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ABSTRACT

Purpose: to compare temporal auditory processing (temporal ordering) and phonological
processing skills in bilingual and monolingual subjects.

Methods: 100 undergraduate and postgraduate university students divided into a bilingual
group (BG; n = 50) and a monolingual group (MG; n = 50). The study assessed the
two groups’ phonological processing skills (phonological awareness, working memory
— phonological loop, and rapid lexicon access) and temporal auditory processing skills
(Frequency Pattern and Duration Pattern Tests). The Mann-Whitney test (p = 0.05) was
used for statistical analysis.

Results: BG performed better than MG in phonological awareness and phonological
working memory tasks — nonword repetition and rapid naming tasks, except for color
naming, and the two auditory processing tests.

Conclusion: Bilinguals performed better on phonological and auditory tests. These
skills help them identify and discriminate variations in the phonology of both languages,
influencing their performance.
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INTRODUCTION

Bilingualism may have many advantages because
those who can speak various languages benefit
from the ability to communicate with more people,
expand their social circles, grant greater employment,
commerce, and travel opportunities, appreciate other
cultures, access medical and other services, and have
careers that involve the use of multiple languages'.

The main initial stage in language learning involves
converting acoustic into linguistic information for
subsequent phonological, lexical, and morphosyn-
tactic encoding®. Hence, there is an unquestionable
relationship between hearing skills and bilingualism.

Understanding a second language (L2) requires the
development of specific skills that begin with the infor-
mation heard. There is a broad relationship between
individual differences in central auditory processing
skills and the ultimate language acquisition throughout
life, including L2 learning?®.

Recent evidence suggests that mastery of central
auditory processing (sensitivity to the spectral-temporal
characteristics of sounds) helps determine individual
differences in L2 speech acquisition outcomes?®*.

Temporal ordering or sequencing skills are widely
studied, as they relate to the person’s ability to sequence
and order the processed auditory stimuli within a
certain time interval®®, assigning them an important role
in speech perception. These skills are approached as
a bottleneck for spoken language acquisition (spectral
and temporal details convey phonemic, phonological,
and prosodic categories)’.

In addition to central auditory processing, another
aptitude is suggested for the subject’s performance in
L2 acquisition. Studies have shown that the working
memory—phonological loop (WMP) plays a key role in
the initial phase of learning new sounds. As bilinguals
gain more L2 experience, other cognitive skills, such as
phonemic coding, appear to play a key role in deter-
mining the acquisition of more advanced L2 proficiency,
evidenced in the activation of speech motor control and
auditory perceptiong.

Based on theoretical conceptualizations that
converge on the intrinsic relationship between bilin-
gualism and the performance in central auditory
processing tasks® and working memory tasks®, this
study aimed to compare temporal auditory processing
(temporal ordering) and phonological processing (PF)
skills in monolingual native Portuguese (L1) speakers
and bilingual ones whose L2 was English.
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METHODS

This is an observational, cross-sectional study, with a
convenience sample. It was approved by the Research
Ethics Committee of the College of Philosophy,
Sciences, and Languages of Ribeirao Preto — University
of Sao Paulo, Sao Paulo, Brazil, under number CAEE
47435315.0.0000.5407. Data collection began only
after approval from the Research Ethics Committee and
consent from the volunteers.

The study comprised 100 undergraduate and
postgraduate university, aged 18 to 40 years, divided
into two groups: bilingual group (BG) (n = 50), with
native Portuguese-speaking students (L1) proficient in
English (L2); and monolingual group (MG) (n = 50),
with native Portuguese-speaking students (L1) not
proficient in any other language. The criteria to identify
the participant’s proficiency and define the groups
were based on the Common European Framework of
Reference for Languages. The exclusion criteria were
any type of hearing loss and abnormal results in tympa-
nometry or acoustic reflex tests. Also, music students
were dismissed, due to their exceptional sound recog-
nition skills.

