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Alcohol, a progressive central nervous system depressant, has been found to negatively affect 
not only cognitive functions but also the production of speech—a complex motor activity 
requiring a high degree of coordination. In this study, we estimate the degrees of deaffrication, 
spirantization, and retracted place of articulation for /t/, /d/, /s/, /ʃ /, /tʃ /, and /ʤ/ in a corpus of 
speech affected by alcohol. These estimations are based on posterior probabilities calculated by 
recurrent neural networks known as Phonet, which are trained to recognize anterior, continuant, 
and strident phonological features. The results obtained revealed both categorical and gradient 
errors in intoxicated speech, indicating the reliability of Phonet in quantifying fine-grained 
errors. 
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1. INTRODUCTION

Alcohol, a progressive central nervous system depressant, has been been shown to have detrimental
effects not only on cognitive functions, but also on the production of speech. Speech is a complex motor
activity that requires a high degree of coordination. According to Johnson, Pisoni and Bernacki (1990),8 the
complexity of speech can be attributed to precise intergestural coordination and fine motor control involved
in moving the articulators to target positions for different speech sounds. For instance, the relative timing of
gestures performed by the vocal folds and the tip of the tongue, known as voice onset time (VOT), differ-
entiates between /t/ and /d/ in English. In word onset position, the vocal fold vibration for /d/ starts slightly
before or approximately simultaneously with the release of oral stop closure. Even a slight mistiming of
these two gestures could result in a perceptually different consonant. In addition, the position of the tongue
relative to the front teeth and the length of the constriction at the roof of the mouth distinguish /s/ from /S/.18

An /s/ is produced when the tongue tip is located near the front teeth, and the constriction at the roof of the
mouth is relatively short (2.5 cm). However, the resulting sound will resemble /S/ more if the constriction is
slightly longer or wider or if the tongue tip is positioned slightly further back in the mouth.

In English, segmental errors observed in intoxicated speech include deaffrication (more stop-like pro-
duction) of the sounds /tS/ and /dZ/, spirantization (fricative-like production) of stop consonants, and palatal-
ization (place retraction) of the alveolar fricative /s/ (produced as /S/). For example, Pisoni and Martin
(1989)15 found that English speakers were unable to achieve a complete closure either before affricates or
stops when intoxicated, with more pronounced and consistent effects observed for the voiced compared
to the voiceless affricate. The alcohol-induced palatalization of /s/ in native speakers of English was first
reported by Lester and Skousen (1974).12 Cases of [s] as [S] productions in intoxicated speech were men-
tioned by Chin & Pisoni (1997).1 In 1991, Tanford and colleagues19 reported a palatalized [s] pronunciation
of the word Exxon by Captain Hazelwood, the commander of the oil tanker Exxon Valdez involved in the
catastrophic oil spill in Prince William Sound, indicating possible alcohol impairment at the time of the ac-
cident. Finally, Johnson et al. (1993)7 investigated the phonetic contexts in which [s] becomes [S] and found
that palatalization of [s] occurred only when it was followed by a voiceless affricate (e.g., as in postulate,
posturing and postulatable).

However, previous studies have primarily focused on categorical errors in intoxicated speech, using mea-
sures such as perceptual judgment and phonetic transcription. These methods may be prone to perceptual
bias, potentially leading to the oversight or imperceptibility of sub-contrastive or gradient errors occurring
at a more subtle level beneath individual segments or features.3 While the acoustic measurements have the
potential to overcome perceptual biases, most studies have predominantly reported categorical (i.e., [s] is
mispronounced as [S]) rather than examining gradient phonetic errors (i.e., degrees of [S]-like pronunciation)
in intoxicated speech.

The goal of this study is to examine both gradient and categorical errors in a corpus of English in-
toxicated speech, using a neural network model known as Phonet. This approach draws inspiration from
computational methods that utilize forced alignment to measure surface-level gradient phonetic variation.
The Phonet model quantifies the gradient phonetic variation of deaffrication, spirantization, and place re-
traction by analyzing the posterior probability of relevant phonological features. These features, including
[anterior], [continuant], and [strident], capture information about the relative location of the oral constric-
tion, continuity of oral airflow, and intensity of high-frequency frication noise, respectively. In this study, a
categorical error is defined as a sign shift of the phonological features, such as a transition from [+anterior]
to [-anterior]. On the other hand, the gradiency of an error is reflected in the posterior probability values
associated with a specific phonological feature.
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A. PHONOLOGICAL FEATURES AND ALCOHOL-IMPAIRED SPEECH ERRORS

