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Abstract

Background: Temporal processing abilities are important for speech perception, and they are generally superior in musicians
than in non-musicians. Since there are many different training methods used to develop musical expertise (e.g. vocal or in-
strumental), these differences could lead to varying temporal processing abilities of acoustic signals. The current study aims
to see if there are any differences in temporal processing abilities between violinists and vocalists.

Material and Methods: Four different psychoacoustic tests — gap detection threshold (GDT), duration discrimination test
(DDT), duration pattern test (DPT), and the modulation detection threshold for sinusoidally amplitude-modulated noise
(SAM) at six different modulation frequencies — were used to assess differences in temporal processing abilities between 15
trained violinists and 15 trained vocalists. The results were compared with a group of 15 non-musicians.

Results: Musicians, both violinists and vocalists, always performed significantly better (p<0.01) than non-musicians in all 4
psychoacoustic tests. Vocalists performed equal to or slightly better than violinists in GDT and at 5/6 modulation frequencies
in modulation detection threshold for SAM noise test, although the differences were not statistically significant.

Conclusions: Although vocalists and instrumentalists undergo different forms of training in terms of the sound they pro-
duce and the sound qualities they need to perceive, the training does not lead to any major difference in their temporal pro-

cessing abilities of acoustic signals.
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PROCESAMIENTO DE LA ESTRUCTURA TEMPORAL DE LA SENAL EN MUSICOS Y
NO-MUSICOS

Resumen

Introduccion: La habilidad de procesamiento de la estructura temporal de la sefial es importante en el proceso de la diferen-
ciacion del habla, y, por lo general, estd mds desarrollada en los musicos que en otras personas. Dado que existen varios mé-
todos de entrenamiento, utilizados en el desarrollo de las habilidades musicas (p.ej. vocales o instrumentales), las diferencias
entre ellos pueden llevar a la diferenciacion de las habilidades del procesamiento de la estructura temporal de las sefiales acts-
ticas. El objetivo del presente estudio es comprobar si existen diferencias en el procesamiento de la estructura temporal de la
sefal entre los violinistas y cantantes.

Material y métodos: Se han realizado cuatro diferentes pruebas psicoacusticas- prueba de deteccion aleatoria de las brechas
(GDT), prueba de digitos dicéticos (DDT), prueba de patrones temporales (DPT), prueba de deteccién de umbrales de mo-
dulacién para los ruidos de una amplitud modulada de forma sinusoidal (SAM) para seis frecuencias de modulacién diferen-
tes. El objetivo de estas pruebas ha sido la evaluacién de las diferencias en las capacidades de procesamiento de la estructu-
ra temporal de la sefal, entre 15 violinistas y 15 cantantes profesionales. Los resultados se han comparado con los resultados
de los no- musicos.

Resultados: Los musicos, tanto los violinistas como y cantantes, han obtenido unos resultados mucho mejores (p<0.01) que los
no-musicos en todas las 9 pruebas psicoacusticas. Los resultados de los cantantes han sido iguales con las pruebas de los violi-
nistas o ligeramente mejores en 6 de las 9 pruebas psicoacusticas, aunque las diferencias no han sido estadisticamente relevantes.

Conclusiones: Aunque las formas de entrenamiento relacionado con el sonido y su calidad son distintas en caso de los cantan-
tes y de los instrumentalistas, en efecto estas no afectan de forma significativa las diferencias en la habilidad del procesamien-

to de la estructura temporal de la sefial acustica.

Palabras clave: procesamiento de la estructura temporal de la sefial « violinistas « cantantes
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IIPEOBPA3OBAHME BPEMEHHON CTPYKTYPBI CUTHAJIA Y MY3BIKAHTOB U
HEMY3bIKAHTOB

