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Objectives: Bilingualism and multilingualism are on the rise in many parts of the world. 
Learning and using other languages, in addition to the expected impact on language domains, 
can affect non-linguistic fields such as attention, working memory, cognitive control, and 
auditory processing. The objective of this study was a comprehensive review of the bilingual 
advantage and disadvantages with emphasis on its effect on the cognitive process and its 
relationship with auditory processing.

Methods: A total of 133 articles were initially found in this field. According to the inclusion 
and exclusion criteria of the review, 84 related articles were entered into this study. Then 
we searched articles published 2005-2020 in Science Direct, Scopus, Google Scholar, and 
PubMed databases. Keyword and MeSH terms were used in the search process: “bilingualism”, 
“cognitive process”, “auditory process”, and “auditory attention”. 

Results: Studies showed that bilingualism not only has advantages in the linguistic domain but 
also affects the cognitive domain, especially auditory attention, auditory memory capacity, and 
inhibitory control. Also, it has a protective effect against cognitive decline in aging. Structural 
changes in the brain in bilinguals support these effects. Most studies reported that enhanced 
attentional requests of bilingual exchange amplify connectivity among cognitive functions like 
attentional rein and auditory processing. These effects create more constancy in the auditory 
evoked response in bilinguals.

Discussion: Learning foreign languages could provoke the autonomic sound processing 
capability of the auditory organ and make it highly efficient in challenging listening conditions. 
It also affects other cognitive processes such as auditory memory. However, a comprehensive 
framework for this relationship is still unknown, and further research is needed, especially to 
support neurophysiological evidence. 
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Highlights 

● Learning a foreign language could provoke the autonomic sound processing capability of the auditory organ and 
make it highly efficient in challenging listening conditions.

● Bilingualism affects the cognitive domain, especially auditory attention, auditory memory capacity, and inhibitory 
control.

● Bilingualism has a protective effect against cognitive decline in aging (Alzheimer's disease).

Plain Language Summary 

Bilingualism and multilingualism are on the rise in many parts of the world. In this review, we summarized the ef-
fect of bilingualism on central auditory and cognitive processes. Bilingualism is essential not only in linguistics but 
also in other aspects of central auditory processing such as auditory memory, auditory processing in complex listen-
ing environments, and auditory attention. In addition, learning a second language can delay cognitive impairment in 
old age, such as Alzheimer's disease. Structural changes in the brain in bilinguals support these effects. However, a 
comprehensive framework for this relationship is still unknown, and further research is needed, especially to support 
neurophysiological evidence.

1. Introduction

n many countries, individuals speak 
at least two languages. In some parts 
of the world, like in the Netherlands, 
more than two languages are educated 
at school [1]. Migration, the expansion 

of the Internet, and an increment in traveling for jobs 
or globe-trotting are among the reasons for the devel-
opment of multilingualism, especially bilingualism [2]. 
Studies show that bilingualism not only has a positive 
effect on the linguistic aspect but can also affect other 
non-linguistic areas like the working memory [3], cogni-
tive control [4], attention [5], auditory processing [6], and 
prevention of some cognitive disease like dementia [7]. 

In bilinguals, the use of two languages in conversa-
tion improves inhibitory performances that subsequently 
reinforce attentional control. Most research reports that 
increased attention request in bilingual exchange leads to 
a strengthening of cognitive functions such as attention 
control and auditory processing. These findings are sup-
ported by electrophysiological assessments of the audi-
tory system in these individuals [7, 8]. One of the other 
skills in the cognitive domain is memory. Bilingualism 
could positively affect auditory memory. The studies 
showed the protecting efficacy of second language learn-
ing against a decrease in cognitive abilities like demen-
tia and diseases like Alzheimer. Some research studies 
reported a positive effect, while further studies showed 
that bilingualism had no advantages over monolingual. 

Moreover, some evidence shows that bilingualism can 
delay the beginning of dementia by 4 to 5.5 years [8-10].

