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Abstract;

Many studies suggest that music players used with

headphones can emitt sound pressure levels as

high

as the noises emitted in some industries and working
places. Both exposures might be harmful to heafring

in prolongate use. Moreover the degree of danj

age

produced by listening to music with headphones is

not clearly defined. This has been the motival

for this project which is to investigate the posib

presence of a permanent hearing damage dy
headphone sound exposure.

In order to fullfil this aim, two populations (contrp

and target) which differ significantly in their hab

ion
e
e to

ts

when listening to music from headphones are cpm-

pared using a headphone sound exposure evall

ation

an a hearing assessment. This is carried out by testing

20 selected subjects in a listening test.

This test consists of a pure tone audiometry
DPOAE measurement and an analisis of the expg
level of the subjects in different environments.

It is concluded that the results obtained could not
scribe a potential damage by listening to music fi
a MP with headphones. Moreover, the environn

, a
sure

de-
om
ent

around a person affects the preferred volume sefting

that this person select in his MP specially when

the

environment becomes noisy. However, users of MPs
with headphones tent to listen to music at higher yol-

ume settings than the non users.







PREFACE

This report was written by group 1066 of the 10th semesteh@slocumentation of the The-
sis of the international Master of Science programme in Atios at the Institute of Electronic
Systems at Aalborg University.

The report is primarily addressed to students and staff@ipartment of Acoustics at Aal-
borg University, and anyone interested in the possibleenimiductive hearing loss due to the
exposure to music from music players with headphones.

The report is divided in two parts; main report and appendixe main report is divided into
the next several chapters:

e Chapter 1 gives an introduction to the reader and sets the framewanrtect focus.

e Chapter 2 presents an overview of the background theory related tddpie of the
project.

e Chapter 3 introduces an analysis describing the most important denations of the
project.

e Chapter 4 exposes a pilot test carried out to define some parameteldarsa listening
test.

e Chapter 5 exposes the listening test carried out to investigate tpie wf the project.
e Chapter 6 presents the results obtained from the listening test agiddhalysis.

e Chapter 7 summaries the work done in the project and the results cddain

The appendix part includes descriptions of measuremenpgplamentary documentation and
important issues regarding the project.

A CD-ROM is enclosed. It contains the report in PDF-file fotnthe data obtained during the
experiment, the Matlab code, the sample files, articles atal sheets.

We would like to thank Miguel Angel Aranda de Toro and JuansLMiateo, for all the help
given to us during the project; Claus Vestergaard Skippettfeir technical assistance and all
the subjects that participated in the experiment for thaiigmce and good will.



Aalborg University, June 7, 2007

Irene Moledero Beatriz Guiterrez
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CHAPTER 1

INTRODUCTION

Over time, many scientific studies have investigated thermgatlly harmful effects of noise and
its consequences. Many of them are focus on the hearing dan@aged on adults that are
exposed to a noisy environment at their working plagi?p|[8]. Nevertheless, there are also
leisure time activities that can produce hazardous noisddas well 9][30][39]. These leisure
exposures are for example: the sound emitted by some atécttevices such as toys or mobile
phones, the sound in cinemas, the music in concerts etc.

Music players (MPs) used with headphones is other of thésar&eactivities. The use of these
devices offer a convenient way to listen to music as higktistg level as the user likes without
disturbing others. Some of these MPs are portables, faricstMP3 players or pocket comput-
ers. Nevertheless there are many others which are not, suelesisions or Hi-Fi equipments.

One of the main reasons of the increasing of users of MPs witldphones is the popularity of
MP3 players in the last years. The reason of this successpsitability. Moreover, as technol-
ogy improves, with greater music storage and longer baliferyit is possible that people will
choose to listen for longer periods of time than ever before.

Scientific studies suggest that these MPs, portable or rept,cause hearing damage if they are
not used with a degree of cautiob(j[41]. The exposure time (how often, how long) and the
listening level are the main factors that may influence thesjide hearing damagé?]. More-
over, it seems that the acoustic environment around a pensgraffect the listening level that
a person sets in his MRQ][11].

Investigations about the possible hazardous effects adpgteme sound exposure have been
made before, however they have yielded to different re§8]lisSome researchers conclude that
personal stereo systems pose a rikwhereas others claim that their effect is not so harmful
[44][3]. In general, it is agreed that there is some level of posgiisk to hearing in certain
conditions. This leads to the aim of the project.



CHAPTER 1. INTRODUCTION

1.1 The Aim of the Project

The aim of the project is to investigate the possible headagage due to the use of MPs
with headphones. In order to do that, two groups of subjebisiwdiffer significantly in their
listening habits are analyzed by means of an evaluation adijpieone sound exposure and a
hearing assessment.

1.2 Scope of the Project

The scope of the project is to:

e Describe the needed theory in order to fulfill the aim of thejget. This includes theory
regarding the human hearing, hearing disorders and heassgssment.

¢ |dentify two groups of subjects denoted as control and tgrgpeulation. The target popu-
lation is characterized by an exposure to music from MPs hgddphones at high listen-
ing levels and during long periods of time. By contrast, tbetml population is defined
as a group which do not use, or use MPs with headphones askytevels during very
short periods of time.

e Design and carry out a listening test that consists of a hgassessment and a headphone
sound exposure evaluation of the populations defined hefiféerent environments to
which these populations are exposed to when using MPs waéttijtenes are considered.

e Carry out the acoustic measurements of different MPs us@dheiadphones in terms of
their ability to produce sound pressure levels.



CHAPTER 2

HEARING AND SOUND EXPOSURE

This chapter reviews basic information about sound, huneamihg, and how sound exposure
affects to the human hearing. Moreover some techniquestsashe ability to hear sounds are
explained. The chapter is concluded with the decisions rfadbe project based on the theory
explained.

2.1 Hearing and Sound

Sound can be defined as pressure variations in the air crbgteibrating objects and prop-
agated through a medium from one location to another. Thessspre vibrations are called
sound pressure waves. The hearing process occurs when passdre waves reach the ears
of a listener. The auditory system is the responsible ofttearing process, which is based on
a conversion of the sound pressure waves to impulse sighiaés these impulsive signals are
transmitted to the brain where the sound is perceived.

In terms of amplitude, the hearing of a person is limited l®/nbxt two definitions: the thresh-
old of hearing and the threshold of pain. The smallest intge$ a sound that a person needs
to detect its presence is called hearing thresht® [vhereas the threshold of pain refers to the
intensity of a sound stimulus at which it becomes intergtete painful.

In terms of frequency range, a person is able to hear frejeefrom 16 to 20kHzT]. How-
ever, a person is not equally sensitive at all frequendmes the threshold of hearing varies from
one frequency to another. Different hearing thresholdegpected if the acoustics environment
or the technique used to measure the threshold are modified.

Furthermore, people is not equally sensitive, which mehasthe threshold of hearing varies
among persons. However, standard thresholds values caarivedifrom a group of otologi-
cally normal persons. This concept is defined in the stan@&®dB253-1(1989}6] as: a person
who is free from all signs or symptoms of ear desiase and filosirocting wax in the ear canal,
and who has no history of undued exposure to noise

Figure 2.1 shows the standard thresholds values preseni&®Di 389-7 p4]. It is observed
that the frequencies where the ear is more sensitive is atlenfctequencies, between 500 and
5000Hz B7).
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Figure 2.1: Minimum audible sound pressure level (thresholds values) presented in the standard ISO 389-7
[24] in free field and diffuse field of an otologically normal person in the age range from 18 years
to 25 years. The data is plotted as a function of frequency. The procedure used for obtaining
this data is defined in the standard 1SO 8253-1 [26].

It can be observed in Figure 2.1 that the minimum sound predsvel that a person can detect
at 1000Hz corresponds to @Pa. All the sound pressure levels expressed in decibelsi{dB)
this report are referenced to this value.

The sounds that a person is exposed to, may modify his hettmieghold under certain circum-
stances. This sound exposure level is denotellgyyro, according to ISO 1999f3], which is
applied for determination of occupational noise exposligg T, combines the listening level
and the exposure time to which a person is exposed duringeerefe time off o hours.

In order to analyze how sound exposure can affect the heasomge aspects related to the
anatomy and physiology of the auditory system are explaiméte next section.

2.2 Hearing System anatomy

The auditory system is divided into three main parts: thewoear, the middle ear and the inner
ear, as it is shown in Figure 2.2. The outer ear is composebdeopinna, the ear canal and
the tympanic membrane. The pinna is the external cartitagirpart with asymmetrical and

irregular shape. The middle ear is an air-filled cavity tisatomposed of three small bones,
the ossicles. This part of the auditory system is connediethe Eustachian tube to the nasal
part of the pharynx. Finally, the inner ear comprise the tegland the auditory nerve through
which the impulse signals are sent to the brain.

6



2.2. HEARING SYSTEM ANATOMY

2.2.1 Hearing process

The hearing process takes place in the three main partg thamade up:

Outer ear

The incoming sound waves are filtered by the pinna togethiértive head and torso. Then the
sound travels along the ear canal to reach the eardrum wiaidh & vibrate as the membrane of
a microphone would do. These vibrations are transmittedghahe middle ear to the cochlea
by the ossicles.

Middle ear

The major function of the middle ear is to ensure the efficiesmsfer of sound from the air

to the incompressible fluids that are inside the cochleahdfihcoming sounds were applied
directly on the entrance of the cochlea, which is named owatlow, most of them would be

simple reflected back instead of enter into the cochlea. pplas because there is a differ-
ence in acoustical impedance between the low impedanceeddithin the eardrum and the
high impedance of the fluid inside the cochlea. The main fonadf the ossicles is to act as
an impedance adaptor, coupling the two different acodstigaedances. Thus, this function
together with the difference in area between of the eardmdntlae oval window, improve the

sound transmission. Moreover the amount of reflected saialdo reduced.

ossicles

cochlea

pinna

tympanic
membrane

Figure 2.2: Decomposition of the hearing organ in three main sections: the outer ear (A), the middle ear
(B) and the inner ear (C). Figure adapted from [13].

Transmission of sound through the middle ear is most effi@gemiddle frequencies. In addi-
tion, at low frequencies the sound transmission throughntiselle ear is reduced due to some

7
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contraction caused by the minute muscles attached to theesssThis contraction is known
as middle ear reflex and it helps to prevent damage to theadelgtructures of the cochlea.
However this reflex is too slow to provide any protection agaimpulsive sounds, such as gun
shots or hammer blows.

Inner ear

Once the sound is transmitted through the middle ear, itesathe cochlea via the oval win-
dow. The cochlea is a bony structure shaped like the spiedl gha snail. Within of it there
is the incomprehensible fluid which acts as a medium to cartieanechanical vibrations into
pressure waves.

The colchea is divided into three cavities: the Scala vahtithe Scala media and the Scala
tympani. The Scala media is bounded by two membranes: Retssmembrane and Basilar
Membrane (BM).

The start of the cochlea where the oval window is situatedi@nn as base while the other end
is named apex. When the oval window is set into motion, a pregdifference is applied across
the BM. As a consequence of this effect, a wave traveling fiteemarrow base toward the wide
apex of the BM is formed. The amplitude of the sound wave eckat the BM increases at first,

then when the maximum peak is reached, the sound wave desralasiptly.

The localization of the maximum peak depends on the frequemistent of the incoming sound
wave. High frequency sounds produces the maximum displaceoi the BM close to the base.
By contrast, low frequency sounds set the whole membraoeniotion and reaches the maxi-
mum near the apex. The BM is behaving as a frequency anabae, place on it, is sensitive
to a narrow frequency range. It can be appreciated in Fig3rén2 shape of the traveling wave
and the location of its maximum according to the frequencyeot.

1600 Hz 400 Hz 100 Hz

Basilar membrane

displacement

Apex

Distance from stapes along basilar membrane (mm)

Figure 2.3: Displacement along the BM for three different frequencies.
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2.2.2 The role of the hair cells

Inside the Scala media, all along the BM are hair cells wharimfpart of a structure named
the Organ of Corti. Figure 2.4 shows a cross section of the®aoj Corti, where two types of
auditory cells can be appreciated: the inner hair cells haduter hair cells.

i eells
Membrana tectoria Outer hair o

Limbus

Vas spirale Cells of Deilers

= Taner rod Outer vod

Nerve fibers Busilar membrane

Figure 2.4: Cross section of the Organ of Corti which contains the inner and outer hair cells. Figure obtained
from [1].

The inner hair cells are responsible for the transductiomethanical movements into neu-
ral activity. These cells are connected to afferent neuvamish carry informations from the
cochlea to high levels of the auditory systes][

The outer hair cells are connected to efferent neurons fwdsinry information from the brain to
the cochlea. The main role of the outer hair cells is to end#me frequency selectivity and also
to produce a non-linear amplification process at low levetee BM [37]. However, practically
no reaction is produced at more intense sounds. This neaslifunction is easily damage by
noise. Next section explains this type of hearing disorder.

2.3 Noise Inductive Hearing Loss (NIHL)

Noise-Inductive Hearing Loss (NIHL) is a sensorineuralrimegadisorder referred to as perma-
nent damage, cause by noise, to the outer hair cells regultandecreasing of the amplification
ability of the cochlea]. Anatomical changes such as the fusion or disappearantte dfair
cells are the main effects that causes this decre&®ing[

The outer hair cells are generally more susceptible to darttean the inner hair cells. Mainly,
the ones corresponding to the frequencies between 3 to 6 iHaffected 13]. Nevertheless

if a person continues being exposed to harmful noises, tahgrtgedamage spreads over other
frequencies as well.
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NIHL is caused due to an over stimulation of the auditoryeysproduced by an one-time ex-
posure to loud sound, as well as by repeated exposure to satindrious loud levels over an
extended period of time. Therefore, the effects of these stmulations can be seen slowly
over years of continuous exposure, or instantaneouslyafietime exposure to loud sound. In
the case of an overall year exposure, the full effects of N## generally noticed after ten or
more years of noise exposuid.[

Furthermore, there are other reasons that can produce aydamgne hearing cells as an inner
ear infection due to external bacteria, an ingestion ofwdictdrugs or inherited conditions.

NIHL is a preventable hearing disorder that affects peop#dl ages and demographics because
it depends mainly of the listening habits, the noisy envwinents that a person is exposed to, and
the characteristics of the noise. One of the possible carssegs of noise exposure is tinnitus.

Tinnitus is defined as the abnormal perception of sounds ficmthere is no external stimulus
[13]. Itis usually to be perceived in one or both ears or in thedhegome people define it
as a ringing noise, a buzzing or a whistling sound. This phesra can be suffered also by
otollogically normal persons after a sound exposure.

