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ABSTRACT

The present study aimed at investigating the effect of Carnatic vocal musical training on
psychophysical abilities and speech perception in noise. A total of 40 children in the age range of
10 to 11 years participated in the study. Participants were divided into two groups where group 1
consisted of normal hearing children who are under musical training for at least 3 years and
group 2 consisted of normal hearing children who did not have any formal musical training. Gap
detection threshold, temporal modulation transfer function and difference limen frequency were
measured using mlp toolbox implemented in MATLAB software. SPIN scores were measured
using Malayalam sentences in the presence of multi-talker babble at 0dB SNR. Dichotic CV
responses were measured with respect to single correct scores and double correct scores. The
study concludes that Carnatic vocal musical training enhances pitch discrimination ability in

children.

Keywords: musical training, temporal resolution, frequency discrimination, speech perception in

noise.
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Chapter 1

Introduction

Carnatic music is one of the major genres of Indian classical music system which is
performed by a single musician or in a group. Most often, a Carnatic music performance is
accompanied by a shruthi box to match the shruthi, which refers to the foundational pitch or
frequency of the performer’s choice. Through Carnatic musical training, individual expertise in
discriminating shruthi which refers to the pitch, also melody and rhythm. However, such
improvements could be found after intensive and prolonged training in music (Moreno &
Besson, 2006; Schlaug, Forgeard, Zhu, Norton, & Winner, 2009). It has been shown that musical
training can bring about both behavioural as well as structural and functional changes in
auditory system (Hyde et al., 2009a; Koelsch, Fritz, Schulze, Alsop, & Schlaug, 2005; Kraus &
Chandrasekaran, 2010; Magne, Schon, & Besson, 2006; Moreno, Marques, Santos, Castro, &
Besson, 2009; Schlaug, Forgeard, Zhu, Norton, & Winner, 2009; Schlaug, Norton, Overy, &

Winner, 2005)

Earlier studies investigating auditory behaviours in trained musicians have reported
enhanced behavioural and neurophysiological responses (Chandrasekaran, Krishnan, & Gandour,
2009; Fujioka, Ross, Kakigi, Pantev, & Trainor, 2006a; Magne, Schon & Besson, 2006;
Micheyl, Delhommeau, Perrot, & Oxenham, 2006; Moreno & Besson, 2006; Shahin, Bosnyak,
Trainor, & Roberts, 2003b; Shahin, Roberts, Pantev, Aziz, & Picton, 2007). The musical
training-induced neural plasticity is proportional to years of training and persists into late
adulthood (Kraus & Skoe, 2012). In this line, children who began musical training at an early

age showed enhanced cortical potentials compared to other children (Pantev, Oostenveld, Rose,



Roberts, & Hoke, 1998). Trainor et al. (2003) correlated the age of onset of musical training and
the amplitude of P3 and reported an enhanced P3 potential in children who started the training as
young as four years of age. Similar findings were reported by Pantev et al. (1998) on examining
the effect of age of onset of musical training on the amplitude of N1b response. In an MRI study,
Schlaug, Schulze, Koelsch, Fritz, and Alsop (2005) found that children who were under musical
training for four years had significantly more grey matter volume in various areas of the brain

including the sensorimotor cortex than other children.

Musical training is also known to enhance the perception and neural encoding of speech
in noise (Strait, Parbery-Clark, Hittner, & Kraus, 2012). This could be attributed to the
strengthening of auditory specific cognitive abilities like auditory working memory and auditory
attention and training-induced neuroplasticity in children (Fujioka et al., 2006a; Hyde et al.,
2009b; Schlaug et al., 2009). Psychoacoustical studies on trained musicians have reported
improved ability to discriminate small pitch variations (Estis, Dean-Claytor, Moore, & Rowell,
2011). Besson, Magne, and Schon (2006) demonstrated that performance in pitch detection task
was superior in children with intensive long-term musical training. However, Moreno and
Besson (2006) reported no effect of short-term musical training (8 weeks) on performance in
pitch discrimination task. Hence, it can be concluded that long-term musical training enhances

pitch perception, which might also influence speech perception.

Indian Carnatic music, in comparison with Western music, has a completely different
basis of training where Carnatic music focuses on raaga, taal, microtones or shruthi. Studies have
reported positive effects of Carnatic musical training on auditory skills including auditory
memory and speech in noise perception over non-musicians (Devi & Swathi, 2016; Jain, Sahana,

& Vinutha, 2016; Kumar, Sanju, & Nikhil, 2016; Mishra, Panda, & Herbert, 2014; Mishra,
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Panda, & Raj, 2015; Sanju; & Kumar, 2016; Sanju & Kumar, 2016). Mishra, Raj, and Panda
(2015) studied the influence of Carnatic musical training on the sensitivity to temporal fine
structure and suggested that musicians had superior temporal fine structure encoding than non-
musicians. They observed that more experienced musicians performed more accurately on the
TFS tests compared to less experienced musicians.Similar findings were reported in another
study (Jain, Sahana, & Vinutha, 2016) where they revealed a better perception of fine structure

cues in Carnatic music trained children in comparison to non-trained children.

