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Abstract: To date, a growing number of studies have shown that domain-general
auditory processing, which prior work has linked to L1 acquisition, could ex-
plain various dimensions of naturalistic L2 speech proficiency. The current study
examined the generalizability of this topic to L2 speech learning in class-
room settings. The spontaneous speech samples of 39 Vietnamese English-as-a-
foreign-language learners were analyzed for fluent and accurate use of pronun-
ciation and lexicogrammar and linked to a range of variables in their audi-
tory processing profiles. The results identified moderate-to-strong correlations be-
tween the participants’ accurate use of lexicogrammar and audio-motor sequence
integration scores (i.e., the ability to reproduce melodic/rhythmic information). How-
ever, the relationship between phonological proficiency and auditory acuity (i.e., the
ability to encode acoustic details of sounds) was nonsignificant. Although the findings
support the audition-acquisition link to classroom L2 speech learning to some degree,
they only suggest that this link is robust for the acquisition of lexicogrammar informa-
tion.
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Introduction

It is widely understood that adult second language (L2) speech learning is sub-
ject to a great deal of individual variation. Although some learners are able
to achieve high-level L2 proficiency with apparent ease, others experience a
tremendous amount of difficulty reaching the same state (e.g., Abrahamsson &
Hyltenstam, 2009). One explanation for this variation relates to the amount of
exposure learners are experiencing and have previously had to the target lan-
guage. This corresponds to a usage-based perspective of L2 learning that views
proficiency in terms of how much (quantity), in what way (quality), and how
recently (timing) learners have practiced the target language (Ellis, 2006). An
interesting testing ground for experience effects is the foreign language setting
where exposure to L2 input is limited to several hours of language-focused in-
struction per week (Muiloz, 2014). There is ample evidence that the outcomes
of classroom L2 speech learning could be influenced by variables such as the
length of foreign language education (Jaekel, Schurig, Florian, & Ritter, 2017),
extracurricular activities (e.g., Muiloz, 2014; Peters, Noreillie, Heylen, Bulté,
& Desmet, 2019; Pfenninger & Singleton, 2019), type of instruction (e.g., see
Norris & Ortega, 2000, for focus on form vs. focus on forms), and timing of
learning (e.g., see Larson-Hall, 2008, for early vs. late starters).

At the same time, it has been reported that experience-related variables
alone cannot fully explain the variance in foreign language learning success
(e.g., Saito & Hanzawa, 2016, found that approximately 15—20% of vari-
ance accounted for by the length, type, and timing of L2 experience). Even
if two individuals of the same age and with similar levels of motivation en-
gage in the same type of practice for the same period of time, they will most
likely end up with different levels of proficiency (Doughty, 2019). Part of this
variation can be attributed to learner-internal abilities related to perception
and general cognition (e.g., Linck et al., 2013, for working memory, and see
Appel, Trofimovich, Saito, Isaacs, & Webb, 2019, for a special issue on the
topic covering a range of learner-internal individual differences). These abil-
ities are thought to be instrumental in the acquisition of relatively difficult,
complex, and nonsalient linguistic features because they can help learners bet-
ter encode, analyze, memorize, and internalize the input that they receive (Li,
2016). In this study, we investigated one such ability that has been widely cited
in the first language (L1) acquisition literature and that acts as a foundation of
human language and music learning: domain-general auditory processing. The
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goal of this study was to examine the generalizability of this framework to L2
speech learning in the instructed foreign language setting.

Background Literature

Domain-General Auditory Processing and First Language Acquisition
Research on individual differences in L1 acquisition has mainly investigated
two sets of processes: (a) those aspects of neurocognitive functioning specifi-
cally devoted to language acquisition (Campbell & Tyler, 2018) and (b) those
aspects that can be characterized as domain-general learning mechanisms
(e.g., Hamrick, Lum, & Ullman, 2018, for declarative vs. procedural memory;
Granena & Yilmaz, 2019, for sequence learning ability). One well-researched
domain-general construct is auditory processing, defined as the ability to pre-
cisely represent and remember characteristics of sounds (Mueller, Friederici,
& Mainnel, 2012; Tierney & Kraus, 2014; Tierney, White-Schwoch, MacLean,
& Kraus, 2017).

Auditory processing essentially comprises two dimensions. The first relates
to the type of audio signal that is processed, that is, temporal versus spectral
(Flinker, Doyle, Mehta, Devinsky, & Poeppel, 2019; Zatorre & Belin, 2001).
Temporal processing is defined as a person’s capacity to track changes in am-
plitude over time. This ability is integral to a range of phenomena related to
fluency (e.g., phonation time, pause frequency) and segmental contrasts (e.g.,
short vs. long vowels), prosody (e.g., durational differences in weak vs. strong
vowels, voice onset time), and rhythm (e.g., duration between two syllables,
stressed syllables vs. morae). Spectral processing is defined as a person’s ca-
pacity to track changes in the frequency content of the signal, such as pitch
(the frequency of vocal cord vibration) and formants (the energy concentration
at different frequency bands). This ability is fundamental to the correct assign-
ment of stress and intonation (e.g., lexical tones in Mandarin), the fine-tuning
to isochrony (e.g., syllable, stressed vs. mora-timed), and the refinement of
segmental accuracy (e.g., third formant variability for English [r] and [1]).

The second dimension relates to the type of information processing in-
volved, for example, audio-motor integration (i.e., proceduralizing temporal
and spectral patterns) versus auditory acuity (encoding temporal and spec-
tral details of sounds). In the early stages of L1 acquisition, infants need not
only to detect and remember novel sound patterns and contrasts, but they also
must consolidate and make them available for motor action (i.e., reproduction;
Flaugnacco et al., 2014; Tierney & Kraus, 2014). At the same time, auditory
acuity ability is needed to detect subtle differences in the temporal and spec-
tral aspects of acoustic signals at a fine-grained level. Fine auditory acuity thus
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Table 1 Constructs of auditory processing

Type of audio information Type of information processing Measures

Temporal Audio-motor integration Rhythm reproduction
Auditory acuity Duration discrimination

Spectral Audio-motor integration Melody reproduction
Auditory acuity Pitch discrimination

Formant discrimination

makes possible phonetic restructuring that will in turn help learners increase
the sophistication of their auditory representations and, by extension, to at-
tain more advanced linguistic proficiency (McArthur & Bishop, 2005). The
constructs of the auditory processing model and corresponding measures used
in the current study are summarized in the first two columns of Table 1.

Auditory acuity develops and reaches its peak around 7 to 10 years of
age, and thereafter the degree of precision gradually declines with age (Skoe,
Krizman, Anderson, & Kraus, 2015). In comparison, auditory-motor integra-
tion continues to improve until the late 20s, and is followed by a great amount
of individual variation over the remainder of the lifespan (Thompson, White-
Schwoch, Tierney, & Kraus, 2015). Auditory processing is fundamental to ev-
ery stage of L1 acquisition. Within the first 6 to 8 months of life, for example,
infants use temporal and spectral information in speech to distinguish between
the probabilities of individual phonemes existing in L1 phonetic inventories
(Kuhl, 2000; for a review, see Chladkova & Paillereau, 2020). At the same
time, they use both temporal and spectral processing to identify word bound-
aries (Cutler & Butterfield, 1992), to track syntactic structure (Marslen-Wilson,
Tyler, Warren, Grenier, & Lee, 1992), and to detect morphosyntactic cues (the
identification of suffixes; Joanisse & Seidenberg, 1998). This eventually en-
ables L1 learners to attend to the temporal and spectral details of sounds and
words and hence perceive and produce a number of phonologically similar
words with correct morphological markers (Gervain & Werker, 2008). Deficits
in auditory processing are known to result in a range of global language prob-
lems. For example, the audition profiles of L1 learners vary widely between
normal and delayed L1 acquirers (Surprenant & Watson, 2001). Furthermore,
individual differences in auditory processing have been linked to L1 learning
difficulty (Goswami et al., 2011). In spite of this large body of evidence, the
causal nature of the link between auditory processing and L1 acquisition has
continued to be debated (cf., Halliday & Bishop, 2006; Rosen & Manganari
2001; Snowling, Gooch, McArthur, & Hulme, 2018).
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Domain-General Auditory Processing and Second Language Acquisition
To test the domain generality of auditory processing, a growing number of
scholars have begun to examine the extent to which the construct explains suc-
cess in postpubertal speech L2 learning (for a comprehensive summary, see
Table 2). Within the paradigm of novel word learning, there is some evidence
that learners with more precise auditory acuity and integration abilities can bet-
ter perceive foreign sound patterns and contrasts that they have never learned
(e.g., Kempe, Bublitz, & Brooks, 2015, for L1 English speakers’ perception of
Norwegian pitch and vowel contrasts). Furthermore, auditory processing has
been shown to predict gains in perception and production following focused
training on novel and/or foreign sounds and words (e.g., Wong & Perrachione,
2007, for pseudo words; Li & DeKeyser, 2017, for real Chinese words). In
particular, the acuity processing training studies have provided ample evidence
of implication in processing and producing L2 sounds. Given that the stud-
ies directly tracked how participants with different auditory profiles reacted to
short-term in-laboratory training, the findings presented longitudinal evidence
regarding precisely how auditory processing helps humans notice, process, and
integrate a novel language when they encounter it for the first time. Training
studies of this kind have notably allowed researchers to discuss the longitudinal
effects of auditory processing in the initial stage of language learning. (For re-
cent examples of research in the broader area of L2 phonological development,
see Casillas, 2020; Chladkova & Simackova, in press; Nagle, 2020; Pelzl, Lau,
Jackson, Guo, & Gor, 2020, though these studies did not examine individual
differences nor auditory processing). However, the role of auditory processing
in long-term L2 learning in various contexts (immersion vs. classroom) has
remained unclear, especially when it comes to acquisition of other forms of
linguistic knowledge such as lexicogrammar.

