
Objective: Difference limen for frequency (DLF) is the smallest detectable change in frequency. The perception ability of this
difference changes from person to person depending on the level of musical education. It is mainly mentioned on the studies
about DLF that musical education has an improving effect on the perception of frequency discrimination. Thus the aim of this
study was to determine the effect of formal music education on the performance of frequency discrimination and hearing
sensitivities. 

Materials and Methods: In this study a total of 32 individuals aged between 19 and 28 years were tested in two groups. The
first group was made up of musically untrained participants and the second group consisted of musically trained individuals.
Primarily data from DLF test and the pure tone thresholds were compared among groups. The performance of frequency
discrimination changing from sensation level and frequency was also studied by using FMDL procedure.

Results: The results indicated that the musically trained participants performed better than untrained participants in frequency
discrimination tasks. It was found that the frequency discrimination ability increases in the 500-4000 Hz frequency range and
with a higher sensation level for all participants.

Conclusions: Studies using these techniques can provide information regarding music education influences auditory
perception. Musical training might increase the spontaneous attention to the sound heard and the ability to discriminate. Music
becomes a useful tool with which to motivate and enliven the sessions. 
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Hearing is an important aspect of communication and
provides a pleasurable experience to people specially
listening to music [1, 2]. Over the past 20 years, there has
been an increasing, worldwide research interest of
musical education, effect of musical training on
auditory skills [1-7]. Particular studies in audiology have
focused on musical perception and hearing sensitivity
[8-10]. It is expected that musicians, in general, will be
proficient in auditory modality, because of their
extensive experience with auditory input. Musicians
acquire a great expertise in processing auditory
features like tonal pitch or timbre. [8, 9, 11].

In psychophysics, a just noticeable difference is the
smallest difference in a specified modality of sensory
input that is detectable by a human being. It is also known

as the difference limen or the differential threshold [12-14].
Difference Limen (DL) is the smallest difference which
can be discriminated between two stimuli or one which is
barely above the threshold. Studies examined the
frequency discrimination ability focused on how the ears
processed difference limen for frequency [15, 16].

In acoustic hearing, difference limens for frequency
modulation (FM) have also been studied
extensively[3,17,18]. Frequency modulation (FM) conveys
information over a carrier wave by varying its
frequency. Frequency modulations are abundant in
speech, music and other sounds that are available in
environment. 

The first method to evaluate frequency discrimination
performance is the determination of two tones that are
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represented one after the other (Difference Limen for
Frequency; DLF) and the second is the determination
of modulation quantity in the level of frequency
modulated tones (Frequency Modulation Difference
Limen; FMDL). These two methods are important for
frequency discrimination mechanisms of pure and
complex tones [13]. In DLF, frequency discrimination
depends on the frequency of tones, but in FMDL, it is
less dependent on frequency [19, 20]. Zwicker [19]

suggested that in FMDL, the excitation pattern concept
is important. Frequency changes significantly affect
the excitation pattern of the basilar membrane.
Zwicker’s excitation pattern concept revealed that
stimulus changes of 1 dB or more over the excitation
pattern in the basilar membrane make a difference for
discriminating tones. He also explained the excitation
pattern concept with place theory. Each fiber of
auditory nerve acts as a sound band filter. If the sound
is frequency modulated, the central frequencies create
the excitation pattern in the auditory nerve. The large
frequency modulation explained the modification of
the discharge rate on the fiber.

A variety of studies have shown that the extensive

musical practice can induce cortical reorganization [21-

24]. Musicians demonstrate lower frequency and

duration of discrimination thresholds due to cortical

reorganization. These threshold differences may

actually demonstrate one aspect of the neural substrate

of musical expertise. Although musical expertise is

solely dependent upon exceptional discrimination

skills, skilled musical performance depends upon a

number of technical and expressive talents and

exceptional discrimination ability is a necessary

component for proficient musical performance [22-26].