The Common European Framework of Reference
for Languages (CEFRL)® was used to assess the partici-
pants’ proficiency in L2 (English) and define groups.
The instrument establishes six proficiency levels: basic
level (A1- beginner and A2- basic); regular level (B1-
intermediate and B2- independent); and advanced
level (C1- effective and C2- full mastery). Among the
instrument’s various aspects, the research used self-
assessed understanding, speaking, and writing. After
recording the responses, the groups were defined.
Participants who declared themselves as A1 or A2 were
included in MG and those who declared themselves
as B1, B2, C1, or C2, according to the CEFRL, were
included in BG. To minimize the risk of self-assessment
bias and better define BG, the participant had to have
lived for at least 2 years in an English-speaking country
with prior knowledge and experience with the language
or have a certificate in a formal English course,
following the schools’ criteria in their curricular guide-
lines, which direct the student’s learning and evolution
at standardized levels.

Al MG and BG participants underwent an
assessment of phonological awareness (PA), WMP,
and rapid naming test (lexical access) in both English
and Portuguese to assess phonological processing
skills.



The Sequential Assessment Instrument (CONFIAS)©
was used to assess phonological awareness in
Portuguese. It assesses PA syllabic (nine tasks) and
phonemic (seven tasks) skills, scoring 40 points
in syllabic awareness tasks and 30 in phonemic
awareness tasks, totaling 70 points — one point for each
correct answer. The tasks were applied and answered
orally, providing two examples for training. In case
of error, no points were scored. Each test item was
repeated only once; when the participant asked to have
an item repeated more than once, their answer was
disregarded.

The Brazilian Children’s Test of Pseudoword
Repetition (BCPR)'" was used to assess WMP with
pseudowords in Portuguese. The test has 40 pseudo-
words divided into four groups, with 10 words in each
group, ranging from two to five syllables. Participants
were instructed to repeat all pseudowords presented
orally, one at a time. Correct repetitions scored 2 points
on the first attempt and 1 point on the second attempt;
if there was no correct repetition, no points were
recorded.

The Nonword Repetition Test'? was also used to
evaluate WMP in Portuguese. It has 60 nonwords
(from two to five syllables), with no sound similarity to
words of the language and with different orders, such
as six plosive phonemes (/p/, /t/, /k/, /b/, /d/, /g/), three
nasal phonemes (/m/, /n/, /fi/), six fricative phonemes
(1, 1, 181, 121, Is], [z]), three liquid phonemes (/I/, /R/,
/N), and five closed vowels (/a/, /e/, i/, /o/, /uf). The
syllabic patterns were consonant + vowel (CV); vowel
+ consonant (VC); consonant + vowel + consonant
(CVC); and consonant + consonant + vowel (CCV).
The test was presented orally, and an immediate
repetition was requested, with 2 points being awarded
for a correct answer in the first attempt, 1 point in the
second attempt, and 0 points in case of an error in both
attempts.

The Rapid Automatized Naming Test (RAN)®,
adapted to Brazilian Portuguese', was applied to
assess the lexical access speed through the rapid
naming of visual stimuli. Each subtest has 50 visual
stimuli, distributed across 10 lines (each line has five
pictures). The stimuli were presented in the form
of letters, digits, objects, and colors. The letter test
consists of “p”, “d”, “0”, “a”, and “s”; the digit test is
made up of the numbers 6, 2, 4, 9, and 7; The object
test consists of the images of a comb, an umbrella, a
watch, scissors, and a key; and the color test consists
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of red, blue, black, yellow, and green. Each test’s
naming time was recorded.

PA skills in English were assessed with the
Phonological Awareness Test in a Foreign Language -
English'®. The test assesses PA syllabic (seven tasks)
and phonemic (seven tasks) skills in English, with four
items per task. The 56 items score as follows: 28 points
in syllabic tasks and 28 in phonemic tasks, totaling 56
points. One point was awarded for each correct answer;
in case of error or omission, no points were awarded.