It has to be noticed the difference between the NIHL and ttzeihg loss associated with ad-
vancing age, which is callgatesbyacusisThis hearing loss may be due to lesions in the external
or middle ear, but the most consistent effect of aging is erhtiir cells and neuron83.

2.3.1 Hearing Loss Descriptors

There are some descriptors associated with the hearingekpdained in this section. These
descriptors are combined with the NIHL to give additionémmnation. Some of them are:

¢ Bilateral versus unilateral hearing loss:
Bilateral hearing loss occurs when both ears are affectedpbtrast unilateral hearing
loss means that only one ear is affected.

e Symmetrical versus asymmetrical hearing loss:
The difference between symmetrical and asymmetrical hg#ois is based on the degree
of hearing loss in each ear. If both ears are damaged in the way) the hearing loss is
symmetrical. Otherwise it is asymmetrical.

e Progressive versus sudden hearing loss:
A hearing loss is progressive when the damage produced ieathimcreased over time.
However, a sudden hearing loss is a ear damage that occuveiy short period of time.

e Temporary versus permanent hearing loss:

10



2.4. HEARING ASSESSMENT

A temporary hearing loss or temporary threshold shift isréefias a change in the hear-
ing thresholds that disappears within a period of time dfierexposure. By contrast, a
permanent hearing loss is a hearing disorder that does noovar the time.

These descriptors of the NIHL can be identify using diffénerethods. Next section explains
the methods utilized for hearing assessment in this project

2.4 Hearing Assessment

The purpose of hearing assessment s to quantify the atailitgar sounds. A variety of methods
can be used, such as audiometry and OtoAcoustic Emissiéis)(O

2.5 Audiometry

This test measures hearing thresholds by means of behif@edback from the subject. The
person taking the test is instructed to give some type obrespwhen a sound stimuli presented
is heard. There are different possibilities for the subjeexpress if the sound is perceived such
as pressing a button or raising a finger. The response givehebgubject is caused by the
sensory impression of the sound stimuli, but also the iné&gtion based on the experience and
knowledge of the test subject influences in the decision afihg or not a sound3j].

During this test, headphones are usually used. Thus soaveldrthrough the air in the ear canal
to stimulate the eardrum and then the auditory nerve. Thisguture, which is specified in the
standard ISO 8253-2f], is called air conduction audiometry.

Thresholds are measured for different frequencies in eachlée responses are recorded on a
graph called audiogram that provides the Hearing Level @idLgach frequency tested. The HL
expresses the difference in decibels between a measuredddaeshold and the thresholds
values derived from an otologically normal population at&igular frequency5]. A straight
horizontal line at 0dB HL in the audiogram represents theihgalerived from these thresholds
values. For example if a person has a hearing threshold oB 28dat a specific frequency, it
means that the hearing threshold is 25dB higher than thetible of hearing obtained from a
population considered otologically normal at that speéiiquency.

Types of Audiometries

There are many different types of audiometries for threshigtermination. For instance the
method of limits, the Békésy method, the method of constiamiusi, forced choice methods,
audioscan method, the method of adjustment etc.

11
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Many of them gradually converge on the threshold by presgrgbund stimuli at levels that
depend on the response to previous trials, consideringleagithe answer given by the subject
in each stimuli presentation. After several trials of onbjeat, the hearing threshold is deter-
minated according to a stop criteria.

The methods to be analyzed in detail for this project are ththod of Limits and the Bekesy
method. Both methods are standardized in ISO 825351 [

Method of Limits

There are different versions of this method: Ascending,d@eding and Bracketing. They all
are based on the same principle: several pure tones at sdesifiiencies are presented to the
subject, so by means of a variation in the level of these pomed the hearing threshold is
determined.

¢ Descending Method

It consists of a presentation of several pure tones staftorg a level which is above
to the threshold of hearing. Then the subject must show isthend was heard or not.
Since the starting level is above enough to the thresholeafihg, a positive answer is
expected. Then the level of the pure tone is decreased aseresl again to the subject.
This process is repeated until the subject is not able taeparthe sound. Every time that
the subject finishes a descending from an audible to an ibbusiiimuli is called a run
[14]. Several runs are performed, so the threshold of the suisjebtained according to
the threshold levels across rurdgl]. This is made for each frequency.

e Ascending Method
The ascending method differs to the descending method ist#réng level of the pure
tones. In this case the sound that is first presented is setexeehquite below to the
threshold of hearing. Then the level of the presented purestds increased until the
subject hears the sound. Again several runs are perforntethanthreshold is calculated.

e Bracketing Method

This method combined the ascending and descending mettatdsting from a level
above the threshold of hearing, the stimuli is decreasirtd tme subject can not per-
ceived. Then the stimuli is increased again until the sulgbows that can hear the
sound. Therefore a combination of increasing and decrgasims are performed when
using this method. This process is repeated a certain nuoiitieres for each frequency.
Then from the values obtained in the descending and asapndtis, the threshold is cal-
culated.

The drawbacks of this method are the anticipation and hatxtu of the subject to the task.
Sometimes subjects anticipate hearing the stimulus ancktdoes anticipate not to hear it.

12
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Other disadvantage is that is very dependent on the amowlgoitbels when increasing or de-
creasing the levels. A big increasing or decreasing in the oan lead to inaccurate results.

An advantage of this method is that a full range of perforredeeels can be estimated. How-
ever, if only hearing threshold determination is desirednyrrials will be presented until reach
the hearing threshold.

Békésy Method

In this method the stimulus is controlled by the test subjéu adjusts the level continuously
over the time to reach the hearing threshold. The sound Btareipure tones as well as in the
method of Limits, but the task of the subject is differenttiis case the pure tone is presented
and the subject has to press a button when the tone is heatd egldase it when the signal is
inaudible. When the subject release the button, then tleédéthe tone increases automatically
in a certain step size. Therefore the level is increased aokdsed several times depending on
the answers of the subject. This will produce some sort déyaland peaks around the min-
imum audible level. The hearing threshold is calculatedediog to certain number of peaks
and valleys.

A disadvantage of the Békésy method is that the measuremepé&nds on the reaction time of
the subject. If the stimulus are decreasing or increasinigstathat the subject does not have
time enough to press or depress the button according to hieg@n of the sounds, then the
thresholds obtained are not reliable. This can be avoidedywsasonably slower attenuation
rates.

On the other hand, this method is fast an has the advantagesed and reasonable precision.
because of the tracking used to achieve the hearing thigeshol

2.6 OtoAcustic Emissions (OAE)

Besides the hearing process, a healthy human ear is abledoqe inaudible sounds emitted by
the cochlea which are known as OAEs. They can be producest sipfontaneously or by means
of a stimulation of the ear with one or several specific sotigulas.

The OAEs are produced in a non damage cochlea by its owntgaivd reflect the activity of
the outer hair cells. The sounds emitted by the ear are inpfactuced due to a mechanical
motion of the outer hair cells of the cochlea that is trangdito the basilar membrang]].

This active mechanical process is consequence of natupakfections of the cochlea amplifier
mechanism43]. The motion of the hair cells creates a vibration which isein by the cochlea,
passing through the oscicles and finally reaches the tyropaeimbrane. Then a vibration of

13
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the tympanic membrane occurs and a sound wave is emittece®ath If a probe microphone
is placed into the ear canal closing it, then this sound wawvebe recorded.

Although the position of the probe microphone the amplitatithe OAEs may vary slightly
[45], some studies have investigated how the amplitude of th& @&ies depending on the
degree of hearing los4][28][8][12] [31][32]. Most of them conclude that for a population the
presence of OAEs is related to normal hearing thresholdereds reduced OAE levels can be
associated with hearing loss.

Types of OAEs

The OAEs can be classified as evoked or spontaneous OAEs. e&VOKEs are inaudible
sounds emitted by the cochlea when the cochlea is stimulgtedsound signal. When this
sound reaches the ear, it is transmitted through the eal aadahe oscicles until the cochlea.
Then the outer hair cells vibrate creating an inaudible dahat echoes back into the middle
ear again, which is the Evoked OAEs. By contrast, if the eadpces the vibration of the hair
cells by itself in the absence of any know stimulus, then tA&®are called spontaneous OAEs.

Among the evoked OAEs, there are different types dependinfg@acoustic stimuli used. They
are transient evoked, stimulus frequency and distortiodyct OAES.

Transient Evoked OAEs (TEOAEs)

These OAEs are produced when a broadband signal is presenstidhuli, for example a click
or a tone burst. The whole cochlea is activated from the apaké base, so a broadband
frequency region is tested when measuring TEOAESs. The nsspof the ear to this stimuli is
long and complex because responses from different partseeafdchlea arrive at the ear canal
at different times and at different frequenci&g]|

Stimulus Frequency OAEs (SFOAEs:)

In this case a narrow band stimulus is applied, for examplare fone. This type of stimuli
activates a narrow zone in the cochlea. To excite a wider sogeessive stimulations are
needed.

Distortion Product Otoacoustic Emissions (DPOAEs)

If the sound stimuli used is based on a multi-tone stimuli ample two sinusoids of differ-
ent frequencied; and f, (f, > f1) and levelsL; andL; , then the cochlea generates several
new acoustic frequency components besides the frequehca®d f,. These new frequency
components, called distortion products, are due to a metiintermodulation between the
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2.6. OTOACUSTIC EMISSIONS (OAE)

two stimulus tones along the basilar membrane. In the cageedivo sinusoids, the distortion
products are 2, — fp, 3f; — 2f,, 2f, — f; etc. They are obtained according to Equation 2.1

fdp=f,+N(f,— fy) 2.1)

where N is any positive or negative whole numbzt][

It is shown that the intermodulation distortion producethatfrequency 2, — f, is the DPOAE
which can be measured easily due to its amplitude, althchegbdchlea also produces DPOAESs
at other frequencies, as it was mentioned before. In ordeave a good response at that fre-
quency, the levels and the frequencies of the tones mustéetes® adequately. Ay / f, ratio

at 1.2 and a intensity of 65 and 55dB sound pressure levéhfandL, respectively yields the
greatest DPOAES3].

Figure 2.5 shows the development of the traveling wayesnd f, along the BM. In graph a)
corresponds to a dead cochlea. It can be seen that the calddsanot respond to most of the
stimulus energy. In graph b) a cochlea with a linear amptificeof the outer hair cells is shown.
However the outer hair cells do not have a linear behaviat,thrs results in intermodulation
distortion products (8 — f, and 2f, — f1) which then travel to their frequency places at points
3 and 4 and generate the backward traveling waves. This caedmein graph c). Therefore the
DPOAESs generation is based on a two-source model: The fisstaads the initial non-linear
interaction of the primaries and the second source comastfie re-emission site at the charac-
teristic place of the distortion product frequency. If a@sed DPOAE is measured, it may not
necessarily mean that the damage area of the BM correspottlals place where thef2— f,
and 2f, — f1 are generated. It could be by a BM damage in the overlap ateaebef; and f;,

for example.

By modifying the frequency of; and f,, the distortion product 2 — f, varies, therefore differ-
ent frequencies can be tested. If the ratio betwigend f, or the intensity of the tones changes,
the DPOAEs can not be compared among them in terms of amelitkdr this reason, these
two parameters have to be maintained constant all alongehj@éncy range.

Depending on the frequency variation when changingnd f, along the frequency range,
different resolutions can be obtained. For example, if guesmcy variation of 15Hz is used,
many values are obtained for a specific range of frequendtiethis range peaks and valleys
are detected when measuring the DPOAEs because of the isigintien. Nevertheless, if the
frequency variation is selected for giving DPOAEs valuesheB000Hz, then these peaks and
valleys do not appear and a curve without abrupt changest&nal. This small variations
detected at high resolution are called DPOAEs fine strusture

Figure 2.6 shows an example of a clinical DPOAE analysis é#ndtiates its measurement
results. In the figure on the left, it can be seen the soundtspeaneasured in a healthy
human ear canal during stimulation of the pure tofet 1425Hz) and;, (at 1500 Hz) with
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Figure 2.5: Development of the traveling waves along the BM in three cases. Graph a) shows the effect in a
dead cochlea. Graph b) shows the effect of a linear amplification of the outer hair cells. Graph
c) ilustrates the effects of the non-linear effect of the outer hair cells. Taken from D.T Kemp

[31].

an amplitude of 70dB SPL both. The rest of the spectral lihes appears are due to the
intermodulation tones produces by the cochlea. The figutl@might shows the result of the

measurements after the presentation of the sigihiaad f; at different frequencies. This is call

a DP-gram. The data of the spectrum of the left figure cornedpdo the value shown in the

right figure with an arrow. The shaded portion indicates thisalevel during the measurement.
The data is plotted as a function &f.

2.7 Selection of the Assessment Techniques for NIHL

A description of the procedures selected in order to andglyg@&lIHL and the final decision are
presented next.

2.7.1 Selection of the Audiometry Method for NIHL

In this section the audiometric method is selected from tfierdnt audiometric methods pre-
sented in Section 2.5. Before deciding the audiometry negttihe following requirements are
taken into account:

1. The audiometry method select has to be accurate. Theaamycinr this method can be
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Figure 2.6: The figure on the left shows the sound spectrum in a healthy human ear canal during stimulation
by two pure tones, f1 (at 1425H2) and f, (at 1500HZ), both at 70 dB SPL. The figure on the
righ ilustrates the complete DP-gram obtained after the measurements.

measured by means of the standard deviation within subjettch means how vary
the hearing threshold among subjects, being these sulfijenisa group of otologically
normal persons. In theory all the subjects must have a hgeéneshold close to 0dB
HL, therefore by means of an observation of the mean thrdsraue averaged across
subjects an estimation of the precision of the audiometrhotecan be done.

2. The time for each audiometry is in principle not an impetfactor but a reasonable time
consumption is desired.

3. Conformity with the standard ISO 8253-24 is also desired. Non standardized method
are neglected for this project.

From all the audiometric methods mentioned in Section 2r5Heeshold determination, only
the three standardized methods in ISO 82524 pre chosen to be analyzed. These are the
Békésy method and the method of Limits using its AscendirbBracketing versions.

In order to select which one of the three methods mentionémréd¢Ascending, Bracketing or
Békésy) is more appropriate, an investigation made by Liyjdd] is used. This author com-
pares different methods in terms of accuracy and time copsamof the measurements. Table
2.1 shows an overview of these parameters. Mean and stadelaetion of the used time and
the threshold accuracy for each method are presented.dsereed that the Bracketing method
has the highest mean duration value with 127 seconds anddasthdeviation of 12 seconds.
On the other hand in terms of accuracy, the Bracketing mesieedhs to be very precise, al-
though it has a relatively large standard deviation acgurac
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CHAPTER 2. HEARING AND SOUND EXPOSURE

Ascending Bracketing Békésy
Accuracy (dB HL) 0.82 0.2+1.9 1.5t1.7
Time consumption (seconds) *3 12A412 62+12

Table 2.1: Mean and standard deviation of the time used and the HL accuracy in the threshold determination
of Ascending, Bracketing and Békésy method. This data is obtained from a investigation of Lydolf
in his Ph.D.Thesis [34].