Though limited in number, some studies have explored the relationship be-
tween auditory processing and L2 phonological and morphosyntax learning
when participants have had naturalistic, extensive, and immersive learning ex-
perience with a target language (for a summary, see Table 3). For example, for
28 Greek L2 learners of English (with approximately 10 years of L2 learning
experience), Lengeris and Hazan (2010) found that their auditory processing
profiles correlated with learning gains in L2 vowel accuracy when the learners
received 4 hours of training simulating the intensive and highly variable na-
ture of naturalistic L2 speech learning (i.e., high variability phonetic training).
More recently, a team at University of London has conducted a series of stud-
ies focusing on more than 300 adult L2 learners with diverse L1s, immersion
experience, auditory processing, and linguistic profiles (e.g., Kachlicka, Saito,
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& Tierney, 2019; Saito, Kachlicka, Sun, & Tierney, 2020). Broadly, these stud-
ies have shown that individual differences in integration and acuity predicted
phonological and grammatical proficiency even after biographical variables
(age, experience) were controlled for. Such auditory processing effects were
stronger when the learners had practiced the L2 in naturalistic settings (for
more than 1 year).

To further extend this line of L2 research, the current study examined
the generalizability of the relationship between auditory processing and var-
ious dimensions of L2 speech learning in foreign language classroom settings.
According to Larson-Hall (2008, p. 36), foreign language classroom learn-
ing is a “minimal input” setting. Input exposure in these settings is limited to
several hours of language-focused instruction per week, and opportunities to
use the language outside of the classroom are rare. The rate of success in for-
eign language classrooms can be attributed not only to how much learners
have practiced but to how recently, meaningfully, and interactively they have
done so (Muiloz, 2014). However, the final outcomes of classroom L2 learning
are subject to a great deal of individual variation, even for students in the same
classrooms with similar experience profiles (Saito & Hanzawa, 2016).

A well-researched source of this variation is foreign language aptitude—
a set of perceptual and cognitive abilities that underlie the development of
foreign language proficiency. Previous research has shown that certain abili-
ties are instrumental in the acquisition of relatively difficult linguistic features
within a short period of time because these abilities arguably help L2 learners
better encode, analyze, memorize, and internalize input at every opportunity
(e.g., phonemic coding, grammar inferencing; see Skehan, 2016). Although
foreign language aptitude has been found to predict various dimensions of
classroom L2 learning (e.g., ¥ = .49 in Li’s, 2016, meta-analysis), such an ap-
titude construct has been operationalized as composite competence specific to
foreign language learning that comprises a combination of multiple skills (e.g.,
phonological awareness, analysis, and memory for phonemic coding; though
see a challenge for some this research by Bokander & Bylund, 2020). To
further examine precisely what kinds of perceptual-cognitive abilities explain
aptitude effects in L2 acquisition, a growing number of scholars have begun to
test the predictive power of more fine-grained, domain-general cognitive abili-
ties (e.g., see Linck et al., 2013, for their attempts to include working memory
as a part of foreign language aptitude). In line with this goal, the current inves-
tigation introduced an ability that represents a perceptual-cognitive foundation
of human language learning: domain-general auditory processing (Tierney &
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Kraus, 2017). In doing so, we propose and provide evidence for a new frame-
work of aptitude for L2 speech learning in reference to this ability.

The Current Study

Predictions Concerning Auditory Processing, Experience, and Classroom
L2 Speech Learning

In the current investigation, we set out to examine the relationships between
auditory processing, experience, and L2 speech acquisition. To this end, we
formulated the following research question:

To what degree do auditory processing and experience variables predict
the accuracy and fluency dimensions of L2 speech learning in the foreign
language classroom setting?

L2 speech learning has been characterized as a multifaceted phenomenon that
involves the development of accurate and fluent language in extemporaneous
speaking (Révész, Ekiert, & Torgersen, 2016; Trofimovich & Isaacs, 2012).
Accuracy encompasses the abilities to pronounce consonants and vowels (seg-
mentals), to correctly assign word and sentence stress (prosody), to choose ap-
propriate combinations of words in different contexts (vocabulary), to correctly
mark, for example, tense, aspect, agreement for gender, person, and number
(morphology), and to correctly use word order and assign relations between
words (syntax). Fluency entails the ability to deliver speech at an optimal rate
(speed) without too many pauses (breakdown), repetitions, or self-corrections
(repair). Experience refers to the extent to which learners have extensively and
intensively studied a target language inside and outside classroom settings.
Auditory processing has been operationalized as the integration and acuity
abilities that deal with temporal and spectral information. Our predictions re-
garding the relationship between audition, experience, and L2 speech learning
were two-fold in accordance with the different measures of learning (accuracy
would entail more learning difficulty than fluency).

Prediction 1: Experience Variables Could Be Key Determinants of the
Relatively Easy Aspects of L2 Speech Learning (Temporal Fluency)

We posited that most L2 learners will develop speaking fluency (greater
speed and less breakdown) regardless of individual differences in auditory
processing (i.e., weak audition effects) as long as they have sufficient practice
with the target language (i.e., clear experience effects). This agrees with
emerging empirical findings showing that much improvement occurs in the
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Saito et al. Auditory Processing & Classroom L2 Speech

fluency rather than accuracy aspects of language following short periods of
L2 immersion (Mora & Valls-Ferrer, 2012) and classroom instruction (Saito
& Hanzawa, 2018). In the context of L2 English speakers in Canada, Derwing
and her colleagues conducted a series of longitudinal investigations showing
that the temporal characteristics of L2 speech (fluency) continue to improve
as a function of increased input and conversational experience (e.g., Derwing,
Munro, Thomson, & Rossiter, 2009) but that nativelike accuracy in speech
remains unchanged regardless of extensive immersion (see Derwing & Munro,
2013, for perceived accentedness; Munro, Derwing, & Saito, 2013, for vowel
accuracy). As Table 3 shows, the link between auditory processing and L2
fluency in naturalistic settings has been found to be nonsignificant (Saito, Sun,
& Tierney, 2020a) or minor (Saito, Kachlicka et al., 2020).

Prediction 2: Auditory Processing Variables Determine the Rate of
Success for the Relatively Difficult Aspects of L2 Speech Learning
(Lexicogrammar and Phonological Accuracy)

Auditory processing may play a key role in determining learning success for
the accuracy (rather than fluency) aspects of L2 speech learning (i.e., phono-
logical and lexicogrammar accuracy). The development of accuracy has been
shown to be relatively resistant to rapid change at both the phonological (Flege,
2016) and lexicogrammatical levels (Saito, 2019). An interesting finding is
that, although spoken lexicogrammar slowly, gradually, and continuously be-
comes more accurate after an extensive amount of experience (e.g., 3—5 years
of immersion; Saito, 2015), high-level phonological refinement requires not
only ample practice (e.g., 5+ years of immersion; Flege, Takagi, & Mann,
1995) but also special L2 learning aptitude profiles (e.g., high phonemic coding
ability; Hu et al., 2013). As Table 3 shows, much evidence has suggested that
auditory acuity predicts L2 phonological and morphosyntax accuracy (e.g.,
Saito et al., in press). Thus, our hypothesis was that more precise auditory acu-
ity (encoding) and integration of spectral and temporal information underlies
the successful acquisition of L2 phonological and lexicogrammar accuracy.
To perceive and produce L2 segmental and suprasegmental contrasts, learn-
ers need to encode, analyze, and integrate novel spectral and temporal patterns
(Gervain & Werker, 2008). For lexicogrammar, precise spectral and tempo-
ral processing directly relates to the accurate perception of pitch height and
contour. This precise spectral and temporal processing directly helps learn-
ers establish lexical and syntactic boundaries while attending to perceptually
nonsalient morphosyntactic markers (Joanisse & Seidenberg, 1998). Precise
auditory processing may also facilitate the comprehension and production of
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collocations, that is, lexical constructions that are fundamental to L2 speech
accuracy (Saito, 2020) and that are marked by shorter word duration (Gregory,
Raymond, Bell, Fosler-Lussier, & Jurafsky, 1999).

