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Second language (L2) listening is a common challenge for language learners. It remains
largely unknown how bilinguals process L2 listening. The literature has suggested an
interactive model of L2 listening processing. However, few studies have examined the
model from an experimental approach. The current study tried to provide empirical
evidence for the interactive model of L2 listening processing in bilinguals by exploring
the relationships among English spoken word segmentation (SWS), cognitive inhibition,
cognitive flexibility, and L2 listening proficiency. The results showed positive associations
among SWS, cognitive inhibition, cognitive flexibility, and L2 listening proficiency.
Mediation analysis suggested that SWS might have a positive influence on L2 listening
proficiency both directly and indirectly through cognitive inhibition and cognitive flexibility,
respectively. These results imply that both bottom-up (reflected at SWS) and top-down
(reflected at cognitive inhibition and flexibility) processes are engaged in bilinguals’ L2
listening processing.

Keywords: L2 listening, spoken word segmentation, cognitive inhibition, cognitive flexibility, the interactive model

INTRODUCTION

Listening is an indispensable prerequisite for us to sustain effective communication. It constitutes
forty-five percent of our total communication (Feyten, 1991). Unlike reading, it remains an obstacle
for language learners to identify and segment L2 utterances into understandable segments during
oral communication because there are no obvious signs, pauses, or punctuations signaled within a
complete and fluent speech flow (Cole and Jakimik, 1980). Additionally, listening to a language that
is rhythmically different from one’s first language (L1) can be particularly challenging (Vandergrift,
2008), for it requires second language (L2) listeners’ to carry out additional processes to overcome
comprehension barriers (Flowerdew and Miller, 2005). Moreover, listening provides the basis for
the development of the other main language skills, i.e., speaking, reading, and writing (Murphy,
1991; Vandergrift, 1997; Fotos, 2001; Snow, 2005; Hinkel, 2006). L2 listening, therefore, has been
considered lying at “the heart of second language learning” (Vandergrift, 2007).

The Interactive Model of Second Language Listening
Given the importance of L2 listening, scholars have made continuous efforts to unravel the
underlying mechanisms of L2 listening processing. Several models have been developed from
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both the linguistic and cognitive perspectives, namely, the
bottom-up and top-down models of L2 listening processing.

The bottom-up model of L2 listening processing was first
developed in the 1940s and 1950s under the influence of
behaviorism. It follows the traditional idea that communication
is a means of information transmission; listeners accrete each
basic linguistic unit (e.g., individual sounds or phonemes)
within the speech into increasingly larger meaningful units,
e.g., clauses, sentences, or discourses (Vandergrift, 2011). The
bottom-up listening processing involves decoding. It indicates
that the listeners have to segment the speech into meaningful
units during communication (Vandergrift, 2011). Studies have
revealed that L2 learners are more prone to segment speech
by invoking their L1 segmentation procedures (Cutler, 2000),
and this phenomenon is more prominent in low L2 proficiency
listeners (Goh, 2000; Graham, 2006). Evidence has also shown
that listeners with lower L2 proficiency need to put more
effort into the bottom-up processing than those with higher
proficiency (Li et al., 2020; Yang et al., 2021). Field (2008)
even ascribed the failure of L2 listening comprehension to the
incorrect segmentation of speech by L2 listeners. These studies
together imply that spoken word segmentation (hereafter SWS)
is an important way of bottom-up processing in successful
L2 listening. Although it is plausible that the pure bottom-up
model explains the mechanism of language learners listening
and combining discrete segments to form meaning, it cannot
account for the situation that listeners may still achieve successful
listening comprehension without having to identify every single
word of the interlocutor’s utterance.

Another well-established model is the top-down L2 listening
model. It appeared in the 1980s under the influence of
constructivism, following the concept that considers listening
as a purpose-driven process (Flowerdew and Miller, 2005). The
top-down listening processing includes three main categories
of listening strategies, i.e., metacognitive strategies, cognitive
strategies, and socio-affective strategies (Vandergrift, 2008).
Previous studies have stressed the importance of metacognitive
strategies as the chief listening strategies used by language
learners to successfully comprehend L2 speech (Namaziandost
et al., 2019). Another study has shown a significantly heavier
use of metacognitive strategies by L2 listeners with higher
proficiency than novice L2 listeners (Vandergrift, 1997).
Therefore, metacognitive strategies seem to play a pivotal role
in L2 listening. Since metacognitive strategies can be regarded
as the behavioral output of cognitive control (Jansiewicz,
2008), cognitive control might play an important role in top-
down listening processing. Cognitive inhibition and cognitive
flexibility are two different yet correlated abilities of cognitive
control (Miyake et al., 2000). They have also been considered as
two critical abilities for L2 processing (e.g., Kieffer et al., 2013;
Nouwens et al., 2016; Chang, 2020).