1.1 Need for the study

Previous literature in this area shows that musical training leads to enhanced cortical
responses, better performance in pitch discrimination and perception of speech in noise.
Although enhanced auditory skills in long-term western musical training have been reported,
contradictory findings are also documented (Moreno & Besson, 2006). Also, the effect of
Carnatic musical training on auditory skills like temporal processing, frequency discrimination
and perception of speech in noise in children is less studied. Thus, there is a need to execute a
study on children who have been training for Carnatic vocal music to see if the training helps in
the early development of auditory processes. The findings of such a study would help in better
understanding of changes in auditory behaviour and underlying neuro-plastic changes. Hence,

the present study was taken up.

1.2 Aim of the study

The study aims to evaluate the influence of Carnatic vocal music training on the early

development of the auditory processes.



1.3 Objectives of the study

1. To compare the Speech perception in noise (SPIN) in musically trained and non-trained
children using Malayalam sentences.

2. To compare the temporal processing using gap detection thresholds and temporal
modulation detection thresholds in musically trained and non-trained children.

3. To compare dichotic CV test results in musically trained and non-trained children.

4. To compare the frequency difference limen in musically trained and non-trained children.



Chapter 2

Review of Literature

Many studies done in the past years have revealed the advantages of musical training
when compared to non-trained individuals. Studies have reported that musical training can not
only enhance the music perception but also it improves various other aspects like linguistic skills
(Lorenzo, Herrera, Herndndez-Candelas, & Badea, 2014; Moreno, Marques, Santos, Castro, &
Besson, 2009), speech perception in noise (Anderson & Kraus, 2011; Kraus et al., 2014;
Whitton, Hancock, Shannon, & Polley, 2017), attention & memory (Besson, Chobert, & Marie,
2011a), cognitive skills (Miendlarzewska & Trost, 2014) and pitch processing (Besson, Schon,
Moreno, Santos, & Magne, 2007; Kishon-Rabin, Amir, Vexler, & Zaltz, 2001; Magne et al.,
2006; Micheyl et al., 2006). Over the years, studies have reported an enhancement in auditory
skills through various behavioural and cortical potentials (Chandrasekaran, Krishnan, &
Gnadour, 2009; Fujioka et al., 2006b; Moreno & Besson, 2006; Strait, Kraus, Skoe, & Ashley,
2009). There are studies reporting an increased cortical maturation (Hudziak et al., 2014) and

neuroplastic changes due to musical training (Herholz & Zatorre, 2012; Shahin et al., 2003a)

2.1 Changes in structural and functional aspects of the nervous system

Differences between musicians and non-musicians in neural structure and function have
been demonstrated by measuring cortical evoked potentials and Magnetic Resonance Imaging
techniques. Hyde et al. (2009) reported an improvement in plasticity in brain regions that control
primary functions important for playing a musical instrument, and also the regions that might be
responsible for the kind of multimodal sensorimotor integration likely to underlie instrumental

learning. These results provide new evidence for training-induced structural brain plasticity in



early childhood and that the long-term training programs can facilitate neuroplasticity in
children. Schlaug et al. (2009) showed an effect of training practice intensity on subregions of
Corpus Callosum mainly the prefrontal cortex, premotor, and supplementary motor areas through
diffused tensor image studies. This effect of instrumental music training on structural
development of the CC might be due to growth of myelination (axons with thicker myelin
sheets), axon size, the increased formation of axon collaterals, or number of transcallosal fibers
that could result from interference of bimanual activities in the pruning of interhemispheric

fibers during development (Schlaug et al., 2009).

In another fMRI study, musicians elicited activations of IFLC, vIPMC, anterior and
posterior temporal lobe structures, OFLC, and anterior insula for unexpected chords (contrasted
to expected chords) of musical instruments. Activations of each of these structures were
observed in both hemispheres, although activations of IFLC, vIPMC, and temporal lobe
structures had a right- hemispheric weighting (Koelsch et al., 2005). In the right hemisphere, the
activation pattern of children was very similar to that of adults, except that no SMG activation
was observed. In the left hemisphere, only the OFLC and the anterior portion of the STG were
significantly activated in children. The early practice of music can have an influence on brain
plasticity (Herholz & Zatorre, 2012). Studies reported an increase in the amplitude of the N300
component after music training (Moreno et al., 2009). Fujioka et al. (2006) reported an enhanced
negative magnetic evoked response (N250m) to violin tones in musically trained children
compared to non-trained children. Musical training is also associated with cortical thickness
development as reported in a study done by Hudziak et al. (2014). The increased cortical

maturation in regions like premotor and primary motor cortices as an effect of musical training



could be due to their role in the preparation, sensory guidance, planning and coordination of

movement which are also listed as the key skills in musical practice (Hudziak et al., 2014).