For a simple and a reasonable accurate method, the Bragketithod is chosen. Moreover this
method can be used according to the facilities availabl&®@development of this project.

The sound stimuli used are discrete pure tones at 250, 50010®0,1500, 2000,4000, 6000
and 8000Hz. The time duration of each pure tone presentatiselected to be 300ms for all
the pure tones presentations along the frequency rangeasltdecided to choose this time to
let the subject time enough to hear and to create the respoesging or not pressing when the
sound is respectively heard or not heat][

Other parameter is the attenuation step size that indib@@she sounds decrease or increase
in level from one presentation of the signal to the next preg@®n. This parameter is desired
to be small to give a precise audiometry. If the subject answeat the sound was heard, a
decreasing of 10dB is performed. However if the subject dm¢sear the sound an increasing
of 5dB is performed.

The calculation of the threshold in the standard ISO 82536] for the Bracketing method
requires that three runs in series occur at the same levafaitmaximum of five runs. Two
ascending-descending runs are chosen in this projectiuhstfehree because when using three,
the time consumption of the audiometry with all the freques®ecomes very large.

In the beginning of the audiometry an initial familiarizatiis carried out to be assure that the
subject has understood how to perform during the test. Hmsliarizations consist on a pure
tone at an audible level, which decreases until a certael \elien the subject is not able to hear
it. If the subject responds correctly to this first descdrg,threshold determination goes on. In
this part the attenuation step is the same specified before.

When changing from one frequency to another, the next frecupresented to the subject is
played higher than the level recorded when the push buttemetpressed in the last threshold
determination.

2.7.2 Selection of Otoacoustic Emissions for NIHL

Many researchers3p|[43][28][42] used OAEs for audiologic evaluation in their investigatio
about NIHL.
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Evoked OAEs are frequently used instead of spontaneous @ABearing assessment because
not all the healthy ears produce spontaneous OAEs. Tabh2ws the prevalence of the differ-
ent types of OAEs in human healthy ears which is defined as cluear pathology and hearing
threshold of 15dB HL or better. According with this table, @&Es and DPOAEs are the pos-
sible evoked OAEs selected for this project.

Type of OAEs Stimulus Prevalence in normal ears
Spontaneous OAEs No stimulus required  approximately 60%
Transient Evoked OAEs (TEOAES) Click or tone burst 99%

Stimulus Frequency OAEs (SFOAEs) Continuous pure tone  awkn

Distortion Product OAEs (DPOAES)  Two pure tones 99%

Table 2.2: Classification of the different types of OAEs according to the stimulus applied to excite them and
with their prevalence in normal ears (no cochlear pathology and hearing threshold of 15dB HL or
better). The data is obtained from [16].

The broad band nature of the TEOAE does not permit a deepérsaaf the hearing due to
its highly non-linearity. Moreover, the frequency anatysf the TEOAES can not be related to
a specific site of the BM, since the TEOAE level at any giveqdency is a result of combined
sources42]. By contrast, DPOAE allows to associate each DPOAE levéh wertain areas
of the BM derived from the frequency of the emission signd.[ Therefore DPOAESs are
preferable to TEOAES for this project.

DPOAEs allow to into account.

quantify the degree of

DPOAEs are measured at the frequenciés—2f,, ranging from 635 to 3943kHz. Two sinu-
soids with frequencie$; and f, are selected to be presented to the subject to excite the OAEs
The distortion product is obtained varying the frequeficfrom 1001 to 6165 Hz. Fixed levels

of 65 and 45dB folL; andL;, respectively and a fixed frequency ratio Bf f; = 1.22 are se-
lected for the pure tones. Regarding the resolution of thesomements, eight DPOAE values
per octave band are chosen.

2.8 Chapter Conclusions

Though this chapter, it has been described the hearingsssasin order to detect a possible
hearing damage due to a sound exposure. As stated in thduiotion (Chapter 1), this project
involves the analysis of a specific situation: a headphonadexposure by MPs.

Headphone sound exposure, as a sound exposure in itselfleads to NIHL. This NIHL is
diagnosed in this project by means of DPOAE measurementpanectone audiometry. These
techniques are chosen since the DPOAEs measurements leapetémtial to indicate a mild
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CHAPTER 2. HEARING AND SOUND EXPOSURE

NIHL before it is observed audiometricall¢3][ 8].
A summary of the parameters selected in these assessmémidseire shown in Appendix A.

In addition, in next chapter a detail description of the sbarposure produced by MPs with
headphones is presented. Furthermore a explanation abauthkeLex Tois used to evaluate
this exposure is made.
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CHAPTER 3

HEADPHONE SOUND EXPOSURE

Headphone sound exposure is a difficult and subjective expashere many variables play
an important role. This chapter defines in detail how all ¢hemriables are considered in this
project for the analysis of a possible NIHL in a population.

3.1 Listening Devices: Music Players and Headphones
A MP is defined in this project as any kind of device which iseatdl play music files through

headphones. The sound signal is produced by the MP, howswdreadphones are the trans-
ducers responsible to convert the output signal in soursspre level.

There are different types of MPs that can be considered fadpione sound exposure, never-
theless, only the following devices are taken into account:

e Laptop computers or desk computers.

Portable MPs: MP3 players, mobile phones, portable DVD, GIygys, portable radios,
pocket computer etc.

Televisions or games console.

Hi-Fi equipment, mini-stereo systems, professional steystems or similar.

Mixer table or similar.

All the MP mentioned above must have a common point: They alitrhave the possibility to
be used with headphones.

Regarding to the headphones, there are five different cagsgaccording to the standard ITU-
T-1993 R7], that are considered. An explanation of each type can beise®ppendix B. The
different types of headphones are the following:

¢ Intra-concha.
e Supra-concha.

e Supra-aural.
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e Circum-aural.

e Insert.

In general, headphones do not incorporate acoustic insnlad protect from external noises.

However some headphones in itself provide some attenudtierto their structural properties.

This insulation varies among the different types and ambeglifferent models of headphones.
Therefore the exposure level can be modified slightly dejpgyah the type of headphones. This
consideration is not taken into account in this project heedt is treated as an uncontrollable
variable because even though some headphones can proeakergattenuation compare to
others, this fact is a consequence of the particular expasfueach person. Thus, it can not be
corrected, because then the real sound exposure will berigigt

3.2 Listening Source: Music

The source of sound exposure through the headphones thahssdered for this project is
music.When dealing with noises such as the machinery nihisysounds used to be more pre-
dictable, so it is easier to analyze. However, in the caseusienthe temporal variations, the
frequency content and the average to peak level can vary@guditiarent types of music or even
within a same song.

Some investigationslp] have concluded that depending on the type of music, the M#Psus
adjust the volume of their MP to different levels. It meanstttme type of music is a parameter
which may affect on the headphone sound exposure. Therdépending on the music prefer-
ences, people can be more or less exposed. Moreover peopelsed to listen to only one

type of music. Thus an estimation of the exposure time pen egme of music is needed for

each person in order to compare the headphone sound expasaifanction of the music.

An analysis of the headphone sound exposure depending dggleof music is considered
beyond of the objectives of the project.

3.3 Headphone Sound Exposure Evaluation

In this project the headphone sound exposure is calculatégygr, which is defined in the
standard ISO 1992[] and mentioned in Chapter 2. Equation C.4 shows the exmessi

Te
Lexsh = LeqTet+ 10|09<T—0> (3.1)

Teis the effective duration that the person is exposed to tlgerio hours per day anfo cor-
responds to a reference duration of 8 hours. It is naexgubsure time Information aboufle
is obtained by means of a questionnaire.
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LeqTe COrrespond to the level that a person set in its MP. This imdéfas the equivalent contin-
uous sound pressure level which is the steady sound prdssal@btained from an integration
over a period of time of a fluctuating sound pressure levek itecorded from the sound pro-
duced by the headphones. The expression oLthee can be seen in Equation 3.2. During all
the project the time of integration of all the measuremehts.gre is fixed to 60 seconds.

1 [Te/p(t)\?

whereTeis the time of integrationp(t) is the instantaneous sound pressure level@gyid the
reference sound pressure which iqP@.

3.3.1 Sound Levels Generated by the Headphones

The measurements of they s produced by the headphones of a MP within the ear can be mea-
sured with the MANIKIN technique and the MIRE techniquesthin the standard ISO 11904-2
and 1SO 11904-1 respectivel2J][21]. MANIKIN technique uses a standardised artificial ear
including microphones, whereas the MIRE technique useslagpmicrophone inserted in the
ears of human subjects.

This last technique can not be used when measuring the soaddqed by intra-concha and
insert headphones because the placement of the probe mcrepvith this type of headphones
is not possible with the correct fit. Furthermore the proberaphones are very delicate, sensi-
tive to environmental conditions and difficult to calibrié).

On the other hand, the MANIKIN technique permits to use amglaf headphones, and allows
repeated measurements in a short period of t2 [A disadvantage is the difficulty to use it
outside of the laboratory due to its weight and size. Moredke pinna of the manikin does
not have the same properties than a human ear, so placentbetéar may not be exactly the
same than in a human being. However this technique is apiplinils project since it provides

a simpler and more robust manner of measurement.

The acoustic field produced in the headphone cup can not bgarechwith a source that creates
a sound field which is propagated in an open space. Therefooaversion from_gqees mea-
sured in the ear canal to a field level un-disturbed by thegmes of a manikin is needed. This
level is named as free-field related equivalent continuowgefghted sound pressure level and
itis denoted asrr aeq Moreover for this project this level is callédtening level Appendix
C explains in detail the procedure to measure and calcllatedeos, theLrr aeqand thel gx gh.
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3.4 Headphone Sound Exposure Parameters

The parameters to take into account in order to perform aiggdeadphone sound exposure
evaluation are explained in this chapter.

3.4.1 Environments

It seems that the acoustic environment around a person ey tfe preferred sound level that
a person set in his MPL]].

People use MPs in many different situations. Therefore nigisessary to define precisely the
places and the characteristics of the environments wheredv#used. For instance it can not
be considered the same exposure to utilise a MP with hea@ghoi very quiet street or a park,
or to use it in a cafeteria. Furthermore in the same environsdifferent background levels are
possible. For example to use a MP while walking in a streebearonsidered depending on the
street as a very noisy or quiet environment.

The environments that are considered for the headphone& soyosure evaluation are:
e Quiet.
e Moderate.

e Noisy.

3.4.2 Other Sound Exposures

If a NIHL is diagnosed in a person who is exposed to anothezssige sound apart from head-
phone sound exposure by MPs, it is impossible to define whipbsure is the responsible of
the hearing damage.

All those persons who do not have any other exposure thandhdpmone sound exposure
besides not having other complication in his hearing, aresiciered as individuals who do not
have anyprevious hearing condition

For this project a previous hearing condition is presentedma person:

¢ Suffers from a cold or has taken any medicine or another tygaugs that mightinfluence
on his hearing.

e Has very often hearing problems as infections, ear noisestus, drainage etc.
e Has a know history of hearing damage diagnosed by a medicabido

e Has been exposed to impulsive or loud sounds for long pepbtimne without hearing
protectors i.e. explosions, fireworks, shootings etc.

24



3.5. CHAPTER CONCLUSIONS

Has been working in a job were the use of headphones was némdsdeast two years
full time.

Has been working in a noisy environment for at least two yé&aftsime without using
hearing protectors.

e Is a musician or is professionally involved.

Used to play an instrument or attend to concerts/discosageyn without using hearing
protectors.

3.4.3 Gender and Age Differences

Among MP with headphones users, there are people of diffagas. This project investigates
the age range of the potential users of MPs with headphoreepapulation. However whether
the age within the potential users is a parameter that aftbet headphone sound exposure is
not an issue analysed in this project.

In addition, whether a gender difference exist when assgsgiise exposure through the head-
phones is not an issue to be investigated.

3.5 Chapter Conclusions

In the headphone sound exposure evaluation carried outifoptoject, different types of head-
phones and MPs are selected to be analysed when music islplelpeeover quiet, moderate
and noisy are the three environments considered.

In order to assess the influence that MPs with headphonesiggsdn the hearing, a selection
of MP users according to thdigx gy and their previous hearing condition is made.

Next chapter explains the classification of subjects in twoups, defined as control and target
population:

e The control population is a group of persons that do not present any previous hearing
condition besides not being potential MP users.

e Thetarget population is formed by persons who do not present any previous hearing
condition besides listening to MP with headphones for loagqals of time and at high
volume settings.
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CHAPTER 4

PILOT TEST

The pilot test is performed in order to select the subjedcisitelong to control and target pop-
ulation for the purposes of this project. First a preliminauarvey is described, and afterwards
the pilot test design is explained.

4.1 Preliminary Survey

The purpose of this part is to define the age of MPs users thiaetteadphones. This survey
is conducted to 80 subjects randomly selected asking themeki question: "Do you listen to
music using MP with headphones?" The important paramehtetsate taken into account are
the age, the gender, and the answer to the question forrdulate

The data collected is shown in Table 4.1. From these resultan be seen that the highest
percentage of MP with headphones users is 83,3% which pames to an age ranged from
19-30. In consequence it is stated that the age range of rifpet @nd control population that
will be tested in this project has to be from 19 to 30 years old.

Number of subjects Age Range % of persons who use % of persomsiovnot

Women Men MP with headphones use MP with headphones
10 10 19-30 83.3 16.6
10 10 31-38 63.3 36.6
10 10 42-48 33.3 66.6
10 10 51-57 26.6 73.3

Table 4.1: Percentage of the population that use or do not use MP with headphones.

4.2 Pilot Test Design

In this section the previous hearing condition, the listgriabits and thegx gy are studied. It
has to be noticed that the subjects who performed the psoate not the same subjects who
participated in the preliminary survey. The only requiretrfer the new subjects is to be ranged
in age from 19 to 30, as it was concluded in the results of tempinary survey.
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4.2.1 Goals of the Pilot Test
The goals of the pilot test are:

¢ To identify two groups of subjects: target and control pagioh

¢ To define the most typical places where MPs are used.
This is done by means of

¢ Analysis of the previous hearing condition and the envirenta where MPs with head-
phones are used. The subjects could select among the néaxdranents: Bus, train, bike,
motor-bike, car, street, home, university or at work. Thidone with a questionnaire.

¢ An evaluation of the headphone sound exposure of the sgligsting the listening level
and the exposure time.