According to studies, the auditory organ is the best ex-
ample for investigating top-down mechanisms like atten-
tion and inhibitory control on sensory processing. In sev-
eral studies, speech elicited auditory brain stem response 
(speech ABR) showed an increased subcortical display 
of the fundamental frequency (f0) of the speech sound, 
in addition to better sustained selective attention in bi-
lingual people [11-13]. Attention capability is associated 
with the f0 strength, which is the fundamental frequency 
of sound in speech ABR until the stimulus is delivered in 
a multi-talker babble noise rather than in silence [6].

This review intends to establish a comprehensive 
analysis of the research in the effect of second language 
learning on cognitive control and auditory processing, 
which auditory tests could assess. We also focused on 
the cognitive advantages, such as improved attention and 
cognitive control skills by auditory electrophysiological 
tests and possible disadvantages. In addition, we sum-
marized the implication of bilingualism on the preven-
tion of diseases such as Alzheimer and dementia [7, 14]. 

Auditory attention in bilingualism 

Bilinguals, compared to monolinguals, can better scout 
contradictory sensory information and adjust a per-
taining stimulus via an inhibitory control that is firmly 
paired with focusing and maintaining attention [6, 15, 

I
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16]. Studies show that attention capability is related to 
the energy of the f0 in speech ABR when the stimulus 
is transferred in multi-talker babble noise background. 
However, there was no correlation between attention 
abilities and strength of the f0 when there was no back-
ground noise (in quiet). 

Sustained selective attention improved the subcortical 
display of the fundamental frequency (f0) of the speech 
sound. Association between persistent selective atten-
tion and electrophysiology results were according to the 
outcome on the auditory attention duty and the neural 
coding of the f0 in quiet and babble noise. Investiga-
tion showed that f0 amplitude in quiet does not affect 
auditory attention in a quiet environment, while the 
neural coding of the f0 in multi-talker babble is directly 
related to sustained selective auditory attention [6]. Be-
cause of reinforcement of inhibitory skills by using two 
languages during ordinary conversations, attentional 
control abilities improve. This advantage can impress 
sensorial coding via top-down signaling, so the higher 
level of attentional control in bilingual people leads to a 
powerful effect on auditory processing and authorizing 
the hearing system inpatient with two languages to more 
efficaciously receive behaviorally-relevant traits of the 
inbound sounds [7]. 

Based on studies, an increase in the interplay among 
cognitive and sensory processing in bilingualism shows 
greater stability in evoked response recorded from scalp 
to sound for bilinguals compared to monolinguals. Com-
paring attentional capacities by the stabilities of auditory 
cortical and brainstem potentials to a speech syllable 
evoked under inactive listening status in bilingual and 
monolingual indicate that a correlation exists between 
the stability of the auditory brainstem response and atten-
tional control capabilities [6, 7, 17, 18]. This relationship 
could have two reasons. First, the efferent routes connect 
the executive system to the subcortical auditory system, 
which is intensified by speaking two languages [19, 20]. 
Second, via a lifetime of simultaneously involving both 
attentional control and auditory processing, these two 
systems become synergistically connected. Thus, top-
down pathways are involved even under passive listen-
ing, resulting in a unique relation across attentional con-
trol and subcortical auditory processing in bilinguals [7].

Highly proficient bilinguals have higher attentional 
control, paired with more stability in the subcortical 
evoked response. This relationship between proficiency 
in both languages and better attentional control proposes 
that language experience affects the automated sensory 
encoding of auditory signals by improving top-down 

processing currents that lead to refinement of bottom-
up signal conduction [7, 11, 21]. The effect of auditory 
brainstem function by bilingualism can be measured 
with various instruments, one of which is frequency Fol-
lowing Response (FFR) which indicates that learning 
other languages can be associated with plasticity in the 
auditory brainstem. FFR shows the synchronized activi-
ties of axonal and dendritic potentials produced with the 
sum of neurons in the lateral lemniscus and inferior col-
liculus of the brain stem and is suitable for assessing how 
subcortical areas encode speech-specific pitch contours. 
It shows alterations in auditory brainstem encoding of 
f0 (pitch) patterns which is a subcortical response likely 
emanated from the rostral brainstem encoding the f0 (a 
physiological correlate of perceived pitch) of the stimuli 
with vast fealty [22].

