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Abstract

This study evaluates the impact of speech en-
hancement (SE) techniques on linguistic re-
search, focusing on their ability to maintain
essential acoustic characteristics in enhanced
audio without introducing significant artifacts.
Through a sociophonetic analysis of Peninsular
and Peruvian Spanish speakers, using both orig-
inal and enhanced recordings, we demonstrate
that SE effectively preserves critical speech nu-
ances such as voicing and vowel quality. This
supports the use of SE in improving the quality
of speech samples. This study marks an initial
effort to assess SE’s reliability in language stud-
ies and proposes a methodology for enhancing
low-quality audio corpora of under-resourced
languages.

1 Introduction

Speech is a fundamental mode of human commu-
nication, consisting primarily of two components:
speech production and speech perception (Deller Jr
et al., 1993). Speech production enables individ-
uals to articulate ideas through sound using lin-
guistic structures. Conversely, speech perception
involves the decoding of sound waves generated
during speech production. These processes can be
influenced by external factors such as ambient or
background noise, potentially disrupting the com-
munication sequence (Michelsanti et al., 2021).

Humans have evolved mechanisms to filter
out these disturbances (Bronkhorst, 2000; Cherry,
1953; Shinn-Cunningham and Best, 2008). How-
ever, audio recordings capture both desired and un-
desired signals indiscriminately. This poses signifi-
cant challenges for sociophonetic research, which
often relies on pre-recorded audio data. Speech
enhancement (SE) techniques clean and filter these
recordings from external noise, thus enhancing the
perceptual quality of the speech (Michelsanti et al.,
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Figure 1: Diagram of the token processing. xn represent
intervocalic voiceless fricative tokens (e.g., /asa/); y(i)n

and y
(j)
n represent vocalic /e/ (e.g., /bre/) and /i/ (e.g.,

/li/) tokens respectively. The original tokens are copied.
One version is stored in the final dataset, while the other
is processed as explained above to provide the enhanced
copies y

(i)
n

′
and y

(j)
n

′
. The final dataset includes all

tokens, original and enhanced.

2021). This presents SE as a useful tool for refining
audio corpora.

The reliability of speech enhancement models in
improving the quality of linguistic speech corpora
remains an open question. Sociophonetic studies,
which explore speech variations among different
social groups, provide a robust framework for test-
ing SE models to ensure they maintain essential
acoustic characteristics (e.g., vowel quality or voic-
ing). Moreover, these methodologies often focus
on subtle speech variations, making them ideal for
assessing the ability of SE models to retain these
nuances post-enhancement.

This study seeks to evaluate the effects of SE on
linguistic corpora by conducting paired sociopho-
netic studies. We present a case study that examines
the voicing and duration of intervocalic voiceless
fricatives, as well as vocalic quality variations be-
tween Peninsular and Peruvian Spanish speakers.
Our findings indicate that the studies using original
and enhanced recordings yield comparable results.
To our knowledge, this is the first work (1) address-
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ing such questions from a linguistic viewpoint and
(2) proposing a novel methodological approach
for handling low-quality audio data in linguistic
studies.

2 Previous Work

Although there is ongoing research into the bias in-
troduced by enhanced recordings (Isik et al., 2020),
the linguistic community continues to debate the
risk of distorting results through potential artifact
introduction during enhancement. Previous tech-
nologies like WaveNet (Van Den Oord et al., 2016)
have shown the ability to replicate speech with
particular linguistic and acoustic subtleties (Chen
et al., 2018); however, further exploration in this
area is limited.

Most of the sociophonetics studies dealing with
technology have focused on audio quality. Calder
et al. (2022) studied the usability of Zoom as a
tool for recording speech data. They found that F1
and F2 values showed significant differences com-
pared to speech recorded with specialized equip-
ment. Rathcke et al. (2017) look at how different
normalization methods affect recordings with dif-
ferent degrees of quality, showing that normaliza-
tion procedures may be relevant to address techni-
cal factors in low-quality recordings. Background
noise has also been a central topic for perceptual
studies, which coincide in that it should be elimi-
nated as much as possible (Thomas, 2002, 2013).
To this issue, filtering (Gradoville et al., 2022), es-
pecially low-pass, may be useful; however, there
is a risk of deleting relevant nuances of speech
production. Overall, while some works have used
methodologies borrowed from linguistics (Michel-
santi et al., 2021), SE has not had much attention
in the field.

