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Analysis of Output Levels of an MP3 Player: Effects of Earphone
Type, Music Genre, and Listening Duration
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Background and Objectives: To prevent noise induced hearing losses caused by listening to
music with personal listening devices for young adults, this study was aimed to measure out-
put levels of an MP3 and to identify preferred listening levels (PLLs) depending on earphone
types, music genres, and listening durations. Subjects and Methods: Twenty-two normal
hearing young adults (mean=18.82, standard deviation=0.57) participated. Each participant
was asked to select his or her most PLLs when listened to Korean ballade or dance music
with an earbud or an over-the-ear earphone for 30 or 60 minutes. One side of earphone was
connected to the participant’s better ear and the other side was connected to a sound level
meter via a 2 or 6 cc-couplers. Depending on earphone types, music genres, and listening
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durations, loudness A-weighted equivalent (LAeq) and loudness maximum time-weighted
with A-frequency sound levels in dBA were measured. Results: Neither main nor interaction
effects of the PLLs among the three factors were significant. Overall output levels of earbuds
were about 10—12 dBA greater than those of over-the-ear earphones. The PLLs were 1.73 dBA
greater for earbuds than over-the-ear earphones. The average PLL for ballad was higher than
for dance music. The PLLs at LAeq for both music genres were the greatest at 0.5 kHz fol-
lowed by 1, 0.25, 2, 4, 0.125, 8 kHz in the order. Conclusions: The PLLs were not different
significantly when listening to Korean ballad or dance music as functions of earphone types,
music genres, and listening durations. However, over-the-ear earphones seemed to be more
suitable to prevent noise induce hearing loss when listening to music, showing lower PLLs,
possibly due to isolation from the background noise by covering ears.
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Introduction

Development in technology of modern science has inevi-
tably brought upon harmful noise to people’s health in ex-
change for enriching their lives. Consequently, the noise may
cause permanent hearing loss which could lead to stress, an-
noyance, depression and limited communication. However,
in the early stage of hearing loss, people may not experience
any difficulty in everyday conversational situations. There-
fore, the accumulated hazard accounting for hearing loss by

This is an Open Access article distributed under the terms of the Cre-
ative Commons Attribution Non-Commercial License (http:/creative-
commons.org/licenses/by-nc/4.0/) which permits unrestricted non-com-
mercial use, distribution, and reproduction in any medium, provided the
original work is properly cited.

listening to music during leisure activities have been described
in the literature across the nations [1-5].

Personal listening devices (PLDs), such as MP3 players,
portable multimedia player, smartphones etc., continued to
develop increasing data storage for storing up to 40,000 songs
with longer battery life for up to 30—40 hours [6]. The ex-
tended amount of hours of use for the variety of the PLDs re-
sulted in a higher risk of noise induced hearing loss for listen-
ing to music. According to Portnuff, et al. [7], improper use
of PLDs caused hearing loss by two potential elements includ-
ing individual’s preferred listening levels (PLLs) and exposure
duration. The background noise seemed to be one of the fac-
tors affecting PLLs, because the PLL increased as the back-
ground noise level increased [8]. Reducing the background
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noise was also proposed as one of the resolving methods [9,
10]. Also, the effects of earphone type and music genre had
been reported differing views among researchers as the factors
affecting PLLs [4,7,11].

Concerning the earphone types, it was known that the
smaller types of earphone produced the greater output levels
due to the location to near the tympanic membrane. When
the maximum output levels were measured in the different
types of earphones of MP3 players, earbuds reported 100.8
dBA and in-the-ear earphones reported at 102.3 dBA, and
over-the-ear earphones reported 96.7 dBA [7]. Although one
study showed the highest PLLs at over-the-ear earphones in
quiet and noisy environments out of three types of earphones
[8], PLLs were measured significantly lower when using
over-the-ear earphones than the other two earphones in many
studies [10,12,13].