In addition, some other parameters are investigated irr eodesrify some of the decisions that
were taken in the pilot test design. These are:

e The use of MP with headphones among the next devices: Pemé®lcomputer, televi-
sion/DVD, HIFI equipment or mixer table.

e The type of headphones preferred by users among the nex: typtea-concha, supra-
concha or circum-aural headphones.

4.2.2 Method

It is decided to carry out this pilot test in Aalborg univeysiffices which is a quiet environment
where the background noise can not vary suddenly from lowigb kevels. The instructions
given to the subjects are shown in Appendix E.

This pilot test is divided in two steps:

1. It consists of testing the volume listening preferendéb@subjects when using MP with
headphones. The purpose is to obtain the sound exposut@t@arh subject. In order
to do that, two different types of headphones and one patdBl are presented to every
subject. They can be seen in Table 4.2. Each person must geddgpe of headphones
that would choose in case of listening to music with headpbofThen, the task of the
subject will be to adjust the preferred volume control of fneen seven different music
samples of 60 seconds that are stored in the portable MR Fabkhows title, author and
type of the music samples. A normalization of all the musiogies is done to assure that
they all have the same energy content. The music sampleptegp and well known
songs in order to allow the subjects to focus on the volumectieh instead of another
not important details i.e. the lyrics or the rhythm of the mus
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Appendix D describes the selection of the portable MP anthéaelphones as well as the
music samples used. The normalization performed in thearsasnples is also detailed
in this appendix.

Device Model LAB-Nr
Headphone Sony MDR -
Headphone Creative MuVo V200 2157-41
MP Creative MuVo V200 2157-41

Table 4.2: Devices used in the pilot test

2. ltis based on a paper questionnaire inspired by the ortehys®lattila & Zacharov 35].
This questionnaire is formulated in order to identify thesjects who do not have any
previous hearing condition and to get some informationteelao their listening habits.
The entire questionnaire can be seen in the Appendix F.

Music Author  Music Title Music Type
The Beetles Help Pop

Milk Inc. In my eyes Dance
Fugees Ready or not Hip-hop
Woody Allen  Come On and Stomp Jazz
Shakira Hips dontt lie Pop

u2 Sunday Bloody Sunday Rock
Vivaldi The Four Seasons Classical

Table 4.3: Music samples presented to the subjects. The duration of all the music samples is 60 seconds

4.2.3 Evaluation and Results

A total of 61 persons, 40 males and 21 females, ranged in agedZ1 to 33 (median=23) took
part of this study. Appendix G shows the results in detail.

Previous Hearing Condition

Firstly, the subjects that do not present any previous hgawondition are selected and the rest
are rejected.

Regarding to the results collected from the questionnaing, significant problem related to
hearing infections or medicine that might have influencelentiearing was revealed by the
subjects. Five candidates showed a diagnosed hearingepnabid one of them was suffering
a cold, therefore these six subjects, that correspond t83®of the tested population were
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rejected.

There was not relevant case affected by impulsive or lousd®as explosions, shootings or
firearms. The most common cases correspond to persons exjmofeeworks once or twice
per year. In addition there was a 8% of subjects that decthisdhey have been working in a
noisy environments i.e. machinery noises in a factory. Hewvé was during short periods of
time and in the most of cases hearing protectors were used.

A 32% of the subjects play some musical instrument as piantgrgdrums, saxophone or elec-
trical guitar. The 11.76% of these subjects play in a bantiéir free time and 88,24% play at
home. There is only one subject who used to play around 80shmerr month, therefore this
participant is rejected. The rest of the subjects are aeddptcause any of them was profes-
sionally involved in music and the exposure time was less 8#ahours.

A 82,69% of the subjects assists to discos or pop/rock ctsbemever since any subject at-
tends regularly and the average is 2 times per month, thencibisidered that any subject is
severely affected.

Thus, it can be concluded that 54 subjects, that correspn88.52% of the population, are
considered do not present any previous hearing conditimmmFEhese subjects the headphone
sound exposure is analyzed.

Headphone Sound Exposure

The next step is to calculate the headphone sound exposigientify the subjects of the target
and control population using the data collected from therobfevel setting and the time ex-
posure marked in the questionnaire. This is done by meareafdculation of th&gx gn as it
was explained in Section 3.3 in Chapter 3.

The levels that correspond to each control level settingragasured beforehand, so they were
known before the performance of the pilot test. This can lee s® Appendix E.

The Lexgn of all the subject can be seen in Table G.1 in Appendix G. FEidarl presents
theLgx sn sorted from the minimum to the maximulgx gn. There are 11 subjects that are not
MP users, therefore the exposure time is zero and consdygtientorrespondingex gn is zero.

This data is evaluated according to the Danish legislabmhich states that no person may
be subjected to noise with a level higher than 85dBA in anteiglur working day. Therefore
those persons who are exposed to levels above 85dBA areleoedisubjects of the target pop-
ulation. On the other hand, all the subjects who performég g, of less than 75dBA are
considered control population.
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Figure 4.1: Lgyx g, calculated from the data collected in the pilot test. The Lgy gy of the subjects is sorted
from the minimum to the maximum Lgx gn

The difference between the:x g, in the population would be desired to be bigger, but due to
lack of subjects interested to participate in the completestigation, this range was reduced to
be only 10dB difference between populations.

Parameters Analysis

This last step evaluates the parameters mentioned in 8etfdl using the data collected from
the questionnaire.

Regarding to the environments where MPs with headphoneassad, the subjects were asked
about how often they used to listen to their MPs (rarely, rofte very often) and the type of
environment that corresponds to the place selected (aqoégterate or noisy).

The analysis is made according to a 3-stage analysis syBthstinvented. A point scale from
1 to 3 corresponding 1 to the weakest stage and 3 to the ssbagé can be seen in the ques-
tionnaire is used. Figure 4.2 shows the results plot as aiftmof the humber of points get
in each environment. It can be seen that the two environmibatget the highest number of
points were bus and street.

A representation of the number of MPs users for each type ofdlRces is shown in Figure
4.3. The participants display a high use of MP devices whexjpieones are used, especially
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Number of Points

Figure 4.2: Environments where MPs with headphones are used. Each subject could choose more than one
environment.

portable MP and personal computers or laptops are the MP usestby the population tested.
Therefore it is consistent with the decision taken of usipgeable MP as reference device in
order to measure the headphone sound exposure.

Regarding the type of headphones that the population useanibe concluded that 71.11%
use intra-concha headphones, 8.89% use supra-conchahoaeadmnd 20% use circum-aural
headphones. Therefore the headphones selected in App@ridixhis pilot test are according
to the preferences of the people that use headphones fitigtto MPs.

4.3 Chapter Conclusions

When calculating the headphone sound exposure for eacbctuthje same exposure level was
considered for the total exposure time. This assumptionlis @an approximation because it is
not proved that the MP users listen to the music at the sameédéthe time.

The users may modify the control volume position of the MPeahefing on the environment

where they are listening to music. Due to this, another hiean@ sound exposure evaluation
taken into account different environments is performed Isining test that is explained in

next chapter. Bus and street, which are the most commonsptaagse the MP as it was con-
cluded in this pilot test, are used as references to evathate:-x gy in a quiet/moderate and

noisy environment respectively.

Furthermore, subjects did not use their MPs or their headiphn this pilot test. This may
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Figure 4.3: Use of MPs with headphones as a function of the users preferences. Each subject had the
possibility to select more than one device

change the control level setting somehow for a lower or higkéing. Therefore it is asked to
the subjects to bring their own MP, headphones and musiceitigtening test. Thus, a more
accurate evaluation of the real headphone sound exposufzeaaade.

From the total of persons that took part of this pilot tests@Bjects (28%) are selected as control
population and 26 subjects (33%)as target population. dseljects are called to participate in
a hearing assessment and a headphone sound exposureienaluaich is carry out in different
environments.

33






CHAPTERS

LISTENING TEST

This chapter describes the design of the listening tesst Bie method and the goals of the
listening test are described. Then, a detail descripticgach part is explained. The results of
this listening test will be given in detail in Appendix. K.

5.1 Goals of the Listening Test

The goals of the listening test are:

e To measure the listening levélzr aeq in three environments: very quiet, quiet/moderate
and noisy for the control and the target population.

e To calculate thégx gn for both populations taken into account two environmentset
quiet/moderate and noisy.

e To test the hearing thresholds and the DPOAEs for both ptipok

5.2 Listening Test Design
The test is made as it explained in the following lines:

First the subject is conducted to a room where an instrugtéger is given. It can be seen in
Appendix H. Then the subject must fill out a short questioraaifter this, the subject is con-
ducted to an audiometer cabin where DPOAES measurements ek tone audiometry are
performed. Then, a break is given to the subject to be enkatde does not get tired and lose
focus. After the break, the subject is conducted to a lisigndom. A control volume adjust-
ment of his MP using his headphones and music is performeiff@reht environments several
times. Between each volume adjustment the subject comd the tboom during 1 or 2 minutes.

The paper instructions given to the subjects can be seen pergix H. In addition, the con-
ducted guidelines followed by the instructor can be foundppendix I.
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CHAPTER 5. LISTENING TEST

5.3 Listening Test Subjects

To perform this listening test, 26 and 18 subjects selected the pilot test as target and control
population respectively are invited to participate in thégond part of the investigation. From
these subjects, 12 and 10 subjects of the target and compallgtion respectively agreed to
participate.

Table K.2 and K.1 in Appendix K shows reference number, agesax of all the subjects of
control and target population who participate in the ligtgriest respectively.

5.4 First Part: Listening Test Questionnaire

The first task is to fill out a questionnaire. This questiommaan be seen in Appendix J.

The objective is to estimate the exposure time when usindgtemes for listening to music
with a MP in a quiet/moderate and noisy environment for adl sbjects. The results can be
seen in Figure K.2 of Appendix K.

In this questionnaire, as well as in the pilot test, the stibjerho suffer from a cold or take any
medicine or another type of drugs are rejected. Any subjestiw this situation, therefore no
subject was rejected.

Moreover there are some specific questions asked to havéen tatrview of the hearing state
of the subjects. The answers given by the subjects can barsEegure K.9 in Appendix K.

5.5 Second Part: Hearing Assessment

An audiometry test and DPOAEs are carried out. Appendix Lcidless these measurements
and presents the results.

From the target population, two subjects are neglected tféesperformance of these two tests.
Subject EDR is neglected because a deep hearing loss atrbggheficy in his right hear was
detected. This audiometry was repeated twice and the seshtained were approximately
the same. The results of his audiometry can be observed ie Tab in Appendix L. This
hearing loss is considered to be produced by other reasdnelated to the use of MPs with
headphones, therefore this subject is neglected. Morethee was a problem conducting the
DPOAE measurement to the subject JLS. It was seen that Be@ROAE measurement of the
right ear, the measurement system was blocked. It was dueaocamulation of wax that was
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stuck in the microphone probe of the measurement systemm, fimewax was removed and the
measurement finished. Observing his results, it can be kegthiere is a strong asymmetrical
difference between the right and left ear of both tests. rAfies examination, it is decided not
to take into account this subject because there are sometsiginthis subject had an excessive
amount of wax in his right ear. His audiometry and DPOAE mea®ents can be seen in Table
L.2 and Figure L.17 respectively in Appendix L.

5.6 Third Part: MP Volume Adjustment

One of the goals of this listening test is to analyzelthg g, of both population. This parameter
is calculated following the same procedure used in the past Therefore, first the subject
must adjust the volume of his MP, th&gr aeq is measured, and finally with this level and the
exposure timé,gx gn iS obtained.

The main considerations in this listening test are:

e The subjects are asked to bring their own MP, headphones asit.nSince not all the
MPs are portable, computers and MPs easily transportedesenmended. Moreover the
devices used in the pilot test are available just in casethigssubjects can not bring their
own devices.

e Bus and street, which are the most common places to use theshNtRvas concluded
in the pilot test in Chapter 4, are used as references emagats to evaluate thigzx gn
in a quiet/moderate and noisy environment respectivelyreldeer the subject is asked
to adjust the MP when there is not environment being simdlalde environments are
presented to the subjects randomly. Furthermore, twoitepet of each environment are
simulated. Appendix M explains in detail the listening testup and the simulations of
the environments.

e For the calculation of thegx gn, only the quiet/moderate and the noisy environment are
considered since a very quiet situation is considered asgalistic environment.

e A familiarisation process is performed before starting thart of the listening test. It
consist of an adjustment in one of the environments. Thigstdjent is not taken into
account for the results.

TheLgx gn obtained for all the subjects is shownin Figure 5.1. Figarestables of the exposure
level and the exposure time can be found in Appendix K.
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5.7 Chapter Conclusions

The data from 10 subjects of the control and 10 subjects dftiget population are collected to
be analyzed in next chapter.

From the pure tone audiometry and DPOAE measurements, Xhgehreshold levels (HL)
and 22 DPOAE levels are obtained respectively per subjetipanear. These values are ac-
cording to the frequencies selected in section 2.7 in Ch&pte

From the headphone sound exposure evaluation, for eacacsutsyo exposure levels x gn)

and three listening leveld £ aeq) are calculated. The exposure levels corresponds to aquiet
moderate and a noisy environment. Moreover, the listeréngl$ corresponds to a very quiet,
quiet/moderate and noisy environment.

Control Population
100 T T
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o
T
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Figure 5.1: Ly gn calculated for the subjects of the target and control population according to the data
obtained in the listening test for a quiet/moderate and a noisy environment.
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CHAPTER 6

LISTENING TEST RESULTS

This chapter contains an evaluation of the conducted listetest in order to analyze the data
collected using an statistical tool.

6.1 Listening Test Analysis

There are four parameters tested: exposure ldvgt ), listening level Lrraeq), hearing
threshold level (HL) and DPOAE level. Moreover, there armsdactors that are controlled
in the listening test. Each factor contains a number of tneats. All factors and treatments
used in this analysis are list below:

e Factor: Populations

— Treatment: Control population

— Treatment: Target population

e Factor: Ears

— Treatment: Left ear control population (LC)
— Treatment: Right ear target population (RC)
— Treatment: Left ear control population (LT)

— Treatment: Right ear target population (RT)

e Factor: Environments

— very quiet
— quiet/moderate

— noisy
e Factor: Frequencies

— Treatment: f
where:
i=1,2,...,10 for the HL statistical analysis.
i=1,2,...,22 for the DPOAE statistical analysis.
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CHAPTER 6. LISTENING TEST RESULTS

In order to perform this statistical study an ANalysis Of érce test (ANOVA) and an Inde-
pendent Sample T-test are applied using the Program SP8S Bdr further reading on the
method, reference is made ®q. In Appendix N and Appendix O a further explanation about
the ANOVA and the T-test analysis is described.