Nsnoxenne

BBemenne: YMeHMs Ipeo6pa3soBbIBATE BPEMEHHYIO CTPYKTYPY CUTHAJIA SB/IAIOTCS BaKHBIMU IO BOIIPOCY pas/MyeHus
peun, O6BIYHO OHM 6OJIee PasBUTHI Y MY3bIKAHTOB 4eM y APYTuX mofeil. [IocKoIbKy CyIlieCTBYeT MHOTO METOHOB Tpe-
HJIHT4, VICIIO/Ib30BaHHBIX JUIA Pa3BUTHA MY3bIKaJIbHBIX YMEHMIT (HAIl. BOKAJIbHBIX VI MHCTPYMEHTA/TbHBIX), Pa3HNUIIA
MEXJY HUMI MOXKET BeCTH K inddepeHumannm yMeHuii npeo6pasoBbIBaTb BPEMEHHYIO CTPYKTYPY aKyCTUYeCKMUX CUT-
Has10B. Lle/bio paboThI AB/ISIETCS IPOBEPKa, CYIIECTBYIOT I PAa3INdNs B IPe0Opa3oBaHNU BPeMEHHOI CTPYKTYPbI CUT-
Haja y CKpuIaueil 1 BOKaaICTOB.

Marepuan u MeTonbl: [IpoBefieHO YeThIpe pasHble ICUXOAKYCTUYECKIE TeCTa — TECT Ha OOHApy)XeHVe MHTEPBAJIOB B
mryme (GDT), Tect BpemenHsix pasuut (DDT), Tect BpeMmenHsix 06pasios (DPT), TecT Ha 06Hapy>keHIe IIOPOrOB MO-
IYJSLMAA IS LIYMOB C CMHYCOM/JA/IbHOI MO Y/IMPOBAHHOM aMITIUT Y0 (SAM) /s 1IeCTV pasHbIX YaCTOT MOAY/IALIMN.
Ilenbio TeCTOB ABJIANIACD OLIEHKA PAa3HMI] B BOSMOXKHOCTSAX IIpe0Opa3soBaHsi BpeMEHHOM CTPYKTYpbI MeXAy 15 mpodec-
CMOHA/IbHBIMM CKpuIlad4aMu 1 15 mpogeccuoHaTbHBIMU BOKaIUCTaMM. Pe3ybTaTsl ObUIM CpaBHEHBI C pe3y/IbTaTaMy JIio-
Ieil, KOTOpbIe He SABJIS/INCh MY3bIKAaHTAMMU.

Pesynbrarbl: My3bIKaHTBI, KaK CKPUIIA4M, TaK M BOKA/JMCTBI, VMeM 3HAYMTEIbHO JIydllye pe3ynbTaTsl (p<0.01) yem
JIFORM, KOTOpbIe He ObUIM My3BIKAHTAMM BO BCeX 9 NMCUXO0AKyCTUYECKUX TeCTaX. Pe3yIbTaTbl BOKa/INCTOB OBUIM PaBHbI
pesyabTaTaM CKpUIIadell M1y HEMHOTO JIy4ile B 6 U3 9 IMCUXO0aKYCTUYECKUX TECTOB, XOTA 9TH pas3nudms He ObUIM CTa-
TUCTUYECKN CYIIeCTBEHHBIMM.

HWrorm: HeCMOTpF{ Ha TO, YTO BOKA/IMICThI I MHCTPYMEHTAJIVICTDI IPOXOOAT pa3HbIe q)OpMI)I TpEHVHIA B obmactu 3BYKa,
KOTOPBIM 3aHMMAIOTCs, U Ka4e€CTBa 3ByKa, K KOTOPOMY CTPEMATCS, B UTOr'€ 3TO HE BAMAET 3HAYNTE/IPHO Ha pa3HMIYy B

YMeHMsX IIPpeo6pa3oBbIBaTh BPEMEHHYIO CTPYKTYPY aKyCTHMUECKOTO CUTHAIA.

KnroueBble ctoBa: 06paboTKa BpeMeHHOI CTPYKTYPBI CUTHA/IA o CKPUIIAYM o BOKA/IVCTHI

PRZETWARZANIE STRUKTURY CZASOWE]J SYGNALU U MUZYKOW
I NIE-MUZYKOW

Streszczenie

Wprowadzenie: Umiejetnosci przetwarzania struktury czasowej sygnatu sg istotne w kwestii rozrézniania mowy i zwykle sa
bardziej rozwini¢te u muzykéw niz u innych oséb. Jako, Ze istnieje wiele metod treningu stosowanych do rozwoju umiejetno-
$ci muzycznych (np. wokalnych lub instrumentalnych), réznice miedzy nimi mogg prowadzi¢ do zréznicowania umiejgtnosci
przetwarzania struktury czasowej sygnaléw akustycznych. Celem pracy jest sprawdzenie czy istniejg réznice w przetwarzaniu
struktury czasowej sygnalu u skrzypkow i wokalistow.

