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Abstract

Speech communication is the easiest way to exchange thoughts, and a
systematic combination of consonants, vowels, and phonetic units is used
to transmit speech information. People who use cochlear implants have
difficulty understanding sound's spatiotemporal and spectral
characteristics. On the other hand, the musician's better abilities
compared to non-musicians in different fields have been validated by
neurophysiological evidence. Since the functional overlapping and
structural processing of music and speech at the cognitive and sensory
level has been stated in studies, this study tries to do that. Investigating
the music-based training effects on improving the language and speech
comprehension in cochlear implant users. Music-based education use has
attracted much attention in recent years to improve language and speech
in children with normal hearing and communication disorders, including
cochlear implant users. Different studies have applied methods that have
emphasized one of the ascending and descending processes mentioned in
the article. Studies reveal that music training can have a facilitating
impact on different aspects of language and speech processing.
Addressing cognitive abilities through music training along with abilities
of low-level sensory seems essential to treating auditory perception.
Because the long-term aim is to improve hearing-impaired
communication, group playing and music in particular provide an
attractive social situation and a useful tool for language development,
especially the social aspects of language, such as language flexibility,
turn-taking, role-playing or it’s even a joke. These aspects have a
significant effect on the life quality of the hearing impaired.
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Introduction

Speech communication is the easiest way to exchange thoughts, and a systematic combination of consonants,
vowels, and phonetic units is used to transmit speech information (1-4). Speech understanding does not happen
only with acoustic features, but it is the result of the interaction between downward linguistic projections and
upward sensory signals (5, 6). Indeed, an encoded predictive framework minimizes the errors between the
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predicted signal and the sensory input, which demonstrates how prior knowledge can fundamentally alter what
we hear (7, 8). This view is useful in examining the potential benefits of music on language and speech abilities
(2).

For the past century, language and music have been discussed as two distinct human domains (each with various
neural functions), but the current view is rather different because to understand language and music, one must
be able to distinguish between sounds (9, 10). Although sounds can be classified according to several spectral
characteristics that are relevant in both the categories of musical and linguistic sounds, we usually perceive
sounds in a complex sound context, which itself causes the formation of some kind of cognitive framework
(11, 12). Regarding the sequence of time elements, they become sounds (13, 14). As a result of our previous
experience with sounds, they have a strong influence on the way sounds are understood in the speech structure
(1, 15). Such experiences produce internal patterns that allow us to make good predictions about future events.
These predictions affect phonetic classification, semantic, syntactic, and prosody processing (1, 8, 16, 17).
The first cochlear prosthesis was implanted in 1961 by an American otologist named William House (18-20).
This initial prosthesis consisted of an induction ring with five electrodes, and with its help, patients were able
to distinguish basic frequencies and recognize words (21, 22). Physiological advances in the field of auditory
pathways and technological advancement led to the construction and implantation of the first multi-channel
cochlear implant prosthesis in 1964, and since then, the process of cochlear implantation in the fields of
cochlear implant prosthesis components (23, 24). The surgical methods used, processing strategies (25), and
post-implantation training (26-28) have made significant progress. The initial expectations of the cochlear
implant prosthesis were small and limited to helping to improve lip reading in people with sensorineural hearing
loss. - It was deep neural. Over the last 30 years, hearing with cochlear implants has advanced significantly,
especially in the area of speech perception (25). Since the cochlear implant prosthesis transmits information
about time-varying cues (29-31). Many cochlear implant users have no problem using the phone, understanding
speech in silence, and also understanding the temporal aspects of music (i.e.: beat/rhythm, timbre/tempo, and
tempo/meter). In terms of perception, they can reach the same performance as people with normal hearing (25).
Nevertheless, cochlear implant users in understanding things such as speech prosody, speech in the presence
of noise, emotional speech, tonal language, speaker identification, music assignments (32-34) including
spectral characteristics (i.e., pitch, consonance/harmony, and tone/melody) and spectral-temporal
characteristics such as resonance and enjoyment of music (25) are facing problems, because the cochlear
implant prosthesis does not transmit the information related to the subtle spectral-temporal structures in the
stimulus waveform, which leads to the weakness of broad spectral signals and reduced frequency resolution
and maybe the main reason for these problems. Indeed, it is important to note that cochlear implant users
depend on 22 electrodes (instead of 3,500 inner hair cells in normal-hearing individuals) to transmit tonotopic
pitch information, which results in extensive and significant stimulation of the auditory nerve. It is electroded
by HERA (33, 35, 36). In addition, factors such as limited insertion depth (lack of access to the apical regions
of the cochlea) and the position of the electrodes compared to healthy neurons cause the tonotopic mismatch
of the acoustic inputs with the stimulation location in the cochlea (25, 29). In addition to problems directly
related to implant limitations in spectral resolution terms, CI user children suffer from hearing loss during the
first months of life, possibly resulting in defects in structural connectivity and cortical reorganization (37, 38).
Verbal communication usually happens in noisy and crowded environments and on the other hand, during the
communication flow, an important part of the message is transmitted non-verbally (39), so the limitations and
problems raised for users of Cochlear implants can have direct effects on social interactions and the quality of
life of these people. Perhaps it is possible to help these people by using music-based education and music
therapy. In this study, an attempt is made to study the impact of music-based education on improving the
language and speech comprehension of cochlear implant users.

