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Introduction

Perceiving and interpreting speech in noise (SIN) is an in-
tegral part of everyday communication. Comprehending a 
new sentence during SIN typically entails both deciphering 
the individual words as well as the acoustic patterns within 
the sentence. These acoustic patterns or temporal variations 
can provide key perceptual cues in difficult listening condi-
tions, such as attending to a person’s speech in a busy restau-
rant. Musicians may have a distinctive advantage in efficient-

ly decoding these acoustic patterns since, by definition, they 
are trained auditorily. Consequently, many studies in the liter-
ature provide evidence that expertise in melodic and rhythmic 
processing aid with speech processing [1-3], while few others 
do not offer much empirical support for that claim [4-6]. 

Musical training involves neural circuitry that encompass-
es complex motor, auditory, and visual skills, hence musical 
training and speech processing share structural and function-
al overlaps [7-10]. Also, rhythm sensitivity or training, in par-
ticular, has been shown to influence better speech perception, 
as temporal cues are critical for both music (rhythm) and speech 
perception, especially in noise [1,3,11,12]. Although the un-
derlying temporal dynamics of speech and music can be dif-
ferent, nuanced music training (associated to rhythm) helps 
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demonstrated that percussionists outperformed non-percussionists in Tuning and Speed sub-
sets of Mini-PROMS. Percussionists outperformed non-percussionists and non-musicians in 
SIN and LE at -5 dB SNR for words and at 0 dB and -5 dB SNR for sentences. Conclusions: 
Percussionists have the greatest advantage in decoding SIN with reduced LE followed by 
non-percussionists and non-musicians, demonstrating musician-advantage in most challeng-
ing listening conditions. J Audiol Otol
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overcome challenges in comprehending SIN because musi-
cians, through their musical training, have the ability to decon-
struct subtle fluctuating and contrasting durations of tempo-
ral features [13-15]. 

In general, while the music-SIN association is well re-
searched, the effort expended to decode SIN for musicians is 
limited [5,16,17]. The current study tries to investigate this 
less explored, yet crucial area in hearing science. Listening ef-
fort (LE) is defined as “the mental exertion required in attend-
ing to and understanding an auditory message” [18p.434]. LE 
serves as a valuable evaluation metric even in the lack of in-
telligibility scores because two individuals may exert varying 
levels of effort despite achieving same level of intelligibility 
scores [19]. While speech intelligibility scores are generally 
attributed to LE, the common assumption that individuals 
with less intelligible speech exert more effort has not been 
supported by empirical studies [19-21]. 

In line with the studies above, to quantify LE, in our current 
work we employed pupillometry measure which is a consis-
tent time-series marker and a robust indicator of processing 
load [20]. Pupil responses emerge as a natural combination 
of sympathetic and parasympathetic nervous system activity, 
while pupil dilation is linked to activation of sympathetic ner-
vous system [20]. As speech requires rapid instantaneous au-
ditory encoding disseminated over time, pupillometric meth-
ods offer the advantage of measuring LE by displaying continuous 
changes in dilation across time. Previous research using pu-
pillary measures revealed that musicians had enhanced pitch 
discrimination and speech perception in noise with reduced 
processing effort than non-musicians [16,17]. 

In the current study, whether musicians who were percus-
sionists had an edge over non-percussionists in SIN percep-
tion and the associated LE was examined. This was done as 
rigorous rhythmic training helps efficiently draw short-term 
attentional resources associated with retention and recall of a 
signal [22,23]. Owing to such enhanced auditory perceptual 
and cognitive skills, it was hypothesized that percussionists 
may perform better than others on attentional allocation tasks 
with reduced effort. 

Current literature on the nexus between music-SIN (and LE) 
is divided on which specific components of musical proficien-
cy contribute to improved speech perception for musicians. 
Certain studies have documented the influence of genre of 
musical training and the advantages musicians behold [1,24], 
while others do not find such specific advantages [6,23]. The 
present study, to the best of our knowledge, is one of the first 
few to use Indian classical genre to understand the musician-
ship-LE nexus. Indian classical music distinguishes from oth-
er genres of music wherein, training predominantly relies on 

learning to sing or play by the ear, which is pertinent in study-
ing the relationship between LE and musical training [24]. 