Studies reported an enhancement of P2 andN1cAEPs evoked by musical tones and pure
tones that have pitch-like quality in skilled musicians compared with control subjects who have
not trained musically (Shahin et al., 2003a). There are studies to prove that older adults can
benefit from musical training early in life which continues to have an effect on long term training
driven plasticity (Skoe & Kraus, 2012; White-Schwoch, Carr, Anderson, Strait, & Kraus, 2013).
Kraus et al. (2012) reported that the changes in the nervous system due to musical training for
around 3 years in childhood could continue in the later stages of life even after the training is no
longer continued. However, there are studies reporting that long term intensive training is
required for musical training to have a positive effect on structural and well as functional
changes in the nervous system, who in the study did not see a significant difference between the

musicians and non-musicians (Moreno & Besson, 2006).

2.2 Linguistic skills

In one of the studies done by Jentschke and Koelsch (2009) they observed that musical
training influences in the neurophysiological mechanism underlying the syntax processing in
music and language in 10-to-11-year old children. They concluded that musically trained
children had a more comprehensive knowledge of music-syntactic regularities. Studies have
shown that musical training can also improve reading abilities in children when compared to

children who have not undergone training (Moreno et al., 2009).



2.3 Speech perception in noise

Musicians have an advantage in a wide variety of auditory perceptual tasks. It has been
proposed that the enhanced auditory skills developed through musical training could transfer to a
better perception of speech in noise, as the neural structures involved in music and speech
processing seem to partially overlap (Anderson & Kraus, 2011a; Besson, Chobert, & Marie,
2011b; Miendlarzewska & Trost, 2014). However, there are studies which show that such an
effect could be minimal. In a study, measuring speech perception in steady or multi-talker babble
noise showed either no, or only small, musician advantage (Parbery-Clark, Skoe, & Kraus,
2009). Bagkent and Gaudrain (2016) studied the effect of musical training on SPIN and found
that there was a strong musician benefit for speech perception in a speech masker. They also
reported that the strong speech-on-speech perception advantage observed with musicians is not a
direct result of better pitch perception, but instead it could be associated with other factors
related to auditory perception, such as better stream segregation, better rhythm perception, or
even better auditory cognitive abilities (Baskent & Gaudrain, 2016; Miendlarzewska & Trost,

2014).

In another study (Parbery-Clark, Skoe, & Kraus, 2009) they reported that musical
experience results in the more robust subcortical representation of speech in the presence of
background noise, which may contribute to the musician behavioural advantage for speech-in-
noise perception. Also, studies have shown that musician enhancement for the perception and
neural encoding of speech in noise arises early in life, with more years of training relating with
more robust speech processing in children (Strait, Parbery-Clark, Hittner, & Kraus, 2012). They
suggested that these perceptual and neural enhancements may be driven by the strengthening of

auditory-specific cognitive abilities, such as auditory working memory and auditory attention.
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Although various studies show that long term intensive training can have an influence on better
perception, there are studies (Jain, Mohamed, & Kumar, 2015) that report that short term
perceptual training of music resulted in improved speech perception in noise. In this study, they
reported that even non-musician who had undergone short term training exhibited better scores

in speech perception in noise tasks.

2.4 Pitch discrimination

Micheyl et al. (2006) reported enhanced pitch discrimination performance in musicians
than non-musicians. They explained that the Carnatic musicians give more emphasis on correct
tuning than other musical styles and that this emphasis on correct tuning promotes the
development of more accurate pitch discrimination abilities(Micheyl et al., 2006). In another
study (Kishon-Rabin, Amir, Vexler, & Zaltz, 2001) musicians obtained better frequency
discrimination thresholds than non- musicians. And they reported that the performances varied
with respect to musical genre and years of musical experience. They also found an improvement
in DLF after very short training for musicians and non- musicians. And they hypothesized that
the immediate dramatic improvements are probably due to cognitive factors. Results from
another study (Besson, Schén, Moreno, Santos, & Magne, 2007) show that 6 months of musical
training allowed children to detect small pitch changes in both speech and music. However,
Moreno and Besson (2006) observed that 8 weeks of musical training did not show a significant
difference from non-trained children. In summary, studies have demonstrated that musicians are
superior to non-musicians in their ability to process pitch in speech (Chandrasekaran et al., 2009;

Wayland, Herrera, & Kaan, 2010).



