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Abstract

This study investigated the role of attention control and inhibition in L2
learners” phonological processing. Participants were 16 L1-Spanish/L2-English
learners, and 18 L1-English/L2-Spanish learners. We measured attention and
inhibition through a novel speech-based attention-switching task and a
retrieval-induced inhibition task. L2 phonology (perception and production)
was assessed through a speeded ABX categorization task and a delayed
sentence repetition task. We used a measure of L2 vocabulary size to partial out
L2 proficiency effects. A more efficient attention control was associated with
more accurate performance in ABX (for the L2-English learners), and higher
inhibitory skill was related to higher ABX accuracy in both learner groups. No
clear relationship emerged with the production scores. These results suggest
that a more efficient attention control and inhibitory skill enhance the
processing of phonologically relevant acoustic information in the L2 input and
may lead to more accurate L2 speech perception and production.
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In second language acquisition, the first language (L1) background (e.g.,
Flege, Bohn, & Jang, 1997), age of acquisition or the length of exposure to
the second language (L2) (e.g., Flege, Yeni-Komshian, & Liu, 1999), and
the amount of L2 usage (e.g., Guion et al., 2000) —all influence outcomes
in phonological development, for instance, in the acquisition of segmental
or suprasegmental categories, or of phonotactic restrictions. But these
factors fall under learning conditions, and indeed, when these variables
are controlled, individual differences remain in both L2 speech perception
and production (e.g., Pallier, Bosch, & Sebastian-Gallés, 1997). In terms of
underlying cognitive abilities, working memory (e.g., Papagno & Vallar,
1995; Masoura & Gathercole, 1999), attention control (e.g., Guion &
Pederson, 2007), and inhibition (Lev-Ari & Peperkamp, 2013) have also
been shown to be related to L2 learning. However, what is still not well
understood is how these factors specifically relate to L2 phonological
development, both in perception and production. The goal of this study is
to further explore this relationship, focusing particularly on two cognitive
abilities that appear to play a role in L2 phonological development:
attention control and inhibition.

Attention control is generally defined as the ability to switch attention
between different dimensions relevant to a task. Such attentional
flexibility is generally thought to play an important role in L2 learning,
along with selective attention (Francis et al, 2000). For example,
Segalowitz and Frenkiel-Fishman (2005) demonstrated a link between
attentional flexibility and L2 proficiency (operationalized by an animacy
classification task). This ability appears to be potentially very important
for the success of L2 phonological learning because individuals with more
efficient attention control will be able to bring relevant acoustic
information to the foreground during speech processing while keeping
irrelevant information in the background.

The second ability that may be related to L2 phonological development
is inhibition. Inhibition may be defined generally as the deliberate,
controlled suppression of predominant responses (Miyake et al., 2000) or
more specifically in bilingual speech production as the mechanism
responsible for suppressing the activation of lexical representations of the
non-response language (Costa, Santesteban, & Ivanova, 2006). Inhibitory
control is thus responsible for the inhibition of the first language when
using the L2, effectively minimizing L1 phonological interference in L2
speech perception and production. There are few studies examining the
link between attention control and L2 phonological development (e.g.,
Darcy, Park & Yang, 2011; Safronova & Mora, 2013) or between inhibition
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and the acquisition of L2 speech (Lev-Ari & Peperkamp, 2013). In the
present study, we hypothesize that a more efficient attention control and a
stronger inhibitory skill may enhance the processing of acoustic-phonetic
information in the input and lead to higher performance in L2 speech
perception and production.

THE PRESENT STUDY

We obtained measures of phonological development in production and
perception for 35 L1-Spanish/L2-English speakers (tested in Seville,
Spain), and for 26 L1-English/L2-Spanish speakers (tested in Bloomington,
USA). In addition, we tested 10 Spanish and 10 English native speakers as
control participants (without knowledge of English or Spanish
respectively) to validate the tasks. For each participant, we obtained
measures of attention control and inhibition, as well as demographic
background information. In addition, we used an estimate of receptive
vocabulary size as a phonologically-related measure of overall
proficiency. A larger vocabulary is related to L2 phonological competence
(Bundgaard-Nielsen, Best, & Tyler, 2011). We included vocabulary size as
a covariate in the analyses, in order to control for the effects of proficiency.