The few studies undertaken to examine discrimination
ability in musicians and non-musicians have reported
mixed results. Geringer [25] found that musicians who
were presented with pairs of excerpts of familiar
orchestral music were better able to discriminate pitch
and tempo than non-musicians. Likewise,
undergraduate music students performed better than
non-music students on a pitch discrimination task [27].

Similar effects have been found for musically trained
children [28]. Another study reported better pitch
discrimination for musically trained subjects than
untrained subjects, although no difference was found
between groups for duration discrimination [29]. Pitt [5]

reported that there is no relationship between musical
education and rhythm, although pitch discrimination
ability of musically trained individuals is higher than
for musically untrained individuals. Rakowski [3]

suggested that pitch discrimination is not affected by
white noise in musically trained individuals. Elliot et
al. [4] mentioned that musically untrained individuals
are less successful than musically trained individuals
in the detection of musical intervals. However, there
are only a few studies [3, 5, 13] on the effect of musical
education on frequency discrimination using FMDL
and, with this in mind, the aim of this study was to
determine the effect of  short- term (less than 4 years)
formal music education on the performance of
frequency discrimination and hearing sensitivities. 

The purpose of the present study was to expand our
knowledge on the basic auditory abilities of musicians
compared to non-musicians. Our goals were [1] to
compare frequency modulated difference limen; FMDL
in musicians and non-musicians [2] to compare FMDL
thresholds obtained with three different sensation levels,
in order to prove which sensation level makes the
difference in frequency discrimination [3] to compare
hearing sensitivities in musicians and non-musicians.

Material and Methods

Thirty-two subjects took part in two groups in this
experiment. In the first group, there were 16 young
adults. In this group, the age range was 19-28 years
(mean 23) all of whom were, or had been, professional
musicians. All were still in education and studying the
4-year Music Teaching Program at the Department of
Fine Arts, Gazi University Faculty of Education. They
also sang and played some musical instruments. All
were at 3 years of education in music. They all had
normal hearing bilaterally, with pure-tone thresholds
in both ears at or below the 15 dB hearing level at
octave frequencies of 125-8000 Hz (ANSI, 1969).
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In the second group, the age range was 19-27 years
(mean 21.5). They all had normal hearing bilaterally,
with pure-tone thresholds in both ears at or below the
15 dB hearing level at octave frequencies of 125-8000
Hz (ANSI, 1969) and all were studying a 4-year course
at the Department of Physical Therapy at Hacettepe
University Health Sciences Faculty. No one was
playing a musical instrument and none had prior
experience in psycho-acoustic tasks. 

The audiometric tests and FMDL tests were carried out
with an Interacoustics AC-40 clinical audiometer with
with TDH 39 headphone and MX41/AR cushion in
Industrial Acoustics Company (IAC) standard sound
treated rooms to determine air conducted thresholds
between 125 and 16,000 Hz. Otoscopy was followed
by tympanometry on Interacoustic AZ22 middle ear
analyzer.

A clinical adaptation of the frequency discrimination
procedure [30] was used for measurement of FMDLs on
Interacoustics AC-40 clinical audiometer. An adaptive
(three-down, one-up) task converging on the
probability of correct response of 0.794 [31] was used for
measurement of FMDLs.

Subjects were first trained to listen for a difference
between two tones with widely differing modulation
(0% FM and 5% FM) until they reached a 100%
criterion of consistent responses. Next, subjects
listened in the experimental procedure to a sequence of
two tones: 1) an unmodulated standard tone; and 2) a
frequency modulated tone varying in modulation (5, 3,
2, 1, 0.8, 0.6, 0.4, 0.2, and 0%). Subjects were required
to report an audible difference (“yes”) between
modulated and unmodulated tones by pressing a
response button. Modulation was varied adaptively,
i.e., decreased after three “yes” responses and
increased after one “no” response. Frequency
modulation difference limen (FMDL) was defined as
the smallest detectable difference in frequency
modulation between the modulated tone and
unmodulated standard tone. Repeatability of the
FMDL response was required on a successive run for
test-retest reliability purposes. The intervals were
separated by a 20-ms silence. Scoring made by hand

scoring. Correct answer feedback was provided by
lights on the response box.