The current study incorporated South Indian “Carnatic” 
music, which is unique in many ways, particularly in the style 
of its rendition that involves “gamakas” (oscillation across notes) 
and microtones. This music form is built upon “Raga” (melod-
ic aspect) and “Tala” (rhythmic components), and is distinctly 
complex with significant subtle pitch fluctuations compared 
to the melody and rhythm in Western music [24,25]. While 
general musical training has been shown to increase SIN 
scores by 6% to 8%, Carnatic music has demonstrated en-
hanced SIN scores by up to 16% to 18% [24]. 

In this background, the current study aims to understand 
and compare the influence of Indian classical music training 
on SIN perception and its related LE across percussionists, 
non-percussionists, and non-musicians, using task elicited 
pupil dilations, and analyzing the findings by employing re-
gression techniques.

Subjects and Method

Participants
A total of 59 participants (34 females and 25 males) in the 

age range of 18 to 35 years (mean age: 24.1 years) were recruit-
ed in the study. The study population consisted of 17 non-per-
cussionists (vocal and stringed instruments), 16 percussionists 
(drum-based instruments), and 26 non-musicians (Table 1). 
In line with earlier research [1,23], musicians were classified 
as those formally trained in Indian classical music Carnatic 
with minimum 5 years of continuous training in the last 6 
years and 3.5 hours of practice/week in any 2 of the last 3 
years. Non-musicians were classified as those having no or 
less than 3 years of formal music training in their lifetime (and) 
not trained or practiced in the last 4–5 years. However, none 
of the non-musicians recruited in the study had any musical 
training in their life time. Only participants who reported no 
history of any otologic or neurological deficits were included. 
All individuals underwent hearing screening and had pure-
tone air conduction thresholds within 25 dB HL across all the 
octave frequencies from 250 Hz to 8 kHz (ANSI S3.6, 1996). 

A participant recruitment questionnaire was administered 
to ensure all participants selected satisfy the inclusion crite-
ria. The questionnaire had information on demographics, 
handedness, musical training, economic status, occupation, 
and noise exposure. Participation willingness and written 
consent was obtained in accordance with Institutional Ethics 
Committee of Sri Ramachandra Insitute of Higher Education 
and Research (IEC-NI/20/SEP/75/82).
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Procedure
The study was carried out in two phases. In phase one, the 

participants’ general musical ability and working memory 
was tested. Working memory was included as literature has 
demonstrated that innate musical capabilities and working 
memory to have an influence on processing SIN and LE [5,25]. 
In phase two, the LE was measured using pupillometry. The 
entire test procedure was administered in a quiet room using 
circum-aural headphones (Sennheiser HDA 280 pro; Sennheiser 
Electronic GmbH & Co., KG, Wedemark, Germany) calibrat-
ed for an output of 70 dB SPL and routed through the laptop 
(Lenovo X1 Carbon with Intel i7 Processor; Sichuan, China). 
The average noise levels of the testing room was below 30 dBA 
and did not cross 40 dBA and was monitored using NIOSH 
Sound Level Meter app (Centers for Disease Control and Pre-
vention; https://www.cdc.gov/niosh/topics/noise/app.html), 
throughout the testing duration.

Stimulus 
Phonemically balanced (PB) wordlist in Tamil [26] and 

Tamil Matrix Sentence Test (TMST) [27], in the presence of 
Tamil multi-talker babble [28] were used for measuring word 
and sentence perception in noise. The root mean square of 
speech and noise were matched and combined at 3 fixed SNRs 
of +5 dB, 0 dB, and -5 dB, using MATLAB version 2014b 
software (MathWorks, Natick, MA, USA). The onset of noise 
for words was 1.5 seconds before the onset on the speech 
stimuli, with the offset of speech and noise being the same 
and the inter-stimulus interval for words was maintained at 
3 seconds. A total of 3 lists (one list at each SNR) with a total of 
25 words per list were administered.