Researches investigating the music genre have produced
mixed results about maximum output levels. Previous stud-
ies indicated that the highest maximum output levels of rock
or pop music among several music genres such as rock, hip-
hop, and ballade [4,9]. And when the maximum output levels
were measured at 10 music styles arbitrarily classifying into
three groups depending on the sound level, low with the clas-
sical music style, medium with folk, pop, salsa/Latin, classic
rock, and Latin-pop music styles, and high with electronic,
heavy/metal, reggaeton, and hip-hop music styles, the groups
showed the significant difference with 14.4 dB difference
[10]. But, the other study reported that there was no signifi-
cant difference in output levels according to music genres
among rock, R&B, country, and dance with the maximum vol-
ume setting [14]. Additionally, one study reported about PLLs
depending on music genres indicating significant difference
between two music genres, electronica and hip-hop with 24
college students [15].

In order to determine the hazardous sound levels of music,
standards for occupational noise exposure be adopted for
calculating and managing music induced hearing loss. The
International Standard Organization (ISO) and National In-
stitute of Occupational Safety and Health (NIOSH) made
standard and defined regulations for occupational noise. That
is a time-weighted average (TWA) level at 85 dBA for an 8
hour period per day as the maximum permissible dose of
sound energy [16,17]. In Korea, Korean Occupational Safety
Health Agency (KOSHA) has proposed a TWA level at 90
dBA for an 8 hour period per day as the maximum permissi-
ble exposure.

In study of PLD usage and knowledge of 180 college stu-
dents using self-reports, length of listening time to be harmful
to hearing was perceived as 30 minutes for 11% of the stu-
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dent, 60 minutes for 34%, 120 minutes for 36%, and 180 min-
utes for 19% indicating the importance of listening duration
[2]. Considering the results, there was the perception change
between the listening durations of 30 and 60 minutes. For col-
lege students, it was found to be at risk due to listening to mu-
sic with PLDs in excess of safe listening levels and durations
[13], the listening time for music draw particular interests with
music genres and earphone types to determine healthy listening
habits for young adults.

For providing basic information to build up the good listen-
ing habits and preventing noise induced hearing losses caused
by listening to music with PLDs for young adults, it is neces-
sary to investigate all the factors which affect the output lev-
els and PLLs of PLDs. Therefore, this study was aimed to
measure output levels of an MP3 player according to the vol-
ume levels and to identify PLLs depending on earphone types,
music genres, and listening durations.

Subjects and Methods

Participants

Twenty-two young adults (11 males, 11 females) with nor-
mal hearing participated after signing consent forms. Their
age ranged from 18 to 20 years of age (mean=18.82, stan-
dard deviation=0.57). The hearing thresholds were at 15 dB
HL or better in the frequency range of 0.25 to 8 kHz and
type A tympanograms bilaterally were assessed for all the
participants. None of the participants had any etiological fac-
tors of the ear pathology and were exposed to noise and/or
music for at least 24 to 48 hours prior to the experiment. The
study was approved by the Institutional Review Board of
Hallym University (HIRB-2014-90).

Experimental instruments

Two types of earphones, earbuds and over-the-ear ear-
phones, were utilized for this experiment. Those were LMX-
E112 earbuds (Cresyn, Seoul, Korea) and BKS-40 over-the-
ear earphones (Actto, Busan, Korea). The frequency range of
the earphones was 20—20,000 Hz. The impedances of the
earphones were 16 Q and 32 Q, respectively. LPlayer (Iriver,
Seoul, Korea) MP3 player that had volume levels ranging
from #0, representing no sound to #40, representing maxi-
mum volume were used. It was fully charged before being
turned on.