The Impact of Music on Language, Speech, and Hearing

The first goal of hearing rehabilitation in hearing-impaired people is the optimal use of residual hearing. This
includes increasing the benefit of hearing aids and cochlear implant users from defective sound stimuli (26). In
several studies, the effectiveness of hearing rehabilitation in improving speech comprehension with music in
cochlear implant users has been shown (27, 29, 32).

Researchers' findings in the field of neural constructability as a key factor in hearing rehabilitation (26) and
learning capacity have led researchers to be interested in the field of formal hearing training (40). The use of
music-based education has attracted much attention in recent years to improve language and speech in children
with normal hearing and communication disorders, including cochlear implant users (29, 32).

The acoustic features of music and speech are represented by hierarchical auditory networks. The regions of
low-level (i.e. brainstem and primary auditory cortex (Al)) encode simple acoustic features such as pitch and
stimulus onset, and high-level regions (non-primary auditory cortex) encode more complex stimulus features,
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such as transmitting time spectral information. Research has provided evidence about specialized neural
networks for processing music or speech at the auditory cortex level and beyond (41). However, there is
structural and functional overlap for speech and music processing at the sensory and cognitive levels (41). In
this regard, the panel put forward the opera hypothesis, which proposes the occurrence of five basic conditions
in justifying the occurrence of plasticity resulting from music in speech processing networks: these items
consist of (1) Overlap: Overlap of brain networks that process speech and language, (2) Accuracy: Music makes
more demands than speech in these shared networks. This is especially evident during auditory scene analysis,
temporal processing, and pitch processing, (3) Affection: Musical activities involving the network evoke many
positive emotions, (4) Repetition: musical activities involving this network are repeated many times, (5)
Attention: musical activities involving this network are related to the focused attention (42).

Music composition requires a high temporal level and spectral prediction using adopting a predictive
perspective. Music-making needs very precise levels of temporal coordination (1). These findings indicate the
benefit of music education at various levels of language and speech processing, which is confirmed by the
various dynamics and neural structures between musicians and non-musicians (43). In the following, these
differences (the effects of music on the nervous system) are mentioned at the levels of the brain stem and
cerebral cortex.

The better abilities of musicians in pitch discrimination compared to non-musicians have been confirmed by
neurophysiological evidence (41). In a study, Wang et al. showed that the encoding of the pitch of speech
sounds in musicians is more accurate at the level of the brain stem under passive hearing conditions (44).
Numerous studies have stated that musicians can better timing. They achieve better gap thresholds and better
time interval discrimination. These perceptual advantages also extend to speech-related abilities, to the extent
that musicians are also better at distinguishing late syllables (45). In general, musicians have better performance
in understanding rhythm, producing rhythm, and auditory-motor coordination in simple and complex rhythms
(D).

