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ABSTRACT

This study examines the variation present in phono-
logical /st/ sequences for speakers of three re-
gional varieties of Spanish: North-Central Peninsu-
lar Spanish (NCPS), Buenos Aires Spanish (BAS),
and Western Andalusian Spanish (WAS). The three
varieties are intended to reflect related stages of
sound change in phonological /st/ clusters whereby
speakers may shift from /s/-retention (NCPS) to as-
piration of /s/ (BAS) to post-aspiration (WAS). We
acoustically inspected the spontaneous speech of 60
speakers and coded each /st/ production for one of
eight possible phonetic variants. While the results
confirm expected patterns of variation based on a
speaker’s regional origin, they also show that long
VOT is a pervasive characteristic in the realization
of /st/ clusters in all varieties. We contextualize
the findings within proposals that consider the pho-
netic pathway that gives rise to both pre- and post-
aspiration of phonological /st/ in Spanish.

Keywords: sound change, actuation, propagation,
Spanish, post-aspiration

1. INTRODUCTION

Spanish dialects are often classified as either ‘reten-
tion’ or ‘lenition’ varieties regarding the treatment of
syllable-final /s/: while retention varieties retain the
alveolar fricative, lenition varieties weaken the /s/,
typically through aspiration or deletion [1]. Regard-
ing Andalusian Spanish (spoken in southern Spain),
for most speakers of this variety, pre-pausal /s/ is
deleted, word-final intervocalic /s/ is aspirated or
optionally deleted, and preconsonantal /s/ is aspi-
rated [2]. Notably, in Andalusia’s three westernmost
provinces, pre-aspiration in /s/ + voiceless stop se-
quences has become highly variable such that speak-
ers are shifting to post-aspiration in which glottal
frication follows the stop closure [3, 4, 5, 6]. In other
words, lexemes that were historically produced with
coda retention (e.g., pasta [pasta] ‘pasta’) or pre-
aspiration ([pahta]) now surface as post-aspirated
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stops, sometimes transcribed as [Ch], as in [patha]
[5, 7].

Articulatory Phonology [8] explains the shift
from pre- to post-aspiration through a single re-
alignment of the glottal-opening and oral-closure
gestures [4, 9]. One question that remains unan-
swered, however, concerns how actuation would
have unfolded among language users of WAS; in
other words, how would variation present in the am-
bient language have instigated sound change among
WAS pre-aspirating language users? Apparent-time
and comparative studies converge on the idea that
the sound change likely emerged in the coronal con-
text (i.e., /st/~words) prior to undergoing transmis-
sion to the labial and velar contexts. Ruch and Peters
[S] propose a three-step pathway from pre- to post-
aspiration: (i) the high intraoral air pressure from the
lengthened stop closure produced in pre-aspirated
[hp ht hk] would result in unusually long VOT pro-
duced as [hph ht" hk"] [7]; (i) the long VOT of such
productions, especially [ht"], would become more
perceptually salient for listeners [10, 11, 12]; and
(ii1) actuation would materialize when WAS speak-
ers imitate (and subsequently lengthen) the percep-
tually salient VOT of /st/-words.

With this background, the present study is guided
by three goals. The first goal is to examine speaker
data from a more informal speaking style than is
commonly used in research on WAS post-aspiration.
While most previous studies of the sound change
elicit data in a controlled setting [3, 4, 7, 9, 13],
one study that analyzes WAS spontaneous data re-
ports a wider range of acoustic variants produced
in /st/~-words than straightforward aspiration after
the closure [14]. Access to a wider range of vari-
ants, likely more prevalent in informal speaking con-
texts [15, 16], will aid in understanding the enve-
lope of variation present in /st/-words. This range of
data can provide new insight into the phonetic path-
way along which speakers progress throughout the
change from [st] — [ht] — [th].

The second goal is to investigate the linguistic and
social factors that condition the attested /st/ varia-
tion in Spanish, in order to elucidate how propaga-
tion of the sound change unfolds. Previous work
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suggests that factors such as the surrounding vocalic
context and word position have a significant effect
on WAS post-aspiration realization, while the effect
of speaker sex is less certain [7, 17].

