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Percezione del parlato nel rumore in bambini bilingue sequenziali
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SUMMARY

The objective of this study was to ascertain the effects of competitive noise on second language perception skills of sequentially bilingual children
and to compare the results with those relating to matched monolingual peers. Fifteen bilingual immigrant children (aged 6-10 years) (BL) learning
through their second language (L.2), which was Italian, were matched with 15 peers who only spoke Italian (I0). All immigrant children had arrived
in Italy and were exposed to L2 after their 4" year of life. The speech-to-noise ratio (SNR) needed to obtain 50% intelligibility — the speech recep-
tion threshold (SRT) — for Italian words was measured against the Italian version of ICRA noise, using an adaptive method. Moreover, presentation
of phrases against a contralateral continuous discourse (informational masking) was carried out to exclude possible biases due to differences in
memory, attention, or other central auditory processing disorders between groups. The SNR was -2.7 dB (SD 1.7; range: -5.5 to + 0.9) for the BL
group and -5.3 dB (SD 2.3; range: -8.8 to -0.9) for the 10 group (p < 0.01). With contralateral continuous discourse presentation the SNR were
-32.8 dB (SD 2.4; range: -36.1 to -28.2) for the BL group and -27.8 dB (SD 2.1; range: -31.7 to -24.1) for the OI group (p < 0.01). Even sequential
bilingual individuals exposed to L2 at 4 years old had worse speech perception in noise than their matched 10 peers. On the other hand, the BL group
demonstrated superior divided attention skills in tests with competitive contralateral discourse (p < 0.01).
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RIASSUNTO

Obiettivo dello studio ¢é stato quello di valutare gli effetti del rumore sulle capacita di percezione linguistica di bambini bilingue sequenziali e di
confrontare i risultati con quelli relativi a coetanei monolingue. Sono stati inclusi nello studio quindici bambini immigrati bilingue, di eta com-
presatrai6 ei 10 anni (BL), la cui seconda lingua era litaliano (L2) e 15 bambini di eta corrispondente che parlano solo italiano (10). Tutti i
bambini erano arrivati in Italia e sono stati esposti a L2 dopo il loro quarto anno di vita. 1l rapporto tra segnale e rumore (SNR) necessario per
ottenere una intelligibilita del 50% — la soglia di ricezione vocale (SRT) — per le parole italiane é stato misurato utilizzando la versione italiana
di ICRA noise, grazie a un metodica adattativa. I bambini sono stati inoltre sottoposti a un secondo test che prevedeva la presentazione di frasi
in lingua italiana con un mascheramento informativo controlaterale, per escludere eventuali problemi legati a deficit di memoria, attenzione o
altri disordini di processazione uditiva centrale. La SNR era pari a -2,7 dB (SD 1,7; range: -5,5/+0,9) per il gruppo BL e -5,3 dB (SD 2,3, range:
-8,8/-0,9) per il gruppo 10 (p < 0,01). Nel test con il mascheramento informativo controlaterale la SNR era -32,8 dB (SD 2,4, range: -36,1/-28,2
per il gruppo BL e -27,8 dB (SD 2,1, range: -31,7/-24,1) per il gruppo OI (p < 0,01). I bambini bilingue sequenziali esposti a L2 a 4 anni hanno
dimostrato una percezione del parlato nel rumore peggiore rispetto ai loro coetanei monolingue. D’altra parte, il gruppo BL ha dimostrato una
migliore attenzione condivisa nelle prove con un il mascheramento controlaterale informativo (p < 0,01).