FMDL test stimuli were presented in the order of 20
dB SL, 40 dB sensation level (SL) and 60 dB SL.
Different sensation levels were used to determine the
desired sensation level which improved the FMDL
performance for musicians and non-musicians. The
amount of modulation required for detection was
determined as 0.2%, 0.4%, 0.6%, 0.8%, 1%, 2%, 3%,
and 5% at frequencies between 125-8000 Hz.

To establish FMDLs in the following frequency order:
1000 Hz, 2000 Hz, 4000 Hz, 6000 Hz, 8000 Hz, 500
Hz, 250 Hz, and 125 Hz. 

All tests were carried out in one session.

Results

The primary question addressed in this study was
whether musicians’ ears show better frequency
discrimination (smaller FMDLs) than nonmusicians. 

In FMDL tests at 20, 40, and 60 dB SL modulation rate,
differences between the first and second groups are
statistically significant for the left and right ear at 125-
8,000 Hz. (Figures 1-6). There were significant (p< 0.05)
differences between musicians versus nonmusicians
right ear frequency discrimination performance at 20 dB
SL 125 Hz (t =2,65; p =0,0126), 250 Hz (t =3,001; p
=0,0054), 500 Hz (t =2,270; p =0,0305), 1,000 Hz  (t
=2,153; p =0,039), 2,000 Hz (t =2,819; p =0,0085), 4,000
Hz (t =3,139; p =0,0038), 6,000 Hz (t =3,627; p
=0,0011), 8,000 Hz (t =3,694; p =0,0009). 

There were also significant (p < 0.05) differences
between musicians versus nonmusicians left ear
frequency discrimination performance at 20 dB SL 125
Hz (t =2,879; p =0,0073), 250 Hz (t =3,629; p
=0,0010), 500 Hz (t =3,470;p =0,0016), 1,000 Hz  (t
=2,716; p =0,0109), 2,000 Hz (t =3,073; p =0,0045),
4,000 Hz (t =2,089; p =0,0453), 6,000 Hz (t =3,601; p
=0,0011), 8,000 Hz (t =4,849; p <0,0001).

There were significant (p< 0.05) differences between

musicians versus nonmusicians right ear frequency

discrimination performance at 40 dB SL 125 Hz (t

=3,847; p =0,0006), 250 Hz (t =3,662; p =0,001), 500



Hz (t =2,353; p =0,0254), 1000 Hz  (t =2,919; p

=0,0066), 2,000 Hz (t =2,766; p =0,0096), 4,000 Hz (t

=3,354; p =0,0022), 6,000 Hz (t =3,631; p =0,001),

8,000 Hz (t =2,951; p =0,0061). There were also

significant (p < 0.05) differences between musicians

versus nonmusicians left ear frequency discrimination

performance at 40 dB SL 125 Hz (t =2,186; p =0,036),

250 Hz (t =3,989; p =0,0004), 500 Hz (t =3,256; p

=0,0028), 1,000 Hz  (t =2,704; p =0,0112), 2,000 Hz (t

=3,209; p =0,0032), 4000 Hz (t =2,922; p =0,0066),

6,000 Hz (t =2,926; p =0,0065), 8,000 Hz (t =3,738; p

=0,0008).

There were significant (p< 0.05) differences between
musicians versus nonmusicians right ear frequency
discrimination performance at 60 dB SL 125 Hz (t
=2,540; p =0,0165), 250 Hz (t =3,093; p =0,0043), 500
Hz (t=3,640; p =0,001), 1,000 Hz  (t=3,049; p=0,0048),
2,000 Hz (t=2,848; p=0,0079), 4,000 Hz (t =3,437;p
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Figure 1. FMDL values at 20 dB SL for left ears of first and second
groups.

Figure 2. FMDL values at 20 dB SL for right ears of the first and the
second groups.

