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ABSTRACT

Alcohol intoxication facilitates inhibition of one’s
first language (L1) ego, which may lead to reduced
individual differences among second language (L2)
speakers under intoxication. This study examined
whether, compared to speaking while sober, speak-
ing while intoxicated would reduce individual dif-
ferences in the acoustic compactness of vowel cate-
gories in sequential bilinguals exemplifying diverse
L1–L2 pairs (German–English, Korean–English).
Vowel compactness in F1×F2 space varied by lan-
guage (German, Korean, English) and by vowel,
and was generally lower in intoxicated compared to
sober speech, both across languages and throughout
a bilingual’s language repertoire. Crucially, how-
ever, there was still a wide range in compactness un-
der intoxication; furthermore, individuals with more
compact vowels while sober also produced more
compact vowels while intoxicated, in both L1 and
L2. Taken together, these findings show patterned
variability of vowel compactness, suggesting that
articulatory precision is an individual-difference di-
mension that persists across speaking conditions and
throughout the repertoire.

Keywords: compactness, individual differences,
vowels, bilingualism, alcohol.

1. INTRODUCTION

How does drinking affect one’s speech? A grow-
ing literature on alcohol intoxication and spoken lan-
guage production suggests that there may not be a
simple answer to this question. On the one hand,
several studies have found, consistent with the gen-
eral decline of motor control under intoxication, that
intoxication degrades speech, in terms of more er-
rors, less precise gestural coordination, more conso-
nant lenition, slower speech rate, greater pitch vari-
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ability, and/or lower intelligibility [1, 2, 3, 4, 5, 6,
7, 8]. On the other hand, studies that have exam-
ined intoxication effects on speech in a bilingual’s
second language (L2), in isolation or in comparison
to speech in their first language (L1), have often ob-
served that intoxication affects L2/nonnative speech
differently from L1 speech [7, 9]. For example, in-
toxication improved L1 German speakers’ pronunci-
ation in Dutch [10], which can be explained in terms
of intoxication making a speaker’s “language ego”
less L1-biased, facilitating nonnative speech [9].

The possibility of facilitative intoxication raises
interesting questions for L2 speech research. For
one, if intoxication improves L2 production, might
it “level the playing field” among L2 learners, who
often show marked individual differences even from
the same L1 background [11, 12, 13, 14, 15]? L2
speech research has been increasingly concerned
with accounting for individual differences, linking
them to factors such as cue-weighting preferences,
memory variation, and perceptual and neural differ-
ences [16, 17, 18, 19, 20]. In this study, we focused
on individual differences in compactness, the acous-
tic consistency of a phonetic category’s production
[21], thought to reflect the “consistency of [speak-
ers’] phonological-motor mapping” [22, p. 826].

Part of a larger project examining intoxication ef-
fects on bilingual speech, the current study asked
how individual differences among bilinguals in
vowel compactness would be affected by intoxica-
tion, across L1 and L2. Based on findings of intox-
ication degrading L1 but facilitating L2 speech, we
hypothesized that intoxication would result in less
compact L1 vowels, yet—by enhancing access to L2
phonological-motor mappings—more compact L2
vowels. Given the persistence of variation in com-
pactness across L1 and L2 [21, 22], intoxication-
induced changes in compactness were not predicted
to reduce individual differences in L1; that is, ha-
bitually “less compact” speakers were predicted to
become even less compact under intoxication along
with “more compact” speakers. In contrast, if intox-
ication does indeed have an L2-specific facilitation
effect (and there is an upper limit on compactness),
it could allow less-compact speakers to “catch up”
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to more-compact speakers in terms of compactness,
leading to reduced individual differences in L2. To
explore these predictions, we compared the sober
and intoxicated speech of bilinguals exemplifying
diverse L1–L2 pairs.

2. METHODS

2.1. Participants

Participants comprised two groups of sequential
bilinguals: Germans (L1 German, L2 English; N =
8; 4f, 4m; Mage = 27.1 yr) and Koreans (L1 Ko-
rean, L2 English; N = 8; 8f, 0m; Mage = 27.1 yr).
The groups were born and raised in Germany or
South Korea, respectively, and were tested in the
UK, where most participants had been living for 1–
2 years for study abroad. They reported no history
of hearing or speech problems, and their average
scores on the IELTS [23] (7.0 band) and LexTALE
[24] (60s), which did not differ significantly between
groups, suggested that their English proficiency was
generally “upper intermediate” (B2) or higher.

2.2. Materials

Speech materials were compiled for each language
on the basis of published dialogues (e.g., from a
play), which were edited for emotional and gender
neutrality, turn length, and archaisms. The German
dialogue contained a total of 55 turns; the Korean di-
alogue 123 turns; and the English dialogue 95 turns.
The full materials with source references are avail-
able open-access at osf.io/y2r87/.

2.3. Procedure

The main task was a dialogue-reading task, which
participants completed in a sound-insulated room
four times (2 languages × 2 speaking conditions)
across two test sessions spaced no more than 14 days
apart. Each dialogue was uttered in two speaking
conditions (sober, intoxicated), completed on sepa-
rate days in the order sober–intoxicated in the Ko-
rean group and in counterbalanced order in the Ger-
man group. Participants were told not to eat, drink,
or use mouthwash starting 2 h before each session
and not to smoke starting 0.5 h before.