Participants

Out of the 81 tested participants, only those with valid data in all tasks
were selected for analysis. Thirty-two participants were excluded because
they either failed the audiometry test, reported a speech
pathology/hearing loss, were fluent in another language using our test
contrasts, or were not English/Spanish native speakers. In addition,
participants whose performance on the control conditions of our
phonological or cognitive tasks was beyond 2 SD from the group mean
were considered outliers and not included in the analysis (n = 3 for
attention control, n = 2 for inhibition, and n = 4 for ABX). This procedure
left a total of 40 participants: 16 L2-English, 18 L2-Spanish, and 6 native
speakers (either language). Overall, as shown in Table 1, compared to the
L2-English learners, L2-Spanish learners were significantly younger, less
motivated, spoke the L2 less, had studied for less time, and started using
Spanish earlier.
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Table 1. Summary of demographic characteristics for the selected L2
learners.

Measure L2 N M SD lowest highest p value
Age English 16 233 538 18 40 t(15.4)=2.77
(years) Spanish 18 19.6 0.70 18 21 014%*
LOR English 16 5.4 101 0 39.1 t(32) =-.11
(weeks) Spanish 18 5.9 15.2 0 52.2 911
L2 use English 16 17.4 593 4 25 t(32) =3.7
(max 36) Spanish 18 9.1 7.06 3 28 .001*

. : t(26.2) = -
First exp. English 16 7.6 213 6 12 115
(age) Spanish 18 8.8 4.09 1 14 259
First use English 16 135 4.40 6 21 t(32) =2.29
(age) Spanish 18  10.2 396 3 15 .029*
Years of English 16 11.9 2.77 6 16 t(32) =3.21
study Spanish 18 8.8 294 5 15 .003*
proficiency English 16 4.0 037 3 5 t(28.9) = .67
(1-5) Spanish 18 3.9 058 3 5 .506
Motivation  English 16 6.0 0.71 5 7.11  t(23.3)=2.11
(1-9) Spanish 18 5.6 041 489 633 .046*

Note: LOR = length of residency or stay in a country where the L2 is spoken,
exp = exposure to L2; Proficiency is self-evaluated.

Methods and procedures

Speeded ABX Discrimination Task to Measure Phonological
Processing

To assess L2 perceptual learning, we administered a speeded ABX
categorization task (e.g., Gottfried, 1984). Participants heard three stimuli
in a row and had to choose if the last token (X) was more similar to the
first token (A) or to the second token (B). To increase task demand, the
stimuli consisted of trisyllabic non-words in both Spanish and English
with the structure CV.'CV.CV(C). Furthermore, physically different
tokens produced by two female early balanced bilinguals (Mexican
Spanish and American English) were used in each trial: one voice was
used for the first two tokens (A & B), and the other for the X token.

The contrasts tested in this task are detailed in Table 2. The design was
such that the test contrasts for L2 speakers of one language were the
control contrasts for L1 speakers of that language and vice versa. For
example, /i-1/, which is phonemically contrastive in English but not in
Spanish, was a test contrast for the L1-Spanish/L2-English speakers, and
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the results of the L1- English/L2-Spanish speakers on that contrast served
as the control measure. In addition, the perception of two contrasts that
are utilized in both languages was also examined.

Table 2. Set of stimuli for the ABX task.

Test Control Control Common

Test vowel
consonant consonant vowel contrasts
L1-Spanish, . . /a/ vs. /1/,
L2-English /1 vs. If] /d/ vs. /t/ /il vs. h/ /el vs. /ei/ 1 vs. d/
L1-English, . ) /a/ vs. /1/,
L2-Spanish /d/ vs. /t/ /f1 vs. If] /el vs./lei/ /il vs. h/ 1 vs. d/

As for the test contrasts for L1-Spanish/L2-English, /i-1/ has previously
been found to be perceived either inaccurately or not at all by this group
of learners and subject to developmental stages of acquisition (e.g.
Morrison, 2009); the /[-§/ contrast has been shown to not be accurately
realized in production (e.g., Anrrich, 2007) and was therefore
hypothesized to be difficult in perception. For the L1-English/L2-Spanish
test contrasts, the perception of /d-r/ has been shown to improve with L2
proficiency (Rose, 2010), and the perception of /e-ei/ was hypothesized to
be difficult for this group of learners based on perceptual mapping data
(Morrison, 2006). All contrasts were produced using appropriate phonetic
realizations for each language as exemplified in Table 3.

