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Abstract

Introduction: Today, many people are in the habit of listening to music, watching movies, and playing games via headphones or earbuds 
connected to devices such as cellphones, computers, and iPads, when studying or doing other activities. This study investigated the LAeq 
output of four different devices connected with two different earbud types.

Material and methods: A GRAS 45CB Acoustic Test Fixture was used to measure the output of the earbuds. All devices were purchased in 
a regular store to mimic the natural process and usage of the products. Both earbuds have the same cable length and are of the same design.

Results: The findings indicated that one earbud brand produced varying output levels when connected to different devices, even when the 
same volume setting was used. Statistical analysis confirmed that the output differences across devices were significant, as reflected in the 
results: [F(3) = 805.08, p < 0.001], with a partial R2 of 89.7% for the right ear, and [F(3) = 805.08, p < 0.001], with a partial R2 of 89.7% for the 
left ear, based on measurements taken at five different volume levels. Likewise, the interactions were also found to be significant in both ears. 
Furthermore, the discrepancies between the left and right ear outputs for each earbud–device combination were found to be potentially unsafe, 
raising concerns about auditory risk. Notably, at the 60% volume setting, the sound output from both ears across all tested devices exceeded 
the exposure limits recommended by the U.S. Environmental Protection Agency (EPA).

Conclusions: Findings showed that one size does not fit all. Findings from this study could help government intervention in headphone/
earbud manufacturing policy and standards and assist long-term users of earbuds to regulate the usage of earbuds.

Keywords: earbuds • cell phones • sound pressure • generation • hazard

ZMIANY POZIOMU DŹWIĘKU SŁUCHAWEK DOUSZNYCH W RÓŻNYCH 
URZĄDZENIACH

Streszczenie

Wprowadzenie: Obecnie wiele osób podczas nauki lub wykonywania innych czynności ma zwyczaj oglądania filmów, grania w gry i słuchania 
muzyki przez słuchawki lub wkładki douszne podłączone do takich urządzeń jak telefony komórkowe, komputery i iPady. W niniejszej pracy 
zbadano poziom LAeq czterech różnych urządzeń podłączonych do dwóch różnych typów słuchawek dousznych.

Materiał i  metody: Do pomiaru mocy wyjściowej słuchawek wykorzystano urządzenie do testów akustycznych GRAS 45CB. W  celu 
odwzorowania naturalnych procesów zakupu i użytkowania produktów wszystkie urządzenia zostały zakupione w zwykłym sklepie. Obie 
wkładki douszne mają taką samą długość kabla i są tej samej konstrukcji.

Wyniki: Wyniki wykazały, że jedna marka słuchawek dousznych wytwarzała różne poziomy wyjściowe po podłączeniu do różnych urządzeń, 
nawet przy tym samym ustawieniu głośności. Analiza statystyczna potwierdziła, że różnice wyjściowe między urządzeniami były znaczące, 
co znalazło odzwierciedlenie w wynikach: [F(3) = 805,08, p < 0,001], z częściowym R2 wynoszącym 89,7% dla prawego ucha i [F(3) = 805,08, 
p < 0,001], z częściowym R2 wynoszącym 89,7% dla lewego ucha, na podstawie pomiarów wykonanych dla pięciu różnych poziomów głośności. 
Podobnie interakcje także okazały się znaczące w obojgu uszach. Co więcej, rozbieżności między wyjściami lewego i prawego ucha dla każdej 
kombinacji słuchawek i urządzenia okazały się potencjalnie niebezpieczne, co świadczy o występującym ryzyku słuchowym. Warto zauważyć, 
że przy ustawieniu głośności na 60% całego zakresu poziom dźwięku w obojgu uszach we wszystkich testowanych urządzeniach przekroczył 
limity ekspozycji zalecane przez amerykańską Agencję Ochrony Środowiska (EPA).
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Introduction

The effects of hearing loss are not only local to the af-
fected person, but also have global impacts. For example, 
the cost of lost productivity, special education, and med-
ical treatment may exceed $30 billion per year for disor-
ders of hearing, speech, and language [1]. According to 
Johns Hopkins Cochlear Center for Hearing and Public 
Health, as of 2019, approximately 38.2 million Americans 
(14.3%) report some degree of hearing loss [2]. Hearing 
loss is also rising among adolescents and has increased 
more than 30% between 1988 and 2006 [3]. In the ear-
ly 20th century, health care experts, audiologists, parents, 
and governments expressed concerns about noise sources 
causing hearing loss in adolescents and young adults [4]. 
Recently, the World Health Organization (WHO) said 
that approximately 1.1 billion young people are at risk of 
potentially life-altering hearing loss due to loud noise ex-
posure. In 2005, the Hearing Alliance of America report-
ed that levels of hearing loss in 15% of college graduates 
are now equal to or greater than those of their parents 
and concluded that the significant cause is listening to 
loud music [5]. Various findings concluded that increas-
ing numbers of adolescents and young adults now experi-
ence symptoms indicative of poor hearing, such as distor-
tion, tinnitus, hyperacusis, or threshold shifts for reasons 
not yet affirmed [6–9].