The Repetition Priming of Word, Pseudoword,
and Nonword' was used to assess WMP with words,
pseudowords, and nonwords in English. This study
used 15 words and 15 pseudowords, presented orally
one by one, asking for immediate oral repetition. Two
points were awarded for a correct answer on the first
attempt, one point for the second attempt, and no
points for an error on both attempts. It also used the
Nonword Decoding Test', which has 39 invented
words that are in line with English phonology. The
nonwords were presented orally, one at a time, asking
them to repeat them orally in the sequence. Two points
were recorded if the repetition was correct in the first
attempt, one point in the second attempt, and no point
was scored for an error in both repetitions.

RAN was also used to assess rapid naming in
English'®. They were asked to rapidly name the stimuli
in English (letters, digits, objects, and colors), timing
their answers in each test. Letter names in English were
requested according to English phonetics, as were all
other tasks. The digit test used “six, two, four, nine,
seven”; the object test used “comb, umbrella, watch,
scissors, key”; and the color test used “red, blue, black,
yellow, and green”.

The temporal auditory skills were assessed with the
Duration Pattern Test (DPT) and the Frequency Pattern
Test (FPT), Mudiek version'. Altogether, 60 sequences
were presented binaurally at 50 dB (sensation level)
through headphones in a sound booth. Before applying
the tests, 10 stimuli per test were presented for famil-
iarization training. The total number of correct answers
was counted to analyze the results.

FPT'® consists of the presentation of three-tone
sequences with low (L) (880 Hz) and high (H) (1,122
Hz) tones, each one lasting 150 milliseconds (ms),
with a 200-ms interval between tones, and a 7-second
interval between sequences. The tones have different
positions in each sequence, allowing for six possible
configurations: HHL, HLH, HLL, LLH, LHL, and LHH.

DOI: 10.1590/1982-0216/20242648423 | Rev. CEFAC. 2024;26(4):€8423



4/10 | Quatrini EAP, Rodrigues CM, Zuanetti PA, Zanchetta S, Fukuda MTH

The volunteer should name the perceived pattern in the
order of the stimuli.

DPT it is a temporal ordering test regarding the
duration of three pure tones at the same frequency
(1,000 Hz), two of them always with the same duration
and the other with a different one. The short tone lasts
250 ms, and the long tone lasts 500 ms, with 300-ms
intervals between stimuli, and 6-second intervals
between sequences — which were presented simultane-
ously in both ears. The short (S) and long (L) stimulus
sequences were presented in different orders: 500 ms —
250 ms — 500 ms (long — short — long), 250 ms — 250 ms
— 500 ms (short — short — long), and so forth. Possible
combinations were SSL, SLL, SLS, LLS, LSS, and LSL.
The participant was instructed to name the patterns
heard using the term “short” for shorter sounds and
“long” for longer ones.

The entire test battery was applied in one session,
lasting 2 hours on average.

Table 1. Characteristics of the sample

The Mann-Whitney nonparametric test compared the
two groups’ performance in phonological processing
skills in both Portuguese and English, setting the signif-
icance level at 0.05, as the data did not have a normal
distribution. The same test was used to compare the
groups’ performances regarding PA temporal ordering
skills.

A logistic regression analysis was performed to
determine the factors associated with bilingualism,
including all independent variables tested.

RESULTS

The profile data on the sample’s mean age, sex,
and field of study are shown in Table 1. It included 100
university undergraduate and postgraduate students,
with a mean of 22.91 years, divided into two groups:
BG (n = 50) and MG (n = 50).

Monolingual Group

Bilingual Group

LU Absolute number % Absolute number %
Sex

Females 36 48 39 52
Males 14 56 11 44
Education level

Undergraduates 47 66.19 24 33.80
Postgraduates 3 10.34 26 89.65
Field of Study

Human Sciences 6 85.71 1 14.28
Biological Sciences 39 45.34 47 54.65
Exact Sciences 5 71.42 2 28.57
Central Auditory Processing FPT results showed significant differences,