Table 3. Phonetic realization of example stimuli.

Stimulus language Item A Item B Condition
Spanish [sa'refo] [sa'defo] Test consonant
English [so'fi:don] [so'tfi:don] Test consonant
Spanish [fa'neda] [fa'neida] Test vowel
English [fo'ni:d1f] [fo'nid1f] Test vowel
Spanish [ga'taso] [ga daso] Common cons.
English [go'theefin] [go'defin] Common cons.
Spanish [lu'pito] [lu'pato] Common vowel
English [lo ' phi:dik] [lo'phaedik] Common vowel

In total, four non-word pairs per condition were tested; each pair was
repeated in four combinations (ABA, ABB, BAA, and BAB), yielding a
total of 128 trials. Trials were split into two language blocks (English —
Spanish or vice-versa). The block order was counterbalanced across
participants. Within each block, trials were randomized. The task was
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administered on a PC through headphones using the presentation
software DMDX (Forster & Forster, 2003).

Delayed Sentence-Repetition Task to Measure Production Accuracy

Each participant took part in a delayed sentence repetition task
(Trofimovich & Baker, 2006), either in L2 in the case of learners, or in L1 in
the case of the non-learners. In this task, the participants sat in a sound-
isolated recording booth equipped with headphones and a computer
screen. They heard a question (prompt), followed after 250 ms by an
answer (response). After a 500 ms delay, the prompt was presented again,
and the participants had to repeat aloud the response heard previously.
The written sentences appeared on the screen together with the first
auditory presentation of the prompt/response pair, and disappeared for
the second presentation of the prompt, and the recording of the answer.
All L2 learners received instructions in L1, and completed a warm-up
prompt in L1 before moving on to L2. Stimuli in both languages were
recorded by two female early balanced bilinguals (Mexican Spanish and
American English), and normalized for amplitude. In half the sets, one
voice was used for the prompt token, whereas the other was used for the
response tokens, and the reverse was done for the remaining sets. We
examined the same contrasts as those used in perception. There were four
pairs of sentences for each contrast, for a total of 16 sentences per
language.

In the case of the L2 learners of Spanish, for the monophthong vs.
diphthong contrast /e/ vs. /ei/, three measurement points (MP) were
placed within the vowels, and the values for F1, F2, and FO were extracted.
We calculated the amount of tongue movement between MP2 and MP1
based on a normalized Bark-distance metric (Baker & Trofimovich, 2005;
Bohn & Flege, 1990): B1-B0O for tongue height and B2-B1 for degree of
tongue fronting, where B stands for Bark-converted frequency (F) values.
For the /d/ vs. /r/ contrast, we visually and auditorily examined the
spectrogram and made a categorical decision about whether it was a tap
or a spirantized [0]. This produced a score out of eight. For the L2 learners
of English and the /i/ vs. /1/ contrast, F1, F2, F3 and FO were also extracted
at the vowel midpoint. The Euclidean distance (based on a Bark
normalized score) was taken as a measure of accuracy in spectrally
differentiating the two vowels. For the /f/ vs. /tf/ contrast, we visually and
auditorily examined the spectrogram and made a categorical decision
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about the presence or absence of closure, and this produced a score out of
eight.

Speeded Set-Switching Task to Measure Attention Control

The speech signal is complex, and listeners have to learn what dimensions
are relevant for making certain distinctions. An efficient attention control
is here seen as a built-in cue enhancement device by means of which the
appropriate relevant phonetic cues are brought to the perceptual
foreground in L2 speech processing. None of the currently available
methods of assessing attention control targets exclusively phonological
dimensions (but see Safronova & Mora, 2012). This, however, is crucial in
order to link attention and phonological acquisition. In this study, we
have developed a novel, fully phonologically oriented version of an
attention control task.