Chapter 3

Method
The aim of this present study was to evaluate the influence of Carnatic vocal musical
training in children within the age range of 10 to 11 years old using Gap detection test, Temporal
modulation transfer function, Dichotic CV, Speech perception in noise and Difference limen

frequency and compare the results with that of musically non-trained children.

3.1 Participants

A total of 40 participants participated in the study. Participants were divided into two

groups:

Group 1: Consisted of 20 children in the age range of 10-11 years with normal hearing sensitivity

in both ears, who did not have vocal musical training.

Group 2: Consisted of 20 children in the age range of 10-11 years with normal hearing sensitivity

in both ears, who were attending formal Carnatic vocal musical training for at least three years.

None of the participants had a history of hearing loss, ear discharge, trauma, ear disease.
None of the participants reported any otological or neurological problems. All of them were
native Malayalam speakers. Participants were randomly selected. Informed consent was given by

the participant’s parents before conducting the tests.

3.2 Testing environment

All the tests were carried out in a quiet room where the ambient noise was within

permissible limits as recommended by ANSI S3.1 (1996).
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3.3 Instrumentation

The following instruments were used in this study:

1. A laptop (Toshiba-satellite C850-B291) with MATLAB version 8.5.0 (2015) to
present stimulus and record responses for psychoacoustical tests.
2. A Sennheiser HD 280 pro headphone connected to the laptop to present stimulus for

psychoacoustical measures, SPIN and Dichotic CV test.

3.4 Materials

1. Psychophysical test: The stimuli for all the psychophysical tests were presented using
mlp toolbox which implements maximum likelihood procedure for threshold
estimation in MATLAB (Grassi & Soranzo, 2009).

2. SPIN: Speech recognition scores were obtained in the presence of noise for sentence
in Malayalam developed by Sreeraj and Kishore (2014).

3. Dichotic CV: The stimuli were used from the list developed by Yathiraj (1999).

3.5 Stimulus and Procedure

All psychophysical tests were carried out using the mlp toolbox, which implements a
maximum likelihood procedure for threshold estimation in Matlab (Grassi&Soranzo, 2009). The
mlp calculates participant’s psychometric function followed by each trial and estimates the
responses for each trial. And this psychometric function which has the highest likelihood will
decide the next stimulus to be presented. Thresholds were calculated for 30 trails. Stimuli were
generated at 44,100 Hz sampling rate. Three intervals alternate force choice technique was used

to estimate the threshold. Each trial consisted of three blocks wherein; two blocks had a standard

11



stimulus and the third block had the variable stimulus which was presented randomly.
Participants were instructed to identify the variable block from the three blocks of stimuli been
presented. All the test stimuli were presented at 70 dBSPL binaurally where a Sennheiser HD
280 pro headphone. The headphone was calibrated using KEMAR connected to Bruel and Kjaer

2270 sound level metre.

Speech in noise test

Testing was conducted in a quiet room where the noise level was within permissible
limits (ANSI-1996). The Malayalam sentences (Sreeraj & Kishore, 2014) was presented in the
presence of 4 talker speech babble at 0 dB SNR using headphones connected to the laptop. A
total of 30 sentences from 3 lists were presented, with 10 sentences in each list. Each sentence
had 4 key words and each keyword carried a score of one. The participants were instructed to

repeat back the sentences heard and every correct response repeated back were counted.

Dichotic listening test

For the dichotic CV test, the stimuli from the list given by Yathiraj (1999) were presented
through headphones at 70dBSPL. After the presentation of the stimuli, subjects were asked to
repeat back whatever they heard and the tester noted down the responses. Interval was given
between every presentation. The test was administered at 0 ms lag, 30 ms lag (both right and left)
and 90 ms lag (both right and left). The response was scored with respect to single correct scores
(SCS) and double correct scores (DCS). SCS were given when the listener reported correct
responses to the stimuli presented to one ear. DCS were given when the stimuli presented to both

ears were repeated correctly.
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Frequency difference limen

In this, the minimum frequency difference necessary to discriminate between two closely
spaced frequencies were assessed. Pitch discrimination threshold for a 250 msec pure tones was
tested at 500Hz, 1000Hz, 2000Hz and 4000Hz presented at 70 dB SPL. The onset and offset of
tones were gated on and off with two 10 ms raised cosine ramps. On each trial of three blocks,
two blocks consisted of pure tones at a standard frequency and other block consisted of a pure
tone of variable frequency, which was always higher than the standard frequency. The
participants were instructed to identify the variable block by either verbally reporting the number
of the block or by pressing the key on the laptop. Frequency discrimination threshold estimated

from a block of 30 trails.