Significant statistical differences were found in the
number of correct answers (p = 0.001) and errors
(p < 0.001) in DPT, though not for reversals (p = 0.156)
— BG had higher correct scores and fewer errors than
MG. The results suggest that BG had greater efficiency
in discriminating sound duration.
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according to statistical analysis, for correct answers
(p = 0.005), errors (p = 0.008), and reversals
(p = 0.011). The data suggest that BG performed better
in sound frequency discrimination than MG. These
results are presented in Figure 1.
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Figure 1. Performance of the Bilingual Group and Monolingual Group on the Duration Pattern Test and Frequency Pattern Test, respectively

Phonological Processing

Regarding PA (in Portuguese), the Mann-Whitney
test showed that BG had significantly higher scores
at all test levels (Syllabic, Phonemic, and Total)
(p < 0.001), suggesting that bilinguals perform better

Phonological Awareness in Portuguese
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in this task. Statistically significant differences between
the groups were also found in the English PA tests
(p < 0.001) — BG had higher scores at all test levels
(Syllabic, Phonemic, and Total), suggesting that
BG performs better in this task. Figure 2 shows the
difference in performance between the groups.
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An * indicates a statistical difference between the groups (p < 0.05), according to the Mann-Whitney test.

Figure 2. Performance of the Bilingual Group and Monolingual Group in the Portuguese and English phonological awareness tasks

regarding syllables, phonemes, and total awareness

Regarding WMP, no statistically significant differ-
ences were observed between the groups (p = 0.119)
for pseudoword repetition scores in Portuguese. BG
and MG performed similarly, with scores close to the
maximum allowed by the test. Regarding nonword
repetition in Portuguese, the Mann-Whitney test found
statistically significant differences (p = 0.009). BG had
a higher score, suggesting that bilinguals performed
better in the WMP assessment in Portuguese. The same

result was found in the WMP assessments in English
— no statistically significant differences were found
between BG and MG in the word and pseudoword
repetition test, whereas statistically significant differ-
ences were found in English nonword repetition
(p < 0.001). BG had higher scores on the tests, which
suggests that they performed better than MG. These
aspects are shown in the charts in Figure 3.
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Phonological Working Memory in Portuguese
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Figure 3. Performance of the Bilingual Group and Monolingual Group in phonological working memory assessment tasks involving
pseudowords and nonwords in Portuguese and English, respectively

The statistical analysis highlighted significant differ-
ences in RAN in Portuguese between the time spent by
MG and BG to name objects (p = 0.009), digits (p =
0.026), and letters (p = 0.044) — BG named them more
rapidly, suggesting a better performance. However,
no statistically significant differences were found in the
color naming test, suggesting similar performances

Rapid Automatized Naming in Portuguese
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between the groups. The RAN task in English was
performed by both groups, and BG performed better
than MG. The statistical analysis with the Mann-Whitney
test showed significant differences between the time
spent by BG and MG to name objects (p < 0.001),
digits (p <0 .001), letters (p < 0.001), and colors
(p < 0.001). These aspects are presented in Figure 4.
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An * indicates a statistical difference between the groups (p < 0.05), according to the Mann-Whitney test.

Figure 4. Performance of the Bilingual Group and Monolingual Group in the Rapid Automatized Naming Test tasks in Portuguese and

English, respectively
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This study also conducted a logistic regression test
to verify which factors could predict a person’s ability
to learn a new language - i.e., their ability to master
two languages. The most associated variables were
their ability to correctly recognize the phonemes in
the other language (performance in English PA tasks)
and rapidly name in another language (performance in
English RAN tasks).

DISCUSSION

This study aimed to bring scientific contributions
to clarifying peculiarities of phonological processing
and temporal ordering skills of bilingual (L1 Brazilian
Portuguese and L2 English) and monolingual
individuals by assessing and comparing the perfor-
mance of the two study groups.

The study results showed that bilinguals have a more
refined auditory ability to recognize sound duration and
frequency, demonstrated by their better performance in
FPT and DPT, with more correct answers. Accordingly,
studies show that central auditory processing skills are
superior in multilinguals and bilinguals than in monolin-
guals, with multilinguals having the best results®.