Some studies show that although bilingualism can im-
prove general non-linguistic aspects of cognition, it can 
negatively affect language competence. The superiori-
ties of bilingualism are especially obvious in tasks that 
involve cognitive inflection and the control of attention; 
it seems to be better at specifically pay attention, sup-
pressing irrelative data, and shifting among the alterna-
tive solution to a problem [23-25]. 

One of the features of hearing processing is speech 
perception in noise. Research indicates that people as 
monolingual and bilingual perform a similar function 
in word comprehension in noise, but bilinguals perform 
better when comprehension of speech in noise is exam-
ined in sentence context. Tone-in-noise detection needs 
no linguistic notice, while sentence-in-noise discern-
ment depends on vocabulary, syntax, and context. Thus, 
depending on the situation, bilinguals can have advan-
tages and disadvantages during listening to background 
noise [25, 26].

Late bilinguals also have an advantage of auditory at-
tention, and it is not specific to learning a second lan-
guage in early childhood. Bilingual people who learn 
a second language early or late both enjoy the benefits 
of bilingualism, but in two various manners: the early 
group through attention exchange and the late group 
through selective attention and inhibition. It appears 
that learning a foreign language too soon at childhood 
raise switching processes, whereas the later learning of 
a second language after the stabilization of the native 
language may need powerful inhibition of the native 
predominant language, thus, have a significant effect on 
inhibitory control [24].
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Auditory memory in bilingualism

Auditory memory has an essential role in language 
learning. To learn a language, correct encoding and 
retrieval of information from memory are needed, so 
memory and language are closely related [27]. Audi-
tory memory is the ability to receive auditory stimuli, 
process the stimuli, and then store them. This kind of 
memory is essential for linguistic skills growth (such 
as learning and remembering words and also the abil-
ity to perceive and use grammar) and the learning pro-
cess [28]. Some research shows that auditory capacity 
is higher in bilinguals compared with monolinguals [29, 
30]. Soleymani et al. studied short-term auditory mem-
ory function through dichotic auditory-verbal memory 
tests in monolinguals and precocious bilinguals (a per-
son who learns the second language early in childhood). 
The study results exhibit a significant increment in the 
score of the dichotic auditory-verbal memory test in the 
bilinguals [31]. The auditory memory is positively influ-
enced by bilingualism. Goldstein et al. also showed that 
the prefrontal cortex, which has an essential function in 
the auditory memory in bilinguals, is more active than 
monolinguals [32, 33].

Recent studies show that cognitive advantages in bi-
linguals are beyond inhibition. They have advantageous 
for function on working memory exercise that requires 
a higher level of executive control. This finding sup-
ports the assumption that experiencing two language 
handling impacts the central executive control system 
that arranged processing over a broad limit of functional 
requests [34]. There was a positive relationship between 
bilingual performance and working memory, so work-
ing memory tasks and advantages to executive control 
are influenced by bilingual efficiency [35]. Elma Blom 
reported that Turkish–Dutch bilingual children com-
pared with Dutch monolinguals, have cognitive benefits 
in visuospatial and verbal working memory exercise 
[36]. The results of this study, in line with other studies, 
showed the benefit of bilingualism regardless of inhibi-
tion [37, 38]. Bilingual cognitive benefits develop irre-
spective of socioeconomic status background, and learn-
ing two languages can be a critical source of richness for 
socioeconomically deprived children [39-41].