Figure 3. FMDL values at 40 dB SL for right ears of the first and
the second groups.

Figure 4. FMDL values at 40 dB SL for left ears of the first and the
second groups.

Figure 5. FMDL values at 60 dB SL for right ears of the first and
the second groups

Figure 6. FMDL values at 60 dB SL for left ears of the first and the
second groups



=0,0017), 6,000 Hz (t =2,451; p =0,0203), 8,000 Hz (t
=2,976; p =0,0057).

There were also significant (p < 0.05) differences

between musicians versus nonmusicians left ear

frequency discrimination performance at 60 dB SL 125

Hz (t =2,305;p =0,0283), 250 Hz (t =2,05; p =0,0492),

500 Hz (t =2,586; p=0,0148), 1,000 Hz  (t=2,694; p

=0,0114), 2,000 Hz (t=2,233; p =0,0332), 4,000 Hz (t

=2,265; p=0,0309), 6,000 Hz (t =2,760; p=0,0098),

8,000 Hz (t =2,626; p =0,0135).

(1) In the 500-4,000 Hz frequency range, both

musicians and non-musicians are more capable of

differentiating modulation rates at all sensation levels.

(2) Finding shows that, at frequencies of 125 Hz, 250
Hz and 8,000 Hz, musicians are more capable of
differentiating modulation rates at all SLs:

a. At frequency 125 Hz, the difference among 20 dB,

40 dB and 60 dB SL is not statistically significant (chi-

square= 6.5, p<0.05). The difference is statistically

significant between 20 dB SL and 60 dB SL (p<0.05).

b. At frequency 250 Hz, the difference among 20dB,

40 dB and 60 dB SL is not statistically significant (chi-

square= 6.21, p<0.05). The difference is statistically

significant between 20 dB SL and 60 dB SL and

between 40 dB SL and 60 dB SL (p<0.05).

c. At frequency 8,000 Hz, the difference among 20dB,

40 dB and 60 dB SL is not statistically significant (chi-

square= 6.03, p<0.05). The difference is statistically

significant between 40 dB SL and 60 dB SL (p<0.05).

(3) A student t test was used to find out whether
hearing thresholds differed significantly between
musicians and non musicians. No significant results
were found between groups for any tested frequencies.
The both groups were found equally sensitive to pure
tones at all tested frequencies (Figure 7- 8) (Table 1).

Discussion

There are growing indications that those who study
music, particularly those who start at an early age,
show neurological differences when compared to those
who have not had much training. Adult musicians have
stronger and faster brain responses to musical tasks [32]

and certain parts of their brains, related to music
processing, are larger or more responsive [33-39]. All of
this research strongly suggests that early musical
experiences imprint themselves on the brain as do all
learning experiences that have the potential for
changing brain organization. 

In literature, there are very few studies on the frequency
discrimination ability in musicians and non-musicians.
In recent studies, the FMDL test was used to study the
performance of frequency change detection [19, 40]. In his
study, Pitt proposes that pitch differences are more
easily detected by musically educated individuals [5]

while Barsz suggests that musical education is
important in making decisions on whether sounds are
the same or different [41]. In the present study, the second
group’s modulation thresholds were lower in all SLs,
and pure tone thresholds at test frequencies were
numerically lower than in the first group. This proves
that frequency discrimination performance is developed
by musical education. 
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Figure 7. mean right pure tone hearing thresholds of first and
second group 

Figure 8. mean left ear pure tone hearing thresholds of first and
second group



Crummer et al. mentioned that brain activity, memory
and information processing may vary depending on
the level of musical education. In addition, they
showed that these differences are contingent on
hemispheric lateralization [40]. In this study, we suggest
that the superiority of the right ear at all sensation
levels for differentiating modulation rates depends on
hemispheric lateralization. 

