, the WAS VOTs were distinctly lower 
(i.e., shorter). This disparity is especially evident for the VOT of /k/, which in WAS 
was nearly half as long as in both Castilian and LA. These differences will be en-
tertained below.

The barplots in Figure 6 clearly show, first, that the Castilian and LA VOTs were 
analogous, especially for the bilabial and the denti-alveolar, and identical for the 
velar. Secondly, WAS VOTs were notably shorter for the velar, as compared with 
both Castilian and LA.
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Table 3

Sources of mean VOT values for Castilian and LA

Study /p/ /t/̪ /k/ Dialect

Asensi, Portolés, and del Río (1998) 14.7 20.2 35.4 Castilian

Avelino (2018) 15 20 49 Mexican

Castañeda Vicente (1986) 6.5 10.4 25.7 Castilian

Borzone (1980) 10 15 25 Argentinian

Lisker and Abramson (1964) 4 9 29 Puerto Rican

Rosner et al (2000) 13.1 14 26.5 Castilian

Soto-Barba and Valdivieso (1999) 10.1 16.9 28.3 Chilean

Stewart (2018) 19 19 33 Ecuadorian

Stewart (2018) 21 21 40 Ecuadorian

Poch (1984) 18 17 32 Castilian

Roldán and Soto-Barba (1997) 13.2 16.4 30 Chilean

Villamizar (2002) 17.43 19.22 32.24 Venezuelan

Machuca Ayuso (1997) 12.5 18.25 27.5 Castilian

Williams (1977) 14 20.6 32.6 Venezuelan

Williams (1977) 15.2 16.2 29.7 Peruvian

Williams (1977) 9.8 10.3 25.7 Guatemalan

Table 4

VOT values by dialect (in milliseconds)

Dialect /p/ /t/̪ /k/

M VOT SD Min Max M VOT SD Min Max M VOT SD Min Max

Castilian 14.6 2.46 12.5 18 16 3.84 10.4 20.2 29.4 4.14 25.7 35.4

LA 13.5 4.84 4 21 18.3 2.17 15 21 29.5 2.87 25 33

WAS 10 3.51 2 18 12.6 3.12 6 21 16.1 4.34 7 25
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Figure 6

Barplots for the VOT of the three dialects (Castilian, LA, and WAS) of 
the study

Before looking at the inferential statistic analyses of these differences, an impor-
tant remark must be made with reference to the measurement methodology in the 
current study. Full details are given by Barrera-Pardo (2022). As noted previously in 
section 2.4, 25% of the data presented MBs; 9.5% of the bilabials had MBs, 15.22% of 
the denti-alveolars showed MBs, and 33.33% of the velars had more than one burst. 
Other researchers have noted as well, but only in passing, that MBs were observed 
in the data they collected. Thus, Asensi, Portolés, and del Río (1997) reported fre-
quent MBs in Castilian for velars and also for the denti-alveolars; Torres and Ipar-
raguirre (1996) made the same observation for velars, as did Lavoie (2001). However, 
only Lavoie offered quantitative data on the MBs found in her study. It is reasona-
ble to infer that other researchers must have also found MBs in their data, but, no-
tably, did not report or quantify them. In the present study, as explained in section 
2.4, VOT measurements were routinely taken from the last burst in the presence of 
MBs (see Barrera-Pardo 2022 for further information on this analysis and the reason 
behind it). It could be the case that this methodological decision had some reper-
cussion on the WAS VOT data reported in the current study and its comparison to 
the other dialects, but this is an open question that needs to be answered by means 
of a quantitative analysis (see below).

By way of comparison, Figure 7 displays the mean VOTs for WAS across PoA 
when the first burst was taken as the onset of VOT or when the last burst was taken 
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as the onset of VOT. The Castilian and LA VOTs are also displayed for comparison. 
The differences seem evident and substantial. The bilabials showed a clear dispar-
ity between their mean VOT value as per the method employed, and so did the den-
ti-alveolars; nonetheless it is the velars that showed the largest variation, with a 
VOT that was half the length when measurements were taken from the last burst. 
Note as well that, when the first burst was taken as the onset of VOT, the differences 
between WAS and the other two dialects are fundamentally neutralized, especially 
for the velars.

Figure 7

Barplots for the VOT of the three dialects of the study, with WAS 
measurement methods compared

To elucidate the quantitative significance of these differences, a series of chi-
square tests wer run on the data. This resulted in the following. For the bilabial, the 
only differences worth considering were between Castilian and WAS when meas-
ured from the first burst; the difference was not statistically significant and the 
associated effect size very weak; the same result was observed for the difference be-
tween the bilabial LA and the bilabial WAS measured from the first burst. For the 
denti-alveolar, the difference between Castilian and WAS measured from the last 
burst almost reached significance and its associated effect size was medium. For 
this consonant, a statistically significant difference between LA and WAS measured 
from the last burst was found, with a moderate effect size. Lastly, the results for the 
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velar were these. Castilian and WAS measured from the last burst differed signifi-
cantly and to a moderate extent, as evidenced by the effect size. The same result for 
the velar was obtained for the difference between LA and WAS measured from the 
last burst.

