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Abstract
The acoustic and articulatory characteristics of the sylla-

ble position lateral allophony in English (clear /l/ in onsets vs.
dark /l/ in codas) have been well documented. The present study
tests whether speech technology derived methods can be used to
evaluate lateral allophony in L2 English production, by combin-
ing classic acoustic analyses and automatic speech recognition
(ASR).

In this study, an ASR system is forced to choose between
English and French /l/ acoustic phone models when force-
aligning a corpus consisting of read English texts by 43 L2
French learners. The output is correlated with a staple measure
for /l/ darkness: the difference between the second and first for-
mants (F2-F1).

Results show that segments aligned with the French /l/
acoustic model correspond to “clearer” /l/s (i.e. higher values
of F2-F1) suggesting automatic, less time consuming methods
of speech processing could be used to identify L1 transfer in L2
production.
Index Terms: second language speech production, allophonic
variation, acoustic models, forced alignment, pronunciation
variants

1. Introduction
Acquiring native-like proficiency in a second language is no
easy feat. Difficulties arise at multiple levels: lexical, seman-
tic, syntactic, phonological. The latter is particularly difficult,
especially if the second language was acquired later in life. Lan-
guages not only have different phonological inventories, but
a same phoneme can have variable phonetic implementations
across languages. For example, the voiceless stop /t/ is pro-
duced with different places of articulation in French (dental)
vs. English (alveolar) [1]. Furthermore, within a single lan-
guage phonological systems show substantial variation - the
same phoneme can have different phonetic implementations de-
pending on the context. This is also known as contextual al-
lophony. For example, in English, /t/ appears as aspirated in
word initial position (tool [thu:ł]) and as unaspirated in a word
initial consonant cluster following /s/ (stool [stu:ł]). In order to
acquire native-like pronunciation L2 learners must acquire not
only phonemic and phonetic, but also allophonic differences.
The present paper focuses on L2 French learners’ production
of a well known case of allophonic variation in English: the
positional allophony of the lateral consonant /l/. In English the
lateral consonant allophony is conditioned by the position in the
syllable: clear /l/ in onsets and dark /l/ in codas. In French there
is no lateral consonant allophony, there is only one phonetic
implementation of the /l/: clear /l/ in all syllable positions. To
investigate if and how French learners of L2 English produce

this allophony we combine classic acoustic analyses and auto-
matic speech recognition (ASR) methods, which have increas-
ingly been used to improve pronunciation in second language
learning [2, 3, 4, 5]. ASR dictation software is used to focus on
pronunciation errors at the segmental level (e.g. vowel and con-
sonant minimal pairs within a language: for example tense/lax
minimal pairs in English [3] or fricative/plosive minimal pairs
in Dutch [4, 5]). In this paper we force an ASR system to choose
between parallel English (L2) and French (L1) acoustic models
for the same phoneme /l/ when force-aligning a corpus consist-
ing of read English texts by 43 L2 French learners. The out-
put of the ASR alignment is correlated to formant measures in
the interest of having a better understanding of how the system
chooses the different variants, and of determining whether the
proposed method can be applied to identify pronunciation errors
in second language learning.

1.1. Laterals in English vs. French

Many English dialects contrast two varieties of /l/ depending
on syllable position: clear /l/ in syllable onsets (leap [li:p])
and dark /l/ in syllable codas (peal [pi:ł]). The two vari-
eties have been extensively described for American English
[6, 7, 8, 9, 10]. The main difference is articulatory: dark /l/ is
produced with a tongue dorsum retraction towards the uvular
region that precedes a coronal constriction; clear /l/ is produced
with a simultaneous tongue dorsum lowering (i.e. no retraction
towards the uvular region) and coronal constriction. This
articulatory difference translates acoustically in dark /l/ having
a lower second formant (F2 ≈ 800-1200 Hz) and clear /l/
having higher F2 (≈ 1500-2000 Hz) [6, 11]. The first formant
(F1) is also different: typically higher for dark /l/ and lower
for clear /l/ due to tongue height differences between the two
variants [12]. A classic measure of /l/ darkness is defined as
the difference between the second and first formants (F2 - F1).
A smaller difference corresponds to darker /l/s and a higher
difference corresponds to clearer /l/s. Figure 1 illustrates the
produced formant structure of clear and dark /l/ (framed in
black boxes) by a native American English speaker (F). While
for clear /l/ (on the left) F2 and F1 are further apart, for dark /l/
(on the right) F2 and F1 are closer together. Languages usually
have one or the other variant (clear /l/: German, Spanish; dark
/l/: Catalan, Portuguese, Russian). Furthermore, dark and clear
/l/s across languages do not have a binary distribution but a
gradual one, with languages presenting clearer or darker lateral
consonants [11].
In French, similar to most languages and contrary to English,
there is no allophonic variation for lateral consonants. The /l/ is
always clear, in all syllable positions. In the case of French, the
/l/ is clearer (i.e., F2 - F1 values are higher) than both English
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clear and dark /l/ [11].