Auditory processing in bilingualism 

Learning a second language may evoke the sound pro-
cessing capabilities of the auditory system and make it 
highly efficient in regular and challenging listening con-
ditions. The individuals who learn the second language 
would develop plasticity in cortical regions of the brain 

that are responsible for processing language and execu-
tive control. It benefits from better inhibitory control, al-
lowing bilinguals to discriminate the characteristics of 
the desired stimulus better, even if the latter is presented 
in conjunction with an unrelated and disturbing signal, 
such as noise [6]. 

In this regard, studies were conducted in both behav-
ioral and electrophysiological fields. Amanda Dal Piva 
Gresele (2013) compared the binaural hearing capabil-
ity in people who speak only Brazilian (control group) 
and people who speak Brazilian and German simultane-
ously (the study group A) or consecutive two languages 
of Brazilian and Italian (SGI) with dichotic digit test 
(DDT), and staggered spondee word (SSW) test. The 
result of DDT showed the discrepancy between two ears 
in all scores between study group A to the control group. 
Comparison of the study group A and I show no discrep-
ancy between them. The SSW outcomes represent that 
the two study groups have better scores in both ears, and 
it was meaningful compared to the control group. The 
results show the asymmetry in the activity of brain hemi-
spheres. Also, it shows dominancy in the left temporal 
lobe. Results show that study group I has significantly 
better scores than study group A. It could be concluded 
that bilingualism has a beneficial effect on the predic-
tion of dichotic listening, shown in DDT results. The 
outcome of SSW is significantly better for consecutive 
Brazilian Portuguese-Italian than simultaneous Brazilian 
Portuguese-German [42].

Isabell Wartenburger et al. (2003) performed syntac-
tic and semantic exercises in both people who learn the 
second language in childhood and late adulthood. The 
results showed that in syntax tasks, the activity of the 
Broca’s area, inferior frontal gyrus, and the right hemi-
sphere increased in people who learned the second lan-
guage in adulthood [43]. 

In the electrophysiological field, evaluations were per-
formed using speech-ABR, an objective experiment to 
observe how subcortical structures of the auditory path-
way encode speech sounds. The stimulus used in speech-
ABR is usually /da/. The chosen phonemes (e.g., /da/) 
are found in most languages, and no group has a greater 
advantage over the other in processing that sound [13, 
44]. Speech-ABR studies in bilinguals showed that the 
neural onset (wave V), the consonant transition (wave 
C), and the harmonic region (D, F) responses showed 
longer latencies in the monolingual group compared to 
their bilingual peers; increased peak latencies could be 
an indicator of a disruption of the encoding process. This 
event would suggest that the wave’s latency could be 
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considered as a neural biomarker distinguishing between 
the two groups of bilingual and monolingual. Moreover, 
when speech stimuli were present in noise, the process-
ing of the transition between consonant /d/ to /a/ required 
a longer time in monolinguals than bilinguals. Click ABR 
shows no significant difference between monolinguals 
and bilinguals [12, 45, 46]. It suggests that bilinguals 
exhibit more efficient auditory processing capacities in 
quiet and noisy conditions than monolinguals (Figure 1) 
[7, 12]. Krizman et al. (2012) performed speech-ABR 
on bilinguals and monolinguals. They found a relation-
ship between enriched linguistic environments such as 
a bilingual environment in contrast to a monolingual 
environment and the neural response of the auditory sys-
tem. Although cortical and subcortical auditory evoked 
responses were present in monolingual and bilingual 
groups, the two evoked potentials in bilinguals were 
more pronounced and had a larger amplitude [6]. 

There was a significant change in the speech-ABR 
morphology of the waves when comparing the noisy lis-
tening condition to the quiet condition; waves with a 
smaller amplitude and longer latency were observed in 
the noisy condition [12]. FFR is evoked by the harmonic 
part of the vowel, which refers to the latter portion of the 
speech-ABR. It showed that the f0 was encoded more 
robustly in bilingual, whether in silent or noisy condi-
tions. In the noise, since consonants are more affected 
than vowels, the FFR is more robust than the onset and 
the transition response [13, 47].