Material i metody: Przeprowadzono cztery rézne testy psychoakustyczne - test na wykrywanie przerw w szumie (GDT), test
réznic czasowych (DDT), test wzorcow czasowych (DPT), test na wykrywanie progéw modulacji dla szuméw o sinusoidalnie
modulowanej amplitudzie (SAM) dla sze$ciu réznych czestotliwosci modulacji. Celem testow byla ocena réznic w mozliwo-
$ciach przetwarzania struktury czasowej sygnatu pomiedzy 15 zawodowymi skrzypkami i 15 zawodowymi wokalistami. Wy-
niki zostaly poré6wnane z wynikami oséb nie bedacych muzykami.

Wyniki: Muzycy, zaréwno skrzypkowie jak i wokali§ci, mieli znacznie lepsze wyniki (p<0.01) niz osoby nie bedace muzykami
we wszystkich 9 testach psychoakustycznych. Wyniki wokalistow byly réwne wynikom skrzypkéw lub nieco lepsze w 6 z 9 te-
stow psychoakustycznych, cho¢ te réznice nie byly statystycznie istotne.

Whnioski: Mimo, ze wokalisci i instrumentaliéci przechodzg rézne formy treningu w zakresie dZzwigku, ktorym sie zajmuyja, i ja-
kosci dzwigku, do ktorego daza, w efekcie nie wplywaja one znaczaco na réznice w umiejetnosciach przetwarzania struktury

czasowej sygnatu akustycznego.

Stowa kluczowe: przetwarzanie struktury czasowej sygnalu « skrzypkowie « wokalisci

36 © Journal of Hearing Science® - 2014 Vol. 4 - No. 3



Vijaya Kumar et al. — Temporal processing in musicians and non-musicians

Background

Temporal processing ability is the ability of an individu-
al to process and perceive the time-related cues within an
acoustic signal [1]. These cues are important for the per-
ception of speech [2,3] since speech is made up of a string
of various sounds (consonants and vowels). Perception of
these speech sounds depends upon recognizing character-
istics such as place and manner of articulation. Produc-
tion and perception of any speech sound involves a series
of processes such as the movement of articulators and the
encoding and decoding of the ensuing speech sounds. The
processes involved provide cues which are necessary for
decoding speech. The cues might relate to the intensity,
frequency, or duration of an acoustic signal.

Temporal processing ability relates mostly to the process-
ing of duration-related cues. For example, the produc-
tion and perception of a stop consonant includes a series
of processes that involve time-related cues such as clo-
sure duration, burst duration, transition, and voice onset
timing [4-6]. Any small difference or change in the tim-
ing or duration of such cues can help differentiate vari-
ous speech sounds. For instance, the duration of a burst
is more for velar and shorter for bilabial stop consonants
[7], and closure duration is greater for a labial place of ar-
ticulation than a velar [8].

Temporal processing abilities have been reported to be su-
perior in musicians compared to non-musicians [9-13].
Further, it is well established in the literature that musical
training or musical exposure helps not only in fine tun-
ing of auditory pathways but also helps preserve tempo-
ral resolution ability in the elderly hearing-impaired pop-
ulation [14].

Music is a universal language and has many types. There
is much diversity across the world in terms of music gen-
res and types of musicians. Basically, musicians can be
classified either as vocal musicians (vocalists) or instru-
mental musicians (e.g. violinists, veena players, guitarists,
etc.). Vocal musicians, also known as singers, are trained
to produce and perceive detailed structures (e.g. variations
in pitch, loudness, rhythm, melody, etc.) of chain of speech
sounds with or without using an instrument. On the other
side, instrumental musicians are trained mainly with the
production and perception of non-verbal sounds using an
instrument such as violin, guitar, veena, etc.