These results therefore indicate that the measurement method actually had 
some impact (as expressed by the medium effect sizes observed) on the differences 
detected among the three dialects. This means that the differences among WAS, 
Castilian and LA reported below were to some extent an artifact of the methodol-
ogy employed in measuring the WAS VOTs, specifically for the denti-alveolars and 
more notoriously for the velars. The results reported in what follows should be in-
terpreted with this important caveat in mind.

To answer the second research question, we now consider the inferential statis-
tics for the differences explored in the study. There was a statistically significant 
PoA effect (F(2,497) = 91.7, p < 0.001, η2

p = 0.27), with a large effect size. There was 
also a significant effect due to Dialect (F(2,497) = 85.8, p < 0.001, η2

p = 0.26), with 
a large effect size as well. Finally, the PoA by Dialect interaction was significant 
(F(4,497) = 14.9, p < 0.001, η2

p = 0.11), and associated with a medium effect size. Post-
hoc Tukey tests showed that the bilabial and the denti-alveolar mean difference of 
-2.9 ms was significant, t (497) = -3.04, ptukey = 0.007, d = -0.82, and this to a very large 
extent, as indicated by the effect size; the bilabial and velar mean difference of 12.3 
ms was significant, t (497) = 12.84, ptukey < 0.001, d = 3.49, with a very large effect size; 
and the velar and denti-alveolar mean difference of 9.39 ms was significant, t (497) 
= 10.04, ptukey < 0.001, d = 2.66, also to a great extent, as per the effect size observed.

For the Dialect main effect, post-hoc Tukey tests revealed that the mean differ-
ence of -0.44 ms between Castilian and LA was not significant, t (497) = -0.38, ptukey 
= 0.92, d = -0.12, with a trivial effect size. Between Castilian and WAS there was a sig-
nificant mean difference of 7.09 ms, t (497) = 7.38, ptukey < 0.001, d = 2.01, and this to 
a very large degree; and between LA and WAS there was a significant mean differ-
ence of 7.59 ms, t (497) = 11.22, ptukey < 0.001, d = 2.13, also to a great extent. The effect 
sizes, as noted, are very large.

For the interaction between PoA and Dialect, post-hoc Tukey tests revealed the 
following. There was a nonsignificant mean difference of 1.05 ms between the Cas-
tilian bilabial and the LA bilabial, t (497) = 0.51, ptukey = 1, d = 0.29; the effect size was 
small. The mean difference of 4.55 ms between the Castilian bilabial and the WAS 
bilabial was not significant, t (497) = 2.55, ptukey = 0.208, d = 1.29, but the effect size 
was very large. The mean difference of 3.5 ms between the LA bilabial and the WAS 
bilabial was significant, t (497) = 3.19, ptukey = 0.04, d = 0.99, with a large effect size.

There was a nonsignificant mean difference of 2.28 ms between the Castilian 
denti-alveolar and the LA denti-alveolar, t (497) = -1.16, ptukey = 0.96, d = -0.65; the ef-
fect size was medium. The mean difference of 3.37 ms between the Castilian den-
ti-alveolar and the WAS denti-alveolar was nonsignificant, t (497) = 2.11, ptukey = 0.46, 
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d = 0.95, but the difference yielded a large effect size. There was a significant mean 
difference of 5.65 ms between the LA denti-alveolar and the WAS denti-alveolar, t 
(497) = 4.70, ptukey < 0.001, d = 1.6, with an associated effect size that was very large. 
There was a nonsignificant mean difference of -0.08 ms between the Castilian velar 
and the LA velar, t (497) = -0.04, ptukey = 1, d = -0.02; the effect size was trivial. The 
mean difference of 13.34 ms between the Castilian velar and the WAS velar was sig-
nificant, t (497) = 8.31, ptukey < 0.001, d = 3.97, and this to a very great extent. There 
was a significant mean difference of 13.4 ms between the LA velar and the WAS 
velar, t (497) = 11.06, ptukey < 0.001, d = 3.81, also to a very large degree. Again, these ef-
fect sizes are extremely large.

4. Discussion and conclusion

The ensuing discussion of the results reported will proceed mainly by an analysis of 
the effect sizes detected, rather than simply considering the significance tests and 
their associated p-values. In other social sciences, such as psychology, this is the rec-
ommended analytical approach when quantifying data from empirical studies (e.g., 
Stukas & Cumming 2014).