One study investigated the effects of bilingualism
and multilingualism on central auditory processing
skills in children, with 90 participants divided into three
groups — monolingual, bilingual, and multilingual. It
assessed amplitude modulation detection thresholds,
gap detection thresholds, pitch discrimination, and
spectral ripple discrimination thresholds. Bilingual and
multilingual children performed better than monolingual
ones in temporal tests, with multilingual children
achieving the best results*.

A study investigated the hypothesis that individual
differences in central auditory processing may be
responsible for some variability in L2 learning®,
examining psychoacoustic thresholds, motor-auditory
temporal integration, and auditory neural coding in
40 adult native Polish speakers living in the United
Kingdom, with a mean age of 25 years, who had English
as their L2. They found that accurate English vowel
perception and grammatical judgment were related to
lower psychoacoustic thresholds, better auditory-motor
integration, and more consistent responses to sound
frequency tracking. Psychoacoustic thresholds and
sound coding explained independent variance in vowel
perception. These results suggest that individual differ-
ences in the success of L2 acquisition arise, at least in
part, from mastering auditory perception.
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Nonverbal sound ordering skills involve behaviors
of acoustic stimulus recognition, discrimination, and
phonological evocation. Nonverbal sounds, present
in DPT and FPT, are similar to the sound stimuli of
the language (phonemes), regardless of the language
spoken, and good performance in such tasks suggests
a good capacity to recognize and discriminate linguistic
sounds, especially speech, essential to learning L1 and
L2. Thus, using sound frequencies is of great value to
speech comprehension and assessment®,

The literature has studies addressing the ability to
reflect on the phonological aspects of the language,
investigating PA in bilingual samples?'. Even though
many studies focus on PA skills in bilingual groups,
most of them have child samples (in general, learning
or having learned to read and write), using varied
assessment instruments. It is understood that many
PA assessment studies are carried out with children
(especially preschoolers) because at this stage they
are learning to read and write and gradually devel-
oping their reading skills, which helps them develop
skills to do PA tasks?. PA skills are known to be
poorly developed while learning to read and write,
being consolidated and improved through the literacy
process?. Studies evaluating PA in adults mostly have
illiterate samples, since such skills are supposedly
developed in educated adults without reading/writing
deficits®.

Although the phonological processing assessment
instruments (PA in Portuguese) were initially developed
for children and adolescents, the present study used
them in educated adults. Hence, it expected a satis-
factory performance in this task, as this population’s
PA in their native language is supposedly established.
However, it was not known whether the ability to reflect
on the phonology of the language would be consoli-
dated for another language. Therefore, this study used
a PA assessment instrument for English (Phonological
Awareness Test in a Foreign Language — English'®) that
follows the same evaluative standard as the test applied
in this study (CONFIAS™). MG was expected to perform
worse than BG in this PA assessment in English, due to
BG’s experience and knowledge of English.

Both groups performed quite well in the PA
assessment in Portuguese, whose test scores were
close to the maximum allowed by the instrument.
Even so, there were differences between the MG and
BG scores, as MG performed worse. The results of
this study suggest that greater auditory stimulation,
through contact with different languages, can favor the
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emergence and permanence of an auditory represen-
tation of the language, as they know and understand its
phonological structure.

Many studies have investigated the assessment of
WMP in bilingual children?*2> and bilingual adults?®?7.

A study compared cortical and behavioral outcomes
of 99 monolingual and bilingual older adults who
reported no cognitive or memory problems in three
types of memory that typically decline in old age,
namely: working memory (measured by n-back), item,
and associative recognition?. The results showed that
bilinguals were faster on the working memory task than
monolinguals?®.

A meta-analysis on the association between bilin-
gualism and WMP ability*® extracted data from 116
studies (involving 177 pairs of participants and 444
effect sizes), examining age, characteristics of WM
tasks — i.e., complexity (simple span vs. transfor-
mation vs. complex span tasks) and domain (verbal
vs. honverbal) —, age at first exposure to L2, and L2
proficiency as potential moderating variables. Results
indicated a small WMP advantage in bilinguals, which
was stronger when the WM task compared L2 with
L1. The authors concluded that bilingual experience is
associated with slightly higher WM capacity.