Gap detection test

The participant’s ability to identify a temporal gap in the centre of a 500 ms Gaussian
noise was measured. A band of 500 ms Gaussian noise which had a gap in its temporal centre
was presented using mlp toolbox through headphones connected to the laptop at 70 dB SPL.
Three alternate forced choice interval technique was used to identify the thresholds. On each trial
of three blocks, two blocks contained the standard noise which had no gaps and the third block
contained noise which had a gap in the centre. The participants were instructed to identify the
block which had noise with a gap and to either verbally report or to press the number key. The
duration of the gap varied according to the listener's performance. GDT was estimated from a

block of 30 trails.
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Temporal modulation transfer function

In this, the minimum amplitude modulation necessary to identify amplitude-modulated
noise from an un-modulated white noise was assessed. A 1000 ms Gaussian noise was
sinusoidally amplitude modulated at modulation frequencies of 8Hz, 16Hz, 32Hz and 64Hz. The
test was carried out using mlp toolbox and the stimulus was presented through headphones
binaurally at 70 dB SPL. The minimum and maximum amplitude modulation was -30dB and 0
dB respectively. On each trial of three blocks, two blocks contained standard un-modulated noise
and the third one contained the modulated noise which was presented randomly. The participants
were instructed to identify the modulation and determine which block had the modulated noise.

The threshold was estimated for a total of 30 trials per block using mlp toolbox.

3.6 Statistical analysis

The data were statistically analyzed using Statistical Package for Social Sciences (version
20). Descriptive statistics were used to estimate the mean and standard deviation of the data
obtained in the study. One way repeated measures of ANOVA was carried out to analyse TMTF
and DLF at different frequencies. Independent t-test was carried out to analyse GDT, SPIN and

Dichotic CV test results.
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Chapter 4

Results
The present study examined the effect of Carnatic vocal musical training on
psychophysical abilities and speech perception in noise in children. A total of 40 children
participated in the study with 20 children in the musically trained group and 20 in the musically
non-trained group. Data followed normal distribution on Shapiro-Wilks normality test and hence

parametric tests were used.

4.1 Speech perception in noise

Comparing the SPIN scores between musically trained and non-trained children
addresses objective 1 of the study. SPIN scores were obtained by counting the total number of
keywords repeated by the participants. Mean and standard deviation of SPIN scores across two

groups are shown in Figure 4.1.
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Figure 4.1: Mean and standard deviation of speech perception in noise scores of musically

trained and non-trained groups. The maximum score possible is 120.

15



From Figure 4.1, it can be seen that SPIN scores were similar between the two groups.
The results of Independent sample t-test were not significant, t (38)=0.834, p>0.05 indicating
that there is no significant difference between the SPIN scores of the non-trained group (M=

98.40, SD= 9.35) and musically trained group (M=95.95, SD= 9.22).
4.2 Gap detection threshold

Figure 4.2 depicts the mean and standard deviation of GDT across both groups. From
Figure 4.2, it can be seen that musically trained group had better GDT compared to the non-
trained group. Furthermore, variability (as evidenced by SD) in GDT was higher in the non-
trained group compared to the trained group. Independent sample t-test was carried out to see the

significance of the difference in the GDT between two groups.

Mean threshold (s)
=
o

' .

Non-trained Musical trained

Figure 4.2: Mean and standard deviation of gap detection thresholds of musically trained and

non-trained groups
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The results of Independent sample t-test were not significant, t (38)=1.296, p>0.05
indicating that there is no significant difference between the GDT scores of the non-trained
group (M= 5.83, SD= 13.63) and GDT scores of the musically trained group (M=1.88, SD=

0.404).

4.3 Dichotic CV test

Figure 4.3 shows the mean Single Correct Scores (SCS) of left and right ear and mean

Double correct scores (DCS) of both the groups for Oms lag stimulus.

30

20 ~

15 - O Non-trained

W Musical trained
10 -

Number of correct responses

Right SCS Left SCS DCS

Figure 4.3: Mean and standard deviation of right and left single correct scores and double correct

scores across both the groups using 0 ms lag stimuli.

From Figure 4.3, it can be inferred that the mean right SCS, left SCS and DCS for
musically trained group (M=17.10, 15.25, 8.80; SD = 3.75, 3.66, 4.44 for right ear SCS, left ear
SCS and DCS respectively) were similar to that of non-trained group (M= 16.15, 14.30, 8.60;

SD=4.18, 3.26, 4.88 for right ear SCS, left ear SCS and DCS respectively). Independent sample
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t-test revealed no statistically significant difference between two groups for right SCS [t(38) =
0.457, p>0.05], left SCS [t(38) = 0.392, p> 0.05] and DCS[t(38) = 0.893, p>0.05] between
musically trained and non-trained groups. Figure 4.4 shows the mean and standard deviation of

right ear and left ear SCS and DCS across both the groups for 30 msec lag stimuli.
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Figure 4.4: Mean and standard deviation of right and left single correct scores and double correct

scores for 30 ms left lag and right lag stimuli.