The sound level meter type 2250 (Briiel & Kjer, Naerum,
Denmark) was used. The microphones were prepolarized free
field 1/2" microphone type 4189 (Briiel & Kjer) for measur-
ing background noise levels and pressure-field 1/2" micro-
phone type 4192 (Briiel & Kjer) for measuring output levels
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of the earphones. The calibration was performed by a sound
calibrator type 4231 (Briiel & Kjer). The measurement pa-
rameters were loudness A-weighted equivalent (LAeq) and
loudness maximum time-weighted A-frequency (LAFmax).
LAeq is a widely used noise parameter that calculates an av-
erage constant level of sound when the fluctuating acoustic
signals are measured. LAFmax is the highest level of sound
occurring during the whole measurement time. The other pa-
rameters were fast time weighting, 1/1 octave bandwidth, au-
tomatic measurement control and free-field sound field correc-
tion. Measurement partner suite BZ-5503, an analysis program
linked with PC software, presented from Briiel & Kjer, was
to analyze the measured sound levels. The output levels gen-
erated by the MP3 player were estimated at eight-hour equiv-
alent continuous loudness with LAeq.s, which was calculated
and analyzed in this experiment using the same formula pro-
vided by many researchers [5,11,18-20]. In these previous
studies, LAeq-s, was defined as ‘a steady state sound pressure
level which would in the course of an eight hour period deliver
the same A-weighted sound energy on any particular represen-
tative working day’ and mathematically calculated from the
equation below.

LAeq-si=L1+10 logio(T/8)

Lt : corrected sound pressure level of the headphone to
free field

T : listening time

The music genre used for this experiment was drawn ran-
domly from a pool of Korean 7 ballad and 9 dance songs se-
lected from the popular music chart of Melon(www.melon.
com) which was online music service site. The transmitting
speed was 320 kilobits per second bit rate and the sampling
rate was 44.1 kHz. For 30 minutes of duration, the music was
edited by Goldwave ver. 5.88 (Goldwave, Saint John’s, Cana-
da) for equalizing the maximum volume and channel of each
song. For 60 minutes of duration, the edited 30 minutes dura-
tion of music was played repeatedly. Two listening durations,
30 and 60 minutes, were applied.

Experimental procedure

One side of earphone was connected to the participant’s
better ear and the other side was connected to the sound level
meter to measure output levels. The earbud and over-the-ear
earphones were attached to the plug socket located top of the
sound level meter using preamplifier ZC 0032 (Briiel & Kjeer)
with 2 cc click-on coupler type 4946 (Briiel & Kjeer) and with
6 cc coupler artificial ear stimulator type 4153 (Briiel & Kjer)
connected to extensions cable AO 0441 (Briiel & Kjer). The
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music was randomly played to avoid any learning effect. The
MP3 screen was covered in order for preventing any bias for
selecting PLLs.

The experiment was carried out in a quiet room at Hallym
Speech and Hearing Center while keeping the environmental
noise quiet enough to perform the experiment. The average am-
bient noise in the room was 24.7 dBA ranging from 17.9 dBA
to 29.2 dBA , which was designed to be under the provision
of ANSI S3.1 (1999) [21] and OSHA [22]. Specifically, the
ambient noise levels were maintained at 13.6 dBA for 0.125
kHz, at 17.4 dBA for 0.25 kHz, at 18.1 dBA for 0.5 kHz, at
16.0 dBA for 1 kHz, at 14.0 dBA for 2 kHz, at 17.0 dBA for
4 kHz, at 11.3 dBA for 8 kHz.

Data analysis

The data were statistically analyzed using a repeated mea-
sures analysis of variance (ANOVA) with SPSS ver. 20.0 (IBM
Corp., Armonk, NY, USA). Three independent variables, 2
earphone types, earbuds and over-the-ear earphones, 2 music
genres, ballad and dance, and 2 listening durations, 30 and
60 minutes were analyzed by the dependent variables, output
levels, in LAeq and LAFmax. p value of <0.05 was consid-
ered significant.