Musicians also have a better perception of resonance from musical instruments and sound. Their brainstem
responses to the resonances of different instruments have been more accurate and this advantage is also
extended to vowels (46). Evidence shows that musicians have better verbal and non-verbal working memory
and perform better in understanding and encoding speech in hard listening conditions so that F1 and FO of a
vowel are better distinguished and encoded in severe open phonetic conditions. They also encode speech in
noise more accurately in the response of the brain stem (47) and this coding advantage extends to understanding
speech in the presence of noise (48). In addition, studies conducted on elderly musicians who have been dealing
with music throughout their lives have shown improvement in speech understanding of noise (48, 49) and
auditory scene analysis (50). Musicians have also performed better in differentiating and identifying emotional
prosody (51) and the speed of their evoked electrical response to changes in prosody is higher (52).

Speech and music training at the level of the brainstem produces changes in neural structure, and these changes
are visible in FFR and ABR responses of speech (41, 46). However, the feedback of cortical efferent pathways
in active conditions (in the presence of attention) should be taken into account (53). The improvement of the
FFR response (53) is followed by a shorter latency and larger amplitude in the P1-N1-P2-N2 response set. This
response set comes from the primary auditory cortex Al and the non-primary auditory cortex (41). Music
training also facilitates cortical responses to speech stimuli in the long term, which may be due to the effects
of cognitive processing (46). Because music therapy is thought to enhance processing Hearing goes down and
induces the constructability of the brain at different levels, even in the more superficial layers (1) In general,
the similarities between language and music, in terms of neurological and cognitive function, are associated
with superior language skills due to music, which is the context It has provided a significant benefit for the
apply of music in language and speech disorders.

Music-Based Education in Cochlear Implant Users

In this section, we investigate the effects of music-based education on various aspects of understanding
psychoacoustic phenomena and understanding language, speech, and hearing in cochlear implant users.

Zero pitch, which corresponds to frequency, the oscillation cycle number per second, is a vital cue for both
language and music. In speech, pitch is related to the fundamental frequency concept, that is, the frequency of
vibration of the vocal cords. FO as well as vocal harmonics F2 and F1 etc. are essential cues for identifying
tones, vowels, gender of speaker, and information conveyed using prosody. In tonal languages, pitch changes
play a role in grammatical categories and distinguishing words. In music, pitch distinguishes a high note from
a low note, and is thus the basis for creating a melody. More importantly, small pitch changes are very important
in music, but not in speech (1).

Pitch discrimination ability in hearing-impaired people improved after music therapy. Studies on CT user
children have reported differences in FO discrimination between children in a family environment with and
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without music (54). Children who live in a musical environment show a larger amplitude and a shorter latency
following FO changes in the evoked potential P3a, which indicates a change in the dynamics of their brain
function (55). In an intervention study after two sessions of weekly music training at school, a similar
improvement was reported, although it was not related to improved speech understanding in noise (56).

The ability to distinguish and estimate sound delay is very important in speech for recognizing consonants.
This makes a difference between voiced consonant pairs. For example, the difference between B and P is the
relative timing between the start of the explosion and the start of the sound, which is called the start-time
relationship. In music, the distinction of lateness is related to the recognition of various rhythmic patterns as
well as the different interpretations of the same melodic sound (1). ClI user children suffer from deficits in late
discrimination abilities that lead to phonological comprehension and phonological awareness problems (1). A
correlational study has shown better phonological discrimination abilities in CI children following 1.5 to 4
years of music training (57). Therefore, music education can be a valuable resource for rehabilitation. In
research, Yoon Lu and colleagues studied the effect of teaching the pitch sequence format (melodic contour)
on speech understanding in noise, consonant discrimination, and prosodic understanding in cochlear implant
users. In this review, tasks were designed and presented based on two mechanisms (distance and delay). The
obtained results showed that people in both groups benefited from the melodic contour training in
understanding the evidence of speech dynamics (formant transition) in silence, but its effectiveness was less in
unfavorable hearing environments (40).

