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Introduction

Music is an art of gathering and ordering the tones or sounds 
in a sequence. It produces a composition having both unity 
and continuity. Music is a ubiquitous part of everyday life for 
people across all age range. It has a concomitant effect on the 
structural and functional organization of the brain [1]. It cre-
ates psychological reaction within individuals when it passes 
through the auditory cortex of the brain [2].

Music and speech are two complex forms of auditory stim-
uli. Even though music and speech are different they share few 
common elements such as timbre, pitch, and timing [3]. Hence 
expertise in music results in enhanced speech perception. 
This might be because of the shared neural pathways for both 
music and speech [4]. Music training is thought to be a strong 

driver of neural plasticity [5,6]. Hence musicians exhibit supe-
rior performance in terms of auditory perception [7-9], work-
ing memory [10], auditory attention [7,8] and understanding 
speech in noise [11-13].

Recent evidence has stated that long- term musical training 
results in a change in the plasticity of the cortical and sub-cor-
tical neurons, which strengthens the mechanisms involved in 
auditory processing [14]. However, long term music training 
is not a viable tool in rehabilitation. Studies have postulated 
that even short-term musical training results in enhanced per-
formance in auditory and cognitive skills [15-17]. Even passive 
participation in short term perceptual music listening tasks has 
shown enhancement of speech perception in noise scores in 
young non-musicians [4]. 

The form of music also has an impact where in each form 
of music offers unique sets of benefits. The present study was 
aimed at finding the benefits of Carnatic music which is a form 
Indian music. Indian classical music form is mainly based on 
Raga and Tala which is different from western music, com-
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posed of melody and rhythm [18]. Ragas are the sequential 
arrangement of notes that invoke the emotion of a song and 
they are regarded to be much more complex than melody.

Indian classical music can be broadly classified into South 
Indian Carnatic music and North Indian Hindustani music. 
The notes in Carnatic music are arranged and rendered in a 
complex way when compared to Hindustani music [19]. Car-
natic music differs from other forms of Indian style of music 
due to the presence of microtones, Gamakas and the style of 
representation [20]. In Carnatic music, Kalyani and Mayama-
lavagowla raga are the basic forms of ragas. Active or passive 
participation in Carnatic music has several benefits. It stimu-
lates the brain pathways which process the spatial reasoning 
skills and also results in positive state of mind, helps in relax-
ation and enhances memory [21].

The present study used a paradigm wherein the basic forms 
of Carnatic music were used as a training tool for a short du-
ration. The study focused on middle aged and older individu-
al. Aging is one of the contributing factors leading to difficulty 
in understanding speech in presence of noise. Hence they be-
come the real potential candidates. Thus, the research work 
was taken to study the effect of Carnatic music listening train-
ing on speech in noise performance in adults.

Subjects and Methods

A total of 28 participants (9 males & 19 females) in the age 
range of 41-70 years (mean age=54.66±6.66) participated in 
the present study. Interventional study design-a randomized 
control trial-was implemented. The study was approved by 
the Institutional Research Committee (IRC) and Institutional 
Ethics Committee (IEC 187/2018). CTRI registration 
(CTRI/2018/07/015085) was done before the recruitment of the 
participants. Consent forms were signed by the participants 
before the commencement of the study.

Demographic data
The demographic data of the participants of control group 

and intervention group in terms of mean age, sex and hearing 
status are depicted in Table 1.

Selection criteria
Individuals who were native speakers of Kannada language 

were recruited. Participants had normal to mild pure tone av-
erage thresholds at 0.25-8 kHz [22].They had normal mid-
dle ear function and no history of cognitive and/or neuro-
otological deficits. Those individuals with previous 
experience of music training and who were active music lis-
teners were excluded from the study.

Audiological evaluation
A detailed case history was taken to ensure that the client 

meets the eligibility criteria. The eligible candidates were made 
to undergo pure tone audiometry by modified Hughson-
Westlake procedure [23] and speech audiometry to establish 
hearing thresholds. The evaluation was carried out using a du-
ally calibrated diagnostic audiometer (Madsen Astera: ANSI 
S3.43-1996, GN Otometrics, Natus, Denmark). Middle ear 
analysis was carried out using a GSI Tympstar (Grason Stadler, 
Eden prairie, MN, USA), with 226 Hz probe tone which was 
delivered using an airtight probe tip (JBL T450BLU, Harman 
International Industries, China).