Table 4 summarizes the constructs, predictors, and outcome measures rel-
evant to the auditory processing account of L2 speech acquisition.

Method

Participants

The participants were 39 undergraduate students (7 males, 32 females) who
were majoring in a wide range of social science and humanities programs at
a large university in Vietnam (M,g. = 20.1 years, range: 18—21 years). Their
proficiency based on TOEIC scores (measuring composite L2 English listening
and reading proficiency) corresponded to A1/2 (Basic User) to B1/2 (Indepen-
dent User; M = 512.9 out of 990, range: 370—690) as per the Common Eu-
ropean Framework of Reference for Languages. The results of a questionnaire
showed that the participants had started learning L2 English at different ages
(Mage of 1carning = 9.0 years, range: 8—11 years). They had studied L2 English in
classroom settings without any experience abroad (Micngth of lcarning = 1,182.8
hours, range: 637.5—2,457.5 hours). At the time of the project, all the partic-
ipants were registered for 4 hours of English classes per week. They reported
that they spent a variable amount of time outside classrooms practicing the
target language (Mexiracurricular 12 practice = 9 hours, range: 6—11 hours). Some
participants attempted to have L2 conversation activities with other L1 and
L2 English users (M = 0.7 hours, range: 0—5 hours). For practical reasons,
although we elicited participants’ L2 speech performance and EFL back-
grounds in individual face-to-face meetings, we collected their auditory data
remotely.

L2 Speaking Task

As a part of the EFL curriculum at their university, students’ L2 English pro-
ficiency was evaluated from multiple angles. Each student participated in a
face-to-face tutoring session with an instructor. Not only were students asked
to demonstrate their L2 English proficiency through a variety of tasks, but they
also received feedback and training from the instructor. The entire session took
about 1 hour per participant. Among a set of activities in which the participants
engaged, we have reported the results of their oral performance in a monologue
task that they completed at the beginning of their tutoring session. We chose
this task format because our pilot study had shown that the task was suitable
for eliciting sufficiently long L2 speech samples that can index participants’
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extemporaneous use of a wide variety of lexicogrammatical features. The par-
ticipants were asked to talk about the following topic for 4 minutes: “What
was the most recent favorite movie of yours that you watched?” To ensure that
the participants would continue to speak for a sufficiently long time (totaling
4 minutes), we also prepared six discussion points that were presented below
the topic question: (a) What was it called? (b) What kind of movie was it?
(c) When and where did you watch it? (d) Who were the main characters? (e)
What happened in the movie? and (f) Why did you like it? To avoid false starts,
the talkers had to start their speech by using the following fixed first line: “The
favorite movie I recently watched was .’ All the speech tokens were
recorded in a quiet room with a Roland-05 audio recorder, set at 44.1 kHz
sampling rate and 16-bit quantization, and with a unidirectional condenser mi-
crophone. The audio data were transcribed for the lexicogrammar fluency and
accuracy analyses. Although the number of words per token was substantially
different for each participant (M = 174.0 words, range: 130—240 words), the
speech surpassed the suggested threshold for robust L2 vocabulary analyses
(Koizumi & In’nami, 2012 for +100 words).

Fluency Measures

We assessed L2 fluency from the speech sample using two measures (see
Table 4). In light of Tavakoli and Skehan’s (2005) framework of utterance flu-
ency, we analyzed the speech as follows. First, we assessed speed fluency for
articulation rate, calculated by dividing the total number of syllables produced
by phonation time. We analyzed phonation time by subtracting all the fillers
(ah, oh, eh) and extensive silence (greater than 250 milliseconds) from the total
length of each sample. Second, we assessed pausing behavior for the frequency
of filled and unfilled pauses, calculated by dividing the number of pauses by the
total number of words. Following the suggestions in many L2 fluency studies
(e.g., Lambert, Kormos, & Minn, 2017), we calculated breakdown fluency sep-
arately for pauses in the middle and end of clauses. The frequency of midclause
pauses has been assumed to represent the efficiency of L2 linguistic encoding
processes, but the ratio of clause-final pauses is supposed to reflect concep-
tualization processes (Kormos, 2006). Two researchers separately transcribed
10 similar L2 speech samples (used in a different project) and coded them for
speed, breakdown, and repair fluency. Next, they had a meeting where they
checked the results of their transcripts and fluency analyses. Because there was
no evidence of disagreement between the coders, just one of them completed
the transcription and fluency analyses of the 39 Vietnamese EFL speakers’
monologues used in the current study.
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Accuracy Measures

We assessed L2 accuracy from the speech sample using two measures (see
Table 4). Traditionally, accuracy has been dichotomously analyzed by tally-
ing the number of linguistic errors in obligatory contexts (correct vs. incor-
rect). More recently, however, many scholars have emphasized the notion of
error gravity in L2 accuracy judgments (Derwing & Munro, 2015, for compre-
hensibility; Foster & Wigglesworth, 2016, for weighted accuracy; Saito, Trofi-
movich, & Isaacs, 2017, for segmental, prosodic and lexical appropriateness).
According to this paradigm, there is consensus that certain errors have a greater
negative impact on global L2 communicative adequacy than others (Révész
et al., 2016), that the relative (rather than dichotomous) quality of accuracy
should be evaluated from multiple angles using a combination of objective and
subjective analyses (Trofimovich & Isaacs, 2012), and that phonological and
lexicogrammar accuracy influence each other and thus should be analyzed sep-
arately (Crowther, Trofimovich, Isaacs, & Saito, 2015). We analyzed each di-
mension of accuracy as follows.

Phonological Accuracy

We adopted the training and rating procedure for subjective analyses of phono-
logical accuracy originally conceptualized, developed, and validated by Saito
etal. (2017). First, we recruited two linguistically trained raters: L1 Vietnamese
speakers with high-level L2 English proficiency. Both were PhD candidates
with an academic background in linguistics, and both had 8 years of EFL teach-
ing experience in Vietnam. As Saito, Suzukida, and Sun (2019) argued, recruit-
ing highly proficient and experienced L2 users rather than native speakers as
listeners adds a degree of ecological validity to L2 speech research methodol-
ogy because such expert L2 raters are believed to be able to adequately evaluate
the degree to which speakers of the same L1 are making efforts to acquire and
use L2 English rather than continuously relying on their L1 systems.

The two raters first underwent a brief training session with the first au-
thor on the three different constructs of L2 phonological accuracy: (a) seg-
mentals (substitution, omission, or insertion of individual consonant and vowel
sounds), (b) word stress (misplaced or missing lexical stress in multisyllabic
words), and (c) intonation (appropriate, varied use of pitch movements; for
training scripts, see Appendix S1 in the online Supporting Information). Then,
each rater separately listened to the 39 speech files in a randomized order. For
each speech sample, the raters assessed the extent to which a speaker made
an effort to approximate the targetlike use of segmentals, word stress, and in-
tonation in L2 English rather than in their L1 Vietnamese on one scale from
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1 (nontargetlike) to 9 (targetlike). The interrater reliability was significantly
high: for segmentals, » = .85, for word stress, » = .84, and for intonation, » =
.81. Given that the scores of the two raters did not show any clear disagreement
(defined as more than a 2-point difference at each component), we decided to
use their averaged scores for the subsequent analyses.