Both music and speech are determined by a rhythm hierarchy. Short units such as notes and phonemes are
embedded in longer units such as melodic or word phrases. The frequency distribution of items in each level is
not random and follows a regular and repeatable pattern among languages. In speech, phonemes occur around
15-40 Hz (15-40 times per second), words around 1-2 Hz, and syllables around 4-8 Hz (58). These rhythms
allow the brain to calculate predictions and expectations about when the next sound will come. In addition, the
extraction of temporal structure is also involved in interpersonal coordination and group games, where fine
temporal coordination, good temporal predictions, and subtle differences in time jumps between players are
required (1). There is a lot of evidence in different clinical populations in rhythmic music training favor (1).
Short rhythmic training can strengthen the ability to use temporal structure in hearing-impaired people. A study
reveals that appropriate rhythmic introductions with the standard target sentence structure can assist in better
repeat words, phonemes, and sentences in CI user children (59). Studies have also shown that 30 minutes of
rhythmic education leads to better recognition of rhythmic order. The word becomes Cl during verbal
exchanges and more accurate turn-taking (60) in children aged 5-10.

Reverberation is a more subtle sound property that is related to high-level features such as temporal and
harmonic correlations. Two sounds can have the same pitch and delay but various resonances. For example,
the only difference between a note on a piano and the same note on a clarinet is their resonance. In speech and
music, resonance is important for classification. Despite the differences in resonance, the musician must
distinguish the chords or notes, even if they are played by various musical instruments. Similarly, the listener
must recognize phonemes even if different speakers pronounce them with various sounds (1).

Music-based training in Cl user children is also effective in improving resonance perception. In the perceptual
processing section, the following points can be mentioned: verbal (61) and non-verbal (6) working memory
has been damaged in CT user children, and music training has shown improvement of working memory in
hearing-impaired people (1). In CI children who sing at home, speech understanding in noise improves and
hearing-impaired children who receive music education have better auditory scene analysis (57). Also, in
various studies of CI children with music-based training understanding music has shown a better emotional
performance (1, 40). Cheng et al. investigated the effects of music-based education on speech and music
comprehension in children with cochlear implants and the results showed a significant improvement (32).
Fuller et al. investigated and compared two approaches to music-based training in cochlear implant users and
their effects on speech and music comprehension. The musical exercises and social interactions of the two
groups were different from each other. Each approach emphasized one of the downward and upward processes.
The results showed that a combination of both approaches can provide more benefits for cochlear implant users
(29).

Conclusion

Studies reveal that music education can have a facilitating impact on different aspects of language and speech
processing. It seems necessary to address cognitive abilities through music education along with abilities of
low-level sensory to treat hearing comprehension. Because the long-term aim is to improve hearing-impaired
communication, group playing and music in particular provide an attractive social situation and a useful tool
for language development, especially the social aspects of language, such as language flexibility, turn-taking,
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role-playing or it’s even a joke. These aspects have a significant effect on the life quality of the hearing
impaired.

Acknowledgments: None

Conflict of interest: None

Financial support: None

Ethics statement: None

References

1.

2.
3.

o o

10.

11.

12.

13.

14.

15.

16.
17.

18.

19.

20.

21.

Pesnot Lerousseau J, Hidalgo C, Schon D. Musical Training for Auditory Rehabilitation in Hearing Loss.
J Clin Med. 2020;9(4):1058.

Oates JE, Grayson AE. Cognitive and language development in children. Open University Press; 2004.
Redzuan AM, Hui LY, Saffian SM, Islahudin FH, Bakry MM, Aziz SA. Features of Digoxin Toxicity in
Atrial Fibrillation and Congestive Heart Failure Patients: A Systematic Review. Arch Pharm Pract.
2023;14(1):50-5.

Nabavi SS, Gholizadeh B. Evaluation of the Quality of Life of the Patients with Heart Failure in Ahvaz
Teaching Hospitals. Evaluation. 2022;9(1):26-30.