Cognitive inhibition is an active process of resisting
extraneous or unwanted information that competes for neural
resources due to the lack of sufficient capacity (Harnishfeger,
1995). During the process of SWS, irrelevantly activated lexical
candidates must be inhibited by listeners to resolve lexical
competition, thereby achieving correct and accurate listening

processing (Norris et al., 1995). Bilingualism refers to the state
of commanding two languages (Wilson and Mihalicek, 2011).
According to the definition of bilingualism, bilinguals can be
generally distinguished into balanced and unbalanced ones.
The balanced bilinguals are those who acquired two languages
simultaneously in their early childhood and can use both of their
languages fluently. Unbalanced bilinguals are those who acquired
their second language in their late childhood or adulthood
without reaching the native-like level of proficiency (Vega-
Mendoza et al., 2015). Studies have shown that no matter the
types of bilingualism, both of the bilinguals’ languages would
be activated during lexical processing (Sunderman and Kroll,
2006). Therefore, bilinguals have to inhibit lexical competition
both within- and cross-language when segmenting L2 speech.
And this continuous practice may enhance L2 learners’ ability
of cognitive inhibition (Carlson and Meltzoff, 2008). These
findings suggest that SWS may play a positive role in cognitive
inhibition for L2 learners. In addition, previous literature has
found that inhibitory control has a direct positive impact on
L2 listening comprehension (Kim and Phillips, 2014), indicating
that the ability to suppress irrelevant and competing stimuli
is necessary for language learners to achieve the success of L2
listening processing.

Cognitive flexibility refers to the ability to shift perspectives,
attention, and thinking flexibly based on changed circumstances
(Diamond, 2013). During the process of SWS, listeners may
exploit cognitive control to revise their miscomprehension of
sentences (Novick et al., 2005), which would be caused by the
activation of multiple and conflicting candidate representations
(Weiss et al., 2009). Therefore, the demand for recurrent
conflict monitoring and resolution in bilingual language
processing is considered the likely source of bilinguals’ cognitive
advantage (e.g., Bialystok and Shapero, 2005; Kroll et al., 2012).
These cognitive advantages of bilinguals may reflect increased
cognitive flexibility (Teubner-Rhodes et al., 2016). These findings
altogether imply a positive influence of SWS on cognitive
flexibility for L2 learners. Moreover, in the study of L2 learners’
behavioral strategy use in L2 listening, Murphy (1985) pointed
out that the more proficient L2 listeners are more open and
flexible, proved by their greater amount and more significant
flexibility of strategy use in L2 listening. In line with the previous
finding, Bacon (1992) found that L2 listeners’ success in L2
listening appears to be related to the total use of various strategies
and the flexibility in changing strategies. On the other hand,
studies in L2 learners’ underlying cognitive mechanisms have
shown that cognitive flexibility and cognitive inhibition are,
to some extent, correlated constructs (Miyake et al., 2000).
Therefore, it is possible that cognitive flexibility may also be
positively correlated with L2 listening processing.

It has been well-established that cognitive inhibition and
cognitive flexibility function concurrently within L2 processing
(e.g., Kieffer et al., 2013; Nouwens et al., 2016; Chang, 2020).
During L2 listening processing, L2 learners may form multiple
representations to predict the meaning of the utterance. However,
the early prediction of the utterance may sometimes conflict
with the later-arriving new information (Teubner-Rhodes et al.,
2016). Therefore, it calls for the L2 learners to inhibit the
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prepotent and irrelevant representations and then revise their
misinterpretations flexibly. Evidence has shown that cognitive
flexibility is built on cognitive inhibition (Diamond, 2013).

The top-down model deciphers the mystery of listeners with
a high level of L2 proficiency who comprehend utterances by
flexibly applying heterogeneous metacognitive and cognitive
strategies (Vandergrift, 2003), whereas falling short of providing
sufficient evidence to unravel the approaches frequently used
by less skilled listeners. Similar results have shown that
top-down processes are more important for L2 learners
with high proficiency than those with low proficiency (e.g.,
Li et al., 2020; Yang et al., 2021). However, L2 listening
comprehension may fail if only the top-down process is initiated
(Carrell and Eisterhold, 1983).