Avoiding hard filtering is crucial to analyzing
high-frequencies (HF) content-heavy speech. Stud-
ies have gradually recognized the importance of
retaining HF content in speech signals (Best et al.,
2005; Yu et al., 2014), particularly when analyz-
ing fricatives (Kharlamov et al., 2023; Jacewicz
et al., 2023). Fricatives, which are rich in high-
frequency energy, have shown to play a significant
role in distinguishing phonetic and phonological
features (Jongman et al., 2000). In the context
of Peruvian Spanish and Peninsular Spanish, an-
alyzing the voicing of fricatives before and after
enhancement is particularly insightful. Chládková
et al. (2011) offered a detailed description of Pe-

ruvian and Peninsular Spanish and Morrison et al.
(2007) compared vocalic sounds in both variations,
showing that Peruvian speakers reproduced higher
fundamental frequency values.

3 Methodology

3.1 Data

We use two sources of data. The Peruvian Spanish
tokens are extracted from a crowd-sourced Latin
American Spanish dataset (Guevara-Rukoz et al.,
2020), which included recordings of speakers from
Lima. The Peninsular Spanish tokens were ex-
tracted from an open-source speech corpus from
Kaggle (Fonseca, 2023) containing recordings of
speakers from Madrid. Both datasets included short
recordings (5-10s) of middle-class male and female
speakers. We selected eight speakers, divided into
two equal groups per variation. We did not consider
the education level for this study1.

From the recording pool of each speaker, we fil-
tered those containing vowels /e/ and /i/, as well as
fricative voiceless /s/ in intervocalic contexts. We
then filtered out the tokens containing pre-vocalic
nasals since they potentially reduce the acoustic
power of the sound due to the introduction of an-
tiresonances in the spectrum (Vampola et al., 2020).
Sounds /i/ and /e/ have already been studied due to
their alternations in Spanish (Brame and Bordelois,
1973). Because they share features (both are front
vowels) and diverge in tongue height, any applied
enhancement should be able to preserve the unique
characteristics of each sound.

The total original tokens for both Spanish vari-
ants are described in Table 1. The number of en-
hanced tokens is the same as the ones described
below; therefore, the study analyzed N = 208
tokens (for more details, see Appendix B).

Type Total (n) /s/ v_v /i/ /e/

Total M F Total M F Total M F

Peruvian 68 14 7 7 25 15 10 29 14 15
Peninsular 70 14 7 7 29 14 15 27 13 14

Table 1: Descriptive statistics of the original tokens.
With the enhanced tokens, the amount is doubled.

3.2 Token Enhancement

After duplicating the original tokens, we designed
a perturbation function that applies additive white

1https://github.com/IParraMartin/A2A-ACL24
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Model Coefficient Estimate Std. Error t value p value Estimate Std. Error t value p value

Voicing (Intercept) 4.994 2.057 2.427 .022 4.172 1.938 2.152 .041
countrySpain 1.564 2.376 .658 .5163 2.488 2.238 1.112 .276
genderM .257 2.376 .108 .914 .015 2.238 .007 .994

Duration (Intercept) -4.584 .006 -694.89 <.01 -4.584 .006 -714.586 <.01
countrySpain -.022 .007 -3.00 <.01 -.020 .007 -2.796 <.01
genderM -.005 .007 -.75 0.46 -.006 .007 -.868 .393

Table 2: Results from the generalized linear models (GLM) for voicing and duration using original (left) and
speech-enhanced tokens (right).

Gaussian noise (AWGN) to the copies (see Ap-
pendix A). We then blended the noise in the back-
ground and decreased the bit rate of the sound.
To restore the sound, we use Voicefixer (Liu
et al., 2021), a neural vocoder-based audio-to-audio
model.