A third goal is to test the validity of Ruch and
Peters’ [5] proposal by comparing data produced
by speakers of three regional varieties of Spanish
(NCPS, BAS, and WAS), which likely reflect three
stages of the sound change itself. The NCPS data
are intended to reflect the ambient-language varia-
tion that is present prior to the emergence of pre-
aspiration, and the BAS data are intended to reflect
the variation present among pre-aspirating speakers
prior to the emergence of post-aspiration (see [18]).

2. METHODS
2.1. Participants and data collection

We collected speech data from 60 speakers (age
range 18-25): 19 NCPS speakers from Salamanca,
Spain (9 female & 10 male); 20 BAS speakers from
Buenos Aires, Argentina (10 female & 10 male); and
21 WAS speakers from Jerez, Spain (8 female & 13
male). All speakers participated in twenty-minute
sociolinguistic interviews conducted in their home
cities by a native speaker of their regional variety.
We collected the data using a Marantz Pmd620 dig-
ital recorder and a Shure WH20 head-mounted mi-
crophone.

2.2. Analysis

The inclusion criterion was that a phonemic /st/-
token should be produced between vowels, either
word-medially or across word boundaries, which re-
sulted in a total of 6,334 tokens. Using the acoustic
characterization from [14] as a baseline, we coded
each instance of /st/ per the following classifica-
tion: (i) /s/-retention [st]; (ii) /s/-retention with long
VOT [st"]; (iii) /s/-deletion [t] or pre-aspiration [ht];
(iv) pre-aspiration with long VOT [ht"]; (v) post-
aspiration [th]; (vi) dento-alveolar affricate [t*]; (vii)
alveolar fricative [s]; and (viii) post-alveolar af-
fricate [t[]. Based on the proposal by [5] that length-
ened VOT should be present among speakers for
which the post-aspiration process is not instigated,
we used 29 ms as the threshold for establishing to-
kens with "long" VOT (per [19]), which we tran-
scribed as [t"] throughout the study. This decision is
further supported by VOT findings of singleton /t/ in
Spanish showing that speakers produce mean values
between 15 and 20 ms [3]. Figures 1 through 5 show
examples of pre-aspiration [ht], post-aspiration [t],
pre- and post-aspiration [ht"], the dento-alveolar af-
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fricate [t°], and the alveolar fricative [s], respec-
tively. To ensure reliability in the coding, both au-
thors initially labeled 10% of the data. For the in-
stances in which they did not agree, the two authors
established updated labeling criteria. Following this,
the first author proceeded with the labeling of the re-
maining files and consulted with the second author
in cases of ambiguity.

For statistical analysis, we divided the data by DI-
ALECT and, due to low token counts for some of the
variants (see Table 1), we limited the comparisons to
five. For BAS, we compared the variants [st] vs. [t,
ht]; [st] vs. [ht"]; and [t, ht] vs. [ht"]. For NCPS
we compared [st] vs. [st"], and for WAS we com-
pared [t'] vs. [t’] (see Table 2). For each of the
five comparisons, we fitted a mixed logistic regres-
sion model using the package "Ime4" [20] within
the statistical software R, version 4.2.2 [21]. We
included SEX (male, female), WORD POSITION
(word-medial, cross-word), PRECEDING VOWEL,
and FOLLOWING VOWEL (/a e 1 o u/) as fixed
main effects. All models included random-intercept
effects for SPEAKER to account for within-speaker
dependencies. We also included by-SPEAKER ran-
dom slopes for WORD POSITION, PRECEDING
VOWEL, and FOLLOWING VOWEL [22]. We
computed likelihood-ratio test (LRT) statistics for
all fixed effects. Here, we report the significant fixed
effects based on an a = 0.05 significance level.

3. RESULTS

Table 1 presents the frequency of use for each vari-
ant based on dialect. The most common variants
per dialect were as follows: /s/-retention for NCPS
(72.32%), pre-aspiration (or no aspiration) for BAS
(62.06%), and post-aspiration for WAS (68.56%).
Regarding the second-most common variant, for
WAS it was the dento-alveolar affricate (12.68%),
while for both NCPS and BAS approximately 25%
of the data contained long VOT above 29 ms (i.e.,
[sth] and [ht"] were second-most common, respec-
tively). Note also that productions of [s] and [t[] are
nearly exclusive to WAS speakers.