Therefore, the nature and defects of the aforementioned
L2 listening models call for the systematic integration of both
the bottom-up and the top-down models, i.e., the interactive
model of L2 listening processing (Oxford, 1993; Rubin, 1994;
Lynch, 1998, 2002; Mendelsohn, 1998). Vandergrift (2011) has
claimed that the bottom-up and the top-down processes of L2
listening come into play together with each other and function
independently. Orii-Akita (2014) found that the interactive
model of L2 listening processing was more efficient than the
pure bottom-up or top-down model in Japanese EFL university
students. Even though very few studies have provided empirical
evidence for the interactive model of L2 listening processing,
the underlying cognitive mechanisms of this model remain
largely unknown. Especially, there has been no empirical research
investigating the roles of both cognitive inhibition and cognitive
flexibility as top-down processes within the interactive model of
L2 listening processing.

The Current Study
From the literature mentioned above, it can be concluded that
SWS may play a positive role in L2 listening, cognitive inhibition,
and cognitive flexibility. Additionally, previous studies have
suggested that cognitive inhibition and cognitive flexibility may
positively predict L2 listening as two different yet correlated
variables. Furthermore, studies have highlighted an interactive
model that integrates both the bottom-up and top-down
processing during L2 listening. The present study aims to provide
further empirical evidence for the interactive model of L2
listening processing. We hypothesized the following:

H1: Cognitive inhibition mediates the relationship between L2
learners’ SWS and L2 listening proficiency (Figure 1).

H2: Cognitive flexibility mediates the relationship between L2
learners’ SWS and L2 listening proficiency (Figure 2).

METHODS

Participants
One hundred and seventeen healthy volunteers joined the current
study (26 males, 91 females, mean age: 19.38 ± 0.69 years). The
participants were all Mandarin Chinese (L1) university students.
English was reported as their L2. They were all unbalanced

FIGURE 1 | The hypothesized mediation role of cognitive inhibition.

FIGURE 2 | The hypothesized mediation role of cognitive flexibility.

bilinguals who had acquired their L2 in their late childhood
or adulthood. They all passed CET-4 (College English Test-
Band 4), a national standardized English proficiency test for
college students in China. The CET-4 lasts 125 min and measures
test takers’ comprehensive English abilities. The test vocabulary
covers about 4,500 English words. Participants’ language level
of CET-4 ensures that they had qualified English language
proficiency to do the language experiments in the current study,
i.e., SWS and IELTS listening test. According to participants’ self-
report, they were all right-handed and had no neurological and
psychiatric disorders or substance abuse. They had the normal or
corrected-to-normal vision and normal hearing.

Measures
Spoken Word Segmentation
We adopted Cutler and Norris (1988)’s word-spotting paradigm
to assess participants’ performance in English SWS using
E-Prime 2.0 (Psychology Software Tools, Inc., Pittsburgh, PA,
United States). We used a total of 96 stimuli of multisyllabic word
strings (i.e., word plus nonsense syllable, such as westej, lencool)
that consisted of real words (target word) and nonsense strings
from Cutler and Shanley (2010) and Farrell (2015).

In a word-spotting task, participants would see a fixation cross
on display for 8 s (Figure 3). They then would hear an audio
stimulus (approximate duration 800-1,200 ms) played by two
loudspeakers. Next, the participants had 3 s to identify the target
word they had just heard in the audio stimulus. If they recognized
the target word, they were required to make a keyboard response
so that an additional 2 s would be given to them to speak out
the target word (i.e., verbal response), e.g., speaking out English
word food and arm in response to foodeeb and armlek. However,
a new trial would start if the participant did not identify the
target word in the audio stimulus within the time limit. We
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FIGURE 3 | Experiment procedure of spoken word segmentation.

used a digital audio recording pen to record participants’ verbal
responses, which were assessed after the experiment.

Several manipulations were performed to ensure the validity
and reliability of the SWS test in the current participant sample.
First, stimuli with target words in CET-4 test vocabulary were
chosen to ensure that participants were familiar with target
words. Second, target words of stimuli were 69 monosyllabic
words and 27 multisyllabic words since Gitt (2006) suggested that
modern English has 71.5% monosyllabic and 28.5% multisyllabic
words. Third, the position of target words in stimuli was
balanced. Half of the target words were in the initial position
(e.g., west in westej). The other half were in the final position
of the stimuli (e.g., cool in lencool). Fourth, we set two syllable
boundary conditions (i.e., easy and difficult task conditions)
following Cutler and Shanley (2010) and Farrell (2015). An
easy task condition has unambiguous and easy to be identified
word boundary, e.g., dog in fubdog and arm in armlek. In
contrast, a difficult task condition has ambiguous and liaison
word boundary, e.g., agree in veamagree and food in foodeeb.
Fifth, we invited a female native speaker of American English
to record the audio stimuli using a digital audio recording pen
(44.1 kHz, 16 bit, mono). She was required to read in a continuous
sequence and at a normal speed. We further used Cool Edit Pro
2.1 (Adobe Inc., San Jose, CA, United States) and Praat 6.1.04
(Boersma and Weenink, 2019) to process the audio stimuli.