Lexicogrammar Accuracy

We adopted two different analyses of lexicogrammatical accuracy in this study:
(a) subjective judgments (global weighted accuracy) and (b) corpus-based text
analysis (collocation association). Foster and Wigglesworth (2016) originally
proposed a scale from 1 (very serious errors hindering meaning) to 4 (en-
tirely accurate) to assess the weighted accuracy of lexicogrammar in conjunc-
tion with its relative impact on global understanding. Following this line of
thought, Appel et al. (2019) stressed the importance of evaluating the accurate
use of lexicogrammar from the perspective of comprehensibility (i.e., overall
ease of understanding). Therefore, the same two expert L1 Vietnamese raters
also conducted the lexicogrammar judgments. To factor out the influence of
fluency-related phenomena, we eliminated all filled pauses (e.g., ah, eh, oh)
from the transcripts. After the raters had received training from the researcher
on the definition of global lexicogrammar accuracy (for training scripts, see
Appendix S2 in the online Supporting Information), they proceeded to read the
39 transcripts in a randomized order and assess each written file for global ac-
curacy on a scale from 1 (difficult to understand) to 9 (easy to understand). We
again identified significantly high agreement, » = .87. Because we observed
no major disagreement (more than a 2-point difference), we used the raters’
averaged scores as a measure of participants’ global lexicogrammar accuracy
for the subsequent analyses.

For the corpus-based text analysis, a growing number of studies have
shown that collocation use forms a crucial component of L2 speech proficiency
(Kyle & Crossley, 2015; Tavakoli & Uchihara, 2020) and can serve as a good
index of speakers’ ability to use lexicogrammar appropriately in context (Saito,
2020). In general, collocation is defined as “the phenomenon surrounding the
fact that certain words are more likely to occur in combination with other words
in certain contexts” (Baker, Hardie, & McEnery, 2006, p. 36). One useful ana-
lytic unit of collocation is n-gram association, that is, what is the frequency and
the statistical likelihood of #» words occurring together (but not with any other
word). In the current study, we operationalized this using mutual information
scores (for a comprehensive overview, see Gablasova, Brezina, & McEnery,
2017). To calculate mutual information scores, we submitted all the cleaned
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transcripts to the bigram and trigram measures available in the Tool for the
Automatic Analysis of Lexical Sophistication (Version 2.0; Kyle & Crossley,
2015). We calculated mutual information scores by dividing the frequency
of collocations by the frequency of random co-occurrence of the words. We
chose the Corpus of Contemporary American English as the reference cor-
pus (Davies, 2009). Mutual information scores reflect the exclusivity of word
combinations; higher scores are assigned to low-frequency associations that do
not have many other partner words. To create composite collocation scores for
each transcript, we standardized and averaged both bigram and trigram mutual
information scores.

Measures of Auditory Processing

As the third column of Table 1 indicates, we measured four different aspects
of participants’ auditory processing abilities (i.e., audio-motor integration and
auditory acuity for temporal and spectral information). We assessed audio-
motor integration via reproduction tasks and auditory acuity via discrimination
tasks.

Although we collected the L2 English speech samples as a part of the EFL
curriculum at the university and as a form of individual tutoring with an in-
structor, participants were not required to continue with the auditory process-
ing test that took approximately 30 extra minutes of their time. Therefore, we
asked for volunteers who would be willing to participate in the auditory test
battery. To administer all the extra data collection in an efficient manner and
to reduce the burden for the participants, we allowed them to complete the
auditory processing tests using their own computer at their convenience. For
the participants to do so, we first uploaded the test materials onto our inhouse
website and piloted them multiple times. Next, when interested participants
contacted the researcher, she (a L1 Vietnamese speaker) held a brief online
meeting in which the participants received the instructions for each auditory
processing test in L1 Vietnamese. All the participants were explicitly instructed
to engage in the test in a quiet room using their computer and headset. When
the participants had any questions, they contacted the researcher to ensure that
they fully understood the procedure.

All the participants followed the same task order. They first engaged in the
audio-motor integration task (rhythm and melody reproduction) and then the
auditory acuity task (duration, pitch, and formant discrimination). Initially,
42 participants joined our project and completed the auditory processing tests
without any problems. Although we carefully monitored the participants’
auditory processing performance, we found that the temporal integration
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performances of three participants were not properly recorded due to some
technical issues. Thus, we eliminated these three participants from all analyses.

Audio-Motor Integration

Following the procedures used in Tierney et al. (2017), the participants com-
pleted two different audio-motor integration tasks: rhythm and melody repro-
duction. The rhythm reproduction task was designed to tap into the partici-
pants’ temporal integration ability; and the melody reproduction task into their
spectral integration ability.

The rhythm reproduction task evaluated the extent to which the participants
could easily remember perceptible rhythmic sequences (i.e., broader levels of
temporal information) and reproduce them. In the test, the participants lis-
tened to a four-measure sequence three times and were asked to drum out the
sequence as if there were a fourth repetition. The participants were presented
with a total of 30 trials, with the first 15 being strongly metrical and the remain-
ing 15 being weakly metrical (described by Povel & Essens, 1985). The weakly
metrical sequences contained fewer drum hits on the first and third beats than
did the strongly metrical sequences. The participants’ drumming was quan-
tized by changing each interdrum-interval to the nearest interval in the set
(200, 400, 600, and 800 milliseconds). Each of the participants’ responses was
treated as a sequence of hits and rests such that the program checked whether
there was a drum hit or a rest every 200 milliseconds. The participants’ se-
quence of hits and rests was then compared to the sequence of hits and rests in
the stimulus. The resulting ratio of correct hits and rests constituted the rhythm
integration scores.

For melody reproduction, we designed a new task to evaluate the extent to
which the participants could recollect and reproduce a sequence of complex
tones that varied in pitch. Each melody consisted of a sequence of seven notes.
Each of these notes was drawn from a set of five six-harmonic complex tones
with equal amplitude across harmonics and fundamental frequencies equal to
the first five notes of the major scale, corresponding to frequencies of 220,
246.9, 277.2, 311.1, and 329.6 Hz. Each note was 300 milliseconds in dura-
tion, with a 50 milliseconds cosine ramp at the beginning and end of the note to
avoid perception of transients. No silence was interposed between notes within
a melody. Melodies were pseudorandomly constructed in the following man-
ner. Each melody began on the third note of the scale, that is, 277.2 Hz. The
next note was then randomly chosen to be either one note higher on the scale
(311.1 Hz) or one note lower on the scale (246.9 Hz). This process then re-
peated until all seven notes were chosen. The melody could not descend below
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220 Hz or ascend above 329.6 Hz; once the melody reached these limits, the
next note was chosen to either be closer to the center of the range or identical
to the previous note.

During the test, participants were told that they were completing a mem-
ory test in which they would hear melodies repeated three times and that they
were to try to remember the melodies and then to repeat them. They were then
played an example of a melody, repeated three times. Next, they were shown
a set of five buttons vertically arranged on the screen, labeled “1” through
“5.” Each of these buttons, when clicked, turned from black to green in out-
line and played one of the five notes of the scale (with the lowest note linked
to the button labeled “1,” which was also arranged at the lowest point on the
screen). Participants were encouraged to try clicking on these buttons to fa-
miliarize themselves with the tone linked to each button. Finally, participants
were explicitly told that each melody would begin with the note linked to the
button labeled “3.” The test itself consisted of 10 melodies, each of which
was presented three times, with a 1-second pause in between repetitions. After
these repetitions finished, the five boxes once again appeared on the screen,
and participants were instructed to reproduce the melody by pressing on the
boxes. When they clicked each box, the tone that was linked to that number
was played. Once they had completed their reproduction, they were asked to
click on a “next trial” button to advance to the next melody. To assess perfor-
mance, we compared the first seven button presses produced by the participant
to the target melody, scoring identical notes as 1 and scoring notes that differed
to any degree as 0. We then averaged the participants’ performance across all
10 melodies.

Auditory Acuity

We administered three psychoacoustic tests to assess the participants’ ability
to capture temporal and spectral details of sounds: duration, pitch, and formant
discrimination thresholds (Surprenant & Watson, 2001). We designed duration
discrimination thresholds to assess the participants’ temporal acuity, and we
designed pitch and formant thresholds to assess the participants’ spectral acu-
ity. For each test, we created 100 synthesized stimuli using custom MATLAB
scripts. These stimuli varied along a single acoustic continuum; they either had
100 different durations, 100 different fundamental frequencies (i.e., pitch), or
100 different formant values. In each trial, three different tones were presented
with an interstimulus interval of 0.5 s. Upon hearing each sequence, the par-
ticipants were asked to choose which of the three tones differed from the other
two by pressing the number “1” or “3.” On the basis of Levitt’s (1971) adaptive
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threshold procedure, we designed the size of the difference to vary from trial
to trial in accordance with task performance.