3.3 Voicing Experiments: Intervocalic
Fricative /s/

In the intervocalic /s/ voicing experiments, we
looked for segment voicing variations among the
original and enhanced tokens. We fitted multi-
ple statistical models to analyze both versions:
ANOVAs, generalized linear models (GLM), ro-
bust linear models (RLM), and robust linear mixed-
effects models (RLMEM). After analyzing condi-
tions separately, we fit two additional models using
condition as a predictor (IV) of voicing and dura-
tion (DV) (Appendix C).

The selection of diverse models was motivated
by the practices in linguistics literature and the spe-
cific characteristics of our data. Although ANOVAs
are widely used in linguistic research, we encoun-
tered issues related to the robustness of their re-
sults with our data specifications. To address
these concerns, we tested robust models (RLM and
RLMEM) that offer more flexibility in handling
data assumptions. Additionally, GLMs were used,
providing reliability and reinforcing our findings
compared to other methods. This comprehensive
approach ensures a robust examination of the vari-
ables under study.

3.4 Vocalic Quality Experiments: /i/ vs /e/

To account for the changes in the vocalic quality
of /i/ and /e/ tokens, we conducted principal com-
ponent analyses (PCA) and Procrustes analyses be-
fore and after enhancement. We examine the mea-
surements of the first (F1) and second (F2) formant
values at 16 evenly spaced intervals throughout the
duration of vocalic tokens. These measurements

form n-dimensional arrays that we call F-vectors.
We compare these F-vectors using PCA and Pro-
crustes tests to assess the statistical significance of
the quality changes observed between the original
and processed audio tokens.

4 Results

4.1 Voicing of Fricative /s/

Paired Experiments
In Table 2, we provide the results for the models
with the best fits during paired experimentation.

In terms of voicing, there was a significant posi-
tive effect in the model’s intercept using the origi-
nal tokens (β = 4.994, p = .02) and the one using
enhanced versions (β = 4.172, p = .041). This
indicates that the baseline level of the response vari-
able is significantly different from zero when all
other predictors are held constant. However, based
on the pseudo-R2 metrics (ρ), these results show
weak effect sizes (ρ = .01 and ρ = .04 respec-
tively). For voicing, the effects attributed to being
Peninsular or being male were not statistically sig-
nificant. The effect of gender and location was
negligible across both models, with high p-values,
suggesting that they do not influence voicing in
intervocalic fricatives when comparing Peninsular
and Peruvian Spanish.

When examining duration, there was a signifi-
cant negative effect in the intercepts of both models.
We also found that the intercepts were identical for
the model using the original tokens and the one us-
ing their processed versions (β = −4.584, p <
.01). Interestingly, being Peninsular was a sig-
nificant predictor of duration (p < .01), and it
was associated with a decrease in the frication
(β = −.022). This result was also reflected in
the model using SE tokens (β = −.020, p < .01).
Unlike voicing, the results for duration also showed
high effect sizes, ρ = .28 and ρ = .25 for SE to-
kens, which are considered to show excellent model
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fits (McFadden, 1972).
Analyzing the results for voicing and duration

in intervocalic /s/ when comparing paired models,
we found no evidence suggesting that the enhanced
tokens significantly modified or contaminated the
original audio samples.

Interaction Experiments
In Table 3, we provide the results of generalized lin-
ear models using condition (original or enhanced)
as an independent variable.

Model Coefficient Estimate Std. Error t value p value

Voicing (Intercept) 4.977 1.797 2.769 <.01
countrySpain .757 2.273 .333 .74
genderM -1.132 2.273 -.498 .62
conditionOG .48 1.607 .299 .766
countrySpain:genderM 2.537 3.215 .789 .433

Duration (Intercept) -4.595 .004 -993.02 <.01
countrySpain .001 .005 .244 .808
genderM .017 .005 2.928 <.01
conditionOG -.001 .004 -.259 .796
countrySpain:genderM -.046 .008 -5.608 <.01

Table 3: Results from the generalized linear models
(GLM) for voicing and duration using condition as inde-
pendent variable. Underlined results show no significant
impact of the condition on voicing and duration of inter-
vocalic fricative (s). OG stands for original.