Results

Output levels and PLLs by the volume levels of MP3
player

Output levels were measured on various volume levels of
the MP3 player. The LAeq and LAFmax for 30 minutes at
volume #10 (25%), #20 (50%), #30 (75%), and #40 (100%)
indicated increasing intensity as the volume setting number in-
creased for both music genres in both earphone types. When
listening to ballad, the range of LAeq was 70.9—115.5 dBA
for earbuds and 57.3—104.3 dBA for over-the-ear earphones
indicating 12.55 dBA higher for the earbuds in average.
When listening to dance, the range of LAeq was 73.4—117.9
dBA for earbuds and 60.7—107.5 dBA for over-the-ear ear-
phones indicating 10.73 dBA higher for the earbuds in aver-
age. LAFmax showed higher levels in earbuds, as well (Table
1). 60 minutes duration was not provided because they were
identical to 30 minutes of duration as they played repeatedly.

When the volume settings were selected for the PLLs, out
of #0~#40, the mean volume settings of the MP3 player were
higher for the over-the-ear earphone at #14 and #10 over #7
and #6 out of two earphone types and in ballade music at #7
and #14 over #6 and #10 out of two music genres. However,
LAeq were the higher a little for the earbud than over-the-ear
earphones and LAFmax was almost the same regardless of



earphone types and music genres except the combination of
the over-the-ear earphone with dance music. Therefore, for
both LAeq and LAFmax, the PLLs were the lowest for the
combination of the over-the-ear earphone with dance music
reporting 63.4 and 74.8 dBA (Table 2).

PLLs by the variables and LAeq-sn

When the average PLLs according to the three variables
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were compared, over-the-earphones, ballade, and 30minutes
of duration showed higher output levels (Table 3). However,
repeated-measures ANOVA indicated all three main and in-

Table 1. LAeq and LAFmax depending on earphone types and music genres at four volume setting for 30 minutes

LAeq (dBA) LAFmax (dBA)
Volume # (%) Earbuds Over-the-ear earphones Earbuds Over-the-ear earphones
Ballad Dance Ballad Dance Ballad Dance Ballad Dance
#10 (25) 70.9 73.4 57.3 60.7 80.6 82.9 68.2 70.7
#20 (50) 85.9 88.4 72.1 75.3 95.7 97.9 83.0 85.2
#30 (75) 100.9 103.4 89.3 92.7 110.5 112.6 101.0 103.1
#40 (100) 115.5 117.9 104.3 107.5 124.1 126.2 115.9 116.1

LAeq: loudness A-weight equivalent, LAFmax: loudness maximum time-weighted with A-frequency

Table 2. The volume setting numbers and output levels for preference listening levels according to music genres and earphone types

Types of Ballad Dance
Volume LAeq LAFmax Volume LAeq LAFmax
earphone . n of persons i n of persons

setting# (dBA) (dBA) setting# (dBA) (dBA)
Earbuds 1 1 57.9 78.1 1 3 60.9 77.2
3 1 60.6 69.7 2 2 60.9 72.7
4 8 62.5 72.6 3 4 63.6 76.6
5 3 64.3 78.1 4 5 64.6 74.2
6 1 65.0 74.9 5 3 65.1 74.0
7 3 65.9 75.9 7 1 69.1 78.6
10 2 71.2 80.8 11 1 74.8 84.2
15 1 81.5 91.4 14 2 79.2 88.9
17 1 81.6 921.5 25 1 95.5 105.2

32 1 94.9 106.1 - - - -
Mean 7 Total: 22 67.0 78.0 6 Total: 22 67.0 78.3
Over-the-ear 2 1 52.2 66.6 2 2 54.6 68.8
4 2 54.3 64.6 4 2 51.7 64.2
6 2 55.9 73.5 5 2 54.7 72.2
7 1 52.9 68.2 6 2 55.5 64.2
8 1 61.3 71.9 7 2 60.3 70.7
9 1 60.3 72.1 8 1 60.0 73.5
10 1 57.4 68.5 9 1 60.1 70.0
11 1 58.3 69.0 10 4 66.2 76.9
12 1 63.1 75.6 13 1 68.0 78.4
14 2 67.5 79.2 14 1 73.1 82.8
16 1 68.4 78.4 17 1 68.9 77.9
17 2 68.8 81.4 18 1 76.0 84.8
18 1 75.3 79.2 24 1 76.6 89.1
20 1 78.4 88.9 30 1 93.2 101.7

23 1 76.1 86.4 - - - -

24 1 83.5 94.6 - - - -

27 1 83.8 94.8 - - - -

36 1 98.8 109.4 - - - -
Mean 14 Total: 22 66.5 78.2 10 Total: 22 63.4 74.8

LAeq: loudness A-weight equivalent, LAFmax: loudness maximum time-weighted with A-frequency
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teraction effects were not significant.