6.2 Analysis of Listening Level

The aim of this section is to determine if the listening lediflers among the populations and
the environments.

In this study, the parameter analyzed is e aeq The factors and the treatments defined are
the followings:
e Factor A: Population

— Treatmeniua1: Control population
— Treatmeniao: Target population

e Factor B: Environments

— Treatmenyg;: Very quiet environment
— Treatmeniugy: Quiet/moderate environment

— Treatmengs: Noisy environment

All the subjects, regardless of the type of population thaytbelong to, are introduced to the
three environments simulated.

The analysis of the listening level is done to answer the gegstions:

¢ Do control and target population differ significantly onitterformance on therg aeq?

e Second, is there any significant difference in listeninglemong very quiet, quiet/mod-
erate and noisy environment?

¢ Finally, how do the two factors: populations and the envinents interact in their effect
ONLrr peq?

6.2.1 Method

Since this test has two factors, it is analyzed using a twp-M&OVA test. Therefore, it is
possible to evaluate the influence of the two factors as vgetha influence of a possible inter-
action between them. In order to evaluate this statistigalificance the next hypotheses are
formulated:
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6.2. ANALYSIS OF LISTENING LEVEL

e For factor A: Populations.

— The null hypothesistg a: It states that there is not significant difference between
theLrr aeqmeans of the two populations. It is noted as:

Ho.a: Ha, = Ha,-

— The alternative hypothesibi; a: It states that there is a significant difference be-
tween thelgr aeqmeans of the two populations.

Hia: Ha, 7 Ha-
e For factor B: Environments.

— The null hypothesisipg: It states that there are not significant differences among

Lrr aeqmeans of the three environments.
HO,B - M, = M, = HB;-

— The alternative hypothesidy, B: It states that at least one of the thtgg seqmeans

is different from the others.
e For interaction between factors population and envirortmen

— The null hypothesisig ag: It States that the interaction between factor populations

and environments has a significant effectigg aeq

— The alternative hypothesidy ag: It States that the interaction between factor popu-
lations and environments has not a significant effedt @neq

6.2.2 Results

Table 6.1 presents thg-F aeq means across subjects for the treatments and factors défined
this section. Moreover the two-way ANOVA test results areganted in Table 6.2. Figure
6.1 illustrates the Confidence Interval (IC) and the es&uibEr oeq means for the two factors:
populations (left) and environments (right).

Factor B MeanLgraeq (dB)  Standard Deviation  Number of Subjects Mean for
Environment Control  Target | Control  Target | Control Target | environment (dB)
very quiet 87.82 97.29 9.99 5.75 10 10 92.96
quite/moderate 94.11 98.83 | 5.10 4.47 10 10 96.98

noisy 97.52 101.39| 3.38 4.42 10 10 99.76
Mean for population (dB)| 93.15 99.17

Table 6.1: Data collected from the listening test for the Lrr aeq analysis.
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Sum of Squares Degrees of Freedom Mean Squares F-value ug-val

Factor A: Population 388,524 1,000 388,524 11,460 0,001
Factor B: Environment 483,794 2,000 241,897 7,135 0,002
Interaction AxB 72,408 2,000 36,204 1,068 0,351
Error 1830,744 54,000 33,903
Total 571229,936 60,000

Table 6.2: Results of the Lrr peq analysis using two-way ANOVA statistical method.
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Control Target noisy quiet/moderate very quiet
Population Environment

Figure 6.1: Representation of the listening level as a function of the population (left) and the environment
(right). The Null hypothesis can be rejected if the variances lines do not overlap in the horizontal

direction.

6.2.3 Conclusions

In this project the level of significance used is equal to 0.D&en, to reject a null hypothesis,
the p-value in the ANOVA table must be lower than 0.05.

From Table 6.1 it can be seen that the two factors presemtreiftes among ther aeqmeans.
Furthermore, itis shown in Table 6.2 that the p-value in lwatbes is lower than05. Then, the
null hypotheseslp o andHg g can be rejected. This means that there is a significant elfer
between the performance of both populations. In additipalso can be concluded that the
listening level varies significantly among the three envwments.

Since the p-value from factor population and environmetatraction is higher than 0.05. It can
be concluded that the interaction between these factonsdiasgnificant effect on the listening
level performance.

The same conclusions can be observed from Figure 6.1. Ifdhiance lines that represents
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the IC from the estimatetrr aeq does not overlap in the horizontal direction, two means are
considered significantly different. In this case, the vac&lines does not overlap, then the pop-
ulations and the environments means are considered sigrtifiifferent.

In order to analyze in detail the effect bfr seq @among the three environments an Independent
Sample T-test is performed. The T-test design and the eesbliined are presented in Ap-
pendix O.

From the T-test results shown in Tables O.1, O.2 and O.3,ekeaonclusions are made. There
is not a significant difference drkr aeq performance between very quiet and quiet environment
and between quiet/moderate and noisy environment. Howtinge exists a difference between
very quiet and noisy environmebg g aeq performance.

6.3 Analysis of Exposure Level

The goal of this section is to determine if thex gn of the control and the target population
would differ among the environments.

This study is similar to the sound exposure level analysseidiged in Section 6.2. However, in
this case the parameter analyzed islthggn. The factors and the treatments are:

e Factor A: Population

— Treatmeniua1: Control population
— Treatmeniao: Target population

e Factor B: Environment
— Treatmenig;: Quiet/moderate environment

— Treatmenyg,: Noisy environment

Those subjects who belong either to the control or targetulatipn are introduced to all the
treatments defined by the factor environments. Notice thatfactor B has two treatments.

Since theLgx gn Of the subjects that do not use MP with headphones is equarto Zhese
subjects are not taken in account in this study.

The analysis of the exposure level is done to answer the nedtipns:

e First, do control and target population differ significgrah their performance olex gn?

e Second, is there any significant differenceliek sn between quiet/moderate and noisy
environment?
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¢ Finally, how do the two factors: populations and the envinents interact in their effect
on LEX,8h ?

6.3.1 Method

To evaluate the influence of factor populations, envirorisiand the interaction between them
a two-way ANOVA analysis is applied. Thus, the hypothesesitdated are:
e For factor A: Populations.

— The null hypothesistg a: It states that there is not significant difference between
theLgx gn means of the two populations. It is noted as:

Ho.a: Ha, = Ha,-

— The alternative hypothesibi; a: It states that there is a significant difference be-
tween theLgx gn means of the two populations.

Hia: Ha, 7 Ha,.
e For factor B: Environments.

— The null hypothesigig g: It states that there is not a significant difference between
theLgx gn means of the two environments.

Hog : M8, = Us,-

— The alternative hypothesibl; g: It states that there is a significant difference be-
tween theLgx gn means of the two environments.

Hig : U, # Mg,
e For interaction between factor populations and envirortmen

— The null hypothesisip ag: It States that the interaction between factor populations
and environments has a significant effectLs gn.

— The alternative hypothesill;: It states that the interaction between factor popula-
tions and environments has not a significant effect@ggn.

6.3.2 Results

Table 6.3 shows the medgx g, for the treatments and factors considered. In additionatsid
6.4 the results from the ANOVA analysis are presented.

A comparison of the mean listening levels and the IC of the tneatments of factor popula-
tion(left) and environment (right) can be shown in Figur2. 6.

44



6.4. ANALYSIS OF HEARING THRESHOLDS AND DPOAES

Factor B MeanLex g (dB)  Standard Deviation  Number of Subjects Mean for
Environment Control Target| Control  Target | Control Target | environments (dB)
quite/moderate 82.86 89.68| 6.17 3.58 5 10 86.27

noisy 78.31 88.33 7.76 9.55 5 10 83.32

Mean for population (dB)| 77.58 89.00

Table 6.3: Data collected from the listening test for the Lgx gy analysis. The subjects that do not use MP
are nor included in this study.

Sum of Squares Degrees of Freedom Mean Squares F-value ue-val

Factor A: Population 432,944 1,000 432,944 8,439 0,007
Factor B: Environment 0,872 1,000 0,872 0,017 0,897
Interaction AxB 124,639 1,000 124,639 2,429 0,130
Error 1539,139 30,000 51,305
Total 254214,503 34,000

Table 6.4: Results of the Lgxgh analysis using two-way ANOVA statistical method

6.3.3 Conclusions

Regarding the data exposed in Table 6.3 and Figure 6.2, (lefgn be seen that the xg, means
of factor populations are significantly different. Moreovke p-value of this factor, shown in
Table 6.4, is equal to 0.007. This means tHgtA can be rejected. Therefore thexg, varies
depending on the population.

The means of the factor environments are also different. édewFigure 6.2 (right) shows that
the IC are almost overlapped. Since the p-value is signific&igher than 0.05Hg, B is not
rejected. Then it can be concluded thak gn do not depend on the environment.

From Table 6.4, it can be appreciate that the interactiateffetween factor environments and
populations is not present since the p-value is equal td00.13

6.4 Analysis of Hearing Thresholds and DPOAEs

In this section the data obtained from the audiometric t@ststhe DPOAE measurements is
analyzed. Since the procedure followed is similar, bothyaimare explained in the following
lines.

The purposes of this section are:

¢ To analyze if the HL differs for both populations and for thefiequencies tested.

e To analyze if the DPOAE level differs for both populationgldor the 22 frequencies
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Figure 6.2: Representation of Lgx g in function of the population (left) and the environment (right). The
null hypothesis can be rejected if the variances lines do not overlap in the horizontal direction.

tested.

There are two factors: ears and frequencies. The parameérzad is HL or DPOAE level
depending on the test. The treatments contained by the ttoraare listed below:

e [actor A: Ears

— Treatmeniua: LC
— Treatmeniuay: RC
— Treatmenyas: LT
— Treatmenpag: RT

e Factor B: Frequencies

— Treatmenig;: f;
where:
i=1,2,...,10 for the HL statistical analysis.
i=1,2,...,22 for the DPOAE statistical analysis.

It should be noticed that the range of frequencies testeiffeseht in the audiometric test than
in the DPOAE measurements.

Figures 6.3 and 6.4 present the HL mean and the standardtidevid the two ears of both
populations along the frequencies.
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Figure 6.3: Representation of the HL mean and the standard deviation of left and right ear of control
population.

The data collected from the DPOAE test is presented in Fgg6rd and 6.6. It represents
the DPOAE levels of left and right ear of both populations &dthe frequencies defined as

V1112

All these data is calculated by averaging across the eai® siiilijects of control population and
10 subjects of target population. All these values are sHowable P.1 and P.2 of Appendix P.

From an analysis of the data presented above, the next goestin be stated:

e First, do LC, RC, LT and RT ears differ significantly on theit Iderformance? Do they
differ on DPOAE level performance?.

e Second, is there any significant difference in HL among tegquencies tested? Is there
any difference in DPOAE level?

e Third, how do the two factors: ears and frequencies intérattieir effect on HL? How
do they interact in their effect on DPOAE level?

6.4.1 Method

It is desired to analyze the performance of the parametertDROAE level on the factors ears
and frequencies. Thus, a two-way ANOVA test is applied irdiially for HL and DPOAE level
data.

In next lines the hypotheses that corresponds to the hefimiagholds analysis are enunciated:
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Figure 6.4: Representation of the HL mean and the standard deviation of left and right ear of target popu-
lation.

e For factor A: Ears.

— The null hypothesisip a: It states that there are not significant differences among
the HL means of the four ears. It is noted as:

Ho.a : Ha, = Ha, = Hag = Hay-

— The alternative hypothesisly a: It states that at least one of the ears means is dif-
ferent from the others.

e For factor B: Frequencies.

— The null hypothesisipg: It states that there are not significant differences among
the HL means of the ten frequencies.

Hop:MB, =MB, = Mg. Whereiisthe number of frequencies.

— The alternative hypothesikl;, B: It states that at least one of the HL means of the
ten frequencies is different from the others.

e For interaction between factor ears and frequencies.

— The null hypothesistp ag: It states that the interaction between factor ears and
frequencies has a significant effect on HL.

— The alternative hypothesibl; ag: It states that the interaction between factor ears
and frequencies has not a significant effect on HL.

Since the hypotheses of DPOAE analysis are similar, thepatrdescribed in this report.
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Figure 6.5: Representation of the DPOAE mean and the standard deviation for left and right ear of control

population.

6.4.2 Results

In the following lines the results obtained from the two-waMOVA test are presented for

hearing thresholds and DPOAE analysis.

Hearing Thresholds results

In Table P.1 of Appendix P itis shown the HL means for the farseand for the ten frequencies
tested. Moreover, Table 6.5 presents the two way ANOVA tsilts obtained. The HL means
and the IC of the factors ears and frequencies are shown urd-g7.

Sum of Squares

Degrees of Freedom Mean Squares

F-value ug-val

Factor A: population 934,000
Factor B: frequency 2942,750
Interaction AxB 1047,250
Error 13395,000
Total 21800,000

3,000 311,333 8,367 0,000
9,000 326,972 8,788 0,000
27,000 38,787 1,042 0,410
360,000 37,208
400,000

Table 6.5: Results of the HL analysis using two-way ANOVA statistical method
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Figure 6.6: Representation of the DPOAE mean and the standard deviation for left and right ear of target
population.

DPOAE results

Table P.2 of Appendix P shows the DPOAE means of the four @ajous and for the 22 fre-
guencies tested. In addition, Table 6.6 presents the twoANGVA test results obtained. A
representation of the DPOAE means and the IC of the two facioalyzed is presented in
Figure 6.8.

Sum of Squares Degrees of Freedom Mean Squares F-value ue-val

Factor A: ears 1387,206 3,000 462,402 11,803 0,000
Factor B: frequencies 5359,802 21,000 255,229 6,515 0,000
Interaction AxB 1088,462 63,000 17,277 0,441 1,000
Error 31026,891 792,000 39,175

Total 47890,850 880,000

Table 6.6: Results of DPOAE level analysis using two-way ANOVA statistical method

6.4.3 Conclusions

This section presents the conclusions obtained from therldlZPOAE analysis.

HL Conclusions

From Table 6.5 it can be seen that the p-value for factor edess than 0.05. Then, the null
hypothesidHg o can be rejected. This means that at least one of the fountesds of factor
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Figure 6.7: Representation of HL mean in function of the ears of both populations (left) and the frequencies
(right)

ears performs different from the rest. There is at least aifssgnt difference among the four
treatments analyzed.

In case of factor frequencies, the null hypothé$jg can also be rejected as the p-value is lower
than 0.05. Therefore, a significant difference among fraqigs can also be found.