Research has confirmed that today many youths are losing 
their hearing at alarming rates, presumably due to exces-
sive noise exposure [10]. One possible explanation may be 
suggested by the results of Fasanya [11], who found that, 
of the total number of college students who participated in 
an audiometric experiment, 10% had their hearing thresh-
olds shifted to such a degree that they were excluded from 
the study. The degree of potential hearing damage in young 
adults, like unselective exposure to places where there is 
a high level of noise, could bring irreversible damage to 
the auditory system and impact hearing performance. The 
use of earbuds has been attributed to hearing loss and 
hearing performance degradation. However, many have 
argued that various factors contribute to hearing loss and 
degradation associated with the daily use of earbuds. These 

Wnioski: Wyniki pokazały, że jedno rozwiązanie nie jest uniwersalne. Wyniki tego badania mogą pomóc instytucjom rządowym w interwencji 
w zakresie polityki i  standardów produkcji słuchawek/ wkładek dousznych oraz pomóc osobom długofalowo korzystającym z słuchawek 
dousznych w uregulowaniu ich stosowania.

Słowa kluczowe: słuchawki douszne • telefony komórkowe • ciśnienie akustyczne • generacja • zagrożenie

Key to abbreviations

ASA Acoustical Society of America

ATF acoustic test fixture

CDC Center for Disease Control and Prevention

EPA (U.S.) Environmental Protection Agency

IRB institution review board

LAeq average sound level

Leq average exposure level

factors include the design of the earbuds (in-ear, on-ear, 
or over-ear), the fit of the earbuds, their impedance, sen-
sitivity, personal hearing sensitivity, audio processing and 
equalization settings, cable length, as well as the age and 
condition of the earphones.

Practically, the effect of these factors is relative. It depends 
on the connection. For example, one earbud connected 
with three different devices will not demonstrate any ef-
fect due to the design type, cable length, age, condition, 
impedance, and personal hearing sensitivity because only 
one type of earbud is used in the process. The electric cir-
cuitry of earbuds plays a major role in the voltage inputs. 
Therefore, one earbud type connected to different devices 
should produce the same output no matter what. Hence, 
if different earbuds are connected with the same devic-
es, the possibility of producing different outputs is high 
due to the electric circuitry. Public understanding of ear-
buds is that one earbud should work perfectly in the same 
manner on any device. Contrary to this public opinion, 
the preliminary study by Fasanya et al. [12] proved other-
wise. Therefore, to ensure safety and to protect users from 
overexposure, as well as educating users on how earbud 
works, it is imperative to understand how typical behav-
ior such as earbud use may affect hearing.

Currently, the use of earbuds is rising all over the world, es-
pecially among the younger generation. In 2014, Ansari et 
al. [13] revealed that earbud usage is common among col-
lege students and 84% of all respondents in the preliminary 
survey conducted by Fasanya & Strong [14] used earbuds 
on a daily basis. Likewise, Świerczek et al. [15] revealed 
that the biggest threat causing hearing loss in children and 
adolescents is recreational noise, such as music on earbuds, 
concerts, discos, and toys. However, as useful as earbud 
devices may be in terms of allowing the user to listen un-
interrupted, it does pose some safety risks [6,16]. The ex-
ponential increase in earbud usage began in the early 20th 
century and the targeted population is the younger gen-
eration [14]. Since the target population for earbuds are 
Generations Y and Z, these are the individuals who will be 
most impacted by any hazards associated with this device. 
In addition, many individuals within this demographic 

Key to abbreviations

NIDCD National Institute on Deafness and Other 
Communication Disorders

NIHL noise induced hearing loss

NIOSH National Institute for Occupational Safety 
and Health

OSHA Occupational Safety and Health 
Administration

USAARL U.S. Army Aeromedical Research 
Laboratory

WHO World Health Organization
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are or will be attending college, where they are even more 
likely to use earbuds regularly [14]. Certainly, they will of-
ten need to study or do homework, and some believe that 
earbuds will allow them to eliminate many of the distrac-
tions they will encounter. Findings from Vogel et al. re-
vealed that frequent users were 4 times more likely to lis-
ten to high-volume music than were infrequent users, and 
adolescents in practical prevocational schools were more 
than twice as likely to listen to high-volume music as were 
those attending pre-university education [17].