Discrimination of the frequency of a sound is more
important than the effect of temporal characteristics [18].
In the present study, the impact of different SLs on
frequency discrimination ability are considered at
three levels and it has been found that as the level
increases, the modulation threshold decreases. Wier et
al. suggest that the relationship between SL and DLF
is linear; therefore, individuals have lower modulation
thresholds at high SLs [17]. The results of the present
study are similar to those of Wier et al. At 125 Hz, 250
Hz and 8,000 Hz frequencies, the differences among
20 dB, 40 dB and 60 dB SL are statistically significant
(p <0.05) and at 60 dB SL, frequency discrimination
performance is better at 125 Hz, 250 Hz and 8,000 Hz.

He et al. showed that better modulation thresholds
occur at higher SLs [42]. However, Ozimek and Sek
suggested that FMDL is not dependent on the sound
pressure level, but they only studied at a central
frequency of 1,000 Hz, therefore they have limited
results for FMDL [18].

In their study, Verschuure and van Meerteren stated that
pitch variations were decreasing at 1-2 kHz, therefore
high frequencies were increasing [43]. The results of the
present study agree with the study of Verschuure and van
Meeteren so that the differences between modulation
thresholds at low and high frequencies at 60 dB SL are
numerically lower for both groups [43].

In the literature, the relationships between intensity
level and pitch variations are explained by place theory
[44]. However, the frequency discrimination at low
frequencies is explained by temporal theory and at
higher frequencies, it is explained by place theory. In
addition, Dye and Hafter explained that frequency
perception increases with increasing level of intensity
[45]. In the present study at 60 dB SL, its lower
modulation thresholds at 125 Hz and 250 Hz can be
explained by temporal theory and at 8,000 Hz by place
theory [20, 46].

Another result of this study was to determine the
frequency range for lower modulation threshold. The
aim was to show the effect of frequency on frequency
discrimination so that the 500-4,000 Hz frequency
range was the range for lower modulation threshold.
This result confirms Zwicker’s model. Zwicker
proposed that frequency discrimination can be
explained by the excitation pattern of the stimulus
while frequency changes so that excitation patterns at
lower frequencies limit higher values, but at higher
frequencies, the excitation pattern varies randomly.
Emmerich et al. [41] indicated better performance in
frequency discrimination in the 0.5-4 kHz frequency
range and Heeley and Timney [47] suggested that
frequency discrimination ability increases at high
spatial frequencies compared with low frequencies.

Music is a way of thinking in sounds. Gardner stated
that music intelligence is equal in importance to
logical-mathematical intelligence, linguistic
intelligence, spatial intelligence, bodily-kinesthetic
intelligence, interpersonal intelligence, and
intrapersonal intelligence [48]. To ensure a
comprehensive learning experience, music must be
included in early childhood. 
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Table 1. t and p values for hearing thresholds. When the calculated P value is less than 0.05 (P<0.05), the conclusion is that the two
means are significantly different.

125 Hz 250 Hz 500 Hz 1,000 Hz 2,000 Hz 4,000 Hz 6,000 Hz 8,000 Hz 1,0000 Hz 1,2000 Hz 1,4000 Hz 1,6000 Hz

R t=1,754 t=2,95 t=1,762 t=1,179 t=1,742 t=1,179 t=-1,762 t=-1,23 t=1,533 t=0,651 t=-1,89 t=0,649

p=0,0897 p=0,7697 p=0,0849 p=0,2479 p=0,918 p=0,2479 p=0,0883 p=0,225 p=0,1357 p=0,5199 p=0,068 p=0,521

L t=-0,110 t=-0,87 t=0,640 t=0,886 t=-0,585 t=-0,688 t=-2,032 t=-1,29 t=-1,162 t=-0,727 t=-1,61 t=-1,52

p=0,913 p=0,39 p=0,5269 p=0,3825 p=0,5632 p=0,4968 p=0,0511 p=0,225 p=0,254 p=0,472 p=0,116 p=0,137



Studies using these techniques can provide

information regarding if and how music education

influences auditory perception. We look forward to

developing these methods in auditory training of

hearing impairment. Music could be a useful tool with

which to motivate and enliven these sessions. 
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