The generalized linear model for voicing demon-
strated a significant intercept (β = 4.977, p < .01),
indicating that the baseline level of voicing is sig-
nificantly different from zero when all other predic-
tors are controlled. However, the effects of being
from Spain (β = .757, p = .740), being male
(β = −1.132, p = .620), and the condition of
original tokens (β = .48, p = .766) were not statis-
tically significant. The interaction between being
from Spain and being male (β = 2.537, p = .433)
also showed no significant impact on voicing. The
model accounted for a small portion of the variance
in voicing, with a pseudo-R2 value of ρ = .043.

In contrast, the model for duration revealed more
significant effects. The intercept was significant
and negative (β = −4.595, p < .01), suggesting
a strong baseline effect on duration. The effect
of gender was significant, with males exhibiting
longer duration (β = .017, p < .01). The con-
dition of the original tokens did not significantly
influence duration (β = −.001, p = .796). No-
tably, the interaction term for being a male from
Spain indicated a substantial negative impact on
duration (β = −.046, p < .01). The models for
duration displayed excellent fit, with pseudo-R2

values of ρ = .546 for both original and enhanced
tokens, indicating robust explanatory power.

These results highlight the differing effects of
demographic factors and experimental conditions
on voicing and duration. While factors such as
gender significantly influenced duration, they had
minimal effects on voicing. As for condition, the
experimental manipulation of audio enhancement
did not significantly alter the outcomes, indicating
robustness in preserving phonetic characteristics.
All these results seem to reflect that the nuanced
properties of audio are preserved after SE.

4.2 Vocalic Quality

In this section, we compare the results of the vo-
calic quality of the Peninsular and Peruvian vari-
ants before and after audio enhancement.

/e/ Sound
This section presents the results of the Procrustes
analysis performed to compare the principal com-
ponent analyses (PCA) of the original and en-
hanced /e/ vocalic sounds across the different de-
mographic groups (Figure 2).

For Peninsular Spanish speakers, the Procrustes
analysis revealed distinctive outcomes based on
gender. Female speakers demonstrated a Procrustes
Sum of Squares (M12) of .121, indicating a moder-
ate degree of shape difference between the original
and enhanced datasets. Despite this, a high cor-
relation in a symmetric Procrustes rotation (.937)
suggested that the overall structural integrity of the
vowel space was largely maintained (p < .01). In
contrast, male speakers displayed lower Procrustes
(M12 = .04), showing closer alignment between
the original and enhanced forms. The correlation
coefficient was significantly high (.979), indicating
an effective preservation of acoustic characteris-
tics after enhancement. These results were also
statistically significant (p < .01).

The results for Peruvian Spanish speakers fur-
ther emphasized the effectiveness of speech en-
hancement techniques. Female speakers showed an
even smaller deviation between the original and en-
hanced datasets (M12 = .03). The correlation co-
efficient (.984) reflected the preservation of vowel
characteristics post-enhancement, with a statisti-
cally significant value (p < .01). Male speakers
exhibited M12 = .031, with a correlation of .984.
These results suggest that the speech enhancement
process robustly maintained the integrity of the
vocalic sounds (p < .01).

55



−0.2 −0.1 0.0 0.1 0.2 0.3

−
0.

2
−

0.
1

0.
0

0.
1

0.
2

Peninsular Female (e)

Dimension 1

D
im

en
si

on
 2 1

2

3

45678910111213141516F1.re F2.reF1.ber F2.ber
F1.se

F2.seF1.te
F2.te

F1.le
F2.le

F1.e
F2.e

F1.pe

F2.pe

F1.bre

F2.bre

F1.de F2.de

−0.4 −0.2 0.0 0.2

−
0.

3
−

0.
2

−
0.

1
0.

0
0.

1
0.

2
0.

3

Peninsular Male (e)

Dimension 1

D
im

en
si

on
 2

1

2

34567891011121314se.F1
se.F2

je.F1
je.F2

te.F1
te.F2

que.F1que.F2 ter.F1ter.F2 ver.F1
ver.F2

per.F1
per.F2

de.F1
de.F2

−0.3 −0.2 −0.1 0.0 0.1 0.2

−
0.