Before beginning the dialogue-reading task, par-
ticipants were instructed to read the dialogues nat-
urally. Seated in front of a microphone facing the
experimenter, the participant went through each di-
alogue with the experimenter, each person read-
ing one character’s lines. The session was audio-
recorded at 44.1 kHz with 16-bit resolution in stereo;

the recordings were then converted to mono.
Participants’ BAC was tested in both conditions

using a breathalyzer (AlcoMate Premium AL-7000).
First, BAC was measured to ensure that participants
had no alcohol in their system. In the intoxicated
condition, the target BAC was 0.12%. To reach this
BAC, participants consumed, at their own pace, an
amount of alcohol (vodka or rum, mixed with juice)
determined on the basis of their self-reported weight
and BAC charts [25]. BAC was tested 15 min after
about 75% of the mixture was consumed and then
every 3–5 min until it went over 0.12% and dropped
back down to 0.12%; if needed, a small top-up
was given from the remaining alcohol. Once BAC
had reached 0.12%, participants were taken into the
sound-insulated room for the dialogue-reading task.

2.4. Analysis

Forced-aligned TextGrids (produced using the Mon-
treal Forced Aligner [26]) were hand-corrected and
then submitted, along with the audio recordings, to
acoustic analysis in Praat [27]. For each of the vowel
intervals marked in the TextGrids, the analysis ex-
tracted both the first and second formants (F1, F2)
over the middle 50% of the vowel’s duration using
the default settings of Praat’s linear predictive cod-
ing method; the maximum formant parameter was
set to 5,000 Hz for males and 5,500 Hz for females.

Because German and English, in contrast to Ko-
rean, are described as having unstressed vowel qual-
ity reduction, the final dataset for statistical analy-
sis included only primary-stressed monophthongs in
German and English, as well as the monophthongs
of Korean. The F1 and F2 measures on this set of
vowels were checked for errors separately by partic-
ipant and by language, using the 3-SD criterion for
outliers; tokens with one or more errors (comprising
1.2% of the dataset) were removed. Formant mea-
sures on the remaining tokens (N = 64,382 total;
9,081 in German, 27,450 in Korean, 27,851 in En-
glish) were then Nearey-normalized [28] using the
vowels package [29] in R [30]. The full dataset is
available open-access at osf.io/s9vkw/.

The normalized formant measures were analyzed
both qualitatively and quantitatively. First, we in-
spected vowel plots to observe variation in vowel
compactness among participants and languages and
within the repertoire (L1, L2). Then we calculated
a metric of vowel area (i.e., the inverse of compact-
ness) in terms of the area of the 95% confidence el-
lipse around tokens. Finally, we built a linear mixed-
effects model on the vowel area data, using the
lmerTest package [31]. The model included fixed
effects for Group (treatment-coded; ref = German),
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Condition (treatment-coded; ref = sober), RepLang
(treatment-coded; ref = L1), Vowel (sum-coded; all
monophthongs including German /i I e E a A A: u U o
y Y ø œ/, Korean /i e E u o 2 1/, and English /i I e E æ
u U o A O 2 Ä/), all interactions among Group, Condi-
tion, and RepLang, a Condition×Vowel interaction,
as well as random intercepts by Participant.1

3. RESULTS

Vowel area varied significantly by language, with
tokens of a vowel category generally more dif-
fusely (i.e., less compactly) distributed in the Korean
monophthongs than the German monophthongs in
sober speech [β = 0.226, t = 4.575, p < .001]. On
the other hand, vowel area was smaller in the Ger-
man group’s L2 English monophthongs as compared
to their L1 German [β = −0.122, t = −4.019, p <
.001], and this L2 effect was even stronger in the
Korean group [β =−0.138, t =−3.161, p = .002].2

Examination of individual differences in vowel
area revealed substantial variation in both groups.
Table 1 summarizes the ranges in average vowel area
by group, language, and condition. Although the
minimum and maximum values within each group
are different (consistent with the language effect
above), there is a wide range in every case.

Group Language, Condition Min Max
German German, sober 0.303 0.500
German German, intoxicated 0.316 0.637
German English, sober 0.204 0.487
German English, intoxicated 0.308 0.497
Korean Korean, sober 0.556 0.885
Korean Korean, intoxicated 0.565 0.953
Korean English, sober 0.332 0.483
Korean English, intoxicated 0.308 0.515

Table 1: Range in average vowel area (min, max
values) in Nearey-normalized F1×F2 space.

Examples of individual differences are depicted in
Fig. 1–4, which show the vowel spaces for some of
the most-compact (G005, K004) and least-compact
(G006, K006) participants by language and condi-
tion on the same scale, with 95% confidence ellipses
around tokens of the same vowel (plots for all par-
ticipants are at osf.io/s9vkw/). Note the marked
difference in compactness between G005 and G006
and between K004 and K006, as well as the broad
similarity among the four panels in each figure.