Nevertheless, the null hypothesis ag can not be rejected. Then it can be concluded that there
is not interaction effect between factor ears and frequsnci

BecauseHp o andHo g are rejected, it is known that at least a treatment perfoiifferent than
the others. In order to study in detail the differences antbedgreatments of the factor ears and
the factor frequencies, a T-test is performed for each facto

e The T-test results for the factor ears are presented in Talleof Appendix O. It can
be concluded that there is a dependence on HL between trenkkfihe right ear of the
control population. This dependence is also found in thgetgpopulation. There is not
dependence in the HL performance between left and rightefaddferent populations.
For instance, LC performs different than LT and RT.

e The T-test results for the factor frequencies are shown bief®.5 of Appendix O. It
can be appreciated a significant difference on HL performdmtween 6000 and 8000 Hz
frequencies and the others.
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Figure 6.8: Representation of DPOAE level mean in function of the ears of both populations (left) and the
frequencies (right).

DPOAE Conclusions

The p-values shown in Table 6.6 for factor ears and freqesranie less than 0.05. This means
that there is at least a difference among the treatmentstfrfears. This is also the same situ-
ation for factor frequencies. However, the interactiomiasn them is not significant since the
p-value is higher than 0.05.

In order to study in detail the differences among the treatmef the factor ears and factor
frequencies, a T-test is performed for each factor:

e The T-test results calculated to analyze the differenceBR®AE level performance
among the treatments of the factor ears, are shown in tablef@ppendix O. A signifi-
cant dependence between the left and the right ear of botigogns is also appreciated.

e The T-test results for the factor frequencies are shownlel@.7 of Appendix O. It can
be appreciated a significant difference on DPOAE level parémce in a range between
3626.17 and 558893 Hz, compared to the rest.

6.5 Chapter Conclusion

This section discusses the main conclusions derived fremetkearch made in this project. With
the results of the data collected from the listening tesichgsions related to headphones sound
exposure and hearing assessment are presented next.
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The number of subjects tested was 20, which is not consideradnber high enough to con-
clude definitive assumptions regarding either the headpsonnd exposure or the hearing as-
sessment.

6.5.1 Conclusions of Headphone Sound Exposure

It was observed that the subjects of both populations agljiusie listening level depending on
the environment. In general terms, a clear progressiongiognivolume settings is seen when
increasing the external noise to which they are exposed to.

A significant difference was found in the listening leveleén a very quiet and a noisy envi-
ronment. However, this difference was not between a vergtqnid a moderate, or between a
moderate and a noisy environment.

Nevertheless, it has to be noticed that not all the subjesisonds in the same manner. Control
population presents volume settings significantly highantthe target population for each en-
vironment. This difference can be appreciated speciallywery quiet environment, where the

control population differs 10dB from the target population

Related to exposure levels, it can be concluded that thettpagpulation is sightly more exposed
than the control. A difference in the exposure time is noadieobserved. In fact, only one

subject, which is YSN, showed a exposure time represesthiyher compare to the control
population. Therefore, the listening level is the paramet@ich makes the difference between
both populations in terms of exposure level.

6.5.2 Validity and Conclusions of Hearing Assessment

Regarding the results from the listening test it can be $gitithe resolution of the methods used
for the hearing assessment implies not very precise redudtsnainly to two reasons: First, the
number of subjects tested for the investigation, and settncesolution of the audiometry test
and DPOAEs measurements. Selecting a higher precisidey besults could be expected.

The accuracy of the Bracketing method presented in ChagdtartBe pure tone audiometry is
0.2 dB, but this accuracy does not correspond exactly to #t@ed applied in this project. In
that study B4, the attenuation step size varies during the thresholdrdebation from 5dB
to 25dB. By contrast, in this project a fixed step size of 5dB igstd. It leads to a non so
good accuracy. The effects of this step size can be reflentéitki standard deviation of the
audiometry data. Nevertheless, the right ear of the coptplulation presents at 6 KHz higher
standard deviation compare to the rest of frequencies ottira Therefore the performance of
the subjects of that population at 6 KHz is not as homogenastsr the rest of frequencies.
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By the analysis of the audiometries it is seen that a mildihgatamage is appreciated at 6 KHz
for both populations. However it can not be concluded th& due to the use of MPs with
headphones because it is present in both populations. Eaesh of frequencies, there is not
any high variation respect to the reference 0dB HL.

It is seems that the hearing threshold of the different pajmns tend to follow similar fre-
guency patterns giving representative results. By con@eB3POAEs mean of a population can
not be representative due to the big differences betweeDB@AE levels of subjects within
a same population. This fact can be appreciated in the shmgaiation values. Moreover,
some investigations] state that a DPOAE is considered present when it is at ledBtahove
the noise floor. If this criteria is applied to the DPOAEs meéthe populations, DPOAEs are
present. However, this should be applied to each indivithstéad to an average population.
Therefore observations of the average across the DPOAEwalithe ten subjects of each pop-
ulation does not give a clear picture of the effects of theosxpe. To have representative results
a large number of subject should be tested.

From the statistical analysis of DPOAE, its is concluded thare is a significant difference

between both populations. Moreover the results show thaigit and low frequencies the

DPOAEs levels of the subjects are significantly differerttisiconclusion is expected since the
DPOAEs have different amplitudes in different frequencigsecially DPOAEs are not reliable

at low frequencies since the noise of the measurement becbigker at low frequency over-

lapping the DPOAEs.
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CHAPTER 7

CONCLUSIONS

The aim of the project is to investigate the possible healargage due to the use of MPs with
headphones when listening to music. In order to achievegthasd, two groups of subjects de-
noted as control and target populations were classifieds Wwhs done in a pilot test, where the
headphone sound exposure level was calculated by mears@fpbsure time and the listening
level.

A 33% of the subjects tested, were users highly exposeddiogpto 85 dB exposure level stated
in the Danish legislation. This group was defined as the tgngpulation. Moreover, a 47% of
the subjects reported a moderate exposure, whereas a 2@awareexposed. From these two
last groups, either the subjects whose exposure was loaerAhdB, or the subjects who were
not users of MPs with headphones, are named as the contralgtiom.

After this, a listening test was performed for the two pogioles to analyze the headphone
sound exposure in a more accurately way. In this case, avidudil study of the exposure level
in different environments is performed. Moreover a headsgessment is carried out.

The headphone sound exposure of the listening test corfséstjaestionnaire and a control
volume adjustment test. From this part, the listening Isabite listening level and the expo-
sure time are obtained. This was done in three differentrenments which are very quiet,
quiet/moderate and noisy. Concerning to the hearing asesgsan pure tone audiometry and
DPOAE measurements were carried out.

All the data collected from target and control populationeveompared to investigate the pos-
sible differences regarding to the parameters measurezlififdd conclusions obtained are:

e The contribution of headphone sound exposure to a posséaery loss (NIHL) is as
important as the contribution of occupational noise expedoecause the sound pressure
levels produced by the listening devices tested can redabvaonsiderably high. These
listening devices were able to produce sound pressuresiessetie from 91dB to 109 dB.

e The environment around a person affects the preferred wlsgtting that this person
select in his MP specially when the environment becomesynblisreover, users of MPs
with headphones tent to listen to music at higher voluménggstthan the non users.
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e Potential users of MPs with headphones are more exposedfibaron potential users
mainly because they set higher volume settings, althougjheékposure times are similar.

e A mild hearing loss was found in the subjects at 6 kHz, howéwean not be concluded
that this damage is due to the use of MPs with headphones)edas present for ex-

posed and non exposed populations.

For all the reasons stated in this chapter, it is concludattkiis study only represents a hearing
state from a group which could be considered in terms of hgagds being within an average

population with a slight hearing loss in the frequency of G<KHAlthough the subjects, the

exposure times and noise levels measured may not be fullggeptative of an average study,
there is no reason to believe that the values obtained apécatyor young people.
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APPENDIX A

ASSESSMENTTECHNIQUES
PARAMETERS

This appendix shows a summary of the parameters selectbdtfohearing assessment methods
selected in Chapter 2.

A.1 Audiometry

e Method: Fixed discrete pure tone audiometry where, for deeduency, the sound is
presented monaurally through headphones to the subject.

e Sound stimuli: Pure tones of a time length of 300ms are ptedeaat 250,750, 500, 1000,
1500, 2000, 3000, 4000, 6000 and 8000 Hz.

e Patient instructions: The subject is instructed to pressitliiton when hearing the sound
stimulus, and to not press it when do not hear it.

e Familiarization process: A familiarization is carried dotlet the subject get used to the
task. This is done by means of a threshold determinatiorguspure tone of 40dB. After
the familiarization, the first tone presented is played ghér level than the level recorded
when the button was not pressed in the last threshold detation.

e Attenuation step size: The sound stimulus is presented atidible level of 40dB. Then,
if the subject is able to hear the stimulus, a descent by step8dB is performed until
the subject does not hear it. Then an increasing of 5dB i®pe&d.

e Threshold determination: The threshold is determined wheisubject responds twice in
a row the same level before he does not hear the signal.

A.2 DPOAE Measurements

e OAEs: DPOAEs are selected, where the distortion productfat-Z, due to the inter-
modulation between two tones along the basilar membranmeasured.

¢ A fixed frequency ratio of,/ f; = 1.22 is set for all the measurements.
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APPENDIX A. ASSESSMENT TECHNIQUES PARAMETERS

e The level of the two pure tones was 65 and 45dB SPLLfoandL, respectively. This
values are kept constant for all the measurements.

e The equipmentis able to test frequencies from 635 to 3948 fiHyuencies are obtained
from f, = 1001-6165Hz. This allows to test the state of the heari®@at 696, 769, 830,
903, 1001, 1074, 1172, 1270, 1404, 1526, 1648, 1807, 1968, 21344, 2563, 2795,
3027, 3308, 3625, and 3493 kHz.
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APPENDIX B

TYPES OF HEADPHONES

This appendix present a classification of the different sypEheadphones according to the
standard ITU-T-199377].

B.1 Introduction

Headphones (also known as earphones, stereo phones oet®ads a pair of transducers that
receive an electrical signal from a MP or receiver and uselsgs placed in close proximity to
the ears to convert the signal into audible sound wal/és [

Important advantages of these devices are their privacpartdbility characteristics. Moreover
headphones do not excite room resonances, therefore & giwere accurate acoustic sense.

Transducers commonly used in headphones are isodynamiaidy for example moving-coil,
electrostatic and electret. A more deep explanation of taehanical and electrical properties of
headphones and transducers can be found in Pal@y[it it is not examined in this appendix.

B.2 Headphone Categories

Headphones can be divided in five categories based on theatwstal properties as it is ex-
plained in the standard ITU-T-19937].

Likewise, headphones can be classified as open or closepteaeks.

Open headphone refers to an intentional leakage built ibalck of the headphone cup. There-
fore this kind of headphones are provided of an intentigradbustic path between the external
environment and the ear can&7]. By contrast, closed earphones are characterized because
they prevent any acoustic coupling between the externat@mwent and the ear candT].
Although they are not completely airtight they can be coastd nominally sealed. This kind of
headphones are very good at containing the sound away filoensoand insulating the listener
from outside sounds.
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Standard ITU-T-93 27] states that circum-aural, supra-aural, intra-concha iaedrt head-
phones can be open and closed, whereas supra-concha heeslpho only be open.

Circum-aural Headphones

Circum-aural headphones are defined as those headphordsemciose the pinna and seat on
the surrounding surface of the head. Contact to the headmsaily maintained by compliant
cushions. This kind of headphones may touch, but not sigmifig compress the pinnaT).

So long as the seal is effective, the frequency responsseésigally flat down to a low frequency
which is dependent only on the degree of sealing. A poor agatainadequate headband pres-
sure can cause modifications in the headphone response.

The main disadvantage of this type of headphones is thattémyto be heavier and required
greater headband pressure. Moreover they also can makarthiea and uncomfortablé]

Supra-aural Headphones

Supra-aural headphones are defined according to the stalifd#T-1993 P7] as headphones
which rest upon the pinna and have an external diameter ommaax dimension of at least
45mm.

Compare to circum-aural headphones, supra-aural modsdlighter, with smaller cushions, and
do not surround the whole ear. They only cover the concha.clibbion is flat and it is placed
on top of the ear. Therefore supra-aural headphones are coorfortable than circum-aural
headphones. However the frequency response of a supridiaadphone is more dependent on
the headphone placement than in the case of circum-aurdpheaes40].

Intra-concha headphones

Intra-concha headphones are intended to rest within theheocavity of the ear. They have an
external diameter (or maximum dimension) of less than 25 mnake not made to enter the ear
canal 7).

This kind of headphones are inserted at the entrance of theaeal and are supported by the
cartilage of the concha. Compared to the previous typesitbdel is very smaller and portable.
Nevertheless they can be uncomfortable to some people antbdhe size.

Insert headphones

Insert headphones are those headphones designed to etiedhlypar completely into the ear
canal P7], thus the sound is almost conducted directly into the eaalcd’ hese models provide
a good insulation from external sound. They are charaegrizecause the small size of their
transducers. This type of headphones are usually needpddi@ssional issues.
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APPENDIX C

EXPOSURE LEVEL CALCULATION

This appendix shows how to calculate thek g from the headphones of a MP using a manikin
(head and torso simulator). Standards ISO 119022 if followed to calculate thé g aeq
produced by the headphones. Moreover the standard ISO{29P8 also applied to calculate
theLgx gn. All these values are in dB SPL.

C.1 Method

The calculation of thégx gy can be divided in the next three steps:

e Measurement of Leqe in Third Octave Bands:

For each of the ear simulators integrated in the manikinLthee is measured in one-
third octave frequency bands when the manikin is exposelde@ound played through
the headphones.

e Free Field Correction:

Each of the band levels measured before with the manikinriected to convert thiegq e
inside of the ear, tbrreq In order to do this correction the values show in Figure @5 a
subtracted from theeqte as it shows in the Equation C.1.

Lr F.eq=— I—eo,Te— ALfrr (C-l)

e A-weighted Correction:

After the free field correction, an A-weighted correctiopéformed to obtain the equiv-
alent continuous A-weighted sound pressure level. It iotihad Fr aeq Equation C.2
shows the expression of the correction and Figure C.6 shwveaiues that are added.

Lrr.aeq= LFFeqtAf (C.2)

e Calculation of L rr aeq:

Since thelgr aeq is obtained in third octave bands, a conversion to a valuehvtioes
not depend on the frequency is needed. This is done by medins expression shown in
Equation C.3.
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Lr F.Aeq= 10 |OgZ 10-FFAea (C.3)

e Calculation of Lgx gn:

In order to calculate the sound exposlugg sh, Equation C.4 has to be applied

Te
Lex.sh = LFFAeqt lOlOg(_I_—()) (C.4)

whereTeis the time that the person is exposed to his headphones is heuday and o
corresponds to 8 hours.