 
Study procedure

The participants were randomly allocated into two groups 
(i.e., control group and intervention group) based on random-
ized block sampling. A total of 14 individuals were allocated in 
both the intervention group and the control group. The study 
procedure was carried out in four stages.

Stage I: pre-training evaluation
All the participants from both groups were subjected to 

Quick Speech-in-Noise (QUICK-SIN) test.

QUICK-SIN in Kannada test
QUICK-SIN in Kannada (QUICK-SIN-K) [24] was used 

in the present study to obtain the SIN scores. The QUICK-
SIN-K test has a total of seven lists with seven sentences 
each, having five keywords. The signal to noise ratio (SNR) 
decreased from 8 dB to -10 dB in 3 dB steps from sentences 
1 to 7 in each list. All seven lists were administered in the 
study and to avoid the familiarity within the test material, the 
sentences were presented in random order for pre-training, 

Table 1. Demographic details of the participants

Group
Age Sex

Hearing status
n Mean SD Female Male

IG 14 53.71 6.23 10 4 Normal to mild PTA thresholds
CG 13 55.61 7.46 9 4 Normal to mild PTA thresholds

IG: intervention group, CG: control group, PTA: pure tone average, SD: standard deviation
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post-training, and follow-up assessments. The stimulus was 
presented via calibrated headphones at the most comfortable 
level of the individuals. Participants were asked to repeat 
back the presented target sentences. The score of one was giv-
en for each correct keyword repetition and SNR loss was cal-
culated from the score using the formula [SNR loss=22.5-(-
6.17)-total no. of correct word].

Stage II: training phase
The participants from the intervention group underwent 

music listening training. In the training sessions, the partici-
pants were made to listen to a few excerpts of Carnatic music. 
The stimuli were presented bilaterally through a laptop and 
high fidelity headphones (JBL T450BLU) at the individual’s 
comfortable level. They were made to listen to the music stim-
uli every day for duration of 35 minutes. Music listening 
training was carried out for ten consecutive days under the 
supervision of the primary investigator in a controlled envi-
ronment.

The stimuli consisted of two basic ragas of Carnatic music 
i.e., Kalyani and Mayamalavagowla of the vocal and violin 
compositions. The music stimuli were played and sung by a 
male singer, female singer and also a violinist, who had an ex-
perience of more than 15 years practicing Carnatic music; 
they had also passed the senior level music examination and 
practiced music for around 2-3 hours per day. The stimuli in-
cluded 6 compositions of Carnatic music (Table 2). 

Stage III: post evaluation
Post-training evaluation was carried out immediately follow-

ing 10th session of music listening training using the QUICK-
SIN-K test in the intervention group. The participants in the 
control group were also assessed at equivalent time points.

Stage IV: follow-up
The follow-up evaluation was carried out after one-month 

of termination of music listening training in the intervention 
group, to check the sustainability of the training effect. The 
participants from the control group also underwent follow-up 
evaluation along with intervention group using QUICK-SIN-
K test.

Analytic strategy
The SNR loss was calculated and the scores were entered 

into Statistical Package for Social Sciences version.15 (SPSS, 
ver 15, SPSS Inc., Chicago, IL, USA) for further statisticala-
nalysis. Test of normality was done using Shapiro-Wilk’s test. 
Descriptive statistics were carried out to obtain the mean and 
standarddeviation. Mixed method analysis of variance (ANO-
VA) was carried out to determine any significant difference.

Results

A total of 28 participants were recruited in the study. One 
participant from the control group dropped-out from the study 
during the post-training evaluation. Therefore, the analysis 
was carried out for 27 participants.

Mixed method ANOVA was performed to assess the sig-
nificance between the variables. The data were interpreted 
for the main and interaction effects. If sphericity was violated, 
Greenhouse-Geisser correction will be applied. Further Bon-
ferroni corrections were applied to check for multiple com-
parisons.

QUICK-SIN-K scores
Descriptive statistics obtained from mean and standard de-

viation were used to summarize the QUICK-SIN-K scores. 
Table 3 indicates that the QUICK-SIN-K scores of the inter-

vention group have reduced post music listening training when 
compared to the QUICK-SIN-K scores in the control group.