In this version, we used two phonological dimensions which can be
considered comparable in difficulty across both languages. One
dimension is whether a stimulus initial is a nasal sound (/n/ or /m/) or not.
The other dimension targets whether or not a stimulus is spoken in the
tirst language of the listener or in another. This decision can only be based
on the phonetics of the stimuli since all items were phonotactically legal
non-words in the two languages we used. That is, participants had to
focus their attention on minute phonetic/phonological dimensions: for
example, on the presence of a nasal resonance at the beginning of the
word ([ 'nole]), indicating that the initial segment was a nasal sound, or on
the diphthongization of the vowels (e.g., ['doufe1]), indicating that the
non-word was spoken in English (spoken in Spanish ['dofe] would be
monophthongal) (see Table 4).

We created 10 nasal-initial items, and 10 nonnasal-initial items. All non-
words were disyllabic with a CVCV structure. We chose to mainly use
"shared" categories for English and Spanish so as not to disadvantage one
group over another by having to process too many unfamiliar sounds.
These 20 items were recorded with English and Spanish phonetics to build
the two stimuli sets. Two female balanced early bilinguals who spoke
Mexican Spanish and American English recorded both sets of stimuli, so
that voice identity could not be used to determine the stimulus language.
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Table 4. Non-word stimuli sample.

Spanish Nasal English Nasal Spanish Nonnasal  English Nonnasal
[ noma] [ novms] [ piyo] [ phigou]
[ nole] [ nouler] ['dofe] [ doufer]
[ niso] [ nisou] [ 'saso] ['saesou]

Participants were asked to answer one of two possible questions:
“Nasal?” vs. “English?” (or “Nasal?” vs. “Spanish?” for LI1-Spanish
speakers) with respect to an auditory stimulus, by pressing two assigned
buttons (yes or no) on a computer keyboard. A trial consisted of a fixation
sign displayed for 500 ms, followed by a question displayed in the center
of the screen for 500 ms (e.g., “Nasal?”). This question was immediately
followed by an auditory stimulus (e.g., ['nofe], spoken with Spanish
phonetics). The correct answer to the question “Nasal?” in this example
would be “yes”. If the auditory stimulus were ['dofe], the answer would
be “no”. The task was administered with the software DMDX.

There were two kinds of trials: repeat trials “R” (i.e., showing the same
question as the previous trial), and shift trials “S” (i.e., showing a different
question from the previous trial). Switch trials required participants to
refocus their attention onto a different dimension in order to make their
answer. Trials were arranged in a predictable alternating SRSR sequence.
This sequence was the same for both groups. The 80 available audio
tokens were then randomly ordered to match the SRSR alternating
sequence, resulting in two lists, one for each L1. The only restriction was
that two “similar” tokens (e.g., /dofe/ spoken in Spanish and English)
could not follow each other. Tokens from either voice were randomly
assigned to roughly an equal number of items in each list.

The results showed that, as expected, both groups were significantly
faster on repeat than on switch trials. For each participant, the RT
difference between S and R trials represents the shift cost, used as our
measure of attention control.

Inhibitory Skill Task

Inhibitory skill is most commonly associated with a differential activation
of the two languages in production. Bilinguals must inhibit the language
not in use (e.g. Green, 1998), leading to interference from the inhibited
language when incomplete (e.g. Spivey & Marian, 1999). This type of
inhibition is proportional to the level of activation of the representations to
be suppressed (which is higher for L1 than for L2), so that much stronger
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inhibitory control is needed when speaking the L2 than when speaking the
L1 (Costa & Santesteban, 2004). In the present study we assessed
individual differences in inhibitory control measured as retrieval-induced
inhibition (Anderson, Bjork, & Bjork, 1994; Veling & van Knippenberg,
2004), which has been shown to be related to proficient bilinguals’ level of
bidirectional phonological interference between their languages (Lev-Ari
& Peperkamp, 2013).