According to studies, the lexical feature is one aspect 
of central auditory processing affected by bilingualism. 
There are some disadvantages of bilingualism in the lex-
ical domain of competence and access; there is the slow-
er recovery of vocabularies in bilinguals than in mono-
linguals [45, 48]. Another disadvantage in bilinguals is 
a delay in language acquisition because phonological, 
lexical, and grammatical systems of two languages in-
terfere, and there is a decrease in vocabulary storage in 
both languages [49]. Krizman et al. studied hearing in 
noise skills in monolinguals and bilinguals. The results 
showed that bilinguals are better in tone-in-noise tests, 
but they were worse than monolinguals in the sentence-
to-noise test, so necessarily, bilinguals do not perform 
better than monolinguals in all noisy situations [25]. 

Structural change in bilingualism 

Imaging studies show that bilingualism creates struc-
tural changes in addition to functional changes. Early ac-
quisition of a second language and higher skill in bilin-
gualism are associated with more volume of gray matter 

in the left inferior parietal cortex. Degeneration of gray 
area of left inferior parietal cortex relates to switching 
between two languages unintentionally; it suggests its 
significant role in manipulating the balance between two 
languages. In addition, there are changes in white matter 
volume in people who learn second languages early in 
childhood or late in adulthood [50-52]. Alejandro Pérez 
Fernández (2014) showed two sub-networks structures 
linked more by white matter routes in bilingual people 
than those who speak only one language: these areas 
consist of left frontal and parietal/temporal regions [53]. 
The latter contains left occipital and parietal/temporal 
parts and the right superior frontal gyrus. Their tech-
niques were diffusion-weighted MRI tractography; they 
used network-based statistic as a manner. This increased 
connectivity is associated with language processing and 
monitoring so that bilingualism could improve sub-net-
works of the language area.

Histological analysis shows a morphological change in 
subcortical structures, especially in the thalamus, puta-
men, left globus pallidus, and right caudate nucleus in 
bilingual people. A topographical rendering indicates 
that bilinguals have a complex phonological system to 
improve a subcortical network of the brain, contributing 
to monitoring articulation processing. Nandini C. Singh 
(2017) investigated the white-matter microstructure of 
the cerebral area. She used the diffusion tensor imaging 
(DTI) method; this method is used to mapping the white-
matter microstructure of the cerebral area. DTI consists 
of two measures that are Mean Diffusivity (MD) and 
Fractional Anisotropy (FA) MD. The results showed 
that the shape of white matter alters in bilingual people. 
Nonetheless, the alteration amount of the neural struc-
ture at the subcortical region in bilingual people is not 
apparent. There is a need for more investigation [52, 53].

Bilingualism effect on Alzheimer's disease

Learning two languages seems to have a preservative 
effect against age-related cognitive deterioration. In the 
research of Viorica Marian et al., about 250 bilingual and 
monolingual participants with Alzheimer's disease were 
assessed. The participants with two languages reporting 
early complications of the disease 5.1 years later than the 
monolingual people. Besides, other studies showed that 
old bilinguals have better memory and executive control 
than old monolinguals. Cognitive decline usually comes 
along with old age, but bilingualism can protect against 
the decrement, like Alzheimer's disease [14, 46]. Persons 
with greater cognitive reserve perform better than those 
with a smaller degree of cognitive storage after the same 
amount of brain pathology [48]. This status is called the 
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“cognitive reserve hypothesis” [49, 54]. The cognitive 
reserve hypothesis concerns diversity in brain pathology 
due to the discrepancy in cognitive processing through 
variations in an individual’s lifetime exposures, intel-
lectual and contextual activities [8]. Thus, bilingualism 
might be taking part in cognitive reserve and contrib-
utes to preservation against or a delay at the beginning 
of major neurocognitive disorders, such as dementia. 
Some research shows a relation between these cognitive 
reserve-enhancing agents and decreased risk of demen-
tia [55, 56]. In the first phase of dementia, the neurons 
and their connections that are involved in memory in the 
hippocampal [57] and entorhinal cortex [58] region are 
damaged [57]. In the second phase of dementia, regions 
in the cerebral cortex that affect language acquisition, 
logic, and social behavior are affected [55]. Some studies 
show that several parts of the brain might be contributed 
to the cognitive reserve, which heightens the impact of 
bilingualism [59, 60]. Therefore, bilingualism can assist 
a person versus cognitive deterioration in geriatric time 
because of more cognitive reserve and can postpone the 
beginning of dementia.