The first research question asked about the relative effects of three factors on 
WAS VOT: PoA, vowel height, and gender. PoA alone explained 35% of the variance 
of the VOT values, as indexed by the effect size obtained (η2

p = 0.35). This is nor-
mally considered a very large effect size (Cohen 1988). Vowel height, on the other 
hand, explained 6% of the variance in VOT values, which is a medium effect size. Fi-
nally, gender by itself only explained 0.01% of the variability of VOT (its associated 
effect size was η2

p = 0.001, a trivial index).
The post hoc tests for PoA showed that the bilabial differed to a very large extent 

from the velar, since the effect size for this comparison was d = 1.9, a very large effect 
size (Cohen 1988). In more lay and practical terms, this effect size indicates that 97.1% 
of the VOT values of the bilabial are below the average velar, which is a very extensive 
amount. This type of interpretation of Cohen’s d effect sizes is a “common language 
explanation” (Magnusson 2022; this site was used also for calculating and interpret-
ing the d effect sizes that follow), and will be used in the subsequent discussion.

The comparison between the bilabial and the denti-alveolar also proved sizable, 
with a d = -0.8 effect size (it does not matter that this index is negative), which again 
can be translated as 78.8% of the bilabials being below the average VOT for the den-
ti-alveolars. Finally, the velar had a substantially longer VOT than the denti-alveo-
lar, with a very large effect size d = 1.09, an index that can be construed as 97.1% of 
the denti-alveolars being below the average value for the velars.

Vowel height post hoc tests showed that high vowels had a longer VOT than low 
vowels, with a d = 0.5 effect size, which can be considered a medium effect size, 
once more translatable as 69.1% of the low vowels being below the average of the 
high vowels.
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The interaction between the two effects PoA and vowel height yielded a statis-
tically significant close to medium effect size, η2

p = 0.05, which means that 5% of 
the variability in VOT values can be attributed to the effect of the following vowel.

Post hoc tests revealed that the bilabial followed by a high vowel had a shorter 
VOT than followed by a low vowel, with a small effect size d = -0.21; this translates 
as 58% of the bilabials followed by a high vowel being below the average of the low 
vowels. This result is slightly above the chance level (i.e., 50%). This result is in con-
tradiction with the effect size for the denti-alveolar in this comparison, which was 
d = 0.87, a large effect size, meaning that about 80.8% of the consonants when fol-
lowed by a low vowel were below the average VOT for high vowels. The velar plosive 
showed the same effect size as the bilabial, which can be interpreted again as a lack 
of substantial difference.

Finally, the interaction between vowel height and gender proved statistically sig-
nificant but its associated effect size was small, η2

p = 0.02, indicating that 2% of 
the variability in the VOT values can be ascribed to this effect. The follow-up tests 
showed a large effect size d = 0.76 when the plosives produced by females were fol-
lowed by a high vowel than in a low vowel context. This can be stated as 77.6% 
of the VOTs in the low vowel context being below the average of the VOTs in the 
high vowel context, as produced by female speakers. For the male speakers, the ef-
fect size was small, d = 0.19, meaning that 57% of the VOTs in the low vowel con-
text were below the average VOTs in the high vowel context, a result that is close to 
chance level (i.e., 50%).

To synthesize the answer to the first research question, then, the following point-
ers can be put forth. First, the effect of PoA on WAS was very strong, in line with 
what has been observed in other studies (e.g., Asensi, Portolés, & del Río 1998; Wil-
liams 1977), but differed from the results of Rosner et al. (2000), who found no sig-
nificant difference between bilabials and denti-alveolars. No clear explanation can 
be offered for this discrepancy.

Second, the effect of vowel height seemed to ratify the results of the scant previ-
ous research carried out on this variable (e.g., Castañeda Vicente 1986; Troya Déniz 
2005), but the effect found for this relationship is in disagreement with the data re-
ported by Rosner et al. (2000). There seemed to be, in spite of this, a tendency for 
VOT to be longer in the high vowel context, although in WAS the current study has 
observed that for bilabials the effect is reversed, with low vowels triggering a longer 
VOT. However it must be acknowledged that the effect size for this relationship was 
close to chance level. All this makes the results for the association between PoA and 
vowel height rather inconclusive. Clearly, more research is needed to further eluci-
date the role of vowel height.

And third, to conclude commentary on the first research question, gender alone 
explained a negligible o.01% of the variability of VOT, although for the combined 
effects of gender and vowel height for plosives produced by females there was a 
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substantial interaction, such that high vowels by female speakers had a longer VOT 
than in the context of a low vowel.

The second research question asked about the comparison between WAS VOTs 
on the one hand and Castilian and LA VOTs on the other. For the sake of brevity, 
the findings will be synthesized as follows. The dialect of the speaker showed a very 
large effect size, since over a quarter of the variability in VOT values was explained 
by this factor alone.