It is important to note that the absolute volume, duration 
of exposure to loud sound, sound character, and individ-
ual susceptibility are the ultimate risk factors for hearing 
loss [15]. However, it is possible that usage such as volume 
settings differ between listeners depending on the manner 
in which the earbuds function: over the ear, in the ear, and 
on the ear [18], and the type of device to which the earbuds 
are connected (laptop, phone, tablet). Users may set their 
different devices to “the same” level setting, but this may 
result in delivering different absolute sound pressure lev-
els to their ears. For example, in preliminary work Fasanya 
et al. [12] found that setting the volume to 40% of the max-
imum level on an iPhone delivered a different decibel level 
when compared with the 40% volume level of an Android 
phone with the same earbud type and brand. Therefore, ef-
fects on users may depend on the type of device the earbud 
is being connected to. Research has concluded that earbuds 
should not be considered as one size fits all [12], but cur-
rently there is no adequate empirical study to support this 
statement. In 2020, Fasanya et al. [12] also found that young 
adults mostly use one earbud type on different devices.

As much as the connection between sound level and hear-
ing damage is well-known, and the connection between 
earbud usage and distraction is likewise easy to under-
stand, it is not clear whether typical earbud use rises to 
hearing damaging levels or is susceptible to hearing acu-
ity degradation. The differences in the outputs of the ear-
buds connected with different devices could be a hearing 
hazard for consumers who frequently use one earbud type 
on different devices. Therefore, it is imperative to conduct 
an empirical study to investigate the output of one earbud 
type connected with different devices. The hypotheses for 
this study were: 

H1: The dB outputs from the two earbuds will vary signif-
icantly with the same device, even when set to the same 
volume level.
H2: The devices will produce different dB outputs using the 
same earbud in the same ear at the same volume setting.
H3: There will be an interaction effect between the ear-
buds and the devices when used at the same volume set-
ting and in the same ear.

This study investigated the average sound level (LAeq) out-
put in dBA of two different earbud types connected with 
four different devices produced in two different scenarios.

Material and methods

Four different devices were utilized for data collection 
in this study: the Blackberry Android model KEYone 
BBB100-1, the Android Google Pixel 3 model G013A, 
the iPhone 6x model A1586, and the Samsung Android 
Galaxy S8 model SM-G950U. Additionally, two types of 
earbuds were employed: the Panasonic earbud model RP-
HJE120-R and the Samsung earbud model EO-EG920LW. 
Both earbuds have the same cable length and are of the 
same design. Both were bought on the same day to ensure 
the same age and condition. We chose the in-ear earbuds 
because research have shown that majority of the young 
adult use in-ear earbuds on a daily basis [19,20]. All devic-
es and earbuds were purchased from retail stores to mimic 
the natural sources, where users normally purchase their 
products for use. The study experiment was conducted at 
U.S. Army Aeromedical Research Laboratory (USAARL) 
in Fort Rucker, now known as Fort Novosel, Alabama.

The following methods were formulated to achieve the pri-
mary goal of the study: (1) submit protocol to the insti-
tution review board (IRB); (2) purchase devices for data 
collection; (3) calibrate equipment (GRAS 45CB ATF, soft-
ware, computer, cell phones and earbuds) for data collec-
tion; (4) connect earbud with devices and collect data.

The study protocol was approved by the principal investi-
gator’s university IRB before being taken to the site where 
data was collected. The university is located in the north-
west of Indiana, United States. Sound pressure level de-
livery by the earbuds (Figure 1) was measured with the 

Figure 1. Pictures of all headphone brands used for data collection

Panasonic earbud Samsung earbud
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GRAS 45CB acoustic test fixture (ATF) connected to a 
Dell desktop computer. Prior to the experiment, the GRAS 
45CB was calibrated with the Nelson Acoustic Trident soft-
ware for data recording on the attached desktop computer. 
A WAV noise file was generated using REATpro software. 
Thereafter, the volume adjustment on all devices was cali-
brated. The number of clicks for each volume adjustment 
on the cellphones was determined through the transposi-
tion method before the start of the experiment.

The five different volume levels (20, 40, 60, 80, and 100%) 
used in the study were determined from past studies. The 
levels were selected to mimic different volume levels re-
ported in research findings, as the commonly used vol-
ume by typical earbud users [14].

The sensitivities for both right and left ears were normal-
ized to 14.35 mV/Pa and 15.92 mV/Pa, with a reference mi-
crophone at 49.8 mV/Pa. The calibrated offset in dB for the 
right, left, and the reference mic were –1.2, –2.1, and –0.9 dB, 
respectively. Figure 2 represents the GRAS 45CB (ATF) for 
the study and the setup when one of the cellphones was con-
nected for data collection. Figure 3 is a screen print of the 
Nelson Acoustic software used for data acquisition. Data 
from the left and right ears were collected independently 
in one-third octave bands, in accordance with the findings 
presented in the 2019 Honeycutt report [21].