The 5-word sentences of TMST had a fixed semantic struc-
ture with nouns, numbers, adjectives, objects, and verbs. The 
order of these words in the sentences followed the sentence 
structure of Tamil language. Each word in the sentence list had 

10 alternatives with a total of 50 words per sentence list. A 
total of 3 lists, with 10 sentences per list for sentence percep-
tion were chosen. The onset of noise was 3 seconds before 
the onset on the speech stimuli, with the offset of speech and 
noise being the same and the inter-stimulus interval was 6 
seconds. Each of the PB words and TMST sentences were 
binaurally presented at an intensity level of 70 dB SPL at 3 
SNRs of +5 dB, 0 dB, and -5 dB.

Phase I: Assessment of musical abilities and working 
memory

All the participants were administered the online Mini-
PROMS test (Profile of Music Perception Skills) to study 
their individual musical ability, which is standard in the liter-
ature [29]. This test comprised of 4 subsets for evaluation—
melody, tuning, accent, and tempo. Each stimulus, from all 
the 4 subsets consisted of a block of 3 musical tones (2 refer-
ence and 1 comparison). The participants were instructed to 
listen to the stimulus and identify if the 3 stimuli were same/
different. The participants had to choose the right option from 
the 5 choices displayed. A score of “2” was given for correct 
identification while “1” was scored for correct but uncertain 
response and “0” for incorrect identification making a total 
maximum possible score of 36. After completion of the test, 
the total score and the subset total score—melody (10), tun-
ing (8), accent (10), speed/tempo (8)—were recorded. 

A Backward Digit Span test was conducted to assess work-
ing memory, which is also standard in the literature [5]. The 
participants were instructed to listen to the sequence of digits 
presented aurally and repeat the digits in a backward manner. 
The digits were presented in an increasingly larger digit se-
quences until the point when the participants were unable to 
accurately repeat the sequence of digits backward. Digit span 
was calculated as the longest sequence of accurate digits cor-
rectly repeated in two continuous presentations. 

Table 1. Descriptive statistics of percussionists, non-percussionists, and non-musicians

Parameters
Percussionists
(n=17)

Non-percussionists
(n=16)

Non-musicians
(n=26)

Age (yr) 23.56±4.22 23.30±3.14 23.52±3.29
Male (%) 100 82 30
Duration of musical training (yr) 19.52±3.29 14.80±3.18 NA
Age at first onset of musical training (yr) 4.03±2.48 4.75±0.68 NA
Listening to classical music (hours/day) 1.50±0.68 2.00±0.58 0.50±1.12
Listening to non-classical music (hours/day) 0.50±0.90 0.50±1.12 1.00±0.87
Languages known

Bilingual 7 (41) 5 (32) 17 (65)

Multilingual 10 (59) 11 (68)   9 (35)

Data are presented as mean±standard deviation or n (%) unless otherwise noticed. NA, not applicable
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Phase II: Assessment of LE for speech perception 
in noise

Assessment of binaural speech perception in noise 

The Tamil PB words and TMST in eight-talker babble (con-
sisting of four female and four male speakers), were present-
ed binaurally at 70 dB SPL at randomized SNRs of +5 dB, 0 
dB and -5 dB. The participants were instructed to repeat the 
words and sentences heard in the presence of multi-talker 
babble. Each correctly identified word was scored as “1” and 
“0” for incorrect responses making a total maximum score of 
25 per list and a total of 75 words were scored. Similarly, for 
TMST each correctly identified word in a sentence was given 
a score of “1” with a total possible score of 50 per list and a to-
tal of 30 sentences from 3 lists were scored.