2. Conclusion

This review article was conducted on bilingualism to 
show if there are advantages to cognitive control, audito-
ry processing, brain structural changes, and preventive ef-
fect against cognitive decrement in bilinguals. First, the 
study focused on the function of bilinguals on cognitive 
control tasks. Second, we investigated the auditory pro-
cessing in bilinguals and the structural variations between 
bilinguals and monolinguals; at the end, we show the 
preservation impact on cognitive decrement in bilinguals.

This review indicates that the most original articles 
show advantages of bilingualism in cognitive ability; 
but, few studies have shown different results, indicating 
the harmful effects of bilingualism. One explanation for 
this finding is related to using different methodologies 
like the sample sizes and the use of various experiments. 
Bilinguals have better working memory; bilinguals can 
better attend to related data and deny unrelated ones. 
They exhibit more efficient auditory processing capaci-
ties in quiet and noisy conditions compared to mono-
linguals. The individual who experiences the second 
language would have plasticity in cortical regions of 

Figure 1. Speech elicited auditory brain stem response 

obtained from the two groups: Monolinguals (Blue) and Bilinguals, (Green) Recorded in Quiet and in Noise [25]
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the brain that are responsible for processing language. 
In bilingualism, a higher gray mass in the left inferior 
parietal cortex may significantly handle the equivalency 
between two languages. White matter volume changes 
in bilinguals too. 

It is interesting that in bilinguals, dementia could start 
some years later than in monolinguals. Given the increas-
ing number of the elderly and the prevalence of Alzheimer 
and dementia, finding a factor that can prevent the occur-
rence of these diseases will be very useful and interest-
ing. Bilingualism could have a preventive effect against 
cognitive deterioration. These protective effects are in 
people trained in a foreign language early in childhood 
or late in adulthood. Regarding the age of learning a for-
eign language, no evidence has been found so far on the 
adverse effects of learning two languages simultaneously. 
An ideal way is to learn both languages at the same time.

In conclusion, bilingual advantages go beyond the lin-
guistic domain and involve a cognitive domain like at-
tention, especially auditory attention, inhibitory control, 
and memory capacity. Also, it is associated with ana-
tomical, operational, and lateralization brain changes. It 
has a preventive effect on cognitive decrement by aging. 
Few studies report some disadvantages in bilingualism 
in the lexical domain, but there is insufficient evidence 
in this regard. We still have little knowledge about bi-
lingualism and its effects on the brain, but over time the 
path ahead becomes more apparent.

Finally, in this review study, some points must be con-
sidered in the design of further studies on the bilingual-
ism benefit and disadvantages in cognitive ability and 
structural changes:

1- The description of the participating bilinguals should 
be precise and detailed.

2- Perform standard objective tools according to the 
goal of the study recommended.

3- The use of larger sample sizes is recommended in 
studies. 

4- Future studies should examine whether the benefits 
mentioned in cognitive characteristics belong only to 
professional bilinguals such as translators, or we can see 
skills improvements in other bilinguals as well.

5- Longitudinal studies are recommended because 
learning a second language is complex and dynamic.

6- Further imaging studies are recommended to show 
their association and neurophysiological support.
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