A two-factor factorial design repeated measure was em-
ployed in this study to evaluate the variations in earbud 
output across different devices and ear sides. This design 
was appropriate because the earbud’s output, measured 
in decibels, was the only continuous variable in the ex-
periment and served as the primary dependent varia-
ble. The independent variables were the playback device 
(Blackberry Android, Android Google Pixel, iPhone, and 
Samsung Android Galaxy) and the ear side (left or right), 
each having multiple levels. Data collection was carried out 

using the GRAS 45CB ATF, a standardized and calibrated 
system designed for accurate and repeatable earbud meas-
urements. For each combination of device, volume level, 
and ear side, measurements were taken only once due to 
the controlled and repeatable nature of the ATF system.

We employed two-way ANOVA to analyze the data. This 
statistical method was selected to determine whether there 
were significant differences in earbud outputs, any signifi-
cant differences within device types using a single earbud 
brand, or any interaction effects between the earbud and 
the device. The method allowed for a comprehensive as-
sessment of both main effects. We used both descriptive 
and inferential statistical methods for the analysis. In the 
descriptive statistics, we determined the means and stand-
ard deviations, as well as differences between the output 
of the earbuds at each ear and at each volume. These were 
used to summarize the data and assess the practical signif-
icance of any observed differences in output. The inferen-
tial statistics were used to determine whether the observed 
differences in average output levels across devices and be-
tween earbuds were statistically significant. This dual ap-
proach provided both a practical interpretation of the data 
and a rigorous test of statistical significance. We hypoth-
esized that there would be a significant difference in the 
mean values of the dependent variable (dB outputs) across 
the various levels of each independent factor, which was 
device type. Likewise, the interaction between the devices 
and the earbud was expected to be statistically significant.

Results

Data acquisition

At the end of each run/test, all 1/3-octave band frequen-
cies from 31.5 to 16.000 Hz for all volumes on the two 
devices were exported from the software onto an Excel 
spreadsheet. All frequencies were tested on each ear for 

Figure 2. GRAS 45CB acoustic test fixture (ATF) and testing lab setting during data collection
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each earbud connected with the four devices at each vol-
ume level tested. The data from the report were compared 
with GRAS 45CB ATF manual data to ensure consisten-
cy of data recording.

After data from the Nelson Acoustic Trident software was 
exported to a spreadsheet, data processing and analysis 
were completed using MS Excel version 2020 (Microsoft, 
Redmond, WA, USA). Corresponding sound pressure lev-
els with each earbud measured at each frequency and at 
each volume level were recorded. Figure 4 and Figure 5 
plot outputs for the right and left ears across various vol-
ume levels, ranging from 20% to 100%, while using two 
different earbuds connected to four distinct devices. It is 
evident from both figures that different earbuds generate 
varying outputs in dBA when used with the same devices 
at identical volume levels.

Descriptive statistics

Our primary focus was to report the mean and standard 
deviation of the earbud output levels, and to assess their 
practical significance, rather than relying solely on statis-
tical significance. To achieve this, we compared the var-
iations in earbud output levels across different devices 
against the National Institute for Occupational Safety and 
Health (NIOSH) recommended noise exposure exchange 
rate (trade-off) of 3 dB. This benchmark was used as a crit-
ical threshold to assess whether the observed differences 
in output levels across devices could have meaningful im-
plications for user hearing health and safety. We analyzed 
the differences in measured sound level output for each 
device–ear combination, and then calculated the range of 
these differences across all tested devices. Additionally, we 
quantified the percentage of output differences that fell 
below, equal to, or above the 3 dB exchange rate thresh-
old. This comparison allowed us to determine not only 
the magnitude but also the potential real-world impact of 

using different devices with the same earbuds. The results 
of this comparison, including the range of output differ-
ences and the distribution of values relative to the 3 dB 
threshold, are summarized in Table 1. This table provides 
a clear representation of how frequently the variations in 
earbud output may exceed levels considered critical by 
occupational health standards, thereby helping to con-
textualize the findings in terms of practical auditory risk.

In order to facilitate a clearer understanding of the re-
corded measurements, we plotted the data captured from 
both the left and right ears, thereby enabling a pictorial 
representation of the observed variations. As illustrated in 
Figure 4, there are noticeable differences in the audio out-
put levels between the left and right ears across several de-
vices, despite using the same Samsung earbud and main-
taining a consistent volume setting. This disparity suggests 
potential asymmetries in either the earbud design, device 
audio processing, or ear canal acoustics.

Table 2 presents the mean values and standard deviations 
of the sound output, measured in dBA, for all connected 
devices across the full range of volume levels tested in this 
study. These statistical summaries are provided separate-
ly for both the Panasonic and Samsung earbuds, and are 
distinguished by measurements taken at the left and right 
ears. This allows for a comparative analysis of the earbuds’ 
performance in terms of consistency and output level var-
iation across different devices and volume settings.