General procedure. Because there were 100 target samples, each file was
labeled from Levels 1 to 100. The standard/anchor stimulus was labeled as
Level 0. If the participants could perceive the difference between the standard
stimulus (Level 0) and Level 1, this represented the highest level of auditory
sensitivity. If they could hear the difference only when they compared between
the standard stimulus (Level 0) and Level 100, this indicated the lowest level
of auditory sensitivity. That is, the lower scores were a proxy for higher audi-
tory sensitivity. Initially, the tests started from the midpoint, Level 50. In other
words, in the first trial, the two identical stimuli had a value of 0 on the target
acoustic continuum (duration, pitch, or formant frequency), but the different
target stimulus had a value of 50 on that continuum. When an incorrect re-
sponse was made, the difficulty of the task decreased by a degree of 10 steps
(with the difference being wider). For example, if the participants answered
the first trial incorrectly, for the second trial the target stimulus would have a
value of 60. When they provided three consecutive correct responses, the task
difficulty increased by a degree of 10 steps (with the difference being smaller).
In other words, the level of the target stimulus might change from 50 to 40. The
step size decreased when the direction of difficulty between trials reversed, that
is, when an increase in difficulty was followed by a decrease in difficulty, or
vice versa. After the first reversal, the step size changed from 10 to 5, and then,
after the second reversal, from 5 to 1. The logic behind this feature of the test
was that large changes were made to test difficulty initially to find the stimulus
range where the test was difficult but not impossible, and then fine adjustments
were made to test difficulty from that point on so that the participant’s thresh-
old could be very precisely measured. The tests stopped either after 70 trials
or eight reversals. Participants’ auditory processing score was determined by
averaging the stimulus levels at which the reversals occurred, starting at the
third reversal. This was a measurement of the stimulus level at which a par-
ticipant could just barely discriminate the stimuli. For example, one partici-
pant’s third through eighth reversals were at Levels 50, 35, 40, 35, 45, and 41.
This participant’s score was calculated as the average of these six numbers, or
41. This participant, therefore, could just barely tell the difference between a
stimulus at Level 41 and a stimulus at Level 0. What each stimulus level in-
dicated was different across the three subtasks (duration, pitch, and formant
discrimination).

Stimuli for duration discrimination. We prepared a total of 100 four-
harmonic complex tones with the fundamental frequency set to 330 Hz and
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equal amplitude across harmonics. The duration of the standard stimulus
(Level 0) was 250 milliseconds. To avoid the perception of transients, we in-
cluded two amplitude ramps at the onset and endpoint of the stimulus (15 mil-
liseconds each). To differentiate the 100 tones in terms of duration (Levels
1-100), we manipulated the target acoustic dimension (duration) in steps of
2.5 milliseconds (252.5—500 milliseconds). For example, if a participant’s re-
verse happened at Level 10, this meant that the minimum difference in duration
that the participant could hear was 25 milliseconds, that is 250 milliseconds
(standard stimulus) versus 275 milliseconds (target stimulus).

Stimuli for pitch discrimination. We used the same 100 four-harmonic
complex tones from the duration discrimination task. This time, however, the
duration dimension remained the same throughout (i.e., 250 milliseconds); but
we set an FO of 330 Hz as the standard stimulus (Level 0), and manipulated FO
as the target acoustic dimension for the remaining stimuli (Levels 1—100). All
the 100 stimuli differed between 330.3 and 360 Hz in FO with a step of 0.3 Hz.
For example, if a participant’s reversal happened at Level 10, this meant that
the minimum difference in pitch that the participants could hear was 3 Hz, that
is, 330 Hz (standard stimulus) versus 333 Hz (target stimulus).

Stimuli for formant discrimination. We created a total of 100 complex
tones. The duration of each token was 500 milliseconds with a fundamen-
tal frequency of 100 Hz and harmonics up to 3,000 Hz. We inserted two 15
milliseconds amplitude ramps at the beginning and endpoint of the stimulus.
Using the technique of a parallel formant filter bank (Smith, 2007), we gen-
erated three formants at 500, 1,500, and 2,500 Hz. We set an F2 of 1,500 Hz
as the standard stimulus (Level 0) and manipulated F2 as the target acoustic
dimension for the remaining stimuli (Levels 1—100). All the 100 stimuli dif-
fered between 1,502 and 1,700 Hz in F2 with a step of 2 Hz. For example,
if a participant’s reversal happened at Level 10, this meant that the minimum
difference in formant that the participant could hear was 20 Hz, that is 1,500
Hz (standard stimulus) versus 1,520 Hz (target stimulus).

Calculating temporal versus spectral acuity. We used the participants’
duration discrimination scores to index their temporal acuity. Following the
method of calculating spectral acuity in the precursor research (Kachlicka
et al., 2019), we standardized and averaged the participants’ pitch and for-
mant discrimination scores. Thus, we considered the composite spectral acuity
to represent the participants’ sensitivity to lower frequencies (pitch discrimi-
nation) and higher frequencies (formant discrimination).
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Reliability of Reproduction and Discrimination Tasks
To determine the test—retest reliability of the audio-motor integration and acu-
ity tasks, we conducted a follow-up study. Using the test procedure described
above, a total of 30 English users not included in the current study with di-
verse experience and proficiency levels took the reproduction and discrimina-
tion tests online twice one day apart. According to Pearson correlation analyses
(summarized in Table 5), the test instruments yielded medium-to-large test—
retest effects (r = .562—.907) except for duration discrimination (r = .284).
The test-retest reliability for the combined spectral discrimination scores (i.e.,
averaging formant and pitch discrimination scores) was r = .598 (p < .001).
It is important to note that the results suggested that some parts of our
online testing of auditory abilities (r = .907-.775 for spectral and temporal
reproduction) reached an acceptable level of test—retest reliability (as identified
by Lance, Butts, & Michels, 2006) as well as reaching the level of test—retest
reliability previously reported for in-laboratory testing (for example, » = .75
in Raz, Willerman, & Yama, 1987). However, the low reliability of the other
measures (» = .598 and .284 for spectral and temporal discrimination) could
be ascribed to several scenarios (e.g., the lack of validity, small sample size,
and inconsistent sound system across participants; for more details and open
data, see Saito, Sun, & Tierney, 2020b).

Results

The research question asked how auditory processing and experience vari-
ables are related to the accuracy and fluency dimensions of L2 speech learning
among learners in the foreign language classroom setting. For individual dif-
ferences research of this kind where there are multiple predictor and dependent
variables, it is essential to examine how these variables relate to each other to
avoid multicollinearity problems. Thus, we first present the auditory process-
ing scores and their associations with experience backgrounds (the predictor
variables). After we have summarized the participants’ L2 speech accuracy and
fluency proficiency (the dependent variables), we finally present the results of
multiple and mixed effects regression analyses to shed light on the complex re-
lationship between auditory processing, experience, and L2 speech proficiency.
We selected an alpha level of .05 as the level of significance for the statistical
tests and applied the Bonferroni correction to this alpha when we used multiple
tests within an analysis.
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Table 6 Interrelationships of auditory processing measures

Spectral
integration Temporal acuity Spectral acuity
Measures r p r p r p
Temporal integration 307 .069 —-.213 211 —.018 918
Spectral integration —.002 .993 .006 972
Temporal acuity 438 .005

Note. Adjusted alpha (after Bonferroni correction for multiple correlations, 0.05/3 =
.016.

Characteristics of Auditory Processing
According to the results of Kolmogorov-Smirnov tests, the participants’ pitch
discrimination scores demonstrated significant deviation from normally dis-
tributed patterns, D(39) = .214, p = .047, but their formant and duration scores
were comparable to a normal distribution, D(39) = .094, p = .846, and D(39)
= .117, p = .615, respectively. Thus, we transformed the raw pitch scores us-
ing a logl0 function. We standardized and averaged these transformed pitch
and raw formant discrimination scores to index the participants’ spectral acu-
ity. The composite spectral acuity did not significantly differ from a normal
distribution, D(39) = .139, p = .397. We used the raw duration discrimination
scores for temporal acuity. As for audio-motor integration, both raw rhythm
and melody reproduction scores did not significantly differ from a normal dis-
tribution, D(36) = .098, p = .810, and D(39) = .096, p = .861, respectively.
We used the raw rhythm reproduction scores to index temporal integration and
the raw melody reproduction scores to index spectral integration.