The inhibitory skill task, based on Lev-Ari and Peperkamp’s task, was
administered with E-prime in the participants’ L1 only. Participants
memorized six words of three different categories (vegetables,
occupations, or animals) presented visually on the screen, and then
practiced only some items of two categories (e.g., tomato, nurse) by typing
them on the screen. This was expected to cause the inhibition of the other,
unpracticed items in these practiced categories. By contrast, the items from
the unpracticed category were not inhibited and served as control items.
Participants were then tested on the recognition of practiced as well as of
two types of unpracticed items: those from the two practiced categories
(inhibited), and those from the unpracticed category (control). Participants
with greater inhibitory skill were expected to bring the unpracticed items
in practiced categories to lower activation levels, resulting in retrieval RTs
during recognition that would be longer than those of practiced and
control items.

For each participant, mean recognition RT and SD were computed, and
all RTs beyond 2.5 SD from that participants” mean were trimmed. The
inhibition score corresponds to the median RT for inhibited items divided
by the median RT for control items. The higher the score above 1, the
stronger the inhibition.

Vocabulary Tasks

L2 learners’ overall proficiency was measured through a receptive
vocabulary score obtained from the Peabody Picture Vocabulary Test
(PPVT). A computer-based version of the PPVT was administered, either
in English (PPVT-4; Dunn & Dunn, 2007) or in Spanish (PPVT-3; Dunn,
Dunn, & Arribas 2006), depending on the learners’ L2. For each language,
audio materials were recorded in two accents, British and American
English and Peninsular and South American Spanish. L2 learners chose to
do the test in the L2 accent they felt most comfortable with. The standard
scoring method for the PPVT was considered inappropriate for L2
learners varying in L2 proficiency as this test was designed to measure
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receptive vocabulary knowledge by native speakers of different age
ranges. Instead we used an overall error score (% of incorrectly identified
lexical items). To wvalidate this score, we also administered tests
specifically designed to assess receptive lexical knowledge in L2 learners
(X-lex, Meara & Milton, 2003; and Y-Lex, Meara & Miralpeix, 2007). For
L2-English learners, the X-Lex and Y-Lex tests provided a combined
vocabulary size estimate of 0-10,000 words, which has been shown to be
related to L2 proficiency levels (Miralpeix, 2012). For L2-Spanish learners,
only the Spanish version of the X-Lex (0-5,000 words) was available.

A Pearson-r correlation coefficient calculated between the L2-English
learners” X-Lex/Y-Lex scores and their PPVT error percentage was
relatively strong (r = -.633) and significant (p < .01), so we used the PPVT
error percentage for both groups to partial out proficiency.

Hearing Screening

All participants had to pass a pure-tone audiometry test at octave
frequencies between 500 and 8000 Hz at 20 dB HL in order to be included
in the study.

General testing procedures

The L1-English/L2-Spanish participants and L1-English controls were
tested in Bloomington, USA, whereas the L1-Spanish/L2-English
participants and the L1-Spanish controls were tested in Seville, Spain. In
Bloomington, participants were tested individually in a psycholinguistics
laboratory. The order of tasks was the same for all participants. Only the
L2 learners participated in the vocabulary tasks. Participants were paid for
participating.

At the University of Seville, the participants were tested in groups of 2
or 4 in a language laboratory. The order of tasks was the same as in
Seville, except that for half of the participants, this order was switched
due to the availability of the recording booth. Participants were given a
USB memory drive for participating.

RESULTS

Since we are examining factors related to L2 phonological processing, only
data from the L2 learner groups are included in the analysis. Descriptive
statistics for the data obtained in each measure are presented in Table 5.
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Table 5. Descriptive statistics for each measure obtained in each learner

group.

Measure L2 Mean SE  Median SD lowest  highest N
ABX, Spanish 0.78 0.03 0.81 0.12 0.56 094 18
ég:t‘)“acy Ereie 0.82  0.02 084 007  0.69 091 16
ABX, RT Spanish 1191 4472 1160 189.74 907 1596 18
(test) English 1241 7251 1206  290.04 749 1695 16
Production  Spanish 3.78 0.50 4 2.10 0 7 18
score

(consonants, English 6.75 0.34 7 1.34 4 8 16
max. 8)

Production  Spanish 1.02 0.10 0.92 0.41 0.47 2.14 18
oeore English 0.70  0.09 0.67 037  0.19 139 16
(vowels)

Attention Spanish 100.94 15.27 99.18 64.76  -60.12 22347 18
Control
(shift cost, English 52.52 14.95 60.64 59.79 -61.66 142.26 16
ms.)