From Figure 4.4, it can be noted that for 30 msec right lag stimulus, the mean and
standard deviation for musically trained group (M= 17.60, 15.95, 8.80; SD = 2.03, 3.90, 3.22 for
right ear SCS, left ear SCS and DCS respectively) were not different from that of non trained
group (M= 17.35, 14.40, 7.55; SD= 2.96, 2.85, 4.19 for right ear SCS, left ear SCS and DCS
respectively). Independent sample t-test revealed that the right ear SCS [t(38) = 0.757, p>0.05],
left ear SCS [t(38) = 0.160, p> 0.05] and DCS [t(38) = 0.298, p>0.05] were not significantly

different between musically trained and non-trained groups for 30 ms right lag stimuli.

For 30 msec left lag, the Independent sample t-test revealed that, scores were not
significantly different for right ear SC [t (38)=0.154, p> 0.05], left ear SC [t(38)= 0.241, p>0.05]

and DC scores [t(38)= 0.330, p> 0.05] between two groups. Figure 4.5 depicts the mean and
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standard deviation of the right ear and left ear SCS and DCS across both the groups for 90 msec

lag stimuli.
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Figure 4.5: Mean and standard deviation of right and left single correct scores and double correct

scores for 90 ms left lag and right lag stimuli.

Independent sample t-test revealed that the right ear SCS [t(38) = 0.454, p>0.05], left ear
SCS[t(38) = 0.318, p> 0.05] and DCS [t(38) = 0.198, p>0.05] were not significantly different
between musically trained and non-trained groups for 90 ms right lag. For 90 msec left lag
stimulus, Independent sample t-test showed that there were no statistically significant differences
in right ear SCS [t (38)=0.257, p> 0.05] between two groups. However, the test revealed a
statistically significant difference in left ear SCS [t(38)= .002, p<0.05] and DCS [t(38)= .001,
p<0.05] for 90 msec left lag stimulus between two groups. Musically trained children had

significantly higher left SCS and DCS for 90 ms left lag stimulus.

4.4 Temporal modulation transfer function

Figure 4.6 shows the modulation detection thresholds across different modulation

frequencies in musically trained and non-trained group. From the figure, it can be seen that the
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mean modulation detection thresholds were slightly better in the musically trained group,
especially, at low modulation frequencies. To assess the statistical significance of these
differences a One way repeated measures ANOVA was done. ANOVA revealed a significant
main effect of modulation frequencies [F(3,114)= 29.552, p<0.01] and musical training
[F(1,38)= 2656.314, p<0.01] on modulation detection thresholds. Follow-up independent
samples t-tests between modulation detection thresholds of musically trained and non-trained
groups were carried (with Bonferroni's corrections) out to check the statistical significance of
mean differences. Results of the post-hoc analysis are shown in Table 4.1. From Table 4.1, it can
be seen that there is no statistically significant difference between musically trained and non-

trained group for all the modulation frequencies tested.

8 Hz 16 Hz 32 Hz 64 Hz
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Figure 4.6: Mean and standard deviation of modulation detection thresholds across different

modulation frequencies in musically trained and non-trained group
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Table 4.1

Independent t-test results for temporal modulation transfer function

8 Hz 16 Hz 32 Hz 64 Hz
t values 157 715 1.206 112
Sig. (2-tailed) 125 479 235 268

4.5 Difference limen frequency

Figure 4.7 shows the mean frequency discrimination threshold and standard deviation of
across different frequencies in musically trained and non-trained group. From the figure, it can
be noted that the musically trained children had better frequency discrimination threshold
compared non-trained children. To assess the statistical significance of these differences a One
way repeated measures ANOVA was done. ANOVA revealed a significant main effect of
frequencies [F(3,114)= 16.55, p<0.01] and musical training [F(1,38)= 224.193, p<0.01] on
frequency discrimination thresholds. Follow-up independent samples t-tests between frequency
discrimination thresholds of musically trained and non-trained groups were carried (with
Bonferroni’s corrections) out to check the statistical significance of mean differences. Results of
independent samples t-test are shown in Table 4.2. From Table 4.2, it can be seen that musically
trained children had significantly better frequency discrimination thresholds compared to non-

trained children at all frequencies assessed.