Gelfand SA. Hearing: An introduction to psychological and physiological acoustics. CRC Press; 2017.
Torppa R, Faulkner A, Kujala T, Huotilainen M, Lipsanen J. Developmental links between speech
perception in noise, singing, and cortical processing of music in children with cochlear implants. Music
Percept. 2018;36(2):156-74.

Maralov VG, Sitarov VA, Koryagina I, Kudaka MA, Smirnova OV, Romanyuk LV. The Relationship of
Neuropsychological and Personal Factors with The Attitude to Dangers Among Students. J Organ Behav
Res. 2022;7(1):108-24.

Nguyen TPL, Nguyen TT, Nguyen TD, Nguyen TVH. Psychological Empowerment and Employee
Creativity in Vietham Telecommunication Enterprises: The Mediating Role of Intrinsic Work Motivation.
J Organ Behav Res. 2022;7(2):132-42.

Asfahani A. The Effect of Organizational Citizenship Behavior on Counterproductive Work Behavior: A
Moderated Mediation Model. J Organ Behav Res. 2022;7(2):143-60.

Ahmed MM, Montaser SA, Elhadary A, Elaragi GGM. Another Concept of Cancer Interpretation in View
of the Interaction between Plasma Radiation and DNA. Clin Cancer Investig J. 2022;11(4):33-43.
Alharbi SS. Diabetes Mellitus as a Risk Factor for Different Types of Cancers: A Systematic Review. Clin
Cancer Investig J. 2022;11(4):19-24.

Shawky M, Aljahdali E, Alkhanbashi R. Medication-Related Osteonecrosis of the Jaw: Evaluation of
Knowledge and Attitude Among Saudi Dental Students and Interns. Ann Dent Spec. 2022;10(2):52-9.
Abdulrahman BI, Alanazi AJ, Alanazi AJ, Idrees FF, Abuabah A, EI Mansy IT, et al. Natural Therapeutic
Agents in the Treatment of Recurrent Aphthous Ulcer: A Systematic Review and Meta-analysis. Ann Dent
Spec. 2022;10(1):78-86.

Pal RS, Pal Y, Katiyar D, Khera K, Punniyakotti S. Herbal Drug Addiction: Latest Information on Trends
and Outlines. Pharmacophore. 2022;13(3):86-90.

Kale BS, Bhale MS, Bhagat AB, Khairnar SA. Pharmacognostic Evaluation of Osyris quadripartita Salz.
ex Decne. Pharmacophore. 2022;13(3):50-6.

Reboul A. Cognition and Communication in the Evolution of Language. Oxford University Press; 2017.
Georgievich PG. Development of speed and strength abilities of children, taking into account the typology.
Pharmacophore. 2021;12(6):32-6.

Eshraghi AA, Nazarian R, Telischi FF, Rajguru SM, Truy E, Gupta C. The cochlear implant: historical
aspects and future prospects. Anat Rec (Hoboken). 2012;295(11):1967-80.

Mudry A, Mills M. The early history of the cochlear implant: a retrospective. JAMA Otolaryngol Head
Neck Surg. 2013;139(5):446-53.

Altukhays 1A, Alosaimi SH, Alotaibi MA, Zamzami AA, Slais ZA, Al Zainaldeen AM, et al. Congestive
Heart Failure: Diagnosis and Management in Primary Health Care. Arch Pharm Pract. 2022;13(1):1-4.
Miere FG, Ganea M, Teodorescu AG, Fritea L, Lestyan M, Horvath T, et al. The Green Synthesis of Silver
and Selenium Nanoparticles Using the Plant Stellaria Media (L.) Vill. Pharmacophore. 2022;13(2):88-95.

Available online at: https://jazindia.com 2399



https://jazindia.com/

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42,

43.

44,

45,

46.

47,

Journal of Advanced Zoology

Kumar R, Singh G. Substituted Benzimidazoles as Antibacterial and Antifungal Agents: A Review.
Pharmacophore. 2022;13(2):41-55.