PAROLE CHIAVE: Bilinguismo ¢ Percezione del parlato nel rumore * Competenze fonologiche ¢ Periodo critico * Mascheramento
energetico
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children’s developmental listening disadvantage is of par-
ticular concern at school because early educational skills
Understanding speech through noise is a skill that de- may be taught in noisy settings. Some children also ap-
velops well into an individual’s adolescent years and pear to be at a double disadvantage when listening un-
becomes adult-like at around the age of 15 ' Younger der adverse conditions (noise, reverberation, background

Introduction
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babble) *7: this subgroup may account for 5-10% of the
scholastic population in many European countries 8, and
corresponds to sequential bilingual children learning in
their second language (L.2). In fact, within a short space
of time, these children generally acquire the same lexical
and morpho-syntactic skills as their monolingual peers,
but do not reach the same level of phonological skills in
their L2 3¢ especially when they are exposed to the L2
beyond the critical period for complete phonological code
acquisition. Several studies have demonstrated that pho-
nological competences are important in achieving good
intelligibility in adverse listening conditions ®7°.

To date, most of the research on bilingualism has focused on
simultaneous bilinguals who are exposed to both languag-
es from birth. Immigrant children are generally sequential
bilingual, however, either because they arrive in the host
country during their childhood, having already learned their
mother language (L1), or because they are exposed primari-
ly to the family language, and it is not until they attend nurs-
ery school at around 3 years of age that they gradually be-
come immersed in their L2 '°. With increasing immigration,
it is becoming common for children to grow up sequential
bilingual in many developed countries, including Italy. In
some northern Italian regions, 10% of schoolchildren are of
foreign nationality and, among them, the incidence of those
who start their education in Italian schools has increased
(from 3.7% in 2013 to 4.9% in 2014) '.

It is well established that by 6 months infants recognise
native-language phonetic categories. Moreover, early and
simultaneously bilingual infants are able to discriminate the
sounds of both their languages by 12 months of age 2. On the
other hand, by the end of the first year of life, monolinguals’
perception of speech has been dramatically altered by expo-
sure to their single native language. In fact, at the phonetic
level, exposure to a specific language reduces infants’ abili-
ties to discriminate foreign-language speech sounds and this
ability declines sharply between 6 and 12 months of age 314,
In other words, exposure to a specific language results in
“neural commitment” to the acoustic properties of that
language. Neural commitment to the native language in-
terferes with foreign-language processing, causing dif-
ficulty in foreign-language speech perception in infancy
and adulthood. Thus, with respect to early and simultane-
ously bilingual infants, sequential bilingual children are
faced with the task of learning their host country’s lan-
guage when they already have a still-developing phonol-
ogy that reflects their L1. Most authors agree that the in-
fluence of L1 categories is strong enough to interfere with
native-like processing of L2 categories, even in infants
exposed to L2 very early. In other words, early and inten-
sive exposure to a second language may not necessarily
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be sufficient to build native-like phonemic categories, or
to perform as well as native speakers in discriminating
between the two languages 115,

Unfortunately, the findings of current studies on perceptu-
al skills in sequential bilingual individuals are still contro-
versial, mostly because they differ in terms of how much
children have been exposed to L2, and at what age they
started to learn it 17

Moreover, several factors may explain replication diffi-
culties, including the specific language, sociodemograph-
ic variables, the location of research in conjunction with
language status, and the fact that experimental tasks are
not always sensitive and controlled well enough (particu-
larly from an audiological standpoint) to detect subtle dif-
ferences in speech-in-noise perception '8.

In contrast, bilinguals may have cognitive advantages over
monolingual speakers in verbal tasks when it comes to
solving conflicting information and inhibiting irrelevant
information 2 ' %, For both these aspects, the underlying
mechanisms and their interactions have yet to be fully un-
derstood, and the factors influencing bilingual immigrant
children’s speech comprehension in noisy settings need to
be investigated more systematically.

The aims of the present study were to ascertain the effects
of noise on speech perception skills (due to a reduced au-
dibility of several acoustic cues) in 15 typically-developing
sequential bilingual (BL) children (aged 6-12) learning
their L2; compare the results with those of 15 matched
monolingual peers speaking only Italian (OI). Our first hy-
pothesis was that BL children might have more difficulties
in listening under adverse conditions, compared to their
matched peers, due to their lower phonological competenc-
es. For this purpose, we presented lists of words in compe-
tition with the Italian version of the ICRA (International
Collegium of Rehabilitative Audiology) noise (Test 1).