Cognitive Inhibition
A Stroop color-word-interference task (hereafter Stroop task) was
used to measure participants’ cognitive inhibition in E-Prime
2.0 (e.g., Stroop, 1935; Miyake et al., 2000). The paradigm is a
widely accepted and classical experimental test (e.g., Vendrell
et al., 1995; Heidlmayr et al., 2014). In each trial, one of the
four color words was displayed on the screen in its Chinese
character of “red,” “yellow,” “blue,” or “green” during the process
of the task. These words were randomly presented either in a
congruent or incongruent form with the colors red, yellow, blue,
or green. Therefore, the color of the words was not matching the
meaning of the words in some trials. At the beginning of each
trial, a fixation cross was shown in the middle of the screen for
500 ms. Participants were then asked to identify the right color
(instead of the meaning) of the stimulus words presented to them
and to give their response by pressing the corresponding keys
within a 2-second time limit. If they failed to respond within the
time limit, a new trial would automatically follow. The Stroop
task was conducted in Mandarin Chinese (i.e., participants’ L1)
to avoid the influence of participants’ varied L2 competence
and performance. Previous research has shown that the Chinese

version of the Stroop task shares the same validity and reliability
as its original version (Lee and Chan, 2000). In the present study,
the Stroop task has 60 trials.

Cognitive Flexibility
Participants’ cognitive flexibility was measured by the cognitive
flexibility inventory (CFI; Dennis and Vander Wal, 2010). It was
developed as a brief self-report measure of the cognitive flexibility
necessary for individuals to successfully challenge and replace
inappropriate thoughts with more balanced and appropriate
thinking. The CFI consists of 20 items and is distributed on
a 5-point Likert scale ranging from 1 (“never”) to 5 (“very
often”). The performance of participants’ cognitive flexibility is
indicated by the sum of the 20 items of the CFI. It has been well
established in the literature that the CFI has sufficient reliability
and validity for measuring cognitive flexibility (Cronbach’s
α = 0.91; Dennis and Vander Wal, 2010). It is also confirmed
that the Chinese version of the CFI has satisfying reliability
and validity as its English version (Cronbach’s α = 0.83; Wang
et al., 2016). Therefore, the scale’s Chinese version was used in
the present study.

Second Language Listening Proficiency
A listening test from Cambridge English IELTS 9 (2013)
assessed participants’ L2 listening proficiency. IELTS (the
International English Language Testing System) is an authentic
and highly recognized English proficiency test. The IELTS
listening proficiency test consists of 40 questions that are
distributed in 4 sections. The questions ask the test takers to either
choose the correct answers or fill in the blanks with no more
than three words after listening to the test audio. The entire test
took approximately 40 minutes. It was administered and scored
by an experienced associate professor who strictly followed the
test instructions and answer keys of the IELTS listening test (full
score = 40). A question before the test showed that none of the
participants had ever taken this test before.

Procedure and Statistical Analysis
The participants completed a demographic survey, an SWS task,
a cognitive inhibition test, a cognitive flexibility questionnaire,
and an L2 listening proficiency test. The demographic survey and
cognitive flexibility questionnaire were distributed via an online
survey platform1. The SWS task and cognitive inhibition test were
performed using E-Prime 2.0. The L2 listening proficiency test
was a paper-based test that was completed in a quiet room.

IBM Statistical Package for Social Sciences (SPSS) version
25.0 (SPSS Inc., Chicago, United States) was used for the
descriptive statistics and correlation analyses. The PROCESS (v.
3.5) macro for SPSS was used to test our hypotheses (Preacher
and Hayes, 2004; Hayes, 2013). Model 6 was used to test the
hypothesized mediation effects, with a bootstrapping sample
size of 5,000 and 95% confidence intervals (CIs). We set SWS
as the independent variable, cognitive inhibition and cognitive
flexibility as the mediation variables, and L2 listening proficiency
as the dependent variable.