Phonemes are classified into classes based on their shared phonetic features. (See e.g., 6 for guides to
phonological features). One common distinction is between [+consonantal] and [-consonantal] phonemes.
Consonantal phonemes, such as stops, fricatives, affricates, nasals, and liquids, involve constriction of the
articulators in the vocal tract and are classified as [+consonantal]. On the other hand, vowel and glide
phonemes are typically classified as [-consonantal] because they do not involve the same level of constric-
tion. Another important phonological feature is [syllabic]. [+syllabic] phonemes are the most sonorous
segments and typically occupy the nucleus position of a syllable. Vowels and syllabic consonants /ô

"
, l

"
, n

"
, m

"
/

etc., are classified as [+syllabic] while other consonants including glides are classified as [-syllabic]. How-
ever, in the context of speech errors observed in intoxicated speech, the three relevant phonological features
are [anterior], [strident], and [continuant]. These features capture specific aspects of the articulatory char-
acteristics involved in the production of certain sounds during intoxication. The classification of phonemes
based on these features allows for the analysis and understanding of the speech errors that occur under the
influence of alcohol.

The [anterior] feature describes relative location of the tongue in the vocal tract. [+anterior] consonants
are produced with an oral constriction near the front of the mouth, typically before the alveolar ridge. This
category includes consonants produced with the involvement of the lips (labial consonants), the teeth (dental
consonants), and the alveolar ridge (alveolar consonants). In contrast, [-anterior] consonants are produced
with an oral obstruction occurring behind the the alveolar ridge.4, 5, 9

The [strident] feature characterizes consonants produced with high-frequency turbulent airflow. All
affricates and fricatives produced at the labiodental, alveolar, palato-alveolar, retroflex, and uvular places of
articulation are [+strident]. On the other hand, consonants that are classified as [-strident] are those that do
not exhibit high-frequency frication noise such as stops, nasals, liquids and non-sibilant fricatives [f, v, T,
D].

The [continuant] feature describes partial occlusion of the air passage. [+continuant] phonemes are
produced with incomplete closure between articulators allowing continuous oral airflow. Fricatives, liquids,
glides, and vowels are [+continuant] while stops and affricates are [-continuant]. Nasals are considered
[-continuant] by some (because of airflow blockage through the oral cavity), but [+continuant] by others
(because of continuous airflow through the nasal cavity). In this study, we specified them as [-continuant],
treating them as consonants with a complete occlusion of the oral airflow.

B. PHONET

Phonet22 is a bi-directional recurrent neural network model that is designed to recognize and classify
phonemes into different phonological classes based on their phonological features. The model is trained
using a segmentally-aligned acoustic corpus, obtained through forced alignment techniques. The input to
Phonet consists of log-energy values distributed across triangular Mel filters. These values are computed
from 25-ms windowed frames of each 0.5-second chunk of the input signal. By analyzing these acoustic
features, the model learns to predict the posterior probabilities of relevant phonological features for the target
segments (see 22 for details). Weighted categorical cross-entropy loss function was used. The weight factors
for each class are based on the percentage of samples from the training set, that belong to each class. Adam
optimizer11 was used to train the model. Dropout and batch normalization layers were used to improve the
generalization of the networks. The training lasted 81 epochs, with early stopping enabled (with a patience of
15 epochs). For more detail about the model and related procedures, see 22 and the publicly-available code
at https://github.com/jcvasquezc/phonet. Once trained, posterior probabilities for relevant
phonological features of the target segments can be computed by the model. Phonet has been found to be
highly accurate in estimating degree of lenition in Spanish20, 21, 23, 24 and modelling the speech impairments
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of patients diagnosed with Parkinson’s disease.22

2. THIS STUDY

This study quantifies the degrees of deaffrication, spirantization and place retraction of the affricates
/tS/, /dZ/; the stops /t/, /d/ and the fricatives /s/, /S/ in a corpus of intoxicated English speech, using posterior
probabilities of the [anterior], [strident] and [continuant] phonological features computed by Phonet.