To exclude possible biases due to differences in memory,
attention, or other central auditory processing disorders,
we carried out a second test using sentences presented in
competition with a contralateral continuous discourse.
This different task was more demanding with regards
to memory (children had to repeat phrases, not single
words), to divided attention skills (they had to solve con-
flicting information) and to other central auditory func-
tions (they had to use morpho-syntactic competences, i.e.
top-down control). On the other hand, in the second test
both the target and the masker were clearly audible.

Materials and methods

Participants
Fifteen sequentially bilingual immigrant children (BL
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group) and 15 native Italian only speakers (IO group) with
no self-reported hearing impairments were enrolled, for a
perspective study, from three different primary schools in
Padua (Italy). These schools had similar socio-economic
conditions and no significant differences in mean scores
of the INVALSI (Italian National Institute for the Evalua-
tion of the School System) ?! tests.

Parents gave their informed consent to each child’s par-
ticipation in the study.

The Institutional Review Board of the Azienda Univer-
sitaria-Ospedaliera di Padova, Italy, approved the study.
The BL group was represented by 8 females and 7
males, aged 6-10 years (mean = 8.66, SD = 1.71); the IO
group included 7 females and 8 males, aged 6-12 years
(mean = 8.60; SD = 1.72), matched for gender, age and
school proficiency with the BL group. The details of all
the children involved in the study are given in Table I.
All participants had normal otoscopic findings and a hear-
ing threshold of 20 dB HL or better bilaterally for the fre-
quencies 250, 500, 1000, 2000, 4000, 8000 Hz. Moreo-
ver, they responded correctly in over 90% of trials in quiet
speech audiometry with words and phrases presented at
40 dB SL.

Parents reported that participants had no history of neu-
rological, cognitive, or communication disorders. Their
school teachers completed a simple form for each par-
ticipant concerning biographical details, potential socio-
economic disadvantages, and grades obtained in the pre-

vious 6 months in the following subjects: math, Italian
language, history and geography. Grades were expressed
on a scale from 1 to 10, where 10 was the highest and 1
the lowest, and 6 is a pass. A school proficiency (SP) with
an average grade of 2 7 and no socio-economic disadvan-
tages were established as an inclusion criterion.

For the BL group, there were additional inclusion criteria:
no exposure to the Italian language (L2) before the age
of 4 years; having lived in Italy for at least 2 years, with
regular, constant exposure to Italian at school and in the
community, and to their first language (L.1) at home.

To establish the children’s age at the time of their expo-
sure to L2 and their need to use the language, all parents of
the immigrant children completed a questionnaire report-
ing when they arrived in Italy, the language environment
at home, and the percentage of output in L1 and L2, the
language used for specific activities, and the language(s)
used for interactions between family members 2.

Finally, a further inclusion criterion for BL participants
was that the percentage of L1 vs L2 exposure ranged be-
tween 35% to 65%, so all children could be considered
competent speakers in both languages .

Stimuli

For test # 1, the speech signal consisted of 20 lists of 10
Italian words familiar to children in competition with
the ICRA noise generated by multiple superposition of
all words (available at http://acustica.ing.unife.it/). These

Table I. Age, gender and language background of the bilingual or monolingual participants.

Bilingual participants = BL group

Subject Age Gender L1 L2-Age %L1  %L2
SO01 7 M Romanian 4 60 40
S02 7 M Albanian 4 65 35
S03 9 M Romanian 4 55 45
S04 6 F Ukrainian 4 60 40
S05 7 F Russian 4 50 50
S06 10 F Romanian 4 45 55
S07 10 F Bulgarian 7 65 35
S08 12 M Serbo- 7 45 55
Croatian
S09 10 F Serbo- 5 60 40
Croatian
S10 8 F Romanian 5 50 50
S11 9 F Albanian 6 55 45
$12 7 M Romanian 4 65 35
$13 11 M Romanian 6 50 50
S14 9 F Romanian 6 60 40
§15 8 M Belarusian 5 55 45