2
−

0.
1

0.
0

0.
1

0.
2

Peruvian Female (e)

Dimension 1

D
im

en
si

on
 2

1
2
3
456789101112131415161718 des.F1

des.F2

el.F1el.F2
re.F1re.F2

te.F1te.F2
que.F1

que.F2
pre.F1

pre.F2

tes.F1tes.F2 de.F1
de.F2

tres.F1tres.F2

−0.2 −0.1 0.0 0.1 0.2 0.3

−
0.

3
−

0.
2

−
0.

1
0.

0
0.

1
0.

2

Peruvian Male (e)

Dimension 1

D
im

en
si

on
 2 1

2

34
56789101112131415161718

fes.F1

fes.F2

te.F1

te.F2
que.F1 que.F2gre.F1

gre.F2

cre.F1 cre.F2
del.F1 del.F2
les.F1

les.F2
de.F1 de.F2

ser.F1
ser.F2

Figure 2: Procrustes plots for /e/ sounds for all groups
and genders. Longer arrows display larger displace-
ments between original and enhanced tokens. As seen
in the projections, Peruvian vowels tend to be higher.

The analysis confirmed that the SE techniques
employed in this study effectively preserve essen-
tial acoustic characteristics of /e/ vowel sounds
across different Spanish-speaking populations. The
high correlations and significant p-values across de-
mographic groups reinforce the reliability of these
enhancement methods in linguistic data. The com-
bined results from the Procrustes analysis and the
visual representations underscore the effectiveness
of SE in retaining the critical acoustic properties
and vocalic quality.

/i/ Sound

This section details the outcomes of the Procrustes
analysis comparing the principal component anal-
yses of original and enhanced /i/ vocalic sounds
(Figure 3).

For Peninsular Spanish speakers, the Procrustes
analysis varied between genders. Female speakers
showed a M12 = .082, suggesting a noticeable de-
viation between the original and enhanced datasets,
albeit less significant than for the /e/ sounds. How-
ever, the correlation in a symmetric Procrustes ro-
tation was strong (.957), indicating that the speech
enhancement preserved much of the vowel space’s
structural integrity. The significance of these obser-
vations was confirmed with a value p < .01. Male
speakers exhibited M12 = .051, lower than the
previous group, indicating a more faithful preserva-
tion of the original vocal characteristics. The high
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Figure 3: Procrustes plots for /i/ sounds for all groups
and genders. Longer arrows display larger displace-
ments between original and enhanced tokens. As seen
in the projections, Peruvian vowels tend to be higher.

correlation coefficient (.973) further supported the
effectiveness of the SE, with results being statisti-
cally significant (p < .01).

For Peruvian Spanish speakers, the results were
similarly instructive. Female speakers recorded
M12 = .086, which was slightly higher than that
observed for Peninsular females, indicating a mod-
est shape difference between the original and en-
hanced versions. The correlation coefficient was
.955, reflecting robust maintenance of vowel char-
acteristics despite the enhancements (p < .01).
Male speakers, on the other hand, showed an even
better alignment (M12 = .047) and a good cor-
relation (.976), highlighting the small impact of
the enhancement process in corrupting the acoustic
properties of the sound (p < .01).

While some deviations were observed, particu-
larly among female speakers, the overall high corre-
lation values indicate that the enhancements largely
preserved the essential acoustic characteristics of
the /i/ sound. The results and significance were
similar to the results for /e/.

5 Conclusion

In this study, we have analyzed the impact of
speech enhancement (SE) on the audio properties
of fricative and vocalic sounds in Spanish. We use
a sociophonetic case study to test whether results
are consistent across original and audio-enhanced
tokens. We analyzed the results for voicing and du-
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ration in intervocalic /s/, comparing paired models
fitted on original and enhanced data. We also in-
spected the impact of condition as an independent
variable on voicing and duration.

In the sociophonetic dimension, our analyses
show that while demographic factors such as gen-
der and geographic origin influence certain pho-
netic features like frication duration, they have
minimal impact on others such as voicing. Re-
garding condition, the experimental manipulation
of audio enhancement did not significantly alter
the outcomes, indicating robustness in preserving
phonetic characteristics. We found no evidence
suggesting that the enhanced tokens significantly
modified or contaminated the statistical results.