Inhibition Spanish 1.00  0.03 0.96 0.10 0.91 1.29 17
score English 1.05 0.08 1.00 0.29 0.44 1.69 15
PPVT (% Spanish 40.63 1.52 40.62 6.26 21.88 48.96 17
error) English 2846  2.25 30.88 8.70 9.80 42.65 15
X-lex Spanish 2522 170 2800 721 700 3400 18
(adjusted £ joh 3718 126 3550 504 2950 4700 16
score)

Y-lex Spanish n.A.

(eapestionl g e 1978 225 1975 901 450 4000 16
score)

X-lex/Y-lex  Spanish n.A.

score English 5696 302 5800 1208 3900 8450 16

Note: PPVT = Peabody Picture Vocabulary Test (Dunn & Dunn, 2007), n.A.
= This test was not available for L2-Spanish, SE = Standard Error of the
mean, SD = Standard Deviation

Correlation analyses were conducted in SPSS 20. We first checked all
variables for normality. After excluding one extreme value for inhibition
in each group, all Shapiro-Wilk statistics values were above .9 (indicating
normal distribution). None of the production or perception scores was
related in significant ways with any of the background variables. There
was also no correlation between the background variables and the PPVT
scores. However, some of the background variables correlated with each
other. The results of the correlations between attention and inhibition

measures and the three phonological accuracy scores are presented in
Table 6.
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Table 6. Correlations between cognitive measures and phonological
accuracy for each learner group.

Perception  Production Production
Measure L2 ( ABXp) (Cs) (Vs) N
Attention  Spanish r=.124ns. r=-.003n.s. =-257n.s. 18
(shift cost) English r=-.438% r=-366ns. r=.640% 16
Inhibition ~ Spanish r=.507* r=.324ns. r=-216ns. 17
(score) English r=.615* r=.169ns. r=.024n.s. 15

In addition to these findings, the perception score for ABX in both
groups correlated significantly with the accuracy score for consonants in
production (r = .563, p < .023 for L2-English; r = .854, p < .001 for L2-
Spanish).

DISCUSSION AND CONCLUSION

In this study, we examined the extent to which attention control and
inhibition are associated with L2 phonological processing in perception
and production.

We found that both cognitive abilities, as measured through language-
based tasks, are associated with one or several phonological measures,
when proficiency is partialled out. This suggests that attention and
inhibition are two important executive functions implicated in
phonological development.

In our sample, a more efficient attention control (operationalized as
lower shift-cost scores) was associated with more accurate performance in
ABX (for the L2-English learners). That is, L2 learners with greater
attention control skills were better able to perceive and use contrastive
vocalic and consonantal features in the categorization of L2 speech
stimuli, suggesting they had developed more accurate perceptual
representations for the L2 sounds. For the L2-English learners, attention
control was related in surprising ways to production scores: as expected,
shift costs were negatively correlated with consonant accuracy scores
(indicating that lower shift costs are associated with higher production
scores), but unexpectedly, shift costs were positively correlated with vowel
accuracy scores. In this latter case, the finding indicates that a less efficient
attention control (higher shift cost) was linked to higher vowel production
scores. For L2-Spanish learners, there was no relationship between
attention control and production scores.
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We also found positive correlations between inhibition scores and ABX
accuracy in both L2 learner groups. This indicates that learners with
higher inhibition scores also performed with higher accuracy on the ABX
task. We surmise that perhaps learners with higher inhibitory skill are able
to deactivate (or inhibit) the language not in use more efficiently, and this
might help them obtain higher accuracy scores in our categorical ABX
task. Of note, our task implemented a language switch halfway through
the stimuli items. Production of vowels and consonants was not clearly
related to inhibition in either group.

Our next steps will examine the consistency of these data and
investigate further the specific correlations observed between cognitive
abilities and production vs. perception. We will also further examine
whether such an advantage in speech processing is truly the result of more
efficient executive control; in other words, we hope to investigate the
causal  relationship  between  cognitive  abilites and L2
perception/production. It may be that stronger inhibition and more
efficient attention control are facilitating not only phonological processing,
but also phonological learning.
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