A. METHODS

I. Materials

The target consonants for this study are English stops /t, d/ (Ns = 2,042 and 965), affricates /tS, dZ/ (Ns
= 129 and 145), and fricatives /s, S/ (Ns = 1,308 and 84) from a corpus of intoxicated speech.20

II. Stimulus Recording Procedure

The corpus comprises recordings of four female native speakers of British English reading a naturally
spoken dialogue, without using an animated or acting voice. The original text of the dialogue (based on 17),
was edited to ensure gender and emotional neutrality, absence of overly long turns, and representation of the
English phonemic inventory (available at 20). Two recordings, one in a sober state and one in a drunk state,
were obtained from each participant on different days, with a time interval of 1-2 months. The recordings
were conducted in a sound-attenuated room at a sampling rate of 44.1 kHz and 16-bit amplitude resolution
in stereo, which were later converted to mono using Audacity. Participants were instructed not to eat, drink,
or use mouthwash for two hours before each session and to refrain from smoking for at least half an hour
before each recording session. To ensure absence of alcohol in their system, the participants’ blood alcohol
concentration (BAC) was measured using a breathalyzer [AlcoMate (Macomb Township. MI) Premium
AL-7000] at the beginning of the sober session. The intoxicated recording session commenced once the
speaker’s BAC reached 0.12% after consumption of vodka or rum, mixed with juices.

III. Stimulus Pre-processing

The recordings were segmented into individual utterances and these individual utterances were then
manually annotated to identify any disfluencies. Utterances containing disfluencies, accounting for 8.5% of
the data, were excluded from further analysis. The remaining disfluency-free utterances were aligned using
the Montreal Forced Aligner (version: 2.0),13 utilizing the pretrained English model provided by the aligner.

IV. Phonet Training Procedure

A subset of the cleaned portion of 360 hours of Librispeech,14 a large corpus of English audiobooks,
was selected and used as a representative English speech sample. The corpus was then force-aligned using
the Montreal Forced Aligner (version: 2.0).13 The phone set was set to IPA. Other parameters were set at
their default values. Model training with Phonet was performed on an NVIDIA GeForce RTX 3090 GPU
using the Keras2 library. The corpus was randomly split into a train subset (80%) and a test subset (20%)
using the Python (Version 3.9) scikit-learn library [14]. Twenty-one Phonet models were trained for 20
phonological classes (consonantal, syllabic, voicing, labial, coronal, dorsal, lateral, nasal, rhotic, anterior,
continuant, sonorant, strident, diphthong, high, low, back, round, stress, tense), and pause.

Only the test data was used in the internal evaluation of the posterior probabilities generated by the
Phonet model. The model exhibited high accuracy as indicated by the unweighted average recall (UAR)
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ranging from from 91% (coronal) to 98% (pause). Importantly, the UARs for the anterior, continuant and
strident features were found to be 93%, 92% and 97%, respectively. Subsequently, the trained model was
applied to word tokens from our force-aligned intoxicated speech corpus, specifically targeting /t, d, tS, dZ,
s, S/. The predictions were computed for 10-ms frames. For a token containing multiple frames, the average
prediction from the middle frame(s) was taken as its prediction. The obtained anterior, continuant, and
strident posterior probabilities for each target consonant were then employed for statistical analyses.

V. Statistical Analyses

The statistical analyses were performed using the lme4 package in R.16 Binary categorical variables
were contrasted coded using (-0.5, 0.5). Speaker and word were included as random variables in the anal-
yses. Two complementary analyses were performed. First, to examine if the posterior probabilities could
predict the drinking status, a binary logistic regression analysis was performed with the three posterior
probabilities (anterior, continuant and strident) as predictors and drinking status (sober and intoxicated) as
the dependent variable, using the glmer function. A contrastive or categorical error was hypothesized if a
feature emerged as a significant predictor. Second, to assess the gradiency of an error, a linear regression
model (lmer) was performed, with drinking status as predictor and the three posterior probability values as
dependent variables. An increase or decrease in the posterior probability of a feature would indicate the
degree of error gradiency. In both analyses, the “drunk” status was set as the reference level. Based on pre-
vious studies,8, 12 it was expected that the intoxicated condition would exhibit higher continuant and strident
posterior probabilities for /t, d/ and /tS, dZ/, while a lower anterior probability was expected for the fricative
/s/ compared to the sober condition .

B. RESULTS

Figure 1a, 1b and 1c present the results of the binary logistic regressions with anterior, continuant and
strident posterior probabilities as predictors and drinking status as the categorical, binary dependent variable.

(a) (b) (c)

Figure 1: Coefficients of the linear regression models for target sounds. An odds ratio > 0.5 indicates an increased
likelihood of being in a sober state, while an odds ratio < 0.5 indicates a decreased likelihood of being in a sober
state. *, **, *** indicate significant effects at p > .05, .01 and .001, respectively.