Experiments in vocalic quality showed a similar
trend. The features captured by the PCA coincide
with previous literature on the comparison between
Peruvian and Peninsular vowels. We show that SE
tokens preserve essential acoustic characteristics of
vocalic sounds across different Spanish-speaking
populations. The high correlations and significant
outputs across all demographic groups reinforce
the reliability of the results.

These findings hold the potential to yield ad-
vantageous results for languages with limited re-
sources, which usually have lower-quality speech
corpora. By demonstrating the robust preservation
of acoustic properties and sociophonetic markers,
this study supports the effectiveness of speech en-
hancement for data in which linguistic nuances are
critical.

6 Limitations and Future Work

While informative and representative, this study
was limited to a relatively small sample size. Future
studies may benefit from examining tokens with dif-
ferent amounts of background noise or more realis-
tic artifacts (e.g., inserting noises at intervals, over-
laying background conversations, or low-quality
recording equipment simulations). We acknowl-
edge that some field work recordings include back-
ground conversations that may have sociolinguistic
value for the main footage. Those recordings are
out of the reach of this study; however, future work
may explore how audio separation models may
help isolate primary and background sounds. We
provide the perturbation functions and hyperparam-
eter configurations for future scholars to investigate
feature fidelity thresholds. Similar study cases may
reinforce the results obtained in this work and lead

to new linguistically grounded methodologies for
audio model benchmarking.

7 Ethics Statement

Aligning with ethical and moral standards, we of-
fer a new method to improve the quality of under-
researched language corpora. We acknowledge the
intricate nature of linguistic variability and its im-
plications on the societal effects of technology. It
is crucial for scholars to contribute to the creation
of inclusive systems that accurately represent all
members of society. The dissemination of these
findings paves the way for a transparent and inclu-
sive dialogue within the academic community that
upholds respect for linguistic and cultural diver-
sity. In the same way, we also aim to facilitate the
progress of multilingual computational tools.
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A Noise Generation

As mentioned in section 3, we modify the samples
using Additive White Gaussian Noise (AWGN) im-
plemented through a Python function. The AWGN
implemented in this work is defined by

RMS =

√√√√ 1

N

N∑

i=1

x2i (1)

where we calculate the root mean square (RMS) of
a given signal xi.

We then use Equation 2 to generate random
Gaussian noise znoise. We add parameter λ, which
is a scaling factor that allows to blend the noise in
the background. For the purposes of this study, we
used λ = .1, but other studies may benefit from
experimenting with different parameter settings.

znoise = N (0, (RMS · λ)2) (2)

Finally, we combine the original signal xi with
the Gaussian noise znoise to get the corrupted file
xi

′.
xi

′ = xi + znoise (3)
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B Voicing Data

Original Voicing Measurements

Peninsular Females Peninsular Males Peruvian Females Peruvian Male

t (s) un (s) v (s) v (%) t (s) un (s) v (s) v (%) t (s) un (s) v (s) v (%) t (s) un (s) v (s) v (%)
.09 .09 0 0 .08 .08 0 0 .13 .11 .02 15.38 .14 .13 .01 7.14
.13 .12 .01 7.69 .09 .08 .01 11.11 .12 .12 0 0 .14 .14 0 0
.1 .09 .01 10.00 .08 .07 .01 12.50 .1 .1 0 0 .13 .12 .01 7.69
.1 .09 .01 10.00 .06 .06 0 0 .1 .09 .01 10.00 .11 .1 .01 9.09
.13 .11 .02 15.38 .06 .06 0 0 .11 .1 .01 9.09 .12 .11 .01 8.33
.12 .11 .01 8.33 .08 .07 .01 12.50 .09 .08 .01 11.11 .13 .13 0 0
.08 .08 0 0 .09 .07 .02 22.22 .09 .09 0 0 .1 .09 .01 10.00

.107 .099 .009 7.344 .077 .070 .007 8.333 .106 .099 .007 6.512 .124 .117 .007 6.037

Table 4: Voicing measurement for original tokens with intervocalic fricative (s) across all speakers. The last row
indicates mean values.