Assessment of LE using pupil dilation for binaural 
speech perception in noise

LE was measured using pupilometer with an eye tracker 
by monitoring the changes in task evoked pupil dilation. The 
listeners were presented with PB words and TMST in noise at 
SNRs of +5 dB, 0 dB and -5 dB and were instructed to repeat 
the words and sentences heard. During the entire duration of 
stimuli presentation (6.56 min, sentences; and 7.58 min, 
words), listeners were asked to visually fixate on a dot pre-
sented on a 14" computer screen with a resolution of 1,920× 
1,050 pixels. Participants were seated 1 m away from the com-
puter screen. An eye tracker system developed by Balance 
Eye (Cyclops MedTech Pvt. Ltd, Bengaluru, Inida) was used 
with a sampling rate of 40 Hz to monitor the participants’ 
pupil area. The eye tracker sampled only from the right eye. 
The percentage of correct score for word and sentence per-
ception in noise was also measured for each SNR condition. 
Each participant underwent a total of 105 trials presented at 
randomized SNR, for a total duration of the experiment of 
20 minutes. 

Data analysis of pupil dilation

For each trial, the baseline pupil dilation was measured in 
the pupil resting state—one second interval preceding each 
experimental block. The mean baseline was then calculated 
by averaging the pupil size in trails preceding the beginning 
of stimulation with words and sentences. Each mean baseline 
was then subtracted from each trial of task-evoked peak pu-
pil dilation: mean pupil dilation=task evoked pupil dilation–
mean baseline pupil dilation.

The mean pupil size across 75 trials for words and 30 trials 
for sentences were calculated across the 3 SNR conditions. 
For a robust measurement, apart from eye closure, pupil 

movements exceeding 450 degrees (very high velocity) were 
also coded as eye blinks. As is typical in the literature, trials 
containing more than 15% of samples resulting from eye blinks 
during the test were excluded from the analysis.

Statistical analysis 
Prior studies employ group means (analysis of variance) to 

study the differences in SIN (and LE) outcomes among mu-
sicians and non-musicians [5,23]. Current study aims to ad-
vance the literature by employing causal analysis that can 
control for other variables which can potentially affect the 
variable of interest. Two distinct regression models were em-
ployed to account for the continuous and bounded nature of 
the dependent outcome variables of interest, respectively. To 
explain, scores from Mini-PROMS and SIN perception were 
measured in percentages, which by definition are bounded 
between 0 and 100. Since normal liner regression models are 
unsuitable to handle bounded depended variables, a fraction-
al logit model was employed in this regard. Raw scores from 
SIN were also converted to percentage of correct responses. 
Also, for ease of comprehension of the relative benefit of mu-
sicians compared to non-musicians, we converted the coeffi-
cient values from the model into their corresponding odds 
ratios (OR). 

On the other hand, a linear regression model was used to 
explore the influence of musical training on LE for words 
and sentence perception in noise—measured as pupil dilation 
in millimeter—which is a continuous variable. In this regard, 
unlike earlier studies in LE, we gathered data with a statisti-
cally large sample size. Typically, a sample size of more than 
30 is considered large statistically to make generalizable in-
ferences. We had a total of 59 participants, which is essential 
for conducting causal analysis. 

Data were analyzed by using the statistical software Stata/
MP version 13.0 (StataCorp, College Station, TX, USA).

Results

Performance of SIN and LE among musicians and 
non-musicians

Fig. 1 presents the average score (mean±2SD) across the 
three groups: non-musicians, non-percussionists, and percus-
sionists for SIN and its related LE. The performances across 
the groups are comparable; no perceptible differences are ob-
served in the raw scores of SIN or its related LE across the 
musician and non-musician groups.

Table 2 presents the results comparing the performance of 
all musicians together with that of non-musicians, while con-
trolling for other variables, unlike Table 1. Results of fraction-
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al logit and linear regression employed for each SNR condi-
tions are shown in Table 2. The results show that only under 
more challenging listening conditions, i.e., -5 dB SNR for 
TMST, did musicians outperform non-musicians by almost 
twice (OR=1.87). Otherwise, there are no statistical difference 
in SIN scores or LE between the two groups. In normal or 
less challenging conditions, we do not find any evidence for 
specific or systematic advantage for musicians over non-mu-
sicians either in SIN or in LE, despite controlling for other 
variables. 