21




Mean threshold

250 +

200 -

150 +

100 -

500 Hz

1000 Hz 2000 Hz

Frequency

4000 Hz

ONon-trained

W Musical trained

Figure 4.7: Mean threshold and standard deviation of difference limen frequency in musically

trained and non-trained group across different frequencies.

Table 4.2

Independent t-test results for difference limen frequency

500 Hz 1000 Hz 2000 Hz 4000 Hz
t value 11.56 6.28 5.43 3.89
Sig. (2-tailed) .000* .000* .000* .000*
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Chapter 5

Discussion
The aim of the present study was to assess the effects of Carnatic musical training on
psychophysical abilities and speech perception in noise in children within the age range of 10 to

11 years old. The result of the study are discussed below:

5.1 speech perception in noise

The results indicated that the SPIN scores did not differ significantly between the two
groups (Figure 4.1). The scores of the musically trained and non-trained groups were almost
similar indicating that there was no effect of musical training on SPIN in children taken up for
the present study. In contrast, previous studies reported advantage for musician over non-
musician in SPIN in adults (Baskent & Gaudrain, 2016; Parbery-Clark et al., 2009; Strait et al.,
2012). Strait et al. (2012) revealed that there was a significant benefit of musical training on
speech perception and the neural encoding of speech in noise in musicians. This musical training
related benefit was positively correlated with the years of training. They postulated that these
perceptual and neural enhancements may be driven by the strengthening of auditory-specific
cognitive abilities, such as auditory working memory and auditory attention, with musical
training. However, they did not see a difference between musicians and non-musicians in visual
working memory and attention tasks. Baskent and Gaudrain (2016) also reported strong speech-
on-speech perception advantage in musicians. Parbery-clark et al. (2009) studied the effect of
musical experience on the neural representation of speech in noise in a group of trained
musicians and compared it with non-musicians. Results showed that speech-evoked auditory

brainstem responses were robust in the presence of noise in musicians. Musicians also had better
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speech perception in noise scores compared to non-musicians. They concluded that long-term
musical experience could enhance speech in noise performance, working memory and frequency
discrimination (Parbery-Clark et al., 2009). Furthermore, some studies have reported significant
benefit in SPIN even with the short term musical training (Jain, Mohamed, & Kumar, 2015).
Authors reported that, with short-term perceptual training (8 consecutive days), there was a

significant improvement is SPIN scores.

However, a few studies have indicated no effect of musical training on SPIN. Boebinger,
Evans, Rosen, Lima, Manly & Scott (2015) found no advantage for musicians’ masked speech
perception over that of non-musicians despite using similar target sentences and a co-located
speech-spectrum steady-state noise masker as compared to other studies which have documented
the positive effects of musical training. This study is in contrast with the study by Parbery-clark
et al. (2009) where they reported enhanced performance in musicians. Parbery-clark et al. (2009)
suggested that differences between groups may only arise when masking tasks require the
greatest effort. The current study also showed no significant effect of musical training on speech
perception in noise scores. This may be due to the less effort in the task where the SPIN scores
were obtained using multi-talker babble at 0OdBSNR. Also, there could be an influence of

developmental aspects and duration of training.

5.2 Gap detection threshold

The results indicated that the GDT did not differ significantly between the two groups
(Figure 4.2). This shows that there was no effect of musical training on GDT in the participants
taken up for the present study which contraindicates with previous studies (Elangovan & Payne,

Smurzynski, & Fagelson, 2016; Mishra & Panda, 2014). Mishra and Panda (2014) reported a
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significant group difference between musicians and non-musicians in GDT. They used across-
channel GDTs to assess temporal processing. Authors suggested that measuring across-channel
GDTs in Carnatic musicians may yield better results to prove that musicians have superior
auditory temporal sensitivity (Mishra, Panda, & Herbert, 2014). Other studies are also in
agreement with these findings (Elangovan et al., 2016). The present study assessed the effect of
musical training using within-channel GDT rather than across channel GDT, which could be one
of the reasons why both the groups had similar scores and showed no statistically significant
difference. Zendel and Alain (2012) also did not observe significant differences in GDT between
musicians and non-musicians. They suggested that there is an age-related factor that influences
the performance as they observed an age-related decline in GDT. Musical training had minimal
effect on the GDT as age progresses (Zendel & Alain, 2012). It can be hypothesized that age-
related factor could also influence the performance as studies reported that child reaches adult-

like performance in temporal processing by 10-11 years.