There are certain differences between vocal and instrumen-
tal music which mean that trainees undergo different ex-
periences and perform different tasks. In general, most of
the musical instruments tend to have high linear resona-
tors: the role of these resonators for determining the fre-
quency of produced sound vary from instrument to in-
strument [15]. Besides linear resonators, some instruments
utilize non-linear resonators also. By the use of resonators
it is possible for an instrument to produce a sound of par-
ticular frequency with sustained note which is complete-
ly independent of fluctuations in loudness and does not
require much adjustments in other parameters. Howev-
er, this seems to be slightly difficult in singing. Although
human’s vocal folds do exhibit linear resonators but they
are not as high as in musical instruments, they might not

have a complete control on the pitch of sounds [15,16].
Therefore in order to produce vocal sounds with sustained
pitch, our vocal folds would require the adjustment of its
other parameters. Furthermore, most of the sounds pro-
duced by an instrument might not contain a broad range of
frequencies leading to its unnatural sound quality whereas
speech sounds are usually broad band and hence sounds
more natural, and are easily comprehensive [17].

Several studies have supported the fact that auditory pro-
cessing of signals might differ depending on musical gen-
re [18-20] although other studies contradict this [21]. In
any case, research on vocal musicians is scarce, and com-
parisons of the temporal processing abilities between vocal
and instrumental musicians have rarely been done. Since
the exercises and tasks required in learning vocal music
or instrumental music are different, we hypothesize that
the complexity of auditory processes involved in learning
and perceiving each musical form might also be different.

There is a lack of consensus among researchers regarding
the different complexities involved in processing of acous-
tic signals from different music genres. Thus, the current
study was conducted to compare, between instrumental
musicians and vocalists, one among many auditory pro-
cesses: the temporal processing of an acoustic signal. In
addition we made efforts to compare temporal process-
ing between musicians and non-musicians. The non-mu-
sician group was considered the reference group in order
to control for variables such as age, method, and instru-
mental technique. Psychoacoustic studies suggest that mu-
sicians who tune their own instrument have better frequen-
cy discrimination than those who do not [22]. Among the
string instruments used in Carnatic music (usually violin
or veena), the violin with four strings was selected as it is
the most commonly taught classical string instrument in
Karnataka. Also, violin is a lead instrument that is similar
to vocal music; hence violinists were selected for the study.

Material and methods

Participants

Exactly 15 professionally trained violinists, 15 profession-
ally trained vocalists with more than 5 years experience in
their areas of expertise (vocal or violin), and 15 non-musi-
cians participated in the study. All participants were aged
18-45 years. A structured questionnaire was administered
to ascertain the musical background and general health of
participants. Questions covered basic information concern-
ing age, education, working experience, medical history
(middle ear disease, ear surgery, etc.), musical history (in-
itiation age of training, form of musical training, musical
proficiency, etc.), lifestyle (smoking, noisy hobbies, etc.),
and their personal judgement of their own hearing status.
Information regarding musical background is summarized
in Table 1. Written consent was obtained from all partic-
ipants and they were also informed of the complete test
procedure and the approximate time needed for each test.

Participant selection criteria

All subjects were native Kannada speakers with normal air
and bone conduction hearing thresholds (<15 dB HL) at
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Table 1. Musical background of violinists and vocalists

Chronological age

Initiation age of musical

Musicians (years) training (years) Musical proficiency
Violinist 01 38 12 Senior
Violinist 02 19 9 Junior
Violinist 03 31 12 Junior
Violinist 04 20 10 Junior
Violinist 05 24 9 Junior
Violinist 06 39 11 Senior
Violinist 07 42 8 Vidwath
Violinist 08 29 11 Senior
Violinist 09 44 12 Vidwath
Violinist 10 27 11 Junior
Violinist 11 33 9 Senior
Violinist 12 40 8 Vidwath
Violinist 13 39 11 Senior
Violinist 14 22 7 Junior
Violinist 15 26 8 Junior
Vocalist 01 33 6 Senior
Vocalist 02 43 6 Vidwath
Vocalist 03 22 12 Junior
Vocalist 04 29 12 Junior
Vocalist 05 33 9 Senior
Vocalist 06 19 12 Junior
Vocalist 07 19 9 Junior
Vocalist 08 29 8 Senior
Vocalist 09 36 5 Senior
Vocalist 10 40 8 Vidwath
Vocalist 11 18 10 Junior
Vocalist 12 25 11 Junior
Vocalist 13 44 7 Vidwath
Vocalist 14 39 8 Senior
Vocalist 15 27 9 Junior