Comparison of musical abilities and working memory 
among percussionists, non-percussionists, and 
non-musicians

Subsequently, we analyzed sub-group association on LE 
and SIN by dividing the musician group into percussionists 
and non-percussionists, for Mini-PROMS scores, working 
memory, SIN and LE separately. Interestingly, despite control-
ling for other variables, there were no statistically significant 
differences between the three groups in working memory (p= 
0.10) and Mini-PROMS scores (overall and sub-categories), 
making it difficult to demonstrate a musicianship-advantage 

Table 2. OR for SIN (fractional logit) and coefficient estimate for LE (linear regression) for PB words and TMST in noise among musicians 
and non-musicians using controlled models

SNR
PB words in noise TMST in noise

SIN LE SIN LE
OR p r p OR p r p

+5 dB 1.00 0.99 -0.03 0.77 2.27 0.21 -0.13 0.51
0 dB 1.18 0.48 -0.08 0.28 1.40 0.40 -0.15 0.19
-5 dB 1.37 0.19   0.05 0.61 1.87 0.01** -0.15 0.25

r, coefficient. OR, odds ratio; SIN, speech in noise; LE, listening effort; PB, phonemically-balanced; TMST, Tamil Matrix Sentence 
Test. **p≤0.01

Fig. 1. Comparison of performance of SIN and LE  among non-musicians, non-percussionists, and percussionists. A: Perception of PB 
words in noise. B: Pupil dilation (LE) in perception of PB words in noise. C: Perception of TMST in noise. D: Pupil dilation (LE) in percep-
tion of TMST in noise. Error bars represent ±2SD of the mean. *p≤0.05; **p≤0.01; ***p≤0.001; statistical significance. SIN, speech in 
noise; LE, listening effort; TMST, Tamil Matrix Sentence Test; SD, standard deviation; SNR, signal-to-noise ratio.
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in Mini-PROMS (Table 3). However, a significant difference 
was observed in percussionists over non-percussionists only 
for tuning and speed subsets, which is consistent with the lit-
erature [1].

Performance of SIN and LE among percussionists, 
non-percussionists, and non-musicians

We further examined if the SIN perception and LE was dif-
ferent across these sub-groups by employing fractional logit 
and linear regression models similar to Table 3.

Tables 4 and 5 also presents a very interesting case, in which 
sub-group differences occur in most difficult listening condi-
tions, i.e., -5 dB SNRs both in SIN and LE, and not otherwise. 
The left panel in Table 4 for SIN in words shows that across 
the sub-categories and SNRs, only at -5 dB SNR do percus-
sionists perform much better than non-musicians (OR=5.20). 
For sentences as well (right panel in Table 4), statistically sig-
nificant differences were observed across all categories in -5 
dB SNR. The order of difference in each of the pairs is note-

worthy; difference in SIN scores was greatest among percus-
sionists compared to non-musicians (OR=6.42), followed by 
non-percussionists over non-musicians (OR=3.56), and per-
cussionist over non-percussionists (OR=2.45). For LE (Table 
5), percussionists exerted less effort (reduced by 0.9 percent-
age average) over non-musicians and non-percussionists ex-
erted lesser effort (reduced by 0.8 percentage average) than 
non-musicians, indicating that percussionists and non-per-
cussionists exert less effort for SIN than non-musicians. 

Tables 4 and 5 show evidence that in challenging SNRs, 
musicians with sub-categorical specialization indeed have an 
advantage over non-musicians for enhanced SIN with lesser 
effort. In other words, percussionists seem to have the great-
est advantage in decoding sentences in noise, over non-per-
cussionists, who in turn, have an advantage over non-musi-
cians. This order seems to be in line with the literature which 
argues that musicians trained in rhythm have an advantage 
over others in SIN, particularly in sentence decoding [1,30].