From Figure 1, the continuant posterior probability is the only significant predictor of drinking status for
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/t/ (Figure 1a), /tS/ and /dZ/ (Figure 1b). The odd ratios suggest that as the continuant posterior probability
increases, the likelihood of the speakers being sober decreases (odds ratios <0.5). For /d/, both continuant
and anterior probabilities are the significant predictors. Similar to /t/, /tS/ and /dZ/, for /d/, the likelihood of
the speakers being sober decreases as the continuant posterior probability increases. However, as the anterior
probability of /d/ increases, the likelihood of the sober status increases (odds ratios >0.5). No significant
predictor was found for /s/ [odds ratios = 0.96-4.85, p>.05] nor /S/ [odds ratios = 0.72-2.52, p>0.05] (Figure
1c). These results suggested that, under intoxication, categorical errors (i.e., [-continuant] > [+continuant])
occurred for /t/, /d/, /tS/ and /dZ/. For /d/, a categorical shift from [+anterior] > [-anterior] also occurred. On
the other hand, no categorical error was detected for /s/ or /S/.

Tables 1, 2 and 3 summarize the results of the second analyses, the linear mixed-effect regression models
with drinking status as predictors (reference level = drunk) and posterior probabilities of the three phono-
logical features as the dependent variables.

Table 1: Summary of the linear regression models for anterior probability.

Predictor Consonant β P value

Anterior

/t/ 0.03 0.003
/d/ 0.05 <0.001
/Ù/ -0.00 0.960
/Ã/ -0.02 0.639
/s/ 0.01 0.012
/S/ 0.02 0.709

From Table 1, we observe that the sober speech is predicted to have a significantly higher anterior
probability for /t/, /d/ and /s/ [βs= 0.03, 0.05, 0.01; ps=0.003,<.001, =0.012.] compared to the drunken
speech. However, there is no significant change in anteriority between the two speech conditions for /tS/,
/dZ/, and /S/ [βs =-0.00, -0.02, -0.02; ps= >.05]. Although not statistically significant, the β values suggested
that sober /tS/ and sober /dZ/ are less anterior than drunk /tS/ and drunk /dZ/ while sober /S/ is more anterior
than drunk /S/. Overall, these results indicate that a) tongue tip location for /t/, /d/ and /s/ is significantly
more front when sober than when intoxicated, and b) the shift in place of articulation is significantly greater
for /t/, /d/ and /s/ than for /tS/, /dZ/, and /S/ under intoxication.

Table 2: Summary of the linear regression models for continuant probability.

Predictor Consonant β P value

Continuant

/t/ -0.10 <0.001
/d/ -0.06 <0.001
/Ù/ -0.13 0.004
/Ã/ -0.07 0.004
/s/ 0.01 0.152
/S/ -0.02 0.648

For the continuant probability (Table 2), significantly lower values are predicted for /t/, /d/, /tS/ and /dZ/
[βs=-0.10, -0.06, -0.13, -0.07; ps<.01], indicating reduced continuancy under the sober condition compared
to the drunk condition. However, no significant differences are observed for /s/ [β = 0.01, p=0.152] or /S/
[β = -0.02, p = 0.648]. Although not statistically significant, the positive β value for /s/ suggests increased
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continuancy when sober, while the negative β for /S/ suggests decreased continuancy under the sober condi-
tion. These results suggest that the oral constriction for the stops /t, d/, as well as the affricates /tS/ and /dZ/,
becomes significantly less complete under intoxication. In contrast, the size of the oral constriction remains
unchanged for the /s/ and /S/ when the speakers become intoxicated.

Table 3: Summary of the linear regression models for strident probability.

Predictor Consonant β P value

Strident

/t/ -0.06 <0.001
/d/ -0.02 0.266
/Ù/ -0.03 0.223
/Ã/ 0.01 0.816
/s/ 0.01 0.018
/S/ 0.00 0.781

Finally, Table 3 presents the results for the strident probability. It shows that the strident probability for
/t/ is significantly lower under the sober condition, while the opposite is true for /s/. No significant difference
[p>.05] is observed for the remaining consonants. Although not statistically significant, the β values for
/d/ [-0.02] and /tS/ [-0.03] are negative, indicating reduced stridency in their production under the sober
condition compared to when drunk. In contrast, the β value for /dZ/ [0.01] is positive, indicating increased
stridency, while the β value for /S/ [0.00] is equal to 0, indicating no change in stridency for /S/ when sober.
These results suggest that /t/ is significantly less strident (produced with less turbulent noise) under the sober
condition. On the other hand, drunk /s/ is less strident than its sober version. However, minimal change in
the degree of stridency is observed for /d/, /tS/ and /dZ/ and no change is predicted for /S/.