There are 3 levels of proficiency in Carnatic music: a) Junior b) Senior, and c) Vidwath. Beginners start at Junior level and
to move to the next level (i.e. Senior and then Vidwath) they have to pass exams conducted by the Karnataka Secondary

Education Board.

octave frequencies from 250 Hz to 8 kHz or 4 kHz bilat-
erally; normal middle ear function (A-type tympanogram
using a 226 Hz probe tone and normal acoustic reflexes
in both ears); speech recognition threshold of +12 dB (re
PTA of 0.5, 1, and 2 kHz) in both ears; speech identifica-
tion scores (SIS) of more than 90% at 40 dB SL (re SRT);
and with no illness on the day of testing. Participants with

38

the presence/report of any neurologic or structural abnor-
mality (ascertained by the researcher) were not considered.

Test environment

All tests were conducted in a sound-treated double room
as per the standards of ANSI S3.1 (2003) [23].

© Journal of Hearing Science® - 2014 Vol. 4 - No. 3
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Procedure
The complete procedure was divided into two phases:
Phase I

This phase included tests to ascertain normal hearing sen-
sitivity in all subjects and took approximately 35 to 40 min-
utes. Pure tone air conduction and bone conduction thresh-
olds were obtained using a modified version of the Hughson
Westlake procedure [24] for octave frequencies from 250 Hz
to 8 kHz or 4 kHz. Confirmation of normal middle ear func-
tion was done using tympanometry and reflexometry with
a GSI Tympstar middle ear analyzer (Grason-Stadler Inc,
USA). Normal speech perception abilities and absence of
any neurologic problems were confirmed by assessing the
speech recognition threshold (SRT) using Kannada Spon-
dee words [25] and speech identification scores (SIS) using
the Kannada Phonemically Balanced (PB) word list [26].

Phase II

Only if a participant fulfilled all criteria for normal hearing
sensitivity, as assessed using the tests in Phase I, was Phase
II conducted. This phase consisted of four psychoacous-
tic tests assessing temporal processing abilities. These four
tests (GDT, DDT, DPT, and modulation detection thresh-
old for SAM noise at six different modulation frequencies,
as listed below) were chosen because of their wide utili-
zation and acceptance in the literature for assessing tem-
poral processing ability. Moreover, they are easy to access
and easy to conduct. All psychoacoustic tests were con-
ducted monaurally in the ear with better thresholds. If a
participant had symmetrical thresholds then the tests were
conducted in the right ear. For all psychoacoustic tests the
stimulus was presented at 40 dB SL with reference to PTA
or at the most comfortable level using calibrated Sennheis-
er HAD 200 circumaural headphones. All psychoacous-
tic tests were conducted in the same order as listed below.
After each test a 5-10 minute rest period was given to en-
sure that participants remained alert.

Gap detection threshold (GDT)

The GDT test consists of a standard stimulus of 750 ms
duration Gaussian noise incorporating a standard duration
silence at its temporal center. The stimulus noise had a 0.5
ms cosine ramp at both onset and offset. A three-interval
alternate forced-choice method (3IAFC) was used. A sin-
gle trial consisted of three blocks of noise, one of which
contained a gap. The subjects were instructed to detect the
block of noise with the gap and the length of the gap was
changed as a function of the subject’s performance. The
minimum gap duration that the subject could detect was
considered as the GDT. A staircase procedure run under
Apex 3 software was used to provide an estimate of the
71% correct response level [27].

Duration discrimination test (DDT)

The DDT measures the minimum difference in duration
required to perceive two otherwise identical stimuli. The
standard stimulus was a pure tone of 250 ms and the du-
ration of the variable tone was based on the responses of

the subject. In a 3IAFC procedure, the subject was asked
to nominate which interval contained the longer duration
signal, in other words which signal (first, second, or third)
was the longer. A staircase procedure run under Matlab
R2010b software was used to provide an estimate of the
71% correct response level [27].