LAeq was converted to eight-hour equivalent continuous
loudness depending on the formula and compared to the cri-
teria of the KOSHA and NIOSH, the PLLs were measured
from 50 to 55 dBA for earbuds and from 45 to 60 dBA for
over-the-ear earphones, showing a wider range for over-the-
ear earphones. When they listened to ballade music for 30
minutes with earbud and over-the-ear earphones, LAeq-s’s
were 48.87—85.87 dBA (mean=57.97, standard deviation=

Table 3. Average preferred listening levels in dBA according to 3
variables

Variables Mean
(standard deviation)

Earphone type

Earbuds 66.41 (+£8.54)

Over-the-ear earphones 64.68 (£11.63)
Music genre

Ballad 66.16 (£10.77)

Dance 64.93 (£9.65)

Listening duration
30 minutes 66.02 (£9.97)

60 minutes 65.08 (+£10.49)

8.43) and 43.17—98.77 dBA (mean=57.46, standard devia-
tion=11.90). When they listened to dance music for 30 min-
utes with earbud and over-the-ear earphones, LAeq-s,’s were
56.97—86.47 dBA (mean=58.00, standard deviation=8.18)
and 41.07—84.17 dBA (mean=54.47, standard deviation=
10.19). When they listened to ballade music for 60 minutes
with earbud and over-the-ear earphones, LAeq-s;’s were
48.87—89.27 dBA (mean=57.10, standard deviation=9.54)
and 31.47—89.67 dBA (mean=56.14, standard deviation=
12.35). When they listened to dance music for 60 minutes with
earbud and over-the-ear earphones, LAeq-si’s were 50.97—
87.17 dBA (mean=56.58, standard deviation=7.58) and 39.77—
88.37 dBA (mean=54.50, standard deviation=11.40) (Fig. 1).
No one exceeded the criterion of KOSHA, but one listener
exceeded the criterion of NIOSH.

Frequency characteristics of music

When the frequency characteristics of ballad and dance
music genres were measured at PLLs, the greatest ouput lev-
els were recorded at 0.5 kHz followed by 1, 0.25, 2, 4, 0.125,
and 8 kHz. When paired sample t-test was performed for two
music genres, significant differences at the four frequencies of

[] Earbuds
[] Over-the-ear earphones

Number of participants
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[] Over-the-ear earphones
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o N A o
T T T
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© I
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Fig. 1. Distribution of estimated output levels of LAeq-s» with earbud and over-the-ear earphones. A: Ballad and 30 min. B: Dance and
30 min. C: Ballad and 60 min. D: Dance and 60 min. LAeq: loudness A-weight equivalent.
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0.25, 2, 4, and 8 kHz were observed (p<0.05). At 0.25 kHz,
the output level of dance music was lower than that of ballad.
On the other hand, at frequencies of 2, 4, and 8 kHz, the out-
put levels of dance music were significantly higher than those
of ballad (Fig. 2).