Table S3.1 in Appendix S3 in the online Supporting Information provides
a descriptive summary of the participants’ raw auditory processing scores. For
the remainder of the analyses, we used the four different dimensions of audi-
tory processing summarized in Table 1. In the current study, we operational-
ized spectral acuity as combined pitch and formant discrimination scores, tem-
poral acuity as duration discrimination scores, spectral integration as melody
reproduction scores, and temporal integration as rhythm reproduction scores.
For the interrelationships between integration and acuity scores, the results of
Pearson correlation analyses (summarized in Table 6) showed a moderate cor-
relation between temporal and spectral acuity scores ( = .438). There were no
other significant associations between the integration and acuity dimensions
(adjusted alpha with Bonferroni correction, .05/3 = .017). This supported the

23 Language Learning 00:0, xxxx 2021, pp. 1-47



Saito et al. Auditory Processing & Classroom L2 Speech

Table 7 External relations between auditory processing measures and other influencing
variables

Past experience Current experience
Measures r p r p
Temporal integration 495 .002 331 .049
Spectral integration 281 .084 299 .065
Temporal acuity —.022 .894 —.015 929
Spectral acuity —.096 .562 —.036 .829

Note. Adjusted alpha (after Bonferroni correction for multiple correlations, 0.05/2) =
.025.

conceptualization shown in Table 1 and suggested that integration and acuity
consist of two theoretically dissociable aspects of auditory processing, at least
within the current dataset.

Auditory Processing and Experience

We performed another set of Pearson correlation analyses to examine the re-
lationship between auditory processing and language experience. For the rest
of the analyses, the length of foreign language education was labeled as “past
experience” (hours in total) and the current L2 use outside classrooms as “cur-
rent experience” (hours per week). The results presented in Table 7 suggested
that temporal integration in particular may be tied to the extent to which partic-
ipants have accumulatively practiced the target language inside L2 classrooms
(r = .495); and that the acuity aspect of auditory processing may be indepen-
dent of experience variables.

Characteristics of L2 Speech Proficiency

Table S3.2 in Appendix S3 in the online Supporting Information summa-
rizes the participants’ L2 fluency and accuracy performance. The results of
Kolmogorov-Smirnov tests suggested that the fluency and accuracy scores
were normally distributed, Ds(39) = .073—.193, ps = .093-.972. To examine
the relationships among a total of three fluency measures and five accuracy
measures, we performed a set of Pearson correlation analyses (adjusted alpha
with Bonferroni correction, 0.05/7 = .007). As Table 8 shows, the three tem-
poral fluency measures (articulation rate, midclause pause ratio, clause-final
pause ratio) were significantly or marginally correlated with each other (all
p < .012). The three phonological accuracy measures (segmentals, word stress,
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intonation) demonstrated relatively strong associations (rs = .865—.875). How-
ever, a relationship between two lexicogrammar accuracy measures (global
accuracy judgments vs. collocation) remained unclear, » = .101, p = .540.
Although global accuracy demonstrated marginally significant negative asso-
ciations with clause-final pause ratio, r = —.400, p = .012, the lexicogrammar
accuracy measures were not clearly clustered into the other fluent and accuracy
measures. Taken together, the results suggested that the eight outcome mea-
sures appeared to tap into four broadly different aspects of participants’ L2
oral abilities: (a) temporal fluency, (b) phonological accuracy, (c) lexicogram-
mar accuracy, and (d) collocational use.

Roles of Auditory Processing and Experience in L2 Speech Proficiency

In order to examine the relative weights of auditory processing and experience
variables in L2 speech proficiency, we conducted several regression analyses.
Just as the existing literature has discussed (Trofimovich & Isaacs, 2012), we
found that a total of eight outcome measures (see Table 8) tapped into four
different dimensions of L2 speech proficiency

1. Phonological accuracy (segmentals, word stress, and intonation)

2. Fluency (articulation rate, midclause pause ratio, and clause-final pause ra-
tio)

3. Lexicogrammar accuracy (global accuracy judgments)

4. Collocation accuracy (mutual information scores)

Therefore, we constructed a total of four different models relative to six
predictors, that is, temporal and spectral integration and acuity, past experi-
ence (total hours of foreign language education), and current experience (ex-
tracurricular L2 practice). According to the results of our power analyses using
G*Power, the observed statistical power for these models explaining a rela-
tively large amount of variance (£ = 0.35) in the 39 participants’ L2 speech
proficiency by way of the six predictors was .71, which could be considered
acceptable in the field of applied linguistics (Larson-Hall, 2010).

For Models 1 and 2, the dependent variables were hierarchical, where the
same participants’ performance needed to be tested three times in each model
(i.e., segmentals, word stress, and intonation for phonological accuracy; articu-
lation, midclause, and clause-final pauses for fluency). To take random effects
of subjects (being tested three times) into account, we constructed two sepa-
rate mixed effects regression models using the Im and glmer functions from
the Ime package (Version 1.1-21; Bates, Maechler, Bolker, & Walker, 2015) in
R (Version 3.6.3; R Core Team, 2018). Because the directions of articulation
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and pause measures were opposite (with faster speech rate and fewer pauses
indicating better fluency), we reversed scores on the pause ratio measures.

For Models 3 and 4, the dependent variables involved one single dimension
(i.e., global accuracy judgment scores for lexicogrammar accuracy, mutual in-
formation scores for collocation accuracy). Thus, we constructed two separate
multiple regression models using the Ime function in R. In essence, both anal-
yses (mixed effects and multiple regression) provided insights and values that
can be interpreted in the same way, that is, whether, how, and to what degree
each predictor variable was associated with the dependent variables.

Table 9 shows the results of mixed effects modeling for Models 1 and 2,
and Table 10 shows the results of multiple regression for Models 3 and 4.
In both analyses, auditory processing and experience variables uniquely ex-
plained 8.1% to 37.9% of variance for different dimensions of L2 speech.
There was no strong evidence of multicollinearity problems (variance inflation
factors = 1.01—1.72). We observed the following patterns for the relationship
between auditory processing, experience, and L2 speech proficiency. First, the
fluency measures demonstrated significant associations with the amount of L2
English use outside of the classroom (extracurricular L2 practice). Second, the
degree of L2 lexicogrammar accuracy (overall comprehensibility, collocational
use) were primarily determined by auditory processing variables (spectral in-
tegration). Third, the driving predictor of phonological accuracy was unclear.
Figure 1 graphically summarizes the relationship between auditory processing
and L2 speech proficiency when we controlled for the experience variables.

Discussion

Domain-general auditory processing refers to the extent to which learners
can capture and internalize broad levels of temporal and spectral information
(audio-motor integration) and the extent to which they can perceive temporal
and spectral details of sounds to refine the quality of auditory categorization
(auditory acuity). In the L1 acquisition literature, integration and acuity mea-
sures have been shown to predict the outcomes of normal and abnormal lan-
guage development (e.g., Tierney & Kraus, 2014, for audio-motor integration;
Surprenant & Watson, 2001, for spectral acuity). The main objective of the
current investigation was to examine the generalizability of this construct to
postpubertal L2 speech learning in the foreign language setting. We gathered
data on auditory processing ability (audio-motor integration, auditory acuity),
learning experience (quantity, quality, timing) and L2 speech profiles (flu-
ency, phonology, lexicogrammar) from 39 Vietnamese EFL learners with an
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extensive amount of foreign language learning experience in classrooms
(>1,000 hours) and submitted them to correlation and regression analysis.

For the relationships between auditory processing, experience, and L2
speech proficiency, both audio-motor integration and experience variables
uniquely explained some aspects of L2 speech proficiency attainment in class-
room settings. Specifically, the findings confirmed our prediction that the
temporal fluency aspects of L2 speech (articulation rate, pause ratio) are
tied to learning experience and that lexicogrammar accuracy and collocation
use (global judgments, collocation association) are primarily determined by
auditory-motor integration (relative to the other variables we included in our
analysis). In a broad sense, these findings lead to the conclusion that (a) L2
learners can improve the fluency aspects of L2 speech, even in a foreign lan-
guage setting, as long as they practice on a regular and frequent basis (Saito &
Hanzawa, 2016, 2018) and (b) individual differences in the ability to perceive
and reproduce auditory patterns may play a key role in the acquisition of diffi-
cult linguistic features (Li, 2016). In conjunction with Plonsky and Ghanbar’s
(2018) field-specific benchmarks, the strength of the experience effects and the
audition effects could be considered as moderate to large (rs = .40—.60). The
conclusion here generally concurs with the existing short-term training litera-
ture showing auditory processing facilitates the process and product of novel
language learning (e.g., Wong & Perrachione, 2007). This conclusion is in line
with emerging research showing that auditory processing matters for the acqui-
sition of the relatively difficult aspect of L2 speech acquisition in naturalistic
settings (i.e., accuracy rather than fluency; Saito et al., 2020a; Saito et al., in
press).