1http://www.wjx.cn

Frontiers in Psychology | www.frontiersin.org 4 April 2022 | Volume 13 | Article 871349

http://www.wjx.cn
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org/
https://www.frontiersin.org/journals/psychology#articles


fpsyg-13-871349 April 4, 2022 Time: 12:16 # 5

Yang et al. Chinese Bilinguals’ L2 Listening Processing

RESULTS

Descriptive Statistics and Correlation
Analysis
Participants’ performance in SWS (52.872 ± 6.670), cognitive
inhibition (46.359± 5.255), cognitive flexibility (64.641± 7.588),
and L2 listening proficiency (27.410± 5.238) were tested. Table 1
shows the means of, standard deviations of, and correlations
among those variables. SWS was in positive correlations with
cognitive inhibition (r = 0.329), cognitive flexibility (r = 0.405),
and L2 listening proficiency (r = 0.361). These results suggest
that participants who performed better in SWS also had better
performance in the cognitive inhibition, cognitive flexibility,
and L2 listening tasks. Cognitive inhibition was in positive
correlations with cognitive flexibility (r = 0.335) and L2 listening
proficiency (r = 0.362), showing that participants who had
better performance in cognitive inhibition tasks also showed
greater ability of cognitive flexibility and higher L2 listening
proficiency than their counterparts. Cognitive flexibility was
positively correlated with L2 listening proficiency (r = 0.372),
suggesting that participants who reported more advanced ability
of cognitive flexibility also had higher L2 listening proficiency.

Mediation Analysis
We used the PROCESS (v. 3.5) extension for SPSS version
25.0 for mediation analyses. The multiple mediation analysis
was performed to test the role of cognitive inhibition and
cognitive flexibility in the association between SWS and L2
listening proficiency. The mediation model was significant
and accounted for a significant proportion of the variance
in explaining the relationship between SWS and L2 listening
proficiency [R2 = 0.233, F (3, 113) = 11.444, p < 0.001]. SWS
had a positive influence on cognitive inhibition (β = 0.260,
SE = 0.069, p < 0.001) and L2 listening proficiency (β = 0.157,
SE = 0.073, p < 0.05). Meanwhile, cognitive inhibition had a
positive influence on cognitive flexibility (β = 0.326, SE = 0.127,
p < 0.05) and L2 listening proficiency (β = 0.223, SE = 0.089,
p< 0.05). These results suggest that cognitive inhibition mediates
the relationship between participants’ performance in SWS and
L2 listening proficiency. Moreover, SWS also had a positive
impact on cognitive flexibility (β = 0.377, SE = 0.100, p < 0.001).
Additionally, cognitive flexibility had a positive influence on
L2 listening proficiency (β = 0.149, SE = 0.064, p < 0.05).
These results suggest that cognitive flexibility mediated the

TABLE 1 | Means, standard deviations, and correlations between variables.

Variables M ± SD 1 2 3 4

1. SWS 52.872 ± 6.670 1

2. Cognitive inhibition 46.359 ± 5.255 0.329 1

3. Cognitive flexibility 64.641 ± 7.588 0.405 0.335 1

4. L2 listening proficiency 27.410 ± 5.238 0.361 0.362 0.372 1

SWS, spoken word segmentation.
All ps < 0.05.

FIGURE 4 | Mediation roles of cognitive inhibition and cognitive flexibility in the
association between SWS and L2 listening proficiency. The depicted is the
path diagram of the multiple mediation analysis using the PROCESS (Model 6)
macro for SPSS. ∗p < 0.05, ∗∗∗p < 0.001.

TABLE 2 | Direct and indirect effects of SWS on L2 listening proficiency.

95% CI Effect

Direct effect

SWS→ L2 listening proficiency [0.013, 0.300] 0.157

Indirect effect

SWS→ cognitive inhibition→ L2 listening
proficiency

[0.010, 0.117] 0.058

SWS→ cognitive flexibility→ L2 listening
proficiency

[0.009, 0.121] 0.056

SWS→ cognitive inhibition→ cognitive
flexibility→ L2 listening proficiency

[−0.001, 0.030] 0.013

SWS, spoken word segmentation.

relationship between participants’ SWS performance and L2
listening proficiency. The results are shown in Figure 4.

Furthermore, SWS had two paths of indirect influence on L2
listening proficiency, i.e., through cognitive inhibition (β = 0.058,
SE = 0.028, 95% CI = [0.010, 0.117]) and cognitive flexibility
(β = 0.056, SE = 0.029, 95% CI = [0.009, 0.121]) respectively.
However, the influence of SWS on L2 listening proficiency
through sequential effects of cognitive inhibition and cognitive
flexibility is not significant (β = 0.013, SE = 0.008, 95%
CI = [–0.001, 0.030]), suggesting that the chain mediation model
is invalid. These results are shown in Table 2.