Monolingual participants = 10 Group

L2 -Years SP Subject Age Gender L1 SP
3 8 co1 6 M Italian 8
3 9 (€02 8 M Italian 8
5 9 Co3 8 M Italian 9
2 7 Co04 7 M [talian 7
3 8 (€05 7 F [talian 8
6 9 (06 9 F [talian 9
3 9 (co7 10 F [talian 9
5 9 €08 12 M [talian 7
5 7 €09 11 F [talian 8
3 8 C10 9 F [talian 9
3 9 C11 8 F [talian 8
3 8 C12 7 M [talian 9
5 9 C13 11 M [talian 9
3 7 Cl4 8 F [talian 8
3 8 Ci5 8 M [talian 7

L2-Age: age at time of first exposure to second language; %L1: percentage of daily exposure to L1; %L2: percentage of daily exposure to L2; L2-Years: years since they

arrived in Italy, SP: school proficiency.
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tests were validated with Italian normal hearing subjects
and impaired hearing patients of different ages. I[CRA
noise is similar to “cocktail party noise”, but has long-
term spectrums and modulation characteristics like nat-
ural speech. Thus, it overlaps in time and frequency in
such a way that portions of the primary speech signal are
rendered inaudible. A monotic presentation was used, i.e.
words and noise to a single ear randomly chosen among
subjects.

For test # 2 the target speech signal consisted of 20 lists,
each comprising 10 Italian phrases. The masking was
represented by the Italian translation of a passage from
a novel by Conrad with the silent pauses (between words
and periods) omitted, but still perfectly and easily com-
prehensible.

This masking signal was presented contralaterally to the
primary message. The mixture stimuli were constructed
by having the interferers precede the target sentence (for
about a second), and then following the target sentence for
another second. Thus, this masking paradigm produced
a listening situation where the target and masker signals
were clearly audible but the listener had difficulties in
segregating the elements of the target signal from the ele-
ments of the similar-sounding distracters. This masking is
called “informational” and has different effects with re-
spect to the energetic one used in test # 1.

Procedures

All tests were conducted in a sound treated acoustic
chamber. None of the participants had heard or read the
test material before the experiments and, to avoid mem-
ory effects, each list was used only once with each child.
The full assessment took 30 minutes to complete for each
child and was divided into three 10-minute sessions, with
two breaks.

Recorded stimuli were delivered with a portable compact
disc player through a two-channel Madsen Astera 2 au-
diometer and a set of Sennheiser HDA 200 headphones.
Before testing participants, a precision sound level me-
ter (Bruel & Kjaer, type 2231) was used to calibrate each
channel separately. Audiometer intensity (linearity) was
also checked to ensure that noise levels were accurate
and achievable on audiometer potentiometer manipula-
tion. Words were presented at a constant level of 70 dB
SPL. After a period of familiarisation with the test words,
the speech-to-noise ratio (SNR) needed to obtain a 50%
Italian word intelligibility, the speech reception thresh-
old (SRT), was measured for the two tests using a one-
down/one-up adaptive procedure in 2-dB steps .

Briefly, a word was presented, and the children then respond-
ed by orally repeating the word to an experimenter. They
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were encouraged to guess if they were unsure. The experi-
menter (who was blinded to the experimental hypothesis)
compared their response with the target sentence. If every
word in their sentence was correct, the noise level for the
next sentence was increased by 2 dB; if they made a mis-
take, the noise level was decreased by 2 dB. The SNR was
calculated as the median of at least 6 track inversions, and
after two trial lists. We adopted this traditional adaptive as-
sessment (i.e. measuring the SNR needed to reach the SRT),
as generally recommended in studies with normal hearing
subjects 26 and previously validated for Italian subjects .
The following test variables were randomised: right vs.
left ear presentation, word list sequences and time-or-
dered sequences of the two different speech tests.

The demands on executive function were low, with the
primary demand being the need to keep arbitrary rules in
mind to respond appropriately.

In test 2, the procedure was identical but with different
stimuli and masking, as reported in the previous paragraph.
They had to correctly repeat each word of the phrase. The
executive demand was higher because it included remem-
bering the 6 to 8 words of the simple phrases.