The results of the present study showed that BG
performed better than MG in repeating nonwords in
both English and Portuguese and like MG in repeating
words and pseudowords in both languages. In other
words, the greater the complexity of the task and the
greater the required WMP performance, the better the
BG’s performance compared to MG.

Tests that use word and pseudoword repetition
are less effective than WMP assessment instruments,
as lexical interference may assist the repetition of the
stimuli. While pseudowords have some sound similarity
to words of the language, nonwords do not have any
similarity. This lack of similarity requires the individual
to use their WMP for repetitions®.

The results of this study corroborate other ones in
the literature®®3', in which bilinguals performed better
than monolinguals, considering the different complexity
levels of the WMP task (words, pseudowords, and
nonwords).

The next component of phonological processing
to be discussed is the mental lexicon access speed,
assessed through the ability to efficiently retrieve
phonological information or rapidly and automatedly
name things — i.e.,, RAN. Rapid naming activities
for visual stimuli assess the information processing
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speed®. The mental lexicon is part of the semantic
memory that assimilates and understands different —
graphic, phonological, morphological, syntactic, or
semantic — aspects of the word, using them in speech
reception and emission in a conversation or linguistic
text production®,.

Not many studies have assessed RAN and its
relationship with bilingualism in adults, whereas various
studies have investigated RAN in bilingual children.
Many studies with adults, especially with reading/
writing impairments, have approached naming speed,
though not associating it with bilingualism. The present
study demonstrated better bilinguals’ performance in
rapid naming tasks (phonological access to the mental
lexicon) compared to monolinguals in both English
(which was expected) and Portuguese.

The results of this study suggest that knowing
a second language and its concepts favors greater
naming speed — due to faster lexical retrieval, with
less time spent on rapid naming assessment tasks
— compared to the performance of the monolingual
group. This result remains the same when comparing
the performance of MG and BG in L1 tests. BG’s better
RAN performance in English was expected, as MG
would take longer to complete the task for not knowing
the English lexicon and not having a lexical represen-
tation of the visual stimuli used in the tests. This result
is corroborated by another study, which suggests that
the acquisition of a second language can influence the
development of this skill®.

The logistic regression results showed that PA
ability, especially linked to the phonemic aspects of
English, can be considered a predictor of L2. The
results suggest that the better ability to recognize and
accurately discriminate the different English phonemes
may influence this language learning or have been
influenced by it. The subtle differences in language
phonology form its unique linguistic system. Thus,
greater skills in recognizing these phonemic differ-
ences (variations/oscillations) help understand the new
linguistic code.

Another factor strongly associated with bilingualism
among the variables studied was the rapid naming
of visual stimuli in English. This association of rapid
vocabulary recall skills (lexicon) and bilingualism was
expected since language cannot be constructed without
alexicon. The acquisition of new L2 words (expansion of
the lexicon) enables one to learn the second language
— and semantic aspects are embedded in this lexicon,
favoring an entire network of meaning around the new



language. Therefore, L2 lexical acquisition brings with it
semantic components that facilitate communication, an
important aspect of language.

It is important to highlight that the study sample
comprised young adults immersed in undergraduate
and postgraduate programs - i.e., they had been previ-
ously and routinely exposed to both Portuguese and
English. Even though those in MG declared themselves
as not having enough speaking, reading, and compre-
hension skills to fit into BG, they had been exposed to
English before, which could be a limitation of this study.
Future research should assess bilingualism objec-
tively along with the self-assessment questionnaire,
which could reduce the risk of bias in determining
study groups. Moreover, further studies are needed in
different sociodemographic populations.

CONCLUSION

This study found that bilingual subjects perform
better in phonological processing skills than those at a
similar academic level without L2 fluency.

Bilinguals also discriminated and temporally
ordered sound patterns more efficiently than monolin-
guals regarding duration and frequency, performing
better in temporal auditory processing tasks.
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