Discussion

As the volume increased by an interval of 25%, the LAeq
of both earphone types increased the output levels by approx-
imately 15 dBA. For both music genres, the PLLs and the
maximum output levels were higher for earbuds than over-
the-ear earphones showing agreement with the results of oth-
er studies [7,10,11]. The volume levels of the maximum set-
tings of this study were 104.3—117.9 dBA which could be
dangerous on user’s hearing sensitivity. Considering the rec-
ommendation standard provided in 2013 by the Ministry of
Environment Korea was lower than 100 dBA for smartphone
MP3 players, the maximum volume setting could be harmful
[23]. However, only one participant exceeded the criterion of
NIOSH, when LAeq was converted to eight-hour equivalent
continuous loudness level. Strangely, recent study observed
the same result that only one participant out of 117 exceeded
the daily noise dose [1]. At this previous study which did in-
vestigation by self-reporting of actual listening habits, the re-
searchers suggested the feasibility of monitoring listening
habits by a smartphone application. This may be a very good
idea considering the fact that 95% of college students were
unaware of the potential risk of the PLD [2]. 1 in 4 found to
listen to their PLDs at dangerous level when the output levels
were measured at free-field equivalent levels [2]. Although,

our results showed safe listening range except one participant,
we agree that there should be a good standard for the output
levels of PLDs and be a good guide for listening habits of
music for young adults. Because our results were obtained at
the quiet environment, we could not provide the reality of the
exposure to PLDs of them. At the real situation, they listen to
the music with their PLDs in background noise and they
probably expose to the high intensity environment such as
live concerts, bars, and night clubs, frequently. About 50% of
the participant out of 180 college students reported exposure
to loud noise events at bars or concerts [2]. Counting the high-
er level of PLDs with background noise [8], the real sound
levels for young adults hear could be hazardous.

However, the personal preference for listening loudness
seemed to affect PLLs by music genre showing the differ-
ence in PLLs between electronica and hip-hop in one study
[15]. Although, the music genre have produced mixed results
about maximum output levels, the output levels of rock mu-
sic seemed to produce the higher output levels among several
music genres [4,9,12]. In the light of difference by music
genres, the frequency characteristic of music genres showed
the higher PLLs at 0.5, 1, 0.25, 2, 4, 0.125, and 8 kHz in the
order of the present study. Also, the output levels of ballad and
dance showed significant differences in 0.25, 2, 4, and 8 kHz.
And up to 1 kHz the ballad showed higher levels. The reason
was postulated as the characteristic of ballad music carrying
story-centered features. The result of this frequency analysis
was very similar to Hong and Park [24] which indicated about
same PLLs up to 1 kHz when compared to dance and rock. In
this study, about 1 kHz, the PLLs of dance and rock got high-
er than ballad.
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We hypothesized that longer listening duration might af-
fect PPL changes that are statistically significant. In this
study, for 60 minutes duration, listeners hardly adjusted their
PLLs compared to those of 30 minutes duration. The 60 min-
utes duration might be short to make differences. Since col-
lege students thought 30, 60, 120, and 180 minutes to be
harmful for 11, 34, 36, 19% [2], we could presume that many
college students listened to music longer than 60 minutes.
Potentially harmful noise levels increased as the duration in-
creased, the alarm of listening duration also should be pro-
vided to young adults. Also, we hypothesized the earphone
types and music genres would show the differences on PLLs,
but the results did not indicate any significant difference.
But, earbud, ballade, and 30 minutes showed higher PLL
levels for 1.61, 1.23, and 0.94 dBA than over-the-ear, dance,
and 60 minutes variables. However, the results found that all
the participants listened within the safe range based on the
NIOSH criteria with LAeq.s, except one participant. There-
fore, we could recommend to educate better listening habits
for music to young adults. It was naturally concluded this
way, considering there were other factors contributing PLLs
for music genres and listening duration such as frequency
characteristics of the music, and the background noise. The
earphone type seemed to be safer with over-the-ear earphone.
Also, the combination of the over-the-ear earphone with dance
music showed the lowest levels, when the volume settings were
selected for the PLLs. Based on the findings to this study, over-
the-ear earphone which showed lower PLL seemed to be more
suitable to prevent noise induced hearing loss. The reason
was speculated as better isolation from the background noise
by covering ears.

The limitations of the present study can be stated that the
quiet environmental conditions might have not accurately re-
flected the reality with background noise. Also, in the future
distortion product otoacoustic emission tests, which are known
to be sensitive to noise-induced hearing loss, should be per-
formed for the physiological information.
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