Figure 1: Formant structure of [lÄ] vs. [eł] produced by a na-
tive American English speaker. Onset clear /l/ and coda dark /l/
are framed by black boxes.

1.2. Acquisition of English lateral allophony

Contrary to the acquisition of L2 phonemic contrast, the ac-
quisition of allophonic variation is a much less studied phe-
nomenon. More recently several laboratory studies have fo-
cused on the non-native production of syllable position lateral
allophony in English (L1 French: [13, 14]; L1 French & L1
Spanish [15]; Spanish-English bilinguals: [16]; L1 Japanese:
[17]). These studies investigated acoustic and/or articulatory
recordings of words containing /l/ read in isolation and in con-
trolled carrier sentences. In the current study we look at read
texts of different levels of difficulty (beginner, intermediate, ad-
vanced) to answer the following questions:
• How do French L1 speakers produce the syllable position lat-

eral allophony in L2 English?
• Can ASR with parallel L1 and L2 acoustic models be used to

identify L1 transfer in L2 production?
To our knowledge this the first study using ASR in

combination with acoustic measures to evaluate the production
of lateral consonant allophonic variation.

2. Methods
2.1. Corpus and acoustic analysis

To answer the questions presented above we analyzed a corpus
consisting of read speech by 43 French L2 English learners. All
participants (24 female and 19 male) were recorded reading the
same three beginner- (”A Happy Visitor), intermediate- (”Time
with Grandpa”) and advanced-level (”Fried”) texts available on
the ”English for Everyone” website (see [18]). Faithful ortho-
graphic transcriptions (including substitutions, repetitions, trun-
cations, hesitations) were available for the entirety of the data.
The acoustic signals of the productions were forced aligned us-
ing both an open source (WebMAUS) and a lab-internal aligner.
Both aligners used English US as a reference language and per-
formed similarly well. Gross misalignments of our target tokens
were rare (in less that 5% of cases) and always involved /l/ in
word internal position (e.g. Valerie, really). These misaligned
words were not included in the analysis. The rest of the lateral
consonant tokens were hand-corrected in Praat [19]. A total of
36 words containing singleton /l/ (17 in onset and 19 in coda

position) were included in the analysis. Segmental duration and
formant measures (F1, F2 and F3) were extracted at the mid-
point of the lateral for all tokens. A measure of /l/ darkness was
defined as the difference between the second and first formants
(/l/ darkness = F2-F1).

2.2. Lateral acoustic models

Both French and English acoustic models were trained on sim-
ilar amounts and types of data (French: 7 million word tokens,
102k word types; English: 7 million word tokens, 86k word
types). Each model is a 3-state left-to-right continuous den-
sity HMM with Gaussian mixtures with up to 32 Gaussians
per state. Silences are modeled by a single state with 256
Gaussians. The same cepstral (PLP) [20] and pitch (F0) fea-
tures were used for the acoustic parameterization, similar to
[21]. The acoustic models are all word-, context- and speaker-
independent monophone models. This implies that the English
lateral /l/ model contains acoustic features that correspond to
the phoneme /l/ (i.e., both clear /l/ and dark /l/ allophones).
By running both French and English lateral consonant acoustic
models in parallel we force the ASR system to choose the best
fitting phone model (either the English /l/ or the French /l/) for
each individual /l/ in the corpus. Figure 2 shows the spectro-
gram and alignment of the word cell for two different partici-
pants. The ASR system chooses different acoustic models for
the two productions (French /l/ (L) on the left and English /l/ (l)
on the right).

Figure 2: Spectrograms of the word cell for participant 15 3
(left) and 21 3 (right). Yellow lines delimit the /l/ in each signal.
Yellow arrows point towards F2. On the left the system chooses
a French /l/ (no downward trend of F2). On the right the system
chooses a English /l/ model (the F2 trajectory has a downward
trend).