Figure 5 demonstrates that, for certain devices, the out-
put at the left ear differs from that at the right ear when 
using the Panasonic earbud at a consistent volume level.

Inferential statistics

To further explore the differences in earbud output levels, 
we employed inferential statistical analysis by performing 

Figure 3. Nelson Acoustic Trident software that measures the third octave band center frequency sound is used for the recording. 
All parameters at each click and both right and left ears with the start and stop button for the software processing are included on 
the display box shown in the ScreenPrint

Fasanya et al. – Variable earbud output
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a two-way analysis of variance (ANOVA). This analysis 
was conducted on output data measured from both ear 
sides (left and right) across the various connected devic-
es, with a significance level set at α = 0.05. The primary 
objective was to determine whether the differences ob-
served and summarized in Table 3 were statistically sig-
nificant. Before conducting inferential statistical tests, we 
assessed the assumption of normality for all datasets using 
the Jarque–Bera test, with a significance level of α = 0.05. 
All p-values exceeded the alpha threshold, confirming that 
the data were normally distributed and met the assump-
tions required for ANOVA.

The results of the multivariate test using Wilks’ lambda 
revealed a statistically significant effect of the device on 
dB output in the right ear. Specifically, the main effect of 
the device was significant, yielding [F(3) = 539, p < 0.001], 
with a partial R2 of 85.4%. Likewise, a significant interac-
tion effect was found between the device and the earbud, 
yielding [F(3) = 18.276, p = < 0.001], with a partial R2 of 
16.6%. The within-subjects effects on devices, assuming 
sphericity, were statistically significant [F(3) = 346.373, 
p < 0.001], with a partial R2 of 55.5%. Additionally, the 
interaction between device and earbud was also signifi-
cant [F(3) = 377.784, p < 0.001], with a partial R2 of 10.8%. 

Figure 4. Output in dBA comparison of right and left ears for all four devices using Samsung headphone at the same % volume
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Figure 5. Output in dBA comparison of right and left ears for all four devices using Panasonic headphone at the same % volume
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The results revealed no statistically significant difference 
between the earbuds, yielding [F(1) = 0.1100, p = 0.9150]. 
The pairwise comparison results for the device types 
(Blackberry Android, Android Google Pixel, iPhone, and 
Samsung Android Galaxy) are presented in Table 3. All 
device outputs were significantly different from one an-
other, except for the iPhone and Samsung Android Galaxy, 
which did not show a significant difference for the right ear.

Figure 6 illustrates the relationship between the devic-
es’ estimated marginal means and the earbuds. However, 
no significant difference was found between the effects 
of the two earbuds (Panasonic and Samsung) on dB out-
puts across devices.

A similar analysis was conducted on the left ear out-
puts. The main effect of the device was significant, yield-
ing [F(3) = 805.08, p < 0.001], with a partial R2 of 89.7%. 
Likewise, a significant interaction effect between the de-
vice and the earbud was found, yielding [F(3) = 31.471, 
p < 0.001], with a partial R2 of 25.5%. The within-sub-
jects effects on devices, assuming sphericity, were statisti-
cally significant [F(3) = 148.373, p < 0.001], with a partial 
R2 of 34.9%. Additionally, the interaction between device 
and earbud was also significant [F(3) = 22.569, p < 0.001], 
with a partial R2 of 7.5%. The results revealed no statisti-
cally significant difference between the earbuds, yielding 
[F(1) = 2.691, p = 0.1020]. The pairwise comparison results 
for the device types (Blackberry Android, Android Google 

Devices Range [dB] % lower than 3-dB % higher than 3-dB

Panasonic earbud

BBA & AGP 1.9–11.1 10 90

BBA & IP 0.1–6.8 60 40

BBA & SAG 0.0–6.6 80 20

AGP & IP 1.7–14.3 10 90

AGP & SAG 3.4–11.0 0 100

IP & SAG 0.1–7.1 70 30

Samsung earbud

BBA & AGP 1.9–9.3 10 90

BBA & IP 0.2–5.7 70 30

BBA & SAG 0.4–6.9 70 30

AGP & IP 1.8–11.7 20 80

AGP & SAG 4.6–10.4 0 100

IP & SAG 0.0–3.2 70 30

Table 1. Output differences compared with NIOSH noise exchange rate of 3-dB

Note: BBA – Blackberry Android, AGP – Android Google Pixel, IP – iPhone, SAG – Samsung Android Galaxy