Duration pattern test (DPT)

The DPT consists of a 1000 Hz pure tone of two different
durations [28]. The short duration tone was of 250 ms and
the longer one was of 500 ms. The DPT has six different
patterns generated by combining these two durations with
three different tone patterns (long-long-short, short-short-
long, long-short-long, short-long-long, short-long-short,
long-short-short). The interstimulus interval was 250 ms
within a sequence and there was a gap of 6 sec between
two tone sequences. The subjects were asked to respond
by verbally repeating the sequence. After 5 practice trials,
30 test items were administered. Each correct response
was given a score of 1 and each wrong response was giv-
en a score of 0. Total scores out of 30 were considered.

Modulation detection thresholds for sinusoidally
amplitude-modulated noise

Unmodulated and sinusoidally amplitude-modulated
(SAM) Gaussian noise of 500 ms duration with a ramp of
20 ms was used as a stimulus. The SAM Gaussian noise was
presented at six different modulation frequencies (4, 8, 16,
32, 64, and 128 Hz), and modulation detection thresholds
were estimated using the 3IAFC method. On each trial, two
unmodulated and one modulated stimuli were successive-
ly presented with an interstimulus interval of 500 ms. The
subject’s task was to indicate which interval contained the
modulated noise. Modulation depth was varied between 0
to -30 dB (where 0 dB had 100% modulation depth and
-30 dB had virtually no modulation). The minimum mod-
ulation depth needed to detect a modulated signal was con-
sidered to be the modulation detection threshold. Thirty
trials were presented to each subject using the maximum
likelihood procedure (MLP) toolbox [29] in Matlab R2010b.

Statistical analysis

The data was statistically analyzed using SPSS (version 18)
software. Descriptive statistics (mean and standard devia-
tion) were computed for all parameters. Further, MANO-
VA was administered between the three groups with scores
of all the tests (GDT, DDT, DPT, SAM noise detection
thresholds at six different modulation frequencies) as de-
pendent variables.

Results

The results are reported separately for each test.

Gap detection threshold (GDT)

The mean and standard deviation (SD) of GDT for non-
musicians, violinists, and vocalists are shown in Figure 1.

MANOVA results revealed a statistically significant dif-
ference across the groups [F(2,42)=6.98, p<0.01]. Duncan
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2.89

20 2.2

Gap detection threshold

Non-musicians Violinists Vocalists

Figure 1. Mean gap detection thresholds (+1 SD) for non-
musicians, violinists, and vocalists

37.76

Duration discrimination threshold (ms)

Non-musicians Violinists Vocalists

Figure 2. Mean duration discrimination thresholds
(1 SD) for non-musicians, violinists, and vocalists

post hoc analysis revealed a statistically significant differ-
ence between the musicians (violinists and vocalists) and
non-musicians. However, no statistically significant dif-
ference was observed between the two musician groups
(although Figure 1 shows that the GDT of vocalists was
slightly better than that of violinists).

Duration discrimination test (DDT)

Figure 2 shows the DDT thresholds for all three groups.
MANOVA results revealed that there is a statistically signif-
icant difference across the groups [F(2,42)=11.33, p<0.01].
Duncan post hoc analysis revealed no statistically signif-
icant difference between the violinists and the vocalists.
However, a significant difference was observed between
the musicians and the non-musicians.

Clearly, musicians performed better than non-musicians
in this test (and now the violinists’ DDT thresholds were
slightly better than that of the vocalists).

Duration pattern test (DPT)

DPT scores for all the groups are shown in Figure 3.
MANOVA results revealed a statistically significant dif-
ference across the groups [F(2,42)=14.82, p<0.01]. The
Duncan post hoc test did not reveal any statistically sig-
nificant difference between violinists and vocalists. How-
ever, there was a statistically significant difference be-
tween musicians and non-musicians. As can be observed
from Figure 3, overall musicians performed better than

40
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Figure 3. Mean duration pattern scores (+1 SD) for non-
musicians, violinists, and vocalists

non-musicians (and here violinists and vocalists were
equally good).