Data analysis

STATISTICA 7.1 software (Stat Soft Italia srl, Milan,
Italy) was used for basic statistical analysis, and t-test to
assess the differences between the BL and OI groups. The
regression tendency curves were calculated on the SNRs
as a function of age, or of each L2 background descrip-
tor. All data were expressed as mean + standard deviation
from the mean (SD). Values where p < 0.05 were consid-
ered statistically significant and a p < 0.001 was judged
highly significant.

Results

In the BL group, the children’s age at the time of their first
exposure to L2 ranged from 4 to 7 years (mean 5.0 £ 1.1),
and the number of years since they had been learning L2
ranged from 2 to 6 (mean 3.7 + 1.2). Language output was
56% for their mother tongue (SD = 6.2; range = 45-65%)
and 44% for L2 (SD = 15.3; range = 35-55%). As reported
in last paragraph of the Methods section, a range of L2
exposure between 35% to 65% was an inclusion criterion.
Average school proficiency was 8.3 + 0.8 for the BL
group, and 8.2 + 0.8 for the IO group.

The SNR values needed to obtain a 50% intelligibility (the
SRT) are given in Table II for each child. The mean SNR
was higher in the BL group (worse performance) than
in the IO group, with a significant difference (p < 0.01)

(Fig. 1).
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Table Il. SNRs needed to obtain 50% intelligibility (SRT) of words in noise and of phrases against contralateral discourse, for each bilingual or monolingual

participant.
Bilingual group (BL)
Subject SNR noise SNR phrases
S1 -2.9 -34.5
S§2 -1.8 -32.8
S$3 0.09 -33.5
S4 -4.3 -33.5
S5 -3.6 -32.4
S6 -0.7 -35.3
S7 -2.1 -32.9
S8 -2.5 -34.8
S9 -1.2 -35.7
$10 -1.5 -30.1
S11 -5.5 -31.2
$12 -5.2 -28.8
$13 -3.9 -36.1
S14 -3.1 -28.2
S15 -2.5 -32.9
Average -2.7 -32.8
Median -2.5 -32.9
SD 1.07 2.04

Monolingual group (10)

Subject SNR noise SNR phrases
C1 -3.5 -25.4
C2 -4.9 -28.6
C3 -5.1 -28.6
C4 -1.6 -24.1
C5 -0.9 -27.3
C6 -5.2 -26.6
C7 -5.4 -29.9
C8 -8 -29.2
C9 -6.3 -27.9
C10 -7 -25.7
ci -8.8 -26.9
C12 -3.1 -25.7
C13 -6.8 -31.7
C14 -5.8 -30.5
C15 -7.3 -29.6
Average -5.3 -27.8
Median 54 -27.9
SD 2.03 2.01

SNR noise: SNRs needed to obtain a 50% intelligibility (the SRT) of words in noise; SNR phrases: SNRs needed to obtain a 50% intelligibility (the SRT) of phrases against

contralateral discourse; SD: Standard deviation. SNRs are expressed in dB.

Regarding test # 2, the SNR for each child are shown in
Table II. Mean SNR was significantly higher in the IO
group (worse performance) (p < 0.01) (Fig. 2).

The mean age, SP, SNR with noise and with contralateral
competitive continuous discourse for the two groups were
compared with a t-test after checking for the adequacy of
sample sizes, normal distribution of the data, and homo-
geneity of variances.

There were no significant differences in age or school pro-

ficiency between the BL and IO groups. Moreover, SP did
not correlate with age in either of the groups.

SNR correlated significantly with age in the 10 group
(perception in noise improved with age) (p < 0.05), but
not in the BL group.

To understand which factor could influence SNR perfor-
mance, the BL group was analysed in more detail, looking
at: range of exposure to L1 vs L2, the effect of mother lan-
guage (Slavic vs Romance), age at the time of exposure
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Fig. 1. Mean SNRs needed to obtain 50% intelligibility (the SRT) of words
in noise for both groups. Bars indicate standard deviation.
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Fig. 2. Mean SNRs needed to obtain 50% intelligibility (the SRT) of phras-
es against contralateral continuous discourse for both groups. Bars indicate
standard deviation.