Enhanced Voicing Measurements

Peninsular Females Peninsular Males Peruvian Females Peruvian Males

t (s) un (s) v (s) v (%) t (s) un (s) v (s) v (%) t (s) un (s) v (s) v (%) t (s) un (s) v (s) v (%)
.1 .1 0 0 .08 .08 0 0 .14 .12 .02 14.29 .14 .14 0 0
.13 .13 0 0 .09 .08 .01 11.11 .11 .11 0 0 .14 .13 .01 7.14
.1 .09 .01 10.00 .08 .07 .01 12.50 .11 .1 .01 9.09 .13 .12 .01 7.69
.11 .09 .02 18.18 .08 .07 .01 12.50 .1 .1 0 0 .11 .11 0 0
.13 .12 .01 7.69 .07 .07 0 0 .11 .1 .01 9.09 .11 .1 .01 9.09
.11 .11 0 0 .08 .07 .01 12.50 .09 .08 .01 11.11 .14 .13 .01 7.14
.08 .07 .01 12.50 .08 .07 .01 12.50 .09 .09 0 0 .09 .09 0 0

.109 .101 .007 6.911 .080 .073 .007 8.730 .107 .100 .007 6.226 .123 .117 .006 4.438

Table 5: Voicing measurement for enhanced tokens with intervocalic fricative (s) across all speakers. The last row
indicates mean values.

C Models

Model Coefficient Df Sum Sq Mean Sq F-value p-value Df Sum Sq Mean Sq F-value p-value

Voicing Country 1 17.1 17.13 .433 .516 1 43.4 43.35 1.236 .277
Gender 1 .5 .46 .012 .915 1 .0 .00 .000 .994
Residuals 25 987.9 39.52 25 876.9 35.07

Duration Country 1 .003 .003 9 <.01 1 .003 .003 7.819 <.01
Gender 1 0 0 .563 .46 1 0 0 .753 .393
Residuals 25 .01 0 25 .009 0

Table 6: Results of the ANOVAs for duration and voicing in original (left) and enhanced tokens (right).
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Model Coefficient Value Std.Error t-value p-value Value Std.Error t-value p-value

Voicing Intercept 5.162 2.014 2.562 .016 4.158 2.009 2.069 .048
countrySpain 1.227 2.326 .527 .602 2.46 2.32 1.060 .299
genderM -.079 2.326 -.034 .973 .044 2.32 .019 .984

Duration Intercept -4.585 .009 -497.981 <.01 -4.584 .008 -541.376 <.01
countrySpain -.024 .010 -2.2678 .032 -.021 .009 -2.206 .036
genderM -.003 .010 -.3655 .717 -.005 .009 -.578 .568

Table 7: Results of the RLMs for duration and voicing in original (left) and enhanced tokens (right).

Random effects Name Variance Std.Dev. Variance Std.Dev.

id (Intercept) 0 0 0 0
Residual 46.48 6.818 45.55 6.749

Fixed effects Estimate Std. Error t value p value Estimate Std. Error t value p value

(Intercept) 5.169 2.288 2.259 .032 4.085 2.265 1.803 .083
countrySpain 1.176 2.643 .445 .660 2.4005 2.616 .917 .367
genderM -.130 2.643 -.05 .960 .1474 2.616 .056 .955

Table 8: Results of the RLMEMs for voicing in original (left) and enhanced tokens (right).

Random Effects Name Variance Std.Dev. Name Variance Std.Dev.

id (Intercept) 0 .027 (Intercept) 0 .027
Residual 0 .017 Residual 0 .015

Fixed effects Estimate Std. Error t value p value Estimate Std. Error t value p value

(Intercept) -4.584 .024 -185.33 <.01 -4.585 .024 -185.56 <.01
countrySpain -.022 .028 -.79 .436 -.020 .028 -.71 .484
genderM -.005 .028 -.2 .843 -.005 .028 -.18 .858

Table 9: Results of the RLMEMs for duration in original (left) and enhanced tokens (right).
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