Balaji A, Jei JB, Murugesan K, Muthukumar B. Rehabilitation of Distal Extension Edentulous Case with
Claspless Extra-Coronal Attachments- A Case Report. Ann Dent Spec. 2022;10(2):1-4.

Derradji FB, Aoun S. Evaluation of the Anticoagulant Activities of Cucumis melo Rind Powder In Vitro:
Preliminary Novel Findings. Arch Pharm Pract. 2022;13(2):25-9.

Prevoteau C, Chen SY, Lalwani AK. Music enjoyment with cochlear implantation. Auris Nasus Larynx.
2018;45(5):895-902.

Driscoll VD, Oleson J, Jiang D, Gfeller K. Effects of training on recognition of musical instruments
presented through cochlear implant simulations. J Am Acad Audiol. 2009;20(1):71-82.

Ingvalson EM, Wong PC. Training to improve language outcomes in cochlear implant recipients. Front
Psychol. 2013;4:263.

Tabas MY, Momeni F, Bakhshani NM, Pourshahbaz A, Rezaei O. Psychological Intervention for Bipolar
Disorder in Iran: A Systematic Review. Entomol Appl Sci Lett. 2023;10(1):53-64.

Fuller CD, Galvin JJ 3rd, Maat B, Bagkent D, Free RH. Comparison of Two Music Training Approaches
on Music and Speech Perception in Cochlear Implant Users. Trends Hear.
2018;22(4):2331216518765379.

Aybo ME, Erol M, Yildiz G. The necessity of transition from industry 4.0 to industry 5.0: Swot analysis
of Turkey's SCM strategy. J Organ Behav Res. 2022;7(2):1-17.

Polevoy GG. Influence of speed-power abilities on the speed endurance of children aged 13-14 years with
different typology. Pharmacophore. 2021;12(5):52-5.

Cheng X, LiuY, Shu 'Y, Tao DD, Wang B, Yuan Y, et al. Music Training Can Improve Music and Speech
Perception in  Pediatric Mandarin-Speaking  Cochlear Implant Users. Trends Hear.
2018;22(3):2331216518759214.

Cohen LT, Richardson LM, Saunders E, Cowan RS. Spatial spread of neural excitation in cochlear implant
recipients: comparison of improved ECAP method and psychophysical forward masking. Hear Res.
2003;179(1-2):72-87.

Ghaffar FA, Redzuan AM, Makmor-Bakry M. Effectiveness of Sildenafil in Pulmonary Hypertension
Secondary to Valvular Heart Disease: A Systematic Review and Meta-Analysis. Arch Pharm Pract.
2021;12(3):55-65.

Limb CJ, Roy AT. Technological, biological, and acoustical constraints to music perception in cochlear
implant users. Hear Res. 2014;308(2):13-26.

Zakinyan RG, Badakhova GK, Lopteva MS, Koshkina NA, Petrovich V, Tolokonnikov SN. The
Relationship between the Population of Ixodid Ticks and Climate Change in Stavropol Region. Entomol
Appl Sci Lett. 2023;10(1):96-101.

Lee DS, Lee JS, Oh SH, Kim SK, Kim JW, Chung JK, et al. Cross-modal plasticity and cochlear implants.
Nature. 2001;409(6817):149-50.

Lee HJ, Giraud AL, Kang E, Oh SH, Kang H, Kim CS, et al. Cortical activity at rest predicts cochlear
implantation outcome. Cereb Cortex. 2007;17(4):909-17.

Davidescu L, Chanez P, Ursol G, Korzh O, Deshmukh V, Kuryk L, et al. Late breaking abstract — masitinib
in severe asthma: results from a randomized, phase 3 trial. Eur Respir J. 2020;56(64):4612.

Lo CY, McMahon CM, Looi V, Thompson WF. Melodic Contour Training and Its Effect on Speech in
Noise, Consonant Discrimination, and Prosody Perception for Cochlear Implant Recipients. Behav
Neurol. 2015;2015:352869.