Table Ill. Correlation between % of exposure to L2 and SNRs.

Mean
% exposure to L2 44.0
SNR noise -2.6
% exposure to L2 44.0
SNR phrases -32.8

SD
6.86
1.7
6.86
2.39

Effect of noise on second language perception

rix.)

0.192

-0.356

r2

0.036

0.127

t

0.705

-1.375

p-value

0.492

0.192

SNR noise: SNRs needed to obtain 50% intelligibility (the SRT) of words in noise;, SNR phrases: SNRs needed to obtain 50% intelligibility (the SRT) of phrases against
contralateral discourse; SD: standard deviation. SNRs are expressed in dB. Correlations significant for p < 0.05.

to L2 (4 years old vs 5 to 7 years old) and the number of
years since starting to learn L2 (more or less than 3 years)
Within the range of exposure to L1 vs L2 above reported,
there was no significant correlation with speech intelligibility
(Table III). No differences emerged between Slavic and Ro-
mance L1 background (T?H =9.697 F(7.7) = 0.746 p > 0.5),
and the significant differences in the SNRs between these
two subgroups and 10 speakers was confirmed (Table IV).
Age at time of first exposure to L2 did not correlate with
SNR, whereas years of exposure to L2 did significantly
correlate (Table V).

Discussion

Our group of sequential bilingual children needed a signifi-
cantly higher SNR than their mother-tongue peers when the
primary message was masked with noise. These children
might therefore have speech perception difficulties in ad-
verse listening conditions, where many phonetic cues (par-
ticularly low-energy ones) are masked by noise and reverber-
ation. In other words, many consonant contrasts become less

audible, so listeners must rely on secondary cues ° and that
is why they should have an intrinsic redundancy of acoustic
indexes. While learning in their second language, these chil-
dren should acquire acoustic indexes as complete as possible
in order to process the foreign language, but beyond a critical
period their acquisition of these indexes will never reach the
level of mother-language individuals.

A limit of this study is the small number of participants.
However, our data might demonstrate that even sequential
bilingual individuals exposed to L2 at 4 years old had worse
speech perception in noise than their matched 1O peers. Most
probably, the acquisition of L2 phonological skills at the age
of 4 might be already too late to catch up to their mother lan-
guage peers with regards to these competences. These data
are in agreement with that observed in a group of 9-year-old
Turkish-German bilingual children, who demonstrated dif-
ficulties with certain German vowel contrasts, despite having
started learning German at 2 to 4 years of age '6. Although
in the past some authors considered that the critical period
for acquiring phonological skills might be restricted to 5-6
years of age %, more recent studies demonstrated that these

Table IV. Correlation between mother tongue (Slavic vs. Romance), age at time of exposure to L2, L2 output, number of years since starting to learn L2, and SNRs.
BL subgroups F(7,7) = 0.74591; p < 0.646

Slavic Romance tvalue gl p-value
Age 8.6 8.7 -0.0968 13 0,924
SP 8.3 8.3 -0.0833 13 0.935
SNR noise -2.9 -2.3 -0.6578 13 0.522
SNR phrases -33.3 -32.4 -0.7267 13 0.480
L2 Age 5.3 4.7 0.90707 13 0.381
L2 % 43% 45% 0.51358 13 0.616
L2 Years 3.4 4.0 -1.0299 13 0.322
Italian vs Romance Italian vs Slavic
F(7,14) =137.29; F(7,15) = 126.26;
p < 0.000 p < 0.000
tvalue gl p value tvalue gl p-value
Age -0.1505 20 0.882 -0.0314 21 0.975
SP -0.2435 20 0.810 -0.1404 21 0.890
SNR noise -2.9517 20 0.008 -2.6889 21 0.014
SNR phrases 3.8991 20 0.001 6.4348 21 0.000

SNR noise: SNRs needed to obtain 50% intelligibility (the SRT) of words in noise; SNR phrases, SNRs needed to obtain 50% intelligibility (the SRT) of phrases against
contralateral discourse; SD: standard deviation. SNRs are expressed in dB. Correlations significant for p < 0.0.
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Table V.