Table 2 presents the results from the five logistic
regressions (one for NCPS, three for BAS, and one
for WAS). In the NCPS model, the single significant
predictor was FOLLOWING VOWEL, with /i u/ fa-
voring [st"] the most (predicted probabilities of 32%
and 42%) and /a/ the least (predicted probability of
8%). For the BAS comparison of [st] vs. [t, ht], the
lenited variants were favored word-medially as op-
posed to across word boundaries, although the esti-
mated probabilities were very similar (99% to 98%,



ICPhS

14. Phonetics of Sound Change

Figure 1: Sample spectrogram for pre-aspiration
[ht] from a BAS speaker. VOT = 25 ms

Figure 2: Sample spectrogram for post-aspiration
[t"] from a WAS speaker. VOT = 54 ms

Figure 3: Sample spectrogram for pre- and post-
aspiration [ht"] from a BAS speaker. VOT = 31
ms

Figure 4: Sample spectrogram for [t*] from a
WAS speaker. [s] duration = 62 ms

Figure 5: Sample spectrogram for the alveolar
fricative [s] from a WAS speaker. [s] duration =
132 ms

respectively). For BAS [st] vs. [ht"], the lenited vari-
ant was also favored word-medially (96%) more so
than in the between-word context (72%). For the [t,
ht] vs. [ht"] comparison in the same dialect, follow-
ing /i u/ favored [ht"] (14% and 18%) compared to
following /a/ (4%). Finally, in the WAS model, a fol-
lowing /i u/ favored [t"] with a predicted probability
of 98-100%, while for following /a/ probability was
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Production type | NCPS% | BAS% | WAS%
[st] 7232 | 562 | 0.05
[st"] 2322 | 0.61 0.35
[t, ht] 1.06 | 62.06 | 5.53
[ht"] 0.16 | 2696 | 241

[t"] 0.05 3.01 | 68.56

[t°] 0.00 0.00 | 12.68
[s] 3.18 1.67 | 8.15
[t[] 0.00 0.08 2.26

Table 1: Frequency of token types by dialect

92%. Male speakers also favored [t"] (compared to
[t*]) with a probability of 97%, while female speak-
ers did so at 92%.

Model: Comparison | Predictor | df & LRT-value
NCPS: [st] vs. [st"] | FVsk 4,30.12
BAS: [st] vs. [t, ht] WP* 1,4.62
BAS: [st] vs. [ht"] WP* 1,4.76
BAS: [t, ht] vs. [ht"] | FVses* 4,29.96
WAS: [t"] vs. [t}] FV 4,16.62
WAS: [t"] vs. [t] SEX** 1,8.70

Table 2: Degrees of freedom and Likelihood-ratio
test (LRT) value for sig. predictors in the five
models. FV = following vowel; WP = word po-
sition; *** = p < .001; ** =p < .01; *=p < .05

4. DISCUSSION

Regarding this study’s first goal, the spontaneous
corpus yielded a richer set of variants than has
been attested in the previous work on WAS post-
aspiration [3, 5, 7, 9]. The more informal speech
elicited in the spontaneous setting likely yielded a
wider array of variants compared to methods involv-
ing controlled speech [15, 23]. The broader range of
variants reflects the ways in which the sound change
continues to unfold, as some WAS speakers show
presumably more innovative productions than post-
aspiration, such as the dento-alveolar affricate, the
pre-palatal affricate, and the alveolar fricative (col-
lectively accounting for 23.09% of the WAS corpus).
Whereas Ruch [24] proposed that the shift from [t"]
to [t*] reflects the most advanced phase of the sound
change (since the [t*] variant had not been described
in traditional dialectological studies), the presence
of the [s] variant in the WAS data suggests that some
speakers may now be transitioning to a straightfor-
ward fricative. This would suggest a change such
as: [t"] — [t'] — [s]. This proposal is supported by
the fact that [s] tokens were notably more common
among the WAS speakers than the two other groups