5.3 Dichotic CV test

The effect of musical training on dichotic CV test was assessed in 0 ms lag, 30 msec lag,
and 90 msec lag conditions. Independent t-test revealed that in Omsec lag, 30 msec left lag, 30
msec right lag and 90 msec right lag stimuli, there was no statistically significant difference
between musically trained and non-trained groups. However, there was a statistically significant
difference seen in 90 msec left lag stimulus between musically trained and non-trained groups
(Table 4.2). In a study (Nelson, Wilson, & Kornhass, 2008) the authors reported no significant
effect of training on Dichotic CV, digit and chords tasks between musician and non-musician
groups. But they found significant ear effects between groups. They suggested that both

musicians and non-musicians performed similarly due to the difficulty of the tasks and of the
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probabilities of listening associated with the closed-set response of four items. Authors also
suggested that subjects with more advanced musical aptitude use the right hemisphere more in
language processing in comparison with the non-musical subjects (Milovanov & Tervaniemi,
2011). Milovanov et al. (2007) reported that only adults who performed well in the Seashore
musical aptitude test and practised music regularly showed more accurate left ear monitoring
skills when listening to Finnish CV-syllables. From these findings, it can be assumed that an
enhancement in the performance of Dichotic CV tasks can be expected with more intense and
long term practice in music. Also, it was observed that the listening task was too difficult for

younger children and hence the differences may not be evident.

5.4 Temporal modulation transfer function

One way repeated measure ANOVA was done to see the significant difference between
musically trained and non-trained group and thereby to see the effect of musical training on
TMTF. The results showed that there was an effect of modulation frequencies (8Hz, 16Hz, 32Hz,
and 64Hz) on the modulation thresholds and musical training. The modulations thresholds in the
musically trained group were lower than the non-trained group. When the modulation
frequencies increased from 8 Hz to 64 Hz, there was an overall increase in thresholds across both
the groups. In order to see the difference between both the groups, independent sample t-test was
carried out. The findings suggested that there were no statistically significant differences in
modulation detection thresholds between musically trained and non-trained group across all the 4
modulation frequencies. It can be hypothesized that such findings could be attributed to
developmental changes in children as the child attains maturity in temporal resolution skills not

until 11 years (Hartley, Wright, Hogan, & Moore, 2000).
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5.5 Difference limen frequency

Results showed a statistically significant difference between the musically trained and
non-trained group in pitch discrimination across different frequencies of pure tones (500Hz,
1000Hz, 2000Hz and 4000Hz). The results revealed that musically trained children were able to
differentiate pure tones which are more closely spaced compared to musically non-trained
children. Similar results in children as well as in adults are reported by other investigators as well
(Besson, Schon, Moreno, et al., 2007; Kishon-Rabin et al., 2001; Kumar, Sanju, & Nikhil, 2016;
Magne et al., 2006; Micheyl et al., 2006; Wayland et al., 2010). In a study (Magne et al., 2006)
they reported a lower percentage of errors in pitch processing tasks for musicians than for non-
musicians in both music and speech. In contrast, Wayland et al. (2010) reported that musicians
were not significantly better than non-musicians on the pitch discrimination task either before or
after training, suggesting comparable pitch abstraction and categorization ability among the two
groups. In the present study, the musically trained group showcased lower thresholds compared
to that of the non-trained group. As the frequencies of the pure tones increased from 500 Hz to
4000 Hz, both the groups showed an increment in thresholds which shows that there was an
effect of frequencies as well as musical training on DLF. A possible explanation for the
difference in pitch discrimination performance between two groups is that classical music places
more emphasis on correct tuning than other musical styles and that this emphasis on correct
tuning promotes the development of more accurate pitch discrimination abilities (Micheyl et al.,

2006)
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Chapter 6

Summary and Conclusion

The present study was conducted with the aim to study the effect of Carnatic musical
training on psychophysical abilities and speech perception in noise in children. A total of 40
children within the age range of 10 to 11 years were taken for this study. Participants were
divided into two groups, where group 1 consisted of normal hearing children who are under
musical training for at least 3 years and the group 2 consisted of children who did not have any
formal musical training. Gap detection threshold, temporal modulation transfer function, and
difference limen frequency were assessed using mlp toolbox implemented in MATLAB
software. SPIN was measured by counting the number of words repeated from the list of
Malayalam sentences in the presence of multi-talker babble at 0dB SNR. For the Dichotic CV
test, listeners were asked to repeat back whatever they heard and responses were scored with
respect to single correct scores and double correct scores. Results revealed that the musically
trained group performed significantly better than the non-trained group in pitch discrimination
task. A significant difference was not observed in TMTF, GDT, SPIN and Dichotic CV tests
between both the groups. Through the finding of the present study, it can be concluded that
Carnatic vocal musical training enhances pitch discrimination ability which could possibly due to
the Kind of training in Carnatic music where they focus more on identifying pitch contours.
These results add to the findings in the existing literature that musical training facilitates pitch

perception irrespective of whether its Indian classical music or western music.
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