2.3. Statistical analysis

To test whether /l/ darkness (F2-F1 measures) and acoustic
model (English vs. French) are correlated we ran a linear mixed
model (lme4 [22]) with /l/ darkness as a response variable.
Along with acoustic model we included other predictors,
known to influence lateral formant structure: syllable position
(onset vs. coda), biological gender (male vs. female) and
vocalic context (front vs. mid vs. back vowels). A measure
of overall accent was also added as a predictor. This variable
was defined by the word-error-rate (WER) calculated using the
WER() function in Matlab from the output of the unbiased ASR
alignment (i.e. ASR without reference text transcription). The
WER scores ranged from 29% to 59%. The same ASR system
obtains WER scores of 5%-10% for noisy non-laboratory (e.g.,
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broadcast news and telephone conversation speech data) and <
1% for laboratory native speech. Finally, interactions between
acoustic model and (i) syllable position as well as (ii) overall
accent were also included as fixed factors. The random factor
structure included Participant with random intercept and slope
for acoustic model.

2.4. Predictions

We make the following predictions based on previous literature
(acoustic studies [11, 6]) for each of our model variables and
interaction terms:
Individual variables:
• acoustic model: We expect lower F2-F1 in the case of English

/l/ models
• syllable position: We expect lower F2-F1 in the case of coda

positions
• biological gender: We expect overall higher values in female

participants
• vocalic context: We expect the higher F2-F1 values in front

vowel and the lower in back vowel context
• global accent: Lower scores (i.e., more native like pronunci-

ation) are expected to correlate with lower F2-F1 measures in
all syllable positions (French /l/ is expected to be clearer than
both English lateral allophones)

Interaction terms:
• acoustic model * syllable position: We expect higher differ-

ences between the English (l) and French (L) lateral models
in coda position indicating the production of clear /l/ in coda
position.

• acoustic model * global accent: We expect higher differences
between the English (l) and the French (L) lateral models for
lower scores of WER (i.e., more native like accent).

3. Results
Results will be presented in two stages. First we describe the
output of the forced alignment with parallel French and English
/l/ acoustic models and then we discuss the linear model results.

Table 1: Percentages of /l/ occurrences aligned with either the
English (l) or the French (L) acoustic model.

Acoustic Model Onset Coda

l: English /l/ 44.3% 65.8%
L: French /l/ 55.7% 34.2%

Table 1 shows the percentages of English vs. French /l/
acoustic models chosen in onset and coda position by the ASR
system. For onset /l/ the French model is chosen in 55.7%
of cases. For coda /l/ the English acoustic model is preferred
in 65.8% of cases. Table 2 shows the distribution of /l/ dark-
ness values (F2-F1 measures) for the English vs. the French /l/
acoustic model per syllable position.

For both English and French /l/ models onset values are
higher than coda values. F2-F1 measures are also lower for /l/s
identified by the system as being more English like (the ASR
system chose the English /l/ model as a better fit to the acous-
tic output). These results indicate that to a certain degree L2
English French learners produce darker /l/s in coda position.

Table 2: Distribution of F2-F1 (Hz) measures per acoustic
model and syllable position.

Acoustic model Syllable position Min. Mean Max.

l: English /l/ onset 277 1068 2563
coda 117 689 1968

L: French /l/ onset 494 1373 2677
coda 134 1114 2564

However, some speakers retain more French-like production of
the lateral (46%) independent of syllable position.

Figure 3 shows the degree of /l/ darkness (F2-F1) as a func-
tion of the French (L) vs. English (l) acoustic model and syl-
lable position (onset vs. coda) for female and male speakers.
Three patterns can be observed:
• lateral segments detected by the system as more French-like

have higher F2-F1 values (/l/ is clearer)
• lateral segments detected by the system as more English-

like exhibit a more pronounced difference between onset and
coda /l/s

• female speakers have overall higher formant values than male
speakers

Figure 3: /l/ darkness (F2-F1) as a function of /l/ acoustic model
(English (l) vs. French (L) and syllable position (onset vs. coda)

These patterns are confirmed by the results of the linear
mixed model. The presentation of the results follows the same
structure as the one in the predictions sections.