The Castilian bilabial VOT was one ms longer than the LA bilabial, with a small 
effect size that was above chance level (61%). The Castilian denti-alveolar VOT was 
2.28 ms shorter than the LA plosive, with a moderate effect size that was well above 
chance level (74.2%). The difference between Castilian and LA velars was negligi-
ble (less than 0.1 ms), with an effect size at chance level (50%). Hence only small to 
medium differences were found between Castilian and LA, and this in the bilabial 
and the denti-alveolar.

As for the comparison between Castilian and WAS, the data showed that for the 
bilabials, the Castilian VOT was 4.55 ms longer than the corresponding WAS VOT, 
with an effect size close to maximal probability (90.1%). The Castilian denti-alveo-
lars had a 3.37 ms longer VOT than the WAS consonants, with an effect size close to 
maximal probability (83%). To end, the Castilian velars had a VOT that was 13.34 ms 
longer than the corresponding WAS VOT, whose effect size was at 100% probabil-
ity. Thus, large to very large differences were found between Castilian and WAS, es-
pecially for the velar plosive.

The differences between LA and WAS were as follows. For the bilabials, LA VOT 
was 3.5 ms longer than for WAS, and the associated effect size is very likely, at 84%. 
For the denti-alveolars, LA VOT was 5.65 ms longer than the WAS VOT, with an ef-
fect size close to maximal probability (94.5%). Lastly, the velar LA had a VOT that 
was 5.65 ms longer than the velar WAS VOT, with maximal probability (100%). All 
this means that for the three plosives large to extremely large differences were ob-
served between WAS and LA.

The reasons for this variability in VOTs among the three dialects that the cur-
rent study has focused on can be explained in number of ways. Perhaps the vari-
ability can be attributed to idiosyncratic causes; WAS VOTs are characteristically 
shorter than the VOTs of other varieties. Hualde (2005: 140) in fact explains in this 
fashion the different VOTs reported for Castilian by Castañeda Vicente (1986) and 
those reported for LA by Williams (1977). Put simply, WAS evidences inherently 
shorter VOT values than other dialects. This conclusion is nevertheless tentative 
and should be taken with due caution, given the effect that the VOT measurement 
for WAS seemingly had in the study (see page 216). For the denti-alveolars and 
velars, the VOT measurement decision (measuring from the first or from the last 
burst), clearly had an impact on the VOT differences observed between WAS and 
the other two dialects.



222 Dario Barrera-Pardo

ISSN 1132-0265
https://dx.doi.org/10.12795/PH.2022.v36.i01.10 Philologia Hispalensis 36/1 (2022) 203-226

A second factor that may have played a role in this variability is age; recall that the 
WAS speakers were all young, with a very restricted age range (19 – 23). A number of 
researchers have found that age has an effect on VOT. Bóna (2014) investigated the 
relationship between age and VOT in Hungarian, and reported that young speak-
ers produced significantly shorter VOTs in bilabial and alveolar plosives than old 
speakers. However, Torre and Barlow (2009) found the reverse pattern, with older 
speakers showing shorter VOT values. Smith, Wasowicz, and Preston (1987) also re-
ported overall shorter VOTs for young adults than for older speakers. Although the 
age of the subjects was not described in many of the studies for Castilian and LA 
used for comparison in the current study, those who did seemed to have investi-
gated older cohorts than the WAS group recruited in the current study. Thus, for 
example, Castañeda Vicente (1986) reported having selected senior students and 
university professors (i.e., both younger and older subjects), and Soto-Barba and 
Valdivieso’s (1999) report included speakers with an age range of 30 – 50. It could 
be the case that the globally shorter VOTs found in the present study are linked to 
the age factor.

Finally, the subjects of this study were all university students, and this sociolog-
ical profile may also have had an effect on the data collected. Less educated and 
privileged speakers may have produced different VOTs.

To conclude this report, a few recommendations for future research and poten-
tial limitations of the study will be noted. First, the VOT measurement in the proba-
ble presence of MBs should be clearly explicated by researchers. Given the the likely 
effect that the two methods (measuring VOT from the first or last burst) seemingly 
had in the current study, future analyses of VOT should firstly quantify MBs and sec-
ondly state their VOT estimation method. Second, the results presented here need 
to be replicated by future studies of WAS; replication is an essential endeavor in ad-
vancing any scientific discipline (see Hendrik 1990). More speakers and with more 
diverse sociolinguistic profiles are needed to confirm or disprove the VOT values re-
ported here. That is, bigger and more representative samples are crucially needed. 
Since age does play a role in VOT production, future studies also need to incorpo-
rate older speakers of WAS. As for the limitations of the study, it must be acknowl-
edged that insufficient data for Castilian and LA was collected, input from only 5 
studies for Castilian and 11 studies for LA, although it needs to be said that the ef-
forts made in the literature search did not yield a bigger sample. It is hoped that fu-
ture research of the type reported here will further advance knowledge in this area.
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