As an example, the effect of these different steps has bg#iedpo a measurement carried out
with a portable MP and its headphones. Next sections showdbhgment, the setup and the
results.

C.2 Setup and Equipment

Table C.1 lists the equipment used in these measurementsgure C.1 illustrates the setup.

The measurements are done using the control volume podiaif the portable MP, with the
music sample “Help” from “The Beetles” and with an integoattime forLeqte measurement
of 60seconds. Furthermore a exposure time of 4 hours persdesed to calculate the:x gn.

C.3 Results

Since the data dfeqte, Lrreq LFF aeqare frequency-dependent, the results are shown in third
octave bands. Moreover an average between the measuresbéaitsed from right and left ear
is done for each plot.

Figure C.2 shows theeqte measured by the microphones placed on the ears of the manikin
Figure C.3 illustrates therr eq after the free field correction. Figure C.4 showslthe aeqafter
the A-weighted correction.

Finally, the calculated value of the-r aeqis 10316dB SPL, and thegx g, is 10015dB SPL.
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Item Model LAB-Nr:
Head and Torso Simulator B&K 4128 08453060
Portable MP Creative MuVo V200 215741
Headphones Creative MuVo V200 215741
Measurement System .XdB Harmonie 33964
PC Fujitsu (laptop) -1600MB RAM, Intel M 760MHz 33964

Table C.1: Equipment used for the measurements of the Leqte

PC

01 dB

Symphonie

Head and Torso Simulator
B&K 4128

Figure C.1: Setup used for the measurements of the LegTe
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Figure C.2: Legeos in third octave bands measured by the microphones placed on the ears of the manikin
with the Creative MuVo V200 portable MP and its headphones. The control volume position
selected for the measurement is 19 and the integration time is 60seconds The data show in this
graph is an average of the right and left ear.
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Figure C.3: Legrreos in third octave bands calculated after the free field correction. The data after the free
field correction is shown in Figure C.2. The data show in this graph is an average of the right
and left ear.
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Figure C.4: Lpegrrecs in third octave bands calculated after the free field correction and the A-weighted
correction. The data after the A-weighted correction is shown in Figure C.3. The data show in
this graph is an average of the right and left ear.
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Figure C.5: Standardized values of the free field correction for ear measurements of the manikin. The values
that are subtracted are those which correspond with the third octave bands frequencies.
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Figure C.6: Standardized values of the A-weighted correction for ear measurements of the manikin. The
values that are subtracted are those which correspond with the third octave bands frequencies.
These values are obtained from the standard IEC 61672-1 [20].
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APPENDIX D

PILOT TEST MEASUREMENTS

This appendix describes the measurements needed for tégsit described in Chapter 4. The
normalization of the music samples and the measurementisdaelection of the portable MP
and the two headphones used in the pilot test are explaimeally-theLrr aeqProduced by the
selected MP with both headphones when the portable MP i® skfférent volume settings is
carried out.

D.1 Method

The measurements are divided in three different parts:

e Measurements related to the normalization of the music kzsglected for the pilottest.
e Measurements in order to select a portable MP and a pair dfpfemes.

e Measurements of therr aeq Produced at the different volume control positions of the
portable MP and the headphones selected.

D.2 Setup and Equipment

The measurements are carried out in the listening room A Hioka University. Figure D.1
illustrates the setup and Table D.1 lists the equipment. SEmee setup and equipment is used
for all the measurements described in this appendix.

The measurements are performed using a head and torso &imulhis device is equipped
with a set of soft artificial pinnas, an atrtificial ear canatlan occluded artificial ear which
allows to simulate the sound pressure level in the inner gdaatreal human ear. The pinnas
have a hardness very close to that of a real human ear, thetti® head and torso simulator
enables easy and realistic mounting of headphahds|n addition headphones evaluation can
be performed because the artificial ear provides the coacmistic loading]7].

The portable MP is connected to an adapter that splits threakig two. One of its outputs is
connected to the headphones and other is connected to aet@itfor measuring the output
voltage of the MP. The headphones are placed on the head imodsioulator, thus the micro-
phone of the artificial ear measures the sound pressure Tevelmeasurements are recorded in
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the time domain with the.@ dB Harmonie Measurement System and later they are praatess
in MATLAB in order to obtain thel aeqs0s. The integration time is set to 60seconds which is

the time duration of all the music samples.

The head and torso simulator has two artificial ear insertelda right and left side of the head,
therefore two measurements were obtained in each recording

Item Model LAB-Nr:
Head and Torso Simulator B&K 4128 08453060
PMP Creative MuVo V200 215741
Supratech JazzFree -
Creative 215741
Super PowerBass CBX-15 -
Headphones Supratech JazzFree -
Miniheadphones al1P1 -
Sony MDR 2741
Measurement System .XdB Harmonie 33964
PC Fujitsu (laptop) -1600MB RAM, Intel M 760MHz 33964
\oltmeter - -

Table D.1: Equipment used for the pilot test measurements.

Voltimeter

Head and Torso Simulator
B&K 4128

Figure D.1: Setup used for the pilot test measurements.
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D.3. RESULTS

D.3 Results

D.3.1 Normalization of the Music Samples

The different selected music samples that are presentduetsubject in the pilot test were
collected from different information sources. All the musamples are single-channel WAVE
files, with a sample frequency of 4dkHz, 16 bits per sample and 60seconds of duration. The
problem with these stimuli was the deficiency to control #aeel of the recordings beforehand.
Due to this, when a music sample is played in the portable MR thie same volume control
position, the equivalent level of the sound produced at #aelphones is different depending on
the level used when the recordings of the songs were madeefohe a normalization of the
music samples used in the pilot test is needed. For examgled-D.2 shows 30 seconds of two
different samples before the normalization. It is obsemed the energy content of these two
signals is different.

051 7

Amplitude
o

I I I I I
0 5 10 15 20 25 30
Time(s)

Amplitude

0 5 10 15 20 25 30
Time(s)

Figure D.2: The upper figure corresponds to first 30 seconds of the music sample “Help” from “The Beetles"

and the lower figure corresponds to the first 30 seconds of the music sample “Hips don’t lie

11

from “Shakira”. Both figures show the time signals before the normalization.

The normalization is applied to all the music samples to hetsame_aeqecs. This is done
following the definition ofLaeqt Stated in the standard ISO 19988]. Equation D.1 shows the
expression where T is the duration of the recordPg}) is the instantaneous sound pressure
(A-weighted) at time tin Pascals, aRglis the standard reference pressure which [g20The
A-weighted is performed in order to get the signal as peezkhy the ear.

T p2
LAequlolog[% A —PIAa(zt)dt] (D.1)
0

The procedure to normalize all the music samples is basedeooaiculation of thé aeqsos Of
one of the samples, and then adjust the rest to have thelsagiethan this first sample, which
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is the reference. This is implemented in MATLAB.

From Equation D.1, an expression for the normalization camérived by means of a level
differencedByjs ¢ (in dB) between two equivalent continuous A-weighted sopiegsure levels,
Laeq.T @ndLaee 7. Thisis showin Equation D.2 wheRs(t) is the time function (instantaneous
pressure values) of the signal to be normalized Rytt) is the time function of the reference
signal. Both Py (t) andP»(t) are in Pascals.

TPi(t)
dByifr =L —L =20lo — D.2
Buiff = Laeq.T — LAe.T 9/ X0 (D.2)
Thus, the equation that describes the normalization cabtagéned solvindg?(t) from Equation
D.2. The solution is described in Equation D.3.

Py(t) = Py(t). 1073 (0.3)

The reference signal chosen is the music sample “Help” fioen“The Beetles” which has a
Laegso Of 96.03dB. Therefore, by applying Equation D.3 to all the musimgkes, they all are
adjusted to this equivalent continuous A-weighted souedsure level.

In order to test the normalization, thgeqsos Of the stimuli is calculated in MATLAB after and
before the normalization. Figure D.3 shows 30 seconds dithestimuli shown in Figure D.2,
but after the normalization.

Amplitude
o

I I I I I
0 5 10 15 20 25 30
Time(s)

Amplitude

Il Il Il Il Il
0 5 10 15 20 25 30
Time(s)

Figure D.3: The upper figure corresponds to first 30 seconds of the sound stimulus “Help” from “The Beatles”
and the lower figure corresponds to the first 30 seconds of the sound stimulus “Hips don’t lie”
from “Shakira”. Both figures show the time signals after the normalization. The Lagqeos in both
cases is 96.03dB
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D.3.2 Measurements for the Selection of the MP and the Headphones

In order to fairly select a portable MP and a pair of headpbpak possible combinations be-
tween the two portable MP and the five sets of headphones sholable D.1 are tested. Each
combination is identified by a reference name as it can beiseEble D.2. For instance LD3
would correspond to the Listening device (LD) formed by threa@ive MuVo V200 portable

MP and the Super PowerBass CBX-15 headphones.

A requirement for the portable MPs that are tested is thatiinest have a digital volume setting
for a easier control of the volume set by each subject.

Regarding the headphones, they must be portable, comliimdal easy to place. The types of
headphones selected to be tested are supra-concha ancbinttza earphones. It is decided not
to use circum-aural headphones because they are not catsigertable. In addition, insert
earphones are neither used because they are not comfatethlgh furthermore, these devices
are associated with professional issued.[

Item PMP Types of Headphone

LD1 Creative MuVo V200 Creative

LD2 Creative MuMo V200 Supratech JazzFree

LD3 Creative MuVo V200 Super PowerBass CBX-15
LD4  Creative MuVo V200 MiniheadphonesallP1
LD5 Creative MuVo V200 Sony MDR

LD6 Supratech JazzFree  Creative

LD7 Supratech JazzFree  Supratech JazzFree
LD8 Supratech JazzFree  Super PowerBass CBX-15
LD9 Supratech JazzFree  MiniheadphonesallP1
LD10  SupratechJazzFree  Sony MDR

Table D.2: Possible combinations between the two MP and the four headphones with their corresponding
assigned name. The measurements are done according to these combinations for the pilot test
measurements.

Two LDs are selected according to the next requirements.

e First, the selected LDs must produce the highest soundynebksvel among all the pos-
sible LDs.

e Second, the two LDs chosen must have different types of Headys.
The selection is made according to the results of the nexsumements.

e Sensitivity of the headphones.

e MaximumLgr aeqdelivered by the LDs.
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Sensitivity of the Headphones:

The sensitivity of the headphones is measured playing ipdn@ble MP a pure tone signal at
1000Hz. Then, the sound pressure level is directly meadwyedeans of the software of the
Symphonie system and the voltage is measured in the voltnieten these two measurements
a sensitivity value can be derived. This is done for all thaedpdhones and for both cups of
each headphone. Since it is a headphone measurementle@i8mpratech JazzFree MP or the
Creative MuVo V200 MP can be used as a sound source becaussindt change the results.

In Table D.3 the values of the sensitivities measured fodifierent headphones are shown.

Headphones Type \oltage SPL SPL Sensitivity Sensitivity
(Mims)  rightcup (dB) leftcup (dB) right cugdB/V) left cup (dB/V)
Creative 0.268 101.7 102.5 113.93 113.13
Supratech JazzFree 0.271 87.0 86.5 97.84 98.34
Super PowerBass CBX-15  0.246 90.7 91.5 103.68 102.88
MiniheadphonesallP1 0.270 76.7 81.3 92.67 88.07
Sony MDR 0.251 101.6 103.0 115.00 113.60

Table D.3: Measured sensitivity of the different headphones. The measurements are performed for both cups
playing a pure tone at 1000Hz using the Supratech JazzFree MP. The sound pressure level is
measured only at that frequency.

Maximum L gr aeq delivered by the LDs:

The music sample used is the song "The Beetles" which is otfeeddtimuli signals presented
to the subject as it is explained in the design of the pilot ire<hapter 4. However any of
the music samples could be used because they are all noechalihe integration time for the
calculation ofLrr aeqis set to the duration of the music sample which is 60 seconds.

Listening LFF,Aeq (dB) LFF,Aeq (dB)

Device left cup right cup
LD1 109.77 107.60
LD2 104.57 104.92
LD3 105.31 101.96
LD4 97.29 90.78
LD5 105.80 104.38
LD6 109.43 106.24
LD7 103.47 98.25
LD8 102.43 97.45
LD9 96.47 91.90
LD10 104.60 103.73

Table D.4: Maximum Lgg peq when the volume is set to the maximum for the different LDs. The music
sample used is the song titled "Help" from ""The Beetles".
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Final Selection

From the results showed in table D.4 it can be concluded tBat, lhich gives 1097 dB and
107.60dB for the right and left cup respectively, are the devibasproduce the highelgr aeq
Taking in account that the other LD selected must have diffetype of headphones, the next
LD that gives a high_Lrr aeqis LD5. It produces 1080dB and 10196 dB for right and left
cup respectively. In addition, the headphones of LD1 and BB5the ones with the highest
sensitivity, therefore they provide the highest soundsureslevel among all the headphones. It
can be appreciated in table D.3.

In conclusion, even though no big different among LD is séd and LD2 are selected ac-
cording these measurements.

D.3.3 Volume Setting Measurements

With the two LDs selected in the last section, a measurenfehed.g aeq for different control
volume positions is done. The measurements are performethgntihe digital control position
from the minimum to the maximum volume. The signal used isratige musical excerpt from
"The Beetles" and titled "Help" and the integration time fbe calculation ofLrr aeq is the
duration of the music sample (60 seconds).