Table 3. OR for Mini-PROMS among non-musicians, non-percussionists, and percussionists using controlled fractional logit model

PROMS
M vs. NM P vs. NP P vs. NM NP vs. NM

OR p OR p OR p OR p

Overall 1.53 0.09 0.55 0.06 0.95 0.94 2.01 0.29
Melody 0.46 0.07 2.31 0.13 0.59 0.65 4.22 0.27
Tuning 0.57 0.20 0.57 0.03* 1.20 0.14 4.22 0.27
Accent 2.15 0.79 0.87 0.72 1.09 0.92 0.61 0.53
Speed 0.47 0.10 0.33 0.03* 0.16 0.27 0.46 0.51

Level of significance *p≤0.05. OR, odds ratio; Mini-PROMS, Mini-Profile of Music Perception Skills; M, musicians; NM, non-musicians; 
P, percussionists; NP, non-percussionists

Table 4. OR for SIN (PB words and TMST) among non-musicians, non-percussionists, and percussionists using controlled models (frac-
tional logit model)

SNR
Words in noise Sentence in noise

P vs. NP P vs. NM NP vs. NM P vs. NP P vs. NM NP vs. NM
OR p OR p OR p OR p OR p OR p

0.74 0.42 1.69 0.59 1.05 0.94 2.27 0.21 1.01 0.81 0.44 0.21+5 dB 
0 dB 1.46 0.16 1.16 0.85 1.68 0.49 1.78 0.22 0.42 0.51 3.18 0.00***
-5 dB 1.13 0.58 5.20 0.05* 2.41 0.24 2.45 0.00*** 6.42 0.02* 3.56 0.05*

*p≤0.05; ***p≤0.001. OR, odds ratio; SIN, speech in noise; PB, phonemically-balanced; TMST, Tamil Matrix Sentence Test; SNR, sig-
nal-to-noise ratio; P, percussionists; NP, non-percussionists; NM, non-musicians

Table 5. Coefficient estimate for LE among non-musicians, non-percussionists, and percussionists using controlled models (linear re-
gression model)

SNR
Words in noise Sentence in noise

P vs. NP P vs. NM NP vs. NM P vs. NP P vs. NM NP vs. NM
r p r p r p r p r p r p

+5 dB 0.01 0.91 -0.39 0.32 -0.42 0.10 -0.10 0.44 -0.21 0.80 -0.50 0.45
0 dB -0.74 0.43 -0.29 0.24 -0.29 0.16 -0.09 0.45 0.19 0.52 0.3 -0.39
-5 dB 0.09 0.41 -0.41 0.22 -0.71 <0.01*** -0.02 0.84 -0.90 0.03* -0.81 0.01**

r, coefficient. *p≤0.05; **p≤0.01; ***p≤0.001. LE, listening effort; SNR, signal-to-noise ratio; P, percussionists; NP, non-percussionists; 
NM, non-musicians
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Discussion

The purpose of the current study was to understand if mu-
sicians trained in Indian classical music performed better on 
SIN and the associated LE than non-musicians by employing 
regression models, as against the traditional group mean dif-
ferences. We subdivided musicians further into percussion-
ists and non-percussionists in this process for few important 
reasons. For instance, “timing” is an essential component to 
distinguish speech sounds (especially consonants) that are 
exclusively differentiated by the voice-onset time [8]. Also, 
comprehension of a novel speech pattern necessitates compli-
cated temporal processing and may entail processes compara-
ble to those involved in perception and composition of musi-
cal phrase [1]. Musical training that focuses on rhythmic skills 
may thus improve sensitivity to timing patterns that are criti-
cal for speech perception, as well as the ability to perceive speech 
in noisy environments [1,8]. 