Individual variables
Acoustic model: Laterals identified by the ASR system as
being more French-like (L) have significantly higher F2-F1
values (i.e clearer /l/s) that those detected as more English-like
(l) (Est. 253.36, t-value ∼ 8.591, p-value < 0.001).
Syllable position: Coda /l/ is overall darker that onset /l/ (Est.
-272.31, t-value ∼ -2.700 , p-value < 0.01).
Biological gender: As expected male speakers exhibit overall
lower formant values (Est. -167.81, t.value ∼ -3.822 p-value <
0.001).
Vowel context: Vowel position has a significant effect on /l/
darkness with laterals in a back vowel context being darker
(lower F2-F1) than in front vowel contexts (Est.156.2295,
t-value ∼ 6.183, p-value < 0.001). (Figure 4)
Global accent: WER score, the only continuous variable in
our model, does not have a significant effect on /l/ darkness.
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Interaction terms:

• Acoustic model Syllable position: The interaction between
the chosen acoustic model and the syllable position is signif-
icant: lateral segments detected as more English-like exhibit
a higher difference in F2-F1 values in coda than in onset po-
sition (Est. 153.09, t-value ∼ 4.109, p-value <0.001).

• Acoustic model Global accent: No significant interaction
was found (p-value ∼ 0.346).

Figure 4: /l/ darkness (F2-F1) as a function of /l/ acoustic model
(English (l) vs. French (L) and vowel context (front vs. mid vs.
coda)

In summary, all of our predictions, except for the one re-
lated to global accent were confirmed. Results show that the
ASR’s choice of the /l/ acoustic model correlates with the acous-
tic measures of /l/ darkness. Overall the French /l/ acoustic
model is chosen in both onset and coda syllable position for /l/
varieties exhibiting a formant structure corresponding to clearer
/l/s (i.e. higher F2-F1 measures).

4. Discussion

The present paper investigates L2 English French learners’ pro-
duction of onset vs. coda lateral allophonic variants combin-
ing acoustic measures and ASR with pronunciation variants
(French vs. English /l/ acoustic models). Results show that
French learners distinguish onset vs. coda /l/s by producing
darker laterals in coda position. However not all learners pro-
duce English native-like laterals: 46% of lateral productions are
detected as being closer to the participants native language (i.e.
more French-like /l/). This is in line with previous studies that
show that while learners move away from their L1 production,
they differ from native speakers [15, 17]. Results also show an
effect of vowel context on the formant structure of the lateral.
This suggest there is a significant degree of coarticulation. Ef-
fects of coarticulation on lateral consonants are also found for
native speakers: [23] coin the term ”coarticulatory resistance”
stating that dark /l/ is more resistant to coarticulation than clear
/l/. No effect of global accent, defined based on WER scores,
was found. This is not surprising since global accent does not
necessarily represent the allophonic variation of interest here. A
WER measure targeting /l/ tokens specifically could yield dif-
ferent results.

4.1. Limitations

The present paper only looks at static acoustic measures (for-
mant structure at the midpoint of the lateral). For a better in-
terpretation of how the ASR system chooses between English
and French /l/ acoustic models more fine-grained acoustic mea-
sures are needed, such as dynamic measures (formant trajecto-
ries) and MFC coefficients. A dynamic analysis of the formant
analysis would also shed more light on coarticulatory patterns.
The current acoustic lateral model for English does not differ-
entiate between clear and dark /l/ combining acoustic features
from both positional variants. To specifically evaluate the pro-
duction of dark /l/ one could add a third acoustic model corre-
sponding to a language that only has dark /l/, and exhibits simi-
lar formant structure as the English dark /l/. Possible candidates
would be Dutch or Portuguese, both having similarly dark /l/s to
English [11]. Finally, the study would benefit from expanding
the current analysis to include data from English native speak-
ers, thus comparing native and non-native productions. All pre-
sented limitations are currently being addressed.

5. Conclusion
The current study sought to apply a, to our knowledge, novel
approach, derived from ASR technology, to evaluate the pro-
nunciation of syllable position allophonic variation of English
L2 learners. Using both L1 and target L2 lateral acoustic models
in parallel allowed the ASR system to detect pronunciations that
diverge from native-like productions. Correlations of the ASR
system output with traditional formant measures confirmed that
elements detected as less native-like correspond to more L1-like
formant structures (i.e. higher measures of F2-F1, a staple in-
dicator of /l/ darkness). These results suggest that ASR with
parallel L1 and L2 acoustic models , a less time consuming ap-
proach than classic acoustic measurements or native raters of
accents in L2, can be used to detect L1 transfer in L2 produc-
tion. Correctly identifying the mispronounced allophones, by
providing immediate and automatic feedback, is a first step in
bettering the pronunciation of L2 learners, who can focus on
targeted pronunciations.
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