At the same time, however, we would like to emphasize that the conclu-
sions described here need to be interpreted with some caution pending further
empirical investigation and replication. Although auditory processing played a
significant role according to the findings of the current study, it is important
to point out that the predictive capacity of the construct may be doubtable,
especially considering the asymmetric relations between the different types
of auditory processing and different dimensions of L2 speech. In the cur-
rent dataset, a large portion of the audition-proficiency link was actually re-
stricted to audio-motor integration (rather than acuity) in the lexicogrammar
(rather than phonological) dimensions. This asymmetric pattern found among
classroom L2 learners was different from what we previously reported among
naturalistic L2 learners (e.g., Kachlicka et al., 2019, for the significant role
of acuity and integration in both phonology and morphology). As we re-
viewed earlier, scholars in cognitive psychology assume the predictive power of
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auditory processing in acquisition because more precise auditory processing
abilities help encode and integrate aural input in a more efficient and effective
fashion (Mueller et al., 2012; Tierney & Kraus, 2014). The precursor research
has shed light on the generalizability of the model to various dimensions of L2
acquisition, and we now discuss the findings in the current study in order to
update and fill in the theoretical details of an audition-based account of L2 ac-
quisition. In essence, we argue that the quality and quantity of experience that
learners go through (naturalistic vs. classroom) may further determine types of
auditory processing abilities that learners primarily use (integration vs. acuity)
and dimensions of language that auditory processing facilitates (phonology vs.
lexicogrammar).

With respect to naturalistic settings, similar to L1 acquisition, L2 learners
access ample aural input necessary for the simultaneous development of L2
phonology and lexicogrammar as long as they seek opportunities to use a tar-
get language (Derwing & Munro, 2013). In such contexts, for the efficient and
effective processing of every input opportunity, learners rely on both auditory
integration (converting input into motor action) and acuity (conducting fine-
grained analyses of input). Thus, those with more precise auditory processing
can demonstrate various dimensions of advanced L2 proficiency (phonology
and lexicogrammar), and the trend becomes stronger as a function of increased
input (e.g., Saito et al., 2020a, for the longitudinal relationship between audi-
tory processing and L2 speech acquisition within the first 8 months of immer-
sion; Saito, & Tierney, in press, for the first 4 months of immersion).

As for classroom L2 learning (the main focus of the current study), ex-
perience is problematic in many ways. Muifioz (2014) has pointed out that
the input received by foreign-language learners is limited in source (mainly
the teacher), quantity (not all teachers use the target language as the language
of communication in the classroom), and quality (there is great variability in
teachers’ oral fluency and general proficiency, as shown by Graham, Courtney,
Marinis, & Tonkyn, 2017). Following our revised model of audition-based ac-
count of L2 learning, we argue that these unique characteristics of the input
available through an instructed foreign-language experience explain the unpre-
dicted findings of the current study, that is, the significant associations between
lexicogrammar (rather than phonological) accuracy aspects of L2 speech learn-
ing and the integration (rather than acuity) dimension of auditory processing.

In Vietnamese EFL classrooms, adult L2 learners typically learn the target
language through decontextualized teaching methods such as grammar trans-
lation and audiolingualism (mechanical repetition and memorization of tar-
get sentences). Although learners do receive some form of aural input from
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teachers (e.g., choral repetition of target sentences), the input that these ap-
proaches provide is known to be not only insufficient, but also skewed. For
example, these kinds of EFL approaches are characterized by their exclusive
emphasis on production (rather than comprehension) practice of lexicogram-
mar (rather than phonology). As the current study has shown, this could ex-
plain why auditory integration (rather than acuity) abilities could clearly pre-
dict L2 lexicogrammar (rather than phonology) proficiency among our partic-
ipants who had been through years of EFL experience.

First, both grammar translation and audiolingualism recommend that the
target language should be mainly learned through repetitive output of oral and
written sentences. Although researchers have emphasized the importance of
comprehension-based practice, where students receive an abundant amount of
contextually rich aural input in order to enhance understanding of language,
this approach tends to be neglected in many EFL classrooms (Shintani, Li,
& Ellis, 2013). For those interested in the Vietnamese EFL setting in partic-
ular, Nguyen (2017) have provided a good reference for context-specific is-
sues related to over-reliance on grammar-translation and the significant lack
of authentic L2 input. Given that students lack enough auditory, communica-
tively authentic input, and input-based practice opportunities in order to de-
velop, refine, and sophisticate their auditory representations, it is reasonable to
assume that processing even limited input for production (audio-motor integra-
tion rather than acuity) may be a relatively key skill in successful L2 learning
in EFL classrooms. This is essentially different from the context of naturalistic
L2 speech learning, where auditory integration and acuity have been found to
be equally instrumental to success (Kachlicka et al., 2019).

Furthermore, there is a great amount of educational reporting that has re-
vealed that the focus of instruction is exclusively on lexicogrammar, and that
pronunciation training has not received enough attention in many L2 class-
rooms (for a review, Derwing & Munro, 2015). This may be because teachers
lack adequate training experience in order to provide research-based pronun-
ciation instruction with confidence (e.g., Burri & Baker, 2019) and/or because
EFL learners prioritize the accurate use of lexicogrammar over pronunciation
for the purposes of successful L2 communication (e.g., Saito, 2015). It is im-
portant to remember that previous training studies have shown a logical se-
quence: Auditory processing can facilitate L2 phonological acquisition, when
learners engage in aural input only and are guided to attend to phonological
characteristics of language (e.g., Wong & Perrachione, 2007). Echoing what
we found in the current study, therefore, it is unsurprising that auditory pro-
cessing could determine the degree of success in L2 lexicogrammar rather than

33 Language Learning 00:0, xxxx 2021, pp. 1-47



Saito et al. Auditory Processing & Classroom L2 Speech

phonology in classroom L2 speech learning because the lexicogrammar is what
students primarily practice and strive to improve in classroom settings. Another
possible explanation for why performance on the audio-motor integration test
battery might relate to lexicogrammar rather than phonology is that the test
battery required remembering and integrating information across a relatively
long period of time (several seconds). Lexicogrammatical information is con-
veyed in speech across a longer time span than phonological information, and
so auditory memory may be more crucial to the acquisition of lexicogrammar
than fine-grained phonological distinctions.

Limitations and Future Directions

The current study took a first step toward examining the role of domain-general
auditory processing in classroom L2 speech learning. Given the exploratory
nature of the study, there are a number of methodological limitations that
should be brought to light. In this section, we acknowledge these issues and
call for future investigations to remedy them with a view of obtaining a full-
fledged picture of the complex relationship between auditory processing and
L2 speech acquisition.

An obvious limitation of the study was the relatively small number of learn-
ers involved (N = 39). In the current investigation, we found significant ef-
fects for auditory processing and experience on L2 lexicogrammar accuracy
and fluency but not for phonological accuracy. However, the small sample put
the results at greater risk for Type I or Type II error. The true presence and
absence of the relationship between auditory processing, experience, and L2
speech proficiency needs to be tested with a sufficiently large sample size. The
generalizability of the results should also be treated with caution. We stress
that the findings presented in this study should be interpreted solely accord-
ing to the particular group of L2 learners involved (undergraduate-level Viet-
namese learners of English). We recommend that future replication studies use
more participants with a wider range of proficiency levels (e.g., low, mid, high,
and near-nativelike L2 proficiency; proposed by Abrahamsson & Hyltenstam,
2009), classroom experience (e.g., language vs. content-based classes; Saito
& Hanzawa, 2018), and L1-L2 parings (e.g., linguistically close vs. distant;
McAllister, Flege, & Piske, 2002). To further broaden understanding of this re-
lationship, future research should also feature different speaking tasks (formal
vs. informal; Crowther et al., 2015), speech analysis techniques (e.g., acoustic
vs. rater judgments; Saito & Plonsky, 2019), and auditory processing instru-
ments (e.g., explicit vs. implicit; Saito et al., 2019).
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Furthermore, due to the small sample size, it is important to stress that any
conclusions regarding the constructs of the auditory processing that we pro-
posed and adopted in the current study are tentative. The results showed that
the strength of the relationship between acuity and integration scores was not
statistically significant, suggesting the two represent independent constructs
(as argued by Tierney & Kraus, 2014). Given that the distinction between spec-
tral and temporal processing reached statistical significance for acuity but not
integration, we are hesitant to make any conclusive remarks on the concep-
tual overlap between spectral versus temporal processing, especially in light of
mixed findings in the previous literature (e.g., » = .05 in Kempe et al., 2015, vs.
r = .43 in the current study). It is interesting that our participants’ individual
differences in integration (but not acuity) appeared to be related to L2 class-
room learning experience. This finding is line with previous research showing
that audio-motor integration improves as a function of language and music
learning experience (Tierney et al., 2008). In contrast, research has shown that
auditory acuity declines as a function of chronological age (i.e., perceptual ag-
ing; Skoe et al., 2015), and that practice effects could be considered minor at
best (Saito et al., 2020a). Saito et al. (2020b) presented more methodological
recommendations.