As seen in Fig. 1–4, the area for a given vowel
tended to be larger in intoxicated than in sober
speech for all languages. Thus, instead of showing
an L2-specific effect (in the interaction coefficients),

Figure 1: Vowel spaces by language (L1 German,
L2 English) and condition in participant G005.

Figure 2: Vowel spaces by language (L1 German,
L2 English) and condition in participant G006.

the model showed that the marginal intoxication ef-
fect in German [β = 0.049, t = 1.743, p = .082] did
not differ in Korean [β = 0.030, t = 0.625, p= .532]
or L2 English [|β |s < 0.099, |t|s < 1.586, ps > .1].
That is, we found no evidence of L2-specific facili-
tation of vowel production. Rather, the intoxication
effect was general, resulting in expanded vowel ar-
eas at the group mean level in L1 (Germans: Mint =
0.460, Msob = 0.391; Koreans: Mint = 0.743, Msob =
0.677) and L2 (Germans: Mint = 0.395, Msob =
0.316; Koreans: Mint = 0.414, Msob = 0.404).

In order to further examine the relationship be-
tween vowel areas in intoxicated and sober speech
at the individual level, we correlated participants’
by-language average vowel areas for the intoxi-
cated condition against those for the sober condition.
The two sets of values were highly correlated over-
all [r(30) = 0.926, t = 13.448, p < .001], in Ger-
man [r(6) = 0.747, t = 2.752, p = .033], in Korean
[r(6) = 0.902, t = 5.120, p = .002], and in the Ger-
man group’s English [r(6) = 0.845, t = 3.866, p =
.008], although not in the Korean group’s English
[r(6) = 0.480, t = 1.342, p = .228]. Thus, in gen-
eral, bilinguals with more compact vowels while
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Figure 3: Vowel spaces by language (L1 Korean,
L2 English) and condition in participant K004.

Figure 4: Vowel spaces by language (L1 Korean,
L2 English) and condition in participant K006.

sober also produced more compact vowels while in-
toxicated, whether speaking in L1 or L2.

Finally, there were significant differences among
vowels in terms of area, but not in terms of intoxi-
cation effects. Compared to the average vowel area
over all vowels, the vowels /i I u U/ (in German and
English), /y A:/ (in German), /1/ (in Korean), and
/A/ (in English) were significantly more diffusely
distributed, whereas /e E o/ (in German, Korean,
and English), /a/ (in German and Korean), /O/ (in
German and English), /2/ (in Korean and English),
/ø œ/ (in German), and /Ä/ (in English) were sig-
nificantly less diffusely distributed (i.e., more com-
pact). Crucially, none of the Condition × Vowel
coefficients were significant, meaning that different
vowels did not vary significantly in terms of how
their vowel area was affected by intoxication.

4. GENERAL DISCUSSION

Taken together, the results of this study do not sup-
port the hypothesis of an L2-specific facilitative ef-
fect of intoxication on speech production. Contrary
to expectation, intoxication decreased vowel com-

pactness in L2 (English), just as it did in L1 for both
German and Korean. Intoxication-induced changes
in compactness also left a wide range in compact-
ness at the individual level (Table 1). Individual
variation in compactness, moreover, tended to be
correlated between sober and intoxicated speech, in
both L1 and L2. These findings provide evidence
that individual differences in compactness persist
across speaking conditions and throughout a bilin-
gual’s repertoire, consistent with the view that the
articulatory precision reflected in compactness is a
stable dimension of individual differences.

The contrast between our results and those of [10]
invites the question of why [10] observed facilita-
tive effects of intoxication on L2 speech but we did
not. There are two possible, and mutually compat-
ible, explanations. First, our L2 speakers may have
been more proficient than those in [10]. Second, our
study analyzed a specific, objective aspect of seg-
mental production, whereas [10] focused on a sub-
jective measure of overall pronunciation. What we
take away from these differences is that the effects
of intoxication on speech may be multifaceted and
variable over development. For example, intoxica-
tion may worsen acoustic consistency at the segmen-
tal level, but it may not necessarily affect proximity
to native norms, and it may well improve supraseg-
mentals that contribute to perceived pronunciation
quality, none of which were tested in this study.

While this study found persistent individual dif-
ferences in the acoustic consistency of vowels, the
findings are limited in a few ways that leave open
several directions for future research. For one, as
mentioned above, we examined only compactness,
so we cannot say for sure whether more-compact
speakers were also more “on target” vis-a-vis norms
than less-compact speakers. Thus, further work in-
vestigating central tendencies of L2 phonetic cate-
gories in conjunction with their distributions would
provide a fuller picture of individual differences in
L2 speech. In addition, for reasons of space, we
were only able to discuss the range of individual
differences in compactness, glossing over potential
variation in changes in compactness by vowel. In fu-
ture research, it would therefore be insightful to ex-
amine, for example, whether speakers showing aver-
age compactness pattern differently from the most-
compact and/or least-compact speakers in terms of
intoxication effects on specific vowels. Finally, our
results showed suggestive effects of language (Ger-
man vs. Korean) and language status (L1 vs. L2) on
compactness, which could be usefully elaborated in
future studies crossing languages with different-size
vowel inventories as L1 and L2.
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