The mixed measure ANOVA indicated that there was a sig-
nificant main effect of group on SNR loss [F (1, 25)=6.059, 
p=0.02, ŋ=0.195]; further the main effect of the timeline was 
also significant in the intervention group [F (1.24, 31.048)= 

93.27, p=0.001, ŋ=0.789]. The interaction effect between 
group and timeline showed a significant difference between 
the SNR loss [F (2.24, 31.048)=89.822, p=0.001, ŋ=0.782]. 
Since the interaction effect between group and timeline was 
significant, the analysis was extended further by splitting the 
group and conducting repeated measures ANOVA separately 
for both the groups.

Repeated measures ANOVA were conducted on the inter-
vention and control groups. The test results of the interven-
tion group revealed a statistically significant difference be-
tween the pre and post-training scores (p<0.001), whereas the 
results of the control group showed no significant difference 
between the pre and post-training scores (p=0.695). On the 
other hand, the results of the second continuum revealed that 
there was no statistically significant difference between post 
training and follow-up scores in the intervention group (p= 

1.000) and the control group (p=0.309).

Table 2. Music compositions used in the study

Ragas
Kalyani Mayamalavagowla

Male voice Nidhi Chala Sukhama Tulasi Dhalamulache
Female voice Himadri Suthe Shri Vidhya
Violin Shiva Kameshwari Tulasi Dhalamulache
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To conclude, the QUICK-SIN-K scores showed a signifi-
cant change after music listening training in the intervention 
group, whereas the control group showed no significant changes.

Discussion

Speech perception in the presence of noise
The descriptive analysis revealed that the mean scores of 

QUICK-SIN-K were reduced in the intervention group when 
compared to the control group. Further mixed measure ANO-
VA and repeated measure ANOVA revealed a statistically sig-
nificant difference between intervention and control group. 
This result indicates that there is a considerable amount of im-
provement in SNR with music listening training. Follow-up 
evaluation was carried out to assess the sustainability of a train-
ing paradigm after a duration of one month. The results re-
vealed that there was no significant difference between post 
training and follow-up evaluations in the intervention group. 
This suggests that the effect of music listening training has per-
sisted even after the termination of the training, showing some 
amount of perceptual learning in older adults.

In consensus with the present study findings, Bugos, et al 
[15] stated that individuals who practiced piano for at least 
three weeks exhibited better auditory processing skills than the 
control group. Mammarella, et al. [25] supports that listening 
excerpts of Vivaldi’s resulted in immediate improvement in 
working memory task. Literature also revealed that 14 days of 
music training exhibited reliable changes in central auditory 
processing skills [26].

Enhanced performance in SNR can be attributed to the mech-
anism of processing the music and speech signal. Wherein op-
era hypothesis states that the processing mechanism of music 
and speech signal are overlapping [27]. Intense musical train-
ing enhances attention of the individual. It was also proven 
that, music training helps in robust activation of the left infe-
rior frontal and right auditory regions, which is related to atten-
tion and emotional control [28]. Thus, music training facilitates 
neural encoding of speech signal thereby resulting in the bet-
terment of SNR.

Hence, the overall finding of the study implies that there was 
a significant effect of music listening training which would fur-
ther facilitate an improvement in the QUICK-SIN-K scores. 
Studies have stated that there was an improvement by 6-8% 

in speech identification scores by obtaining 1 dB improve-
ment in SNR [29]. In the current study, there was a 2-3 dB 
improvement in SNR, this probably results in 16-18% of 
improvement in speech identification scores which further 
enhances the performance on speech perception in noise. This 
can be attributed to the form of music used in the present study. 

Similarly, Jain, et al. [4] conducted a study using Carnatic 
music as training stimuli and gave a short period of percep-
tual training; the results revealed that there was a good corre-
lation between the ability to identify ragas and speech in 
noise performance. However, there exists a research gap 
with respect to the benefits of different forms of Indian mu-
sic in comparison to Western music.

Overall, the findings of this study indicate that short term 
Carnatic music listening training can be used as a viable tool/ 
strategy for enhancing the ability to understand speech-in-noise.
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