Shahin AJ. Neurophysiological influence of musical training on speech perception. Front Psychol.
2011;2:126.

Patel AD. Why would Musical Training Benefit the Neural Encoding of Speech? The OPERA Hypothesis.
Front Psychol. 2011;2(142):142.

Herholz SC, Zatorre RJ. Musical training as a framework for brain plasticity: behavior, function, and
structure. Neuron. 2012;76(3):486-502.

Wong PC, Skoe E, Russo NM, Dees T, Kraus N. Musical experience shapes human brainstem encoding
of linguistic pitch patterns. Nat Neurosci. 2007;10(4):420-2.

Marie C, Magne C, Besson M. Musicians and the metric structure of words. J Cogn Neurosci.
2011;23(2):294-305.

Intartaglia B, White-Schwoch T, Kraus N, Schon D. Music training enhances the automatic neural
processing of foreign speech sounds. Sci Rep. 2017;7(1):12631.

Coffey EBJ, Mogilever NB, Zatorre RJ. Speech-in-noise perception in musicians: A review. Hear Res.
2017;352:49-69.

Available online at: https://jazindia.com 2400



https://jazindia.com/

48.

49.

50.

51.

52.

53.

54,

55.

56.

57.

58.

59.

60.

61.

Journal of Advanced Zoology

Zendel BR, Alain C. Musicians experience less age-related decline in central auditory processing. Psychol
Aging. 2012;27(2):410-7.

Zendel BR, Alain C. The influence of lifelong musicianship on neurophysiological measures of concurrent
sound segregation. J Cogn Neurosci. 2013;25(4):503-16.

Thompson WF, Schellenberg EG, Husain G. Decoding speech prosody: do music lessons help? Emotion.
2004;4(1):46-64.

Schon D, Magne C, Besson M. The music of speech: Music training facilitates pitch processing in both
music and language. Psychophysiology. 2004;41(3):341-9.

Torppa R, Huotilainen M, Leminen M, Lipsanen J, Tervaniemi M. Interplay between singing and cortical
processing of music: a longitudinal study in children with cochlear implants. Front Psychol. 2014;5:1389.
Musacchia G, Strait D, Kraus N. Relationships between behavior, brainstem and cortical encoding of seen
and heard speech in musicians and non-musicians. Hear Res. 2008;241(1-2):34-42.

Chen JK, Chuang AY, McMahon C, Hsieh JC, Tung TH, Li LP. Music training improves pitch perception
in prelingually deafened children with cochlear implants. Pediatrics. 2010;125(4):e793-800.

Welch GF, Saunders J, Edwards S, Palmer Z, Himonides E, Knight J, et al. Using singing to nurture
children's hearing? A pilot study. Cochlear Implants Int. 2015;16 Suppl 3:563-70.

Rochette F, Moussard A, Bigand E. Music lessons improve auditory perceptual and cognitive performance
in deaf children. Front Hum Neurosci. 2014;8(1 Suppl):488.

Ding N, Patel AD, Chen L, Butler H, Luo C, Poeppel D. Temporal modulations in speech and music.
Neurosci Biobehav Rev. 2017;81(Pt B):181-7.

Cason N, Hidalgo C, Isoard F, Roman S, Schén D. Rhythmic priming enhances speech production
abilities: Evidence from prelingually deaf children. Neuropsychology. 2015;29(1):102.

Hidalgo C, Falk S, Schon D. Speak on time! Effects of a musical rhythmic training on children with
hearing loss. Hear Res. 2017;351:11-8.

Nittrouer S, Caldwell-Tarr A, Lowenstein JH. Working memory in children with cochlear implants:
problems are in storage, not processing. Int J Pediatr Otorhinolaryngol. 2013;77(11):1886-98.
AuBuchon AM, Pisoni DB, Kronenberger WG. Short-Term and Working Memory Impairments in Early-
Implanted, Long-Term Cochlear Implant Users Are Independent of Audibility and Speech Production.
Ear Hear. 2015;36(6):733-7.

Available online at: https://jazindia.com 2401



https://jazindia.com/