DISCUSSION

Prior studies have suggested that non-native speakers are capable
of using heterogenous segmentation cues in L2 listening (e.g.,
Sanders et al., 2002) and have emphasized the positive impact of
SWS on the success of L2 listening processing (e.g., Field, 2003;
Cutler and Shanley, 2010). Even though listening processing,
as a complex cognitive activity, requires bottom-up linguistic
skills, such as vocabulary, spoken word segmentation, and
recognition, they cannot sufficiently account for the success
of listening comprehension (Kim and Phillips, 2014). The
current study provided empirical evidence for the interactive
model of L2 listening processing by investigating the potential
roles of cognitive inhibition and cognitive flexibility in the
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relationship between L2 learners’ English SWS and L2 listening
proficiency. The results of our study showed that SWS was in
positive correlations with cognitive inhibition and L2 listening
proficiency. In addition, SWS also had a significantly positive
influence on cognitive flexibility. Further mediation analyses
revealed that both cognitive inhibition and cognitive flexibility
mediated the relationship between participants’ SWS and L2
listening proficiency.

Spoken Word Segmentation and Second
Language Listening Proficiency
The current study showed that L2 listeners’ SWS might have
a direct influence on bilinguals’ L2 listening proficiency. SWS
is a crucial and challenging bottom-up process exploited
by language learners during L2 listening (Vandergrift, 2011).
Previous research has pointed out that language learners might
make good use of various linguistic cues to segment speech
stream into meaningful linguistic units during the process of L2
listening (Goyet et al., 2010). L2 learners gradually combine the
segmented linguistic units into larger chunks of units (e.g., from
the phoneme level to the discourse level) to achieve successful L2
listening (Vandergrift, 2011). Therefore, the result of the current
study is within our expectation that L2 learners who have better
performance in SWS also exhibit higher L2 listening proficiency.

The Mediation Role of Cognitive
Inhibition
The current study found that bilinguals’ SWS might have a
positive effect on their cognitive inhibition. Previous studies
have revealed that during the process of SWS, both of the two
languages of bilinguals would be activated simultaneously for
spoken language processing (e.g., Marian et al., 2003; Marian
and Spivey, 2003a,b; Blumenfeld and Marian, 2007; Canseco-
Gonzalez et al., 2010). This process would lead to the activation
of multiple candidate words that compete for recognition
(McQueen et al., 1994). Bilinguals thus may need to adopt a
certain mechanism of language control to inhibit the lexical
competition of both within-language and cross-language to deal
with the irrelevantly activated candidates to achieve the success
of L2 listening processing (Green, 1998).

The result of the current study is in line with previous findings
that participants who perform better in SWS also have better
performance in the tasks of cognitive inhibition (e.g., Blumenfeld
and Marian, 2011; Mercier et al., 2014). A possible explanation
is that bilinguals might have to deal with high degrees of lexical
competition in their daily communication, presumably caused
by the co-activation of their two languages, especially if the
communication is in their L2 (e.g., Weber and Cutler, 2004;
Canseco-Gonzalez et al., 2010). With the continuous practice
of segmenting L2 speech stream and inhibiting distracting
candidate words in their daily life, bilinguals might have better
performance in cognitive inhibition, thereby exhibiting top-
down cognitive advantages over their monolingual counterparts.

We found that cognitive inhibition was in positive correlation
with L2 listening proficiency. Cognitive inhibition is one of
the top-down cognitive control mechanisms. It was confirmed

to be conducive to academic achievements, such as math
(e.g., Best et al., 2011) and reading (e.g., Best et al., 2011;
Cartwright, 2012; Nouwens et al., 2016, 2021). The finding of
our study was convergent with the literature mentioned above
in other disciplines and extended previous research by showing
that cognitive inhibition would also predict the success of L2
listening. It suggests that L2 learners’ relatively more advanced
cognitive inhibition ability than monolinguals would let them
better resist the interference of irrelevant competing mental
representation and candidate words. Moreover, L2 learners
can inhibit the inclination to unconsciously apply their L1
segmenting procedures during L2 listening (Cutler, 2000; Cross,
2009). Therefore, another possible explanation would be that
bilinguals who possess a greater ability of cognitive inhibition
could perform better in suppressing the natural tendency
of utilizing their L1 segmenting procedures for L2 listening
processing. Such continuous inhibition might, in turn, lead to
higher L2 listening proficiency.