The third limitation is the possibility—one that we cannot at present rule
out—that the auditory processing tasks (reproduction, discrimination) used in
the study may have conflated a range of modality-general executive function
skills (e.g., attentional control, processing speed, short- and long-term mem-
ory). Although we have demonstrated links between auditory perception and
L2 speech learning, the extent to which individual differences in auditory pro-
cessing are distinguishable from variability in higher order cognitive abilities
upon which auditory perception may draw is still unclear. This issue aligns
with concerns also present in the L1 acquisition literature about the construct
validity of auditory processing tests (e.g., Snowling et al., 2018). For example,
the audio-motor integration task required the participants to selectively attend
to and store melodic and rhythmic sequences for a short period of time in the
brain and then to reproduce them with good motor control. There is some re-
search evidence that L2 speech acquisition may be mediated by various compo-
nents of cognitive abilities (Darcy, Mora, & Daidone, 2016, for inhibitory con-
trol; O’Brien, Segalowitz, Collentine, & Freed, 2006, for phonological short-
term memory; Reiterer et al., 2011, for working memory). It would be interest-
ing to further examine whether the relationship between audio-motor integra-
tion and classroom L2 speech learning remains significant even after partici-
pants’ phonological short-term memory and processing speed are factored out.
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Future studies should adopt both auditory processing and cognitive measures
within the same research design so as to check the degree of independence be-
tween auditory processing and cognitive abilities and to investigate the separate
effects of auditory processing and cognitive abilities on the process and prod-
uct of learning. (cf. Zheng, Saito, & Tierney, in press for the relative weights
of auditory processing and music aptitude in L2 speech learning).

Finally, we need to acknowledge that we collected all the auditory process-
ing data online rather than via in face-to-face meetings. Although we made
efforts to ensure that the participants followed the procedure and completed
the test in a quiet room, three out of 42 participants who originally joined
the current study had to be eliminated due to their confusion and to techni-
cal difficulties (i.e., less than 10% of attrition). In the current climate of the
COVID-19 pandemic, researchers have been urgently encouraged to avoid
face-to-face meetings and to collect data online. We strongly believe that more
studies are needed not only to examine the reliability and validity of the online
auditory processing tests but also to improve such online data collection plat-
forms. As we reported earlier, the test-retest reliability of the online auditory
processing tests (for reproduction and discrimination) was somewhat varied
(rs = .284-.907). These results are different from those reported by previous
cognitive psychology literature for the reliability of the auditory processing
measures in laboratory settings (r = .75 in Raz et al., 1987). This indicates
that, although the task format of the auditory processing tests has been well
accepted (see also Moore, 2012, for an overview of auditory processing test
formats in L1 and hearing research), the possibility of delivering the test on-
line remains open to further discussion, validation, and refinement. We stress
again that the results of the reliability analyses derived from our small-scale
pilot research (Saito et al., 2020b, for 30 L1 and L2 English speakers). In order
to better establish the presence or absence of satisfactory test—retest reliability,
we plan to redo the analyses with a larger sample size with greater statistical
power. As a reviewer pointed out, another reason for the inherent difficulties of
online testing is technological in nature. That is, control cannot be maintained
over stimulus loudness across participants, given that they are using different
hardware and sound settings, both of which could contribute to the range of
test reliability observed. More work is needed on how to help deliver identical
test settings to participants regardless of their contexts (see Nagle, 2019, for
his interesting reliability and validation study on the implementation of online
L2 speech ratings and analyses via Amazon Mechanical Turk).
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Conclusion

Research to date has shown that auditory acuity and integration are primary
determinants of L1 acquisition (e.g., Tierney & Kraus, 2014) and of L2 phono-
logical and lexicogrammar acquisition in naturalistic settings (e.g., Kachlicka
etal., 2019; Saito et al., 2020a). The current study extended this line of work to
a classroom foreign language setting, showing that auditory processing effects
were limited to specific dimensions of auditory processing (integration) and
speech (lexicogrammar). These findings may reflect how the participants in the
current study (Vietnamese EFL students) usually practice the target language
(e.g., through production-based grammar translation practice) and the lack of
authentic input that is typical of this setting (which probably impedes the devel-
opment/refinement of auditory acuity). All in all, the study offers broad support
for an audition-based account of language learning whereby domain-general
auditory processing could be an important source of individual differences in
language learning throughout life (Goswami et al., 2011; Mueller et al., 2012;
Tierney & Kraus, 2017). However, we add that the type of learning experi-
ence (i.e., naturalistic vs. classroom) could influence which auditory process-
ing abilities learners draw on (integration and/or acuity) and which dimensions
of language rely on auditory processing (phonology vs. lexicogrammar).
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Appendix S3. Descriptive Statistics of Raw Auditory Processing and Speech
Scores.

Appendix: Accessible Summary (also publicly available at
https://oasis-database.org)

In Foreign Classroom Contexts, Having a “Good Ear” Does Not Reliably

Predict All Aspects of L2 Speech

What This Research Was About and Why It Is Important

Successful learning of a second language (L2) after puberty is characterized
by great variation between individuals. One source of this variation could be,
just as in first language (L1) acquisition, the extent to which learners have ‘‘a
good ear,”’ that is, the ability to represent single acoustic dimensions (such as
melody, rhythm, and frequencies). The current study set out to review existing
research into the role of auditory processing in L1 and L2 acquisition, and to
examine the generalizability of the research to date to classroom L2 learners.
With respect to adult L2 learners in naturalistic (non-classroom) settings, our
review showed that learners with more precise auditory processing abilities
can benefit more from conversation opportunities, leading to better L2 speech
(more accurate, fluent, and complex use of language). However, the findings
of the current study only partially supported the idea that auditory processing
has an influential role in classroom settings.

What the Researchers Did

® We recruited 39 Vietnamese adult learners who had studied English for a
few hours a week, for an average of 11 years, in the classroom (i.e., without
any naturalistic experience of the language overseas).

® We elicited their spontaneous L2 English speech via an oral interview, and
analyzed the accuracy and fluency of their phonology (pronunciation) and
lexicogrammar (vocabulary and grammar).

® We tested two types of auditory processing abilities: (a) acuity (the ability
to discriminate sounds so as to be able to establish meaningful categories of
the sounds of the language) and (b) integration (the ability to convert what
you hear into speech motor actions so as to be able reproduce those sounds).

® We examined the importance of (a) the amount of prior L2 English instruc-
tion and (b) their two auditory processing abilities in determining how good
their L2 speech was (the accuracy and fluency of their phonology and lexi-
cogrammar).

Language Learning 00:0, xxxx 2021, pp. 1-47 46


https://oasis-database.org

Saito et al. Auditory Processing & Classroom L2 Speech

What the Researchers Found

Those who attained higher levels of L2 speech tended to have not only more
extensive foreign language learning experience, but also more precise audi-
tory processing abilities, relative to those with lower levels of L2 speech.
However, a reliable link between auditory processing and L2 speech was
found only for one type of auditory processing (‘‘integration’’ [reproduc-
tion], not ‘‘acuity’’ [discrimination]) and for one measure of L2 speech (i.e.,
lexicogrammar, not phonology).

This finding was different to previous findings with learners from natural-
istic settings, where both types of auditory processing (acuity and integra-
tion) can be associated with both aspects of L2 speech (phonology and lexi-
cogrammar).

Things to Consider

These findings may reflect how the participants in the current study
(Vietnamese EFL students) usually practice the language (e.g., through
production-based grammar translation), and their lack of authentic input,
which could impede the refinement of auditory acuity.

The type of learning experience (i.e., naturalistic vs. classroom) could influ-
ence which type of auditory processing abilities (integration and/or acuity)
learners draw on, and which aspects of language (phonology and/or lexi-
cogrammar) come to rely on auditory processing capacity.

Given that L1 acquisition researchers have shown that training can improve
auditory processing, future studies could investigate the extent to which
training auditory processing (versus teaching the language itself) can boost
the rate and ultimate attainment of L2 learning in various settings.

Materials, data, open access article: Materials and data are publicly available
at https://www.iris-database.org.

How to cite this summary: Saito, K. (2021). In foreign classroom contexts,
having a “good ear” does not reliably predict all aspects of L2 speech. OA4-
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