3. DISCUSSION

In this study, a new computational approach, Phonet, was applied to a corpus of intoxicated English
speech to detect categorical and gradient alcohol-induced speech error. The target consonants are stops
/t, d/, affricates /tS, dZ/ and fricatives /s, S/. The error types examined are deaffrication, spirantization and
retracted place of articulation. The gradient nature of these errors are estimated from posterior probabilities
of three phonological features, [anterior], [continuant], [strident] computed by Phonet.

The results of the binary logistic regression models indicated that [continuant] was a significant predictor
of drinking state for /t/, /tS/ and /dZ/ while both [continuant] and [anterior] emerged as significant predictors
for /d/. These findings suggested that the size of the oral constriction for these four consonants significantly
widens from a sober to a drunk state. If a sign shift of a binary feature is responsible for its significant
predictive power, then, these results could be interpreted to suggest that categorical errors ([-continuant]
> [+continuant]) occur for /t/, /d/, /tS/ and /dZ/ under intoxication. Following the same line of reasoning,
a categorical shift from [+anterior] > [-anterior] also occurs for /d/ in the drunken state, indicating that,in
addition to a significant degree of oral constriction widening, a simultaneous and significant amount of
place retraction takes place for this consonant. The fact that /tS/ and /dZ/ are [-anterior] may explain why
they do not undergo further place retraction in the drunken state. Neutralization (loss of contrastivity) in
anteriority between /t/ and /tS/ could account for why /t/ does not undergo place retraction, as both would
become [-anterior] if /t/ were to retract. These results imply that articulatory planning may remain intact,
but fine-grained motor control is partially lost under intoxication.

It was hypothesized that categorical shift in place of articulation would occur at least for /s/ (i.e., [+an-
terior] > [-anterior]).8, 12 However, no categorical error was detected for either /s/ or /S/, at least not at the
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tested BAC level. It is possible that this error only emerges at a higher BAC level. Additionally, it is also
worth noting that /s/ and /S/ are both [+continuant, + strident]. It is possible that these shared and redundant
features “add additional motoric instructions to enhance the saliency of the jeopardized features”,10 namely
[anterior] in this case. However, the fact that this error has been previously attested suggests a limit to this
enhancement effect. Further studies are needed to shed light on the relationship between error type and
intoxication level.

Gradient errors are examined in the linear regression analyses. It was found that a shift in place of
articulation was significantly greater for /t/, /d/ and /s/ than for /tS/, /dZ/, and /S/ under intoxication. These
results suggest that the degree of place retraction in intoxicated speech may be constrained by the existing
place feature of the affected consonants. Consonants with a [+anterior] feature exhibit a greater degree
of place shift than consonants with a [-anterior] feature. A similar constraint also seems to apply to the
[continuant] feature, resulting in gradiency along this dimension. Specifically, the posterior probability of
continuant significantly increased for the [-continuant] consonants, /t/, /d/, /tS/, and /dZ/, but not for the
[+continuant] consonants, /s/ and /S/. A higher degree of continuance (greater oral aperture) would lead to a
reduction in the intensity of frication noise (i.e., stridency).

Furthermore, gradient errors in stridency were also found. Sober /t/ was found to be significantly less
strident than drunk /t/. In contrast, the change in stridency was relatively small for /d/, /tS/ and /dZ/. Addi-
tionally, drunk /s/ was significantly less strident than its sober counterpart, indicating a further widening of
the oral aperture leading to a loss in stridency. However, no significant change in stridency was observed for
/S/. This result suggests that while the oral aperture could further widen for [-anterior, +continuant, +stri-
dent], /s/, it did not occur for [+anterior, +continuant, +strident], /S/. Whether the oral constriction could be
further widened for /S/ at a higher level of intoxication remains to be further investigated.

4. CONCLUSION

Phonet successfully identified both categorical and gradient errors in intoxicated speech, demonstrating
its reliability in quantify fine-grained errors. Nonetheless, our findings need to be confirmed with more sub-
jects (male and female), and can be extended to languages with different contrastive phonological features,20

and compared with speech by clinical populations, such as Parkinson’s disease.
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