The result of the current study indicated that in addition
to the significant and direct impact of SWS on L2 listening,
bilinguals’ SWS also had an indirect influence on their L2
listening proficiency through cognitive inhibition. Although
previous literature has suggested that SWS is not the only factor
for the success of L2 listening and cognitive inhibition may play
a part in this process (e.g., McQueen et al., 1994; Norris, 1994;
Norris et al., 1995; Luce and Cluff, 1998; Luce and Lyons, 1999), to
the best of our knowledge, only a few studies have provided direct
empirical evidence. Therefore, we extended this line of research
by expanding the participant sample of research to bilinguals
whose L2 is in Indo-European languages whereas their L1 is in
Sino-Tibetan languages.

In accordance with our first hypothesis, the result of mediation
analysis in the current study showed that cognitive inhibition
mediated the relationship between participants’ SWS and L2
listening proficiency. In other words, L2 learners’ SWS might
have a positive influence on their L2 listening proficiency through
cognitive inhibition. Our results support previous findings that
bilinguals’ language experience may enhance their ability of
cognitive control (e.g., Xie and Dong, 2017). Therefore, by the
continuous practice of segmenting L2 speech during language
learners’ daily communication, they would possess a greater
ability to inhibit linguistic competition both within-language
and cross-language. Consequently, this more advanced ability of
cognitive inhibition would then contribute to better performance
in L2 listening processing. The results suggested that besides
the bottom-up listening processing (i.e., SWS), L2 listeners also
recruited top-down cognitive control (i.e., cognitive inhibition)
to achieve successful L2 listening. Such results provided robust
evidence for the interactive model of L2 listening processing.

The Mediation Role of Cognitive
Flexibility
As mentioned earlier, the literature has pointed out that the
constructs of cognitive inhibition and cognitive flexibility are
strongly intertwined and interdependent (Miyake et al., 2000;
Chevalier and Blaye, 2008). Therefore, we expected that cognitive
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flexibility should also play a similar role in the relationship
between SWS and L2 listening proficiency as cognitive inhibition
does. However, cognitive flexibility and cognitive inhibition have
still, to some extent, been considered as two distinct mechanisms
(Miyake et al., 2000), and cognitive flexibility is thought to be
built on cognitive inhibition (Diamond, 2013). Therefore, it is
evident that the enhancement of one aspect of the two abilities
does not necessarily mean the facilitation of the other. The exact
role played by cognitive flexibility in the relationship between
SWS and L2 listening proficiency remains to be confirmed.

The present study extended previous research by finding that
bilinguals’ SWS might have a positive influence on their cognitive
flexibility. Previous research has found that even though it
might be inconducive for successful L2 listening, language
learners are seemingly reluctant to abandon the inappropriate
SWS procedure they have built for L2 listening comprehension
(Field, 2008). This finding stressed the importance of cognitive
flexibility during the process of SWS and could serve as indirect
evidence for our result. In addition, prior research has shown
that when confronted with L2 input, language learners would
have multiple interpretations of the utterance (Weiss et al.,
2009). Given the ephemeral and multifaceted nature of real-world
communication, L2 listeners must process the speech that they
have just heard while simultaneously receiving new upcoming
utterances by the interlocutors during the bottom-up listening
processing (i.e., SWS). This exact nature of communication calls
for the L2 listeners’ ability of cognitive flexibility to actively shift
their focus and mental state not only between the meaning of
the words they have just heard and the new input yet to come
(Vandergrift, 2011) but also the co-activated irrelevant candidate
words and interpretations between the two languages that they
know (Dong and Xie, 2014). The result of our study is consistent
with previous findings by showing that L2 listeners may use
cognitive flexibility to consciously shift between languages and
revise misinterpretations triggered by competing alternatives
(e.g., Novick et al., 2005; Ye and Zhou, 2009). Therefore,
this continuous demand of segmenting L2 speech and flexibly
switching between two languages and multiple words during
communication reflects better cognitive flexibility for language
learners as an outcome.

As mentioned above, cognitive flexibility is considered to be
built on cognitive inhibition (Diamond, 2013) since the shifting
of perspectives, thinking, and attention requires the suppression
of irrelevant or prepotent cues (Bialystok, 2015). Therefore, the
results identified in the current study also suggested that cognitive
flexibility was positively associated with L2 listening proficiency,
similar to the role of cognitive inhibition as we expected before
the present study. Previous studies have shown that cognitive
flexibility has a significant influence on the decoding and
language skills of children (e.g., Cartwright, 2012; Kieffer et al.,
2013), young adolescents (e.g., Ober et al., 2019), and adults
(e.g., Follmer and Sperling, 2019). The current study’s finding
is partially consistent with preceding research by suggesting
that the L2 listeners who perform better in switching among
alternative words and interpretations would exhibit greater
language skills in the tasks of L2 listening, thereby showing higher
L2 listening proficiency.