Device 
type

Right ear Left ear

20% 40% 60% 80% 100% 20% 40% 60% 80% 100%

mean SD mean SD mean SD mean SD mean SD mean SD mean SD mean SD mean SD mean SD

Panasonic earbud

BBA 46.70 5.87 60.10 5.24 73.60 5.18 82.10 5.20 90.50 5.21 48.60 6.17 62.10 5.71 75.60 5.66 84.10 5.67 92.60 5.68

AGP 44.80 8.00 51.60 6.26 62.70 5.45 74.40 5.41 86.10 5.43 44.30 7.11 53.10 5.39 64.50 4.61 76.20 4.51 87.90 4.51

IP 46.50 5.89 62.40 5.48 74.50 5.42 86.50 5.42 97.30 5.42 48.50 5.87 64.00 4.49 77.50 5.43 90.50 5.44 99.30 5.43

SAG 48.20 6.30 62.30 6.07 72.20 6.05 82.10 6.05 97.10 6.06 49.50 5.74 63.60 5.24 73.50 5.21 83.40 5.19 98.40 5.20

Samsung earbud

BBA 48.60 7.53 61.70 7.33 75.10 7.29 83.60 7.23 92.00 7.15 50.30 6.77 63.50 6.86 76.90 7.32 85.40 7.46 93.80 7.36

AGP 44.70 7.44 55.10 7.24 65.80 6.86 75.00 6.75 89.00 6.69 46.00 7.33 58.10 7.48 68.60 7.21 77.90 7.44 91.90 7.48

IP 47.50 5.89 62.50 5.48 75.30 5.42 86.70 5.42 97.70 5.44 47.80 5.87 63.00 5.49 76.00 5.43 87.30 5.44 98.40 5.43

SAG 49.30 6.17 65.50 9.09 74.70 8.46 84.10 7.98 98.80 7.57 51.00 6.07 66.10 7.25 76.00 7.20 85.80 7.12 100.70 7.14

Table 2. Full data average values and standard deviation for both Panasonic and Samsung earbuds

Note: BBA – Blackberry Android, AGP – Android Google Pixel, IP – iPhone, SAG – Samsung Android Galaxy
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Pixel, iPhone, and Samsung Android Galaxy) are shown 
in Table 3. All device outputs were significantly different 
when compared using Bonferroni, except for the follow-
ing pairs: Blackberry Android and iPhone, Blackberry 
Android and Samsung Android Galaxy, and iPhone and 
Samsung Android Galaxy for the left ear. Figure 6 (right) 
illustrates the relationship between the estimated margin-
al means and the earbuds. However, no significant differ-
ence was found between the effects of the two earbuds 
(Panasonic and Samsung) on dB outputs across devices.

To supplement the dBA analysis, we converted sound pres-
sure level (dB values) into physical sound pressure units 
(pascals) and conducted a two-way ANOVA on the con-
verted data. The results of the multivariate test using Wilks’ 
lambda revealed statistically significant effects. Across all 
tested volume levels, the device effect was significant, yield-
ing [F(3) = 70.820, p < 0.0001], with a partial R2 of 43.5%. 

Likewise, a significant interaction effect between the de-
vice and the earbud was found, yielding [F(3) = 13.182, 
p < 0.0001], with a partial R2 of 12.5% for the right ear. All 
devices were found to be statistically significantly different 
from one another when compared using the Bonferroni 
correction. Across all tested volume levels, the device ef-
fect was significant, yielding [F(3) = 54.976, p < 0.0001], 
with a partial R2 of 37.4%. Likewise, a significant interac-
tion effect between the device and the earbud was found, 
yielding [F(3) = 26.602, p < 0.0001], with a partial R2 of 
19.7% for the left ear. However, device comparisons us-
ing the Bonferroni correction revealed statistically signif-
icant differences between all devices, except between the 
Blackberry Android and the iPhone.

The findings further revealed noticeable variations in au-
dio output between the left and right ears when using 
the same earbud across all tested devices. While some of 

Figure 6. Relationship between the devices’ estimated marginal means and the earbuds
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Devices Devices
Right ear Left ear

mean difference P-value mean difference P-value

BBA

AGP 6.3450 <.001 10.7410 <.001

IP –1.0470 0.0050 1.5670 0.2460

SAG –1.8260 <.001 1.3720 0.5860

AGP

BBA –6.3450 <.001 –10.7410 <.001

IP –7.3920 <.001 –9.1730 <.001

SAG –8.1710 <.001 –9.3690 <.001

IP

BBA 1.0470 0.0050 –1.5670 0.2460

AGP 7.3920 <.001 9.1730 <.001

SAG –0.7790 0.2220 –0.1950 1.0000

SAG

BBA 1.8260 <.001 –1.3720 0.5860

AGP 8.1710 <.001 9.3690 <.001

IP 0.7790 <.222 0.1950 1.0000

Table 3. Pairwise comparison results of devices on the right ear

Note: BBA – Blackberry Android, AGP – Android Google Pixel, IP – iPhone, SAG – Samsung Android Galaxy
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these differences exceeded the thresholds established by 
the NIOSH noise exposure exchange rate guidelines, sta-
tistical analysis indicated that these differences were not 
significant at a 0.5 confidence level. However, from a prac-
tical standpoint, the observed discrepancies are consid-
ered meaningful, as they may have implications for user 
safety and listening experience, particularly during pro-
longed exposure. Additionally, our findings showed that 
the iPhone produced effects and outputs more similar to 
those of the BlackBerry Android than to any other type 
of phone tested in this study.