Results from our study, in line with earlier research [1], re-
veals that percussionists outperformed non-musicians in 
words-perception and outperformed both non-musicians 
and non-percussionists in sentence perception, for the most 
difficult SIN condition (at -5 dB SNR). And, the order of dif-
ference in magnitude was maintained across the three groups 
for LE as well: percussionists outperforming non-musicians, 
non-percussionists outperforming non-musicians, and per-
cussionists outperforming non-percussionists. Our general 
finding that musicians outperform non-musicians corrobo-
rates with past research [17] suggesting that musicians may 
be recruiting different strategy than their counterparts, in 
processing SIN and the associated LE. 

Furthermore, it is possible that non-percussionists much 
like percussionists, also demonstrate similar patterns of en-
hancement in SIN perception (ascribed to improved rhythm 
skills), as rhythm plays an integral and fundamental part of 
overall musical practice regardless of specialization [1,31]—
particularly so in Carnatic music. Past studies reported that 
when listening to SIN, there was increased activation in mo-
tor regions implying a greater relevance of temporal cues in 
suboptimal listening situations [1,22,32,33]. This claim is sup-
ported by our study findings which shows non-percussion-
ists also outperformed non-musicians in SIN and LE for sen-
tences in noise, albeit not as much as percussionists did. 
Hence, it is possible that rhythm has a special role to play in 
mediating these advantages. 

As for the LE associated with SIN, within the musician 
group, although percussionists outperformed non-percus-
sionists in sentences in noise at -5 dB SNR, the related effort 
exerted across both the groups were not statistically different. 

Since the current study, to the best of our knowledge, is among 
the first to investigate LE differences across percussionists and 
non-percussionists, we are unable to draw comparisons to past 
studies. Therefore, at this point, we only find it reasonable to 
hypothesize that training in primary instrument may not in-
fluence changes in auditory-neural circuitry associated with 
LE—a claim, which is established for SIN by past studies [1,23].

Although the effort exerted by all the individuals showed 
an increase in association with increased task complexity, 
musicianship-advantage on SIN and LE was consistently es-
tablished only for sentence perception in most challenging 
conditions i.e., -5 dB SNR, which is again in line with earlier 
work [17]. This effect may reflect either an improved capacity 
to distinguish target speech stimuli from ambient noise due 
to musical training or a greater sensitivity to speech stimuli 
along the auditory pathway (finer cortical representation) 
among musicians [1,32]. 

Relatedly, the lack of difference in less-challenging SNRs in 
the literature is attributed to the innate variances in timing 
skills that may alter speech perception, in the absence of mu-
sical expertise. In other words, even when particular words 
are unclear, a listener can determine the rhythm of what is 
stated when listening to SIN [14]. In fact, studies suggest that 
limiting the word patterns to those that fit the perceived rhythm, 
may aid in the process of disambiguating speech [30]. How-
ever, cues such as prosody, phonological information, phrase 
boundaries, and syntactic structure may also be used by the 
listener to resolve ambiguities. 

Overall, the current study does provide evidence to support 
the claim that musical training improves speech perception 
in noisy environments, and reduces listening effort especially 
for sentences, in most difficult masking conditions. The re-
sults also show that musicians with rhythmic training have a 
slightly greater advantage than their non-rhythm trained 
counterparts in this regard. 

Given the specific scope and aim with which the study was 
conducted, the findings must be contextualized in certain ways. 
Primarily, our study does not normalize the “easy” or “difficult” 
task-complexity across the musician and non-musician group. 
However, individually adjusting the task complexity may aid 
in understanding the sensitivity of auditory pathway in re-
solving complex auditory signals (in the current study: speech 
in noise). 

While the current study is a quasi-experimental design 
comparing group differences across musicians and non-mu-
sicians, an intervention-based analysis could better reflect 
such “within” and “across” group differences providing nu-
anced insights into understanding effects of standardized 
musical training.
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Future work could also focus on the function of different 
components of rhythm processing in speech perception, to 
understand the subtle and complex overlap between music 
and speech processing. 
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