In line with the second hypothesis, the result of the current
study showed that cognitive flexibility mediated the relationship
between participants’ SWS and L2 listening proficiency. The
result provided empirical evidence to further verify that cognitive
inhibition is not the only top-down control mechanism that
would contribute to L2 listening. We found in our study that,
besides the direct impact, there was an indirect influence of L2
learners’ SWS on their L2 listening proficiency through cognitive
flexibility. A possible explanation for this finding is that by
consistently resolving linguistic competitions during the process
of SWS in bilinguals’ everyday life, their ability of cognitive
flexibility may be facilitated (Bialystok, 2005) and contribute to
the performance in L2 listening.

The Interactive Model of Second
Language Listening
The current study further extended the research by examining
the interaction of cognitive inhibition and cognitive flexibility
in the relationship between SWS and L2 listening proficiency.
Studies have previously found that the demands of resolving and
processing linguistic competitions for L2 learners are the likely
source of bilinguals’ cognitive advantages over monolinguals
(e.g., Bialystok, 2005; Kroll et al., 2012). In addition, such an
increased cognitive control mechanism was positively related
to L2 listening comprehension (e.g., Kim and Phillips, 2014).
A reasonable interpretation is that bilinguals might possess better
overall cognitive control due to their continuous engagement
in competitive solutions among candidate words both within-
language and cross-language during the process of SWS.

Moreover, our study also extended preceding research by
showing that, besides the bottom-up listening processing of using
linguistic cues (i.e., SWS), non-linguistic top-down cognitive
processes such as cognitive inhibition and cognitive flexibility
are also recruited by L2 listeners in L2 listening processing. At
least on the lexical level, such findings provided further empirical
evidence for the interactive model of L2 listening processing.
Studies have shown that participants who use top-down listening
processes can manage their attentional resources to achieve better
L2 listening processing (e.g., Oh and Lee, 2014). In line with
previous findings, the result of our study suggests that successful
L2 listening not only requires the listeners to segment aural texts
into meaningful and proper words during communication but
also requires the co-activation of top-down cognitive control
mechanisms to inhibit irrelevant competing candidate words
actively and flexibly shift among words and interpretations.

Limitations
Several limitations in the present study, as well as suggestions
for future studies, should be noted. First, the participants were
all healthy Chinese young adults of similar ages, and most of
them were females. Future studies should be conducted with a
more balanced gender distribution and a more diverse participant
group. Second, given that the components of cognitive control are
still under heated debate, the current study conducted behavioral
experiments only on cognitive inhibition and cognitive flexibility.
Future studies should consider taking the influence of other
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top-down cognitive control mechanisms on L2 listening into
account, such as working memory. Third, it is worth notifying
that the relationship between bottom-up and top-down listening
processing was not fully explored. Future studies should further
investigate in what proportion listeners preferentially recruit the
bottom-up and top-down processing of L2 listening. Fourth, the
data collected in the current study was synchronic. The data may
not fully account for the causal relationships among the variables.
Future studies should conduct longitudinal investigations to
establish causal relationships among bilinguals’ SWS, cognitive
control, and L2 listening proficiency.

CONCLUSION

The current study showed that L2 listening proficiency was
in positive correlations with SWS, cognitive inhibition, and
cognitive flexibility ability. The current study also investigated
cognitive mechanisms underlying the process of SWS. The
mediation analyses revealed that both cognitive inhibition and
cognitive flexibility mediate the relationship between L2 learners’
SWS and L2 listening proficiency. The results suggested that,
along with the bottom-up listening processing of SWS, L2
listeners also exploited top-down cognitive control mechanisms
to inhibit irrelevant competing candidate words and shift among
words and interpretations to achieve successful L2 listening
processing. The findings provided further empirical evidence for
the interactive model of L2 listening processing.

The findings of our study may have important implications
for future research on L2 listening to investigate the influence of
non-linguistic cognitive control mechanisms during L2 listening
processing. Furthermore, the findings of our study may also
have implications for future L2 teaching and learning. L2
learners should attach importance to the inseparable contribution
of both bottom-up and top-down processes in L2 listening
and actively put them into practice. For future instructional
methodologies, L2 teachers should also consider the interactive
model of L2 listening processing to design more comprehensive
curricula for language learners from both linguistic and
cognitive perspectives.
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