Discussion

Hearing loss among the younger generation is escalating 
and the reasons have not been well documented. Findings 
from this study focused on one aspect that might be one of 
the escalations. As reported by Fausti et al. [5], the Hearing 
Alliance of America reports that the levels of hearing loss 
among college graduates are now 15% greater than those 
of their parents, and a possible cause is listening to loud 
music. In fact, one study revealed that over 75% of its par-
ticipants reported a variety of auditory symptoms after lis-
tening to music, including ear ringing, hearing loss, pain 
in the ears, limited concentration, and decreased tolerance 
to certain environmental sounds [19].

Not only listening to loud music but also the means of lis-
tening to music are important, with many young adults 
now using corded or Bluetooth earbuds daily. However, 
many believe that the earbuds help to cancel surround-
ing noise, neglecting the hazard associated with listen-
ing to music on the device. Findings from this research 
show that at a particular volume level, one earbud pro-
duced different outputs in dBA on different devices, and 
not only with different devices but also different outputs 
on right and left ears. The electric circuitry of an earbud 
could affect the voltage inputs when different earbuds are 
used on the same device, but not when one earbud type is 
used on different devices. Thus, the findings of this study 
reveal that earbud outputs are not standardized by man-
ufacturers. We found that the outputs across different de-
vices were found to be statistically significant.

The prevalence of hearing loss in the United States is in-
creasing. In 2017, 25% of American adults, aged between 
20 and 69, were documented to have noise induced hear-
ing loss (NIHL) as reported by the Center for Disease 
Control and Prevention. The number of Americans with 
hearing loss increased from 13.2 million (6.3% of the US 
population) in 1971, to 20.3 million (8%) in 1991, and to 
48 million (15.3%) in 2011 [22]. It is possible that nonoc-
cupational noise exposure contributed to the increase in 
hearing loss, because the Occupational Health and Safety 
Administration OSHA regulations have reduced occupa-
tional hearing loss significantly. According to the findings 
of Gopal et al. [23], listening to music on an iPod Touch 
through earbuds at 100% volume for as little as 30 min-
utes can cause a temporary threshold shift and weaker 
otoacoustic emissions, posing a risk of auditory damage. 
Findings from this study revealed that both types of ear-
buds produced sound levels averaging above 98 dB across 
all devices at volume 100%.

The sudden jump in hearing loss among the younger 
generation in the world therefore needs critical assess-
ment as well as serious investigation and intervention. 
The exponential increase in earbud usage began in the ear-
ly 21st century, close to when there was an exponential in-
crease in hearing degradation change the younger genera-
tion [14]. According to the National Institute on Deafness 
and Other Communication Disorders (NIDCD) [24] (p. 1), 
“Long or repeated exposure to sound at or above 85 dec-
ibels can cause hearing loss” (report of March 2014, up-
dated March 2022). If this is the case at 80% volume, the 
output in dBA recorded from both earbuds tested in this 
study will not be appropriate for any users. Research has 
confirmed that earbud users increase the volume level of 
their devices to approximately 100% volume whenever 
there is background noise [25]. Our findings suggest that 
earbuds should be labeled with noise ratings, and that 
manuals should include volume levels along with corre-
sponding dBA outputs for safe use.

According to CDC [26], the U.S. EPA recommended a 70 
dBA exposure limit level for environmental noise to pre-
vent hearing loss. The 85 dBA action level recommend-
ed by the OSHA has been recognized acceptable level for 
hearing loss prevention as well. However, 85 dBA is the 
standard level for occupational hearing loss and is not 
recommended for nonoccupational hearing loss. Hearing 
impairment due to voluntary use of earbuds is considered 
nonoccupational hearing loss. In 2007, Daniel [27] con-
cluded that hearing impairment among children and teen-
agers has risen due mostly to voluntary exposure to loud 
noise, such as the use of earbuds on a daily basis. This 
could be one of the sources for nonoccupational hearing 
loss among the younger generations. Findings from this 
study have revealed that use of the two types of earbuds 
tested could expose users to sound levels above 85 dBA, 
the limit recommended by OSHA.