Correlation between age at time of first exposure to L2 and SNR for words in noise
Mean

Age at time of first exposure to L2 5.00

SNR noise -2.6

Correlation between years of exposure to L2 and SNR for words in noise
Mean

Years of exposure to L2 3.06

SNR noise -2.6

SD r(X,Y) r2 t p- value
1.13
0.09097 -0.150 0.022 -0.550 0.41042
SD r(X,Y) r2 t p- value
1.175
1.710 0.37986 0.20764 2.356 0.034

SNR noise: SNRs needed to obtain 50% intelligibility (the SRT) of words in noise, SD: Standard deviation. SNRs are expressed in db.

abilities decline sharply between 6 and 12 months of age .
The above reported study by Darcy & Kriiger together with
the present demonstrate that early and intensive exposure to
a second language may not necessarily be sufficient to build
native-like phonemic categories, or to perform as well as na-
tive speakers in difficult listening conditions 15,

In the IO group, speech perception in noise was correlated
with age. As previously observed, this is a process that im-
proves gradually and reaches adult-like performances at the
age of 15-16, because of the improvement in auditory pro-
cessing efficiency and attentional control with age '2%.
However, in the BL group speech perception in noise did not
correlate with age per se, but did correlate significantly with
years of exposure to L2. In this regard, one should consider
that phonemic categories continue to be refined with age,
providing children have a significant exposure to a given lan-
guage. It may be that, between the two mechanisms involved
in L2 perception in noise, further refinement of phonemic
categories with exposure to the language becomes more rel-
evant than the age-related improvement in auditory central
processing and divided attention. This explains why in our
BL group perception in noise correlated significantly with
years of exposure to L2 and not with age per se.

Regarding test # 2, bilingual children needed a significantly
lower SNR than their IO-speaking counterparts. In other
words, they demonstrated better performance when dis-
tracted by contralateral continuous conversation. In fact, this
masking interferes with selective attention to the primary
signal, not with the acoustic cues. These results reinforced
test # 1 hypothesis, i.e. that bilingual children’s worse speech
perception in noise was only due to their weaker phonologi-
cal competences, not to any lexical, grammatical or other
cognitive factors, such as attention or memory. Thus, the
selection criteria used to recruit BL children were strong
enough to avoid inclusion of any subject with reduced skills
in these last aspects, due to socio-economic disadvantage,
previous pathologies, or unknown factors.

The strength of our study lies in that we carefully selected a
homogeneous group of bilingual children who were compe-
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tent speakers in both languages, and had been exposed to L2
between 4 and 7 years of age. Some studies have reported
greater individual differences in non-native than in native
speakers, a finding that probably reflects heterogeneity of
the population of non-native speakers considered '°. Our
data demonstrated very similar SDs between the IO and BL
groups, probably due to our strict participant selection.

On the other hand, a possible bias might stem from the fact
that L1 was represented by two different language groups,
i.e. Slavic languages in 7 of our bilinguals, and Romance
languages in 8. No significant differences emerged in the
test scores between these two subgroups, however. It is
likely that the different degrees of phonetic similarity be-
tween these languages and Italian are not strong enough
to modify the children’s responses.

Moreover, the remote possibility of differences in the ba-
sic auditory function between children of various ethnic
groups has already been excluded.

Conclusions

Sequential bilingual children might have speech percep-
tion difficulties in adverse listening conditions. We feel
it could be important to test the effect of different ages
of initial exposure to L2, and compare laboratory results
with tests conducted in the classroom (or in virtually-re-
produced classroom listening conditions) regarding com-
prehension of less redundant speech material.

Finally, as the numbers of immigrant children are increas-
ing in many developed countries and effective listening
is a linchpin of school learning *, we hope these findings
are kept in mind in the future and applied directly to more
engineering-oriented disciplines associated with verbal
communication (i.e. design of classrooms acoustic and
classrooms communication systems).
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