Modulation detection thresholds for sinusoidally
amplitude-modulated noise

Figure 4 shows modulation detection thresholds for SAM
noise at six different modulation frequencies. Repeated
measures ANOVA with modulation detection thresholds at
different frequencies was done, both within-subject factor
and group and between-subject factor. The results revealed
a main effect of the group [F(2,42)=5.54, p<0.01]. There
was no significant interaction between thresholds at differ-
ent modulation frequencies and groups [F(10,210)=0.72,
p>0.05]. Duncan post hoc test results revealed a statistically
significant difference between the musicians and non-mu-
sicians, whereas there was no statistically significant dif-
ference between the violinists and vocalists. Overall mu-
sicians performed better than non-musicians.

Discussion

The present study reveals no significant difference between
violinists and vocalists in their temporal processing abili-
ties. However, a significant difference was noted between
musicians and non-musicians. The results are in conso-
nance with results of past studies [10,12,30] which report
that temporal processing abilities are better or superior in
musicians compared to non-musicians. The better perfor-
mance of musicians can be attributed to the fact that mu-
sic exposure helps develop auditory pathways for detecting
fine modulations in intensity, frequency, or duration of a
signal, aspects which are important in facilitating speech
perception in noisy environments [10,12,14,30].

Further, since no statistically significant difference in tem-
poral processing was noted between violinists and vocal-
ists, one needs to be a little circumspect in directly com-
paring the present results with those obtained previously.
There are three reasons. First, the tests previously used by
various researchers to compare auditory processing within
musicians have gauged different aspects of auditory pro-
cessing — such as the smallest detectable frequency differ-
ence as assessed by Nikjeh [21] using difference limens
for frequency (DLFs) — whereas we have focused only on
temporal processing. Second, the categories of musicians
used by other researchers span a broad range; since each
musical instrument has its own distinctive features, one
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Modulation frequency (Hz)

Figure 4. Mean modulation detection
thresholds of SAM noise (¥1 SD) at six

=30 " = modulation frequencies for non-musi-
EV%T{n';;lt':'c'ans cians, violinists, and vocalists

=25 F = Vocalists H
s ool TTHL -l | 1 T 1
g
£ 15+ =
£
= 10 1

5| |

0
4Hz 8Hz 16 Hz 32Hz 64 Hz 128 Hz

instrument cannot be directly compared with another.
Third, to the best of our knowledge, until now no studies
have been conducted between violinists and vocalists us-
ing psychoacoustic tests like GDT, DDT, DPT, and mod-
ulation detection thresholds for SAM noise.

Nevertheless, putting aside the above three reasons, an at-
tempt can be made to broadly compare our findings with
similar studies. Our findings are in partial agreement with
Nikjeh [21] who used DLFs and reported slightly better,
though not significant, pitch production in vocal musicians
than instrumental musicians (brass, wind, or strings); over-
all, however, there was no significant difference in pitch per-
ception and pitch production accuracy between musicians.
In a different category of musicians, Kishon-Rabin et al. [18]
reported a significant difference in frequency discrimination
thresholds (using DLFs) between classical musicians and
contemporary musicians. Seppanen et al. [19] also report-
ed a significant difference in mismatch negativity (MMN),
which assesses pre-attentive acoustic discrimination, between
musicians who prefer aural strategies to practice and those
who use other strategies. Halwani et al. [31] have reported
that singers have a larger tract volume in the left dorsal and
ventral arcuate fasciculus compared to instrumentalists, al-
though there is no significant difference between the two.
They further conclude that musicians, especially singers, can
be used as a model to demonstrate structural as well as func-
tional adaptations of the auditory — motor system by showing
structural differences between the brains of those engaged in
specific types of music training (vocal versus instrumental).

Statistically, the results of the present study provide no
firm conclusion on whether a vocalist or instrumental-
ist will have better temporal processing abilities. Con-
sidering all the tests, however, it is seen that out of the
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Conclusions
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that the degree to which musical training enhances tem-
poral processing ability is about the same, irrespective of
training method or type of music being learnt. However,
to come to a strong conclusion, further research tapping
other auditory processes such as those related to pitch,
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