The 70 dBA level for hearing loss prevention recommend-
ed by the U.S. EPA is also documented. According to the 
EPA’s 1974 report [28], the limit is for an equivalent con-
tinuous average exposure level (Leq) over 24 h. Likewise, 
the 70 dBA limit considers daytime and nighttime expo-
sures to be equally hazardous to hearing. The EPA further 
expanded on the number of hours per day and the equiv-
alent decibel level that might be high enough to cause 
hearing damage. The conclusion was that the 24 h limit 
is equivalent to a 75 dBA, 8 h workday exposure, with no 
noise exposure (i.e., noise < 70 dBA) during the remain-
ing 16 h [29]. If this standard remains the case, both the 
tested earbuds will, based on the results from this study, 
not be appropriate for anyone to use at 60% volume lev-
el. On average, many young adults have confirmed using 
their earbuds at 60% and above volume level daily [14]. 
Our study showed that the average volume level, accept-
ed to be comfortable for listening among earbud users as 
revealed in [14], will produce hazardous output with the 
tested earbuds.

According to Heinrich et al., long-term exposures to noise 
levels greater than 75 dBA, as recommended by the U.S. 
EPA in 1974, have the potential to cause metabolic changes 
in sensory hair cells, death of the cell, and decreased abili-
ty to perceive sound. Certainly, exposure to high-intensity 
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noise for long durations can increase the risk of ear damage 
and cause permanent hearing damage (NIHL) [30]. The 
two earbuds tested in our study at 60% volume had their 
output greater or equivalent to 75 dBA when connected 
to any one of the four devices (Samsung, Google Android 
Pixel, Blackberry, and iPhone 6x). This is concerning, as 
these days many users use their earbuds for more than 8 
hours daily and at a volume level equal to or above 60%.

We further found some variation between the right ear and 
left ear outputs of the same earbuds, which is also concern-
ing. The differences were not statistically significant but 
practically meaningful, as they have implications for user 
safety and listening experience during prolonged exposure.

The NIDCD lists some activities that could put one at 
risk for NIHL: activities such as driving snowmobiles, tar-
get shooting and hunting, listening to music or watching 
movies at high volume through earbuds, and attending 
loud concerts either in an enclosed or open environment. 
Findings from our study revealed different outputs in dBA 
of the same type of earbud connected with the different de-
vices at the same volume level. The majority of the differ-
ences in the outputs were found to be statistically signifi-
cant. The results further indicate that one type of earbud 
does not fit all devices, as different outputs were recorded 
from various devices using the same earbud. Therefore, 
the variability in outputs produced by one type of earbud 
across different devices could result in users gradually de-
veloping NIHL without noticing.

Conclusions

The goal of this study was to investigate the average sound 
level (LAeq) output of two different earbud brands con-
nected to four different phones (Samsung Android Galaxy, 
Google Android Pixel, Blackberry Android, and iPhone 
6x). The same earbud designs were used for the study to en-
sure that different design types (in-ear, on-ear, or over-ear) 
did not contribute to output differences. Results showed 
that one size does not fit all, meaning that one type of ear-
bud is not always safe to use on different devices at the 
same volume level. Standardization of a product should 
mean that it functions the same way at the same volume 
level on different devices. Thus, our study suggests that, 
for general usage, standardization should be done on ear-
buds and devices. The two earbuds tested produced differ-
ent outputs in dBA in the right and left ear on the same 
device, which shows that the sensitivity of the tested ear-
buds was not consistent across the two ears.

Manufacturers continue to make more enticing devices, 
neglecting any associated risks. In most earbud brands, 
the associated risk of injury, aside from eliminating dis-
traction and blocking out other sounds in the surround-
ings, is totally neglected. Music on the go is now one of 
the main factors that expands the usage of earbuds among 
young adults, children, and teenagers. Some of the poten-
tial risks associated with the use of earbuds include hear-
ing threshold shifts, NIHL, and accidental injury. The find-
ings from our study underline these risks. According to the 
2021 report of the Acoustical Society of America (ASA), 
“auditory health risk is highest for people using personal 
audio systems for more than an hour a day at more than 
50% volume over a five-year period” [31]. Findings from 
our study suggest that government intervention is neces-
sary to regulate the manufacturing of earbuds, since many 
children and teenagers now use earbuds daily. The outputs 
in dBA for the two different earbud brands tested in our 
study, and connected with four different cell phone brands 
from different manufacturers, revealed that one earbud 
does not fit all. This suggests that users should check for 
device compatibility before buying an earbud.

To prevent an epidemic of NIHL among young adults, 
standards, public awareness, and education is necessary. 
The earbud brands tested in this study showed a signifi-
cant difference between the outputs of the right and left 
ears under the same input volume level. More investiga-
tion is necessary to establish the extent of the problem 
among different earbud brands. Findings from this study 
could help promote awareness among frequent earbud us-
ers. They could also serve as a wake-up call for policymak-
ers to enforce standards on earbud manufacturers. Finally, 
audiologists might use our findings to advise patients with 
hearing threshold shifts.
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