The data obtained in the volume setting measurements isrstmoWables D.5 and D.6 for the
two LDs. Moreover Figure D.4 shows this data in a graph.
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Control Volume  Lrraeq (dB)  Lrpaeq (dB)  MeanLggaeq (dB)

Position left cup right cup
1 75.54 73.30 74.42
2 75.37 73.75 74.56
3 76.83 75.34 76.08
4 77.57 76.19 76.88
5 79.09 77.83 78.46
6 80.38 79.19 79.79
7 82.06 80.92 81.49
8 83.71 82.64 83.17
9 85.38 84.40 84.9
10 87.16 86.19 86.68
11 89.12 88.18 88.65
12 91.04 90.12 90.58
13 92.97 92.02 92.50
14 94.98 94.03 94.50
15 96.99 96.00 96.50
16 98.86 97.78 98.32
17 100.68 99.45 100.06
18 102.35 101.00 101.67
19 103.91 102.42 103.17
20 105.34 103.71 104.52
21 106.55 104.78 105.66
22 107.66 105.75 106.71
23 108.64 106.57 107.60
24 109.07 106.96 108.02
25 109.77 107.60 108.68

Table D.5: Maximum Lrg peq when the volume is set to different positions for LD1.
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Control Volume  Lrrpaeq (dB)  Lrpaeq (dB)  MeanLggaeq (dB)

Position left cup right cup
1 70.64 66.72 68.68
2 71.03 67.24 69.14
3 71.96 68.71 70.34
4 72.44 69.06 70.75
5 74.43 71.19 72.81
6 74.32 71.27 72.80
7 75.44 72.52 73.98
8 76.67 73.84 75.26
9 78.18 75.42 76.80
10 79.82 77.14 78.48
11 81.58 79.02 80.30
12 83.42 80.82 82.12
13 85.37 82.86 84.12
14 87.25 84.71 85.98
15 89.24 86.68 87.96
16 91.19 88.62 89.91
17 93.21 90.66 91.93
18 95.16 92.61 93.89
19 97.14 94.58 95.86
20 99.03 96.41 97.72
21 100.80 98.15 99.48
22 102.46 99.71 101.08
23 104.06 101.25 102.65
24 104.81 101.97 103.39
25 105.96 105.96 105.96

Table D.6: Maximum Lrg peq when the volume is set to different positions for LD5.
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—— Listening Device5
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Figure D.4: Mean Lgp peq produced by the LD1 and the LD5 measured at the headphones using an artificial
head and torso simulator. Circles represents the measured values and the curve is calculated by
interpolation. An average between the measurements of the right and left cup is done. This
data can be also seen in Tables D.5 and D.6 respectively
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APPENDIX E

PILOT TESTINSTRUCTIONS

Welcome to our Listening Test. The pilot test you are aboutke part in is carried out for
the final master thesis project performed by group 1066 oAdwistic department of AAU. It
studies the exposure level and the listening habits wheticrplas/ers with headphones are used.

Task 1: In this task you have to:

e Select one of two different headphones showed.

e Select one of seven music samples presented.

e Adjust the control volume setting of a given portable mudaypr using the headphones
and the music sample elected before.

Two different types of headphones are going to be preseiviaa have to choose the one that
looks more similar to the headphone that you use normallycabe that you are not a music
player user, you must select that set of headphones that gatldwse if you were going to
listen to music with a music player.

In next table there is a list of music samples of varied styfesi have to choose the sample that
you would like to listen to.

Author Title

The Beetles  Help

Milk Inc. In my eyes

Fugees Ready or not

Woody Allen  Come On and Stomp
Shakira Hips dontt lie

u2 Sunday Bloody Sunday
Vivaldi The Four Seasons

Table E.1: Music samples

Task 2: In this task you have to fill out a questionnaire.

All your data will be stored and treated confidentially.
Thanks for your participation
Acoustics Department. Group 1066
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PILOT TEST QUESTIONNAIRE

This is a questionnaire carried out for the final master thpsiject performed by group 1066
of the Acoustic department of Aalborg University. If you waa participate in this listening
experiment, please fill in the form bellow. Your data will hered and treated confidentially.

F.0.4 Personal data:

o Agel...iiiiiiiiennn, e Genre: OJWoman [ Man

F.0.5 Prior experience:

1 Do you have a known history of hearing damage diagnosed bscical doctor?
] Yes
LI No
O | dont't know
If last answer was Yes, WhiCh and WHEN?........... .o eeeieeeeiei e e eee e eee s eesanns

2 Have you ever had an ear operation?
O Yes
0 No
O | dont't know
If last answer was Yes, Which and WHEN?...........meeivet e e eveeeeee

3 Do you ever had any hearing problem i.e. infections, easa®idrainage...?
] Yes
I No
O | dont't know
If last answer was YES, NOW OFtEBN?........iiieeeeeee e ee e

4 Are you suffering a cold?
[l Yes
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O No
O | dont't know

5 Have you ever had your hearing tested before?
(] Yes
[JNo
O | dont't know
If last answer was Yes, when, where and how did it gO?...........oooviviiiiiiiciciiiiiieeeee e

6 Does/Did anyone in your immediate family have hearing misc?
[l Yes
I No
O I dont't know
If last answer was Yes, Please eXPlain.......... oo eeeerireeeeeniiiirieeees e eesesnmeeees s

7 Have you ever taken any medicine or another type of drugsrfght have influence on
your hearing?
O Yes
0 No
O I dont't know
If last answer was Yes, WhiCh and WHEN?........... e eeeiiiiiieiiee e eee e e eeennas

8 Have you ever been exposed to loud soundsi.e. explosimwofks, shootings, firearms...?
(] Yes
[JNo
0 I dont't know

9 If last question was Yes:

— Please explain if you felt any painin your ears or sudderabisearing?..............c.ccee...

— Did you use hearing protectors?
O Yes
0 No
O | dont't know
Iflast answerwas Yes, for NOW I0NQ?........veii i e

10 Have you ever had a job where you need to use headphonealiieenter, dj...?
(] Yes
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O No
O | dont't know
If last answer was Yes, fOr NOW I0NQ?.........oio i wmmmeeeee e e e e e

11 Have you ever worked in a very noisy environment where youdnot talk easily with
other people?
O Yes
0 No
O I dont't know

12 If last question was Yes:

— Which kind of noise and in WhiCh @nVIFONMENT?. ....eceemeee e et

— Did you use hearing protectors?
O Yes
0 No
O | dont't know
If last answer was Yes, fOr NOW IONQ?............oimmmmmceeeiriiiie e e ereeeeee e e e e es e nenees

F.0.6 Listening habits:

13 Do you listen to music using music players with headph®nes
(] Yes
[JNo
If last answer was No, please go to question number 23

14 If the music player with headphones that you use is a plertabsic player i.e. mp3,
mobile telephone, portable radio, PDA ... please, fill outtriable choosing how often
and for how long time you have been using it:

How often? | Day | Time in hours per day How long?
01| O1orless 01 month

Oweekly | 02| O1-2 O 1-6 months
03| 024 [0 6-12 months
04 | 04-6 J1-2 years
05| 06-8 0 2-5 years

O monthly | 06 | O8-10 [0 5-10 years
07 | O more than 10 (0 more than 10 yearg
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15 If the music player with headphones that you use is a pafsomputer or a laptop please
fill out next table choosing how often and for how long time ymve been using it:

How often? | Day | Time in hours per day How long?
01| O1orless 0 1 month

Oweekly | 02| O1-2 J 1-6 months
03| 024 0 6-12 months
04 | 04-6 J1-2 years
05| J6-8 0 2-5 years

O monthly | 06 | O8-10 0 5-10 years
07 | O more than 10 (0 more than 10 year

\"ZJ

16 If the music player with headphones that you use is a TV ovB,[please fill out next
table choosing how often and for how long time you have beamls

How often? | Day | Time in hours per day How long?
01| O1orless 0 1 month

Oweekly | 02| O1-2 J 1-6 months
03| 024 [0 6-12 months
04 | 04-6 J1-2 years
05| J6-8 0 2-5 years

O monthly | 06 | O8-10 0 5-10 years
07 | O more than 10 (0 more than 10 year

\"ZJ

17 If the music player with headphones that you use is a Hgligment or similar, please
fill out next table choosing how often and for how long time y@ve been using it:

How often? | Day | Time in hours per day How long?
01| O1orless 0 1 month

Oweekly | 02| O1-2 J 1-6 months
03| 024 0 6-12 months
04 | 04-6 J1-2 years
05| 06-8 0 2-5 years

O monthly | 06 | O8-10 0 5-10 years
07 | O more than 10 (0 more than 10 year

\"ZJ

18 If the music player with headphones that you use is a maddetor similar, please fill
next table choosing how often and for how long time have yanhesing it:
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How often? | Day | Time in hours per day How long?
01| O1orless 0 1 month

Oweekly | 02| O1-2 0 1-6 months
03| 024 0 6-12 months
04 | 04-6 J1-2 years
05| 06-8 0 2-5 years

O monthly | 06 | O8-10 0 5-10 years
07 | O more than 10 (0 more than 10 year

\"ZJ

19 Next table contains some places where music players veitdfhones can be used.
Please fill the table marking how often you use to listen toryousic player with head-
phones and the type of environment which corresponds toltue gelected. You only
have to mark those places where you use your music player.

how often?

1 Rarely 2 Often 3 Very ofter

whi
1 Quiet

ch environment?
2 Moderate 3 Nois)

bus

U U

U U

U U

train

bike

motor-bike

car

street

home

university

at work

goigogoogno
Ooigogoogo

Oogogoogno
Oogogoogno

ooigogoogno
Ooigogoogno

20 Do you use to place the two earphones in your ears when gdissning to music with

your music player?
[l Yes
I No

21 If last question was No, which ear do you use to cover?

O right
O left

22 Which kind of headphones do you use?

O Inside the ear
[0 On the ear
0 Around the ear

23 Are you a musician?

U Yes
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I No
If last question was No, please go to question number 26
If last answer was Yes, which kind of instrumentdo you play?2..........ccccoveviiiieriiiiienenne

24 Are you playing in a:
ORock band [ Orchestra [OJazzband 0OBigbhand [©OAthome [ pub
Ostudio Oatwork [Anotherone: .........ccccooeeeeiviiiiivieeneennn.

25 Please, fill next table choosing how often do you play amdhéww long time have you
been playing

How often? | Day | Time in hours per day How long?
01| O1orless 0 1 month

Oweekly | 02| O1-2 J 1-6 months
03| 024 0 6-12 months
04 | 04-6 J1-2 years
05| J6-8 0 2-5 years

O monthly | 06 | O8-10 0 5-10 years
07 | O more than 10 0 more than 10 years

26 Do you go to discotheques or pop/rock concerts?
(] Yes
[JNo

27 If last question was Yes, please fill next table choosing bften do you go to discothe-
ques or pop/rock concerts and for how long have you been doitids places.

How often? | Day | Time in hours per day How long?
01| O1orless 0 1 month
Oweekly | 02| O1-2 J 1-6 months
03| 024 0 6-12 months
Omonthly | 04 | 04-6 0 1-2 years
05| J06-8 0 2-5 years
Oyearly | 06 | O8-10 0 5-10 years
07 | O more than 10 [0 more than 10 years
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This questionnaire is a part of a master thesis which stueljhédaring and the sound exposure
level when music players with headphones are used. Do youtwaake part of our listening
test? In this study your hearing will be tested using commuhreot risky methods as audiome-
try and otoacoustic emissions (OAE). Furthermore the sexpdsure level when you are using
portable music players with headphones will be measurediaalty, you will be asked to fill a
short questionnaire.

Do you want to participate?
O Yes
0 No

Thanks for your participation
Acoustics Department. Group 1066
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PILOT TEST SUBJECTS

This appendix lists the subjects who performed the pildtaed their results.

The reference number, the sex, the age and the volume ctevtebketting of each of the sub-
jects can be seenin Table G.1. Moreoverltheaeq the exposure time in hours per day and the
Lexsn calculated from the data collected in the pilot test are ptesented.

It must be noticed that the subjects who present any headndition in the pilot test are not
listed in this table.

The data of Table G.1 is sorted from the minimugk gn to the maximumnigx gn. Figures G.1
and G.2 plots the data shown in this table. Figure G.1 showiseasubjects whereas figure G.2
shows only the subjects withlax gn different from zero.
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Figure G.1: Lgx gy calculated from the data collected in the pilot test. The Ly gn of the subjects is sorted
from the minimum to the maximum Lgx gn. This data is also shown in Table G.1
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Figure G.2: Lgx gy calculated from the data collected in the pilot test. The subject with a Lgx gn of 0dB
are not shown. The Lgx g of the subjects is sorted from the minimum to the maximum Lgx gh.
This data is also shown in Table G.1
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Reference Number Sex Age Control Level Settinirraeq Hours per Day Lexgn

1 male 30 16creative 98,32 0 0,00
2 female 22 10sony 78,48 0 0,00
3 male 27 13sony 84,12 0 0,00
4 female 22 18creative 101,67 0 0,00
5 female 24 20sony 97,72 0 0,00
6 female 24 12sony 82,12 0 0,00
7 male 21 15sony 87,96 0 0,00
8 male 24 19creative 103,17 0 0,00
9 female 31 17sony 91,93 0 0,00
10 male 27 8sony 75,26 0 0,00
11 female 22 9creative 84,89 0 0,00
12 female 31 1creative 74,42 0,8 64,42
13 female 25 6sony 72,80 2,13 67,05
14 male 33 10creative 86,68 0,13 68,78
15 male 25 12sony 82,12 0,8 72,12
16 female 23 9creative 84,89 0,6 73,64
17 female 26 13creative 92,50 0,13 74,71
18 male 34 13sony 84,12 1 75,08
19 male 24 10creative 86,68 0,6 75,43
20 male 26 10creative 86,68 0,6 75,43
21 female 21 10creative 86,68 1,2 78,44
22 male 21 12sony 82,12 4 79,11
23 female 23 9creative 84,89 2,6 80,01
24 male 21 16sony 89,91 0,9 80,42
25 female 24 16sony 89,91 0,93 80,56
26 male 24 15sony 87,96 1,6 80,97
27 male 22 13sony 84,12 4 81,11
28 female 25 15sony 87,96 1,7 81,23
29 male 24 16sony 89,91 1,33 82,11
30 female 21 10creative 86,68 3,3 82,83
31 male 29 l4creative 94,50 0,6 83,26
32 male 26 19sony 95,86 0,46 83,45
33 male 28 13creative 92,50 1 83,46
34 male 25 17sony 91,93 1,3 84,04
35 male 27 10creative 86,68 5,3 84,89
36 male 24 16sony 89,91 2,6 85,02
37 female 21 18sony 93,89 1,06 85,11
38 male 24 18sony 93,89 1,06 85,11
39 male 25 12creative 90,58 2,5 85,53
40 male 22 20sony 97,72 0,66 86,88
41 female 26 12creative 90,58 3,7 87,23
42 male 22 21sony 99,48 0,5 87,43
43 male 27 15creative 96,50 1,06 87,72
44 male 27 22sony 101,08 0,4 88,07
45 female 24 19creative 103,17 0,26 88,29
46 male 21 18sony 93,89 3,7 90,54
47 male 23 19creative 103,17 0,5 91,13
48 male 26 20sony 97,72 1,8 91,24
49 male 22 15creative 96,50 4,5 94,00
50 male 23 19creative 103,17 1,3 95,28
51 male 22 21sony 99,48 4 96,47
52 female 28 20creative 104,52 1.8 98,05
53 male 25 21creative 105,66 1,8 99,19
54 female 22 22sony 101,08 59 99,76

Table G.1: List of the subjects who performed thegglot test. The subjects who presented any hearing
condition in the pilot test are not listed in this table.






APPENDIX H

LISTENING TESTINSTRUCTIONS

Welcome to our Listening Test!

The listening test you are about to participate is part osgetiing experiment that studies the
effects of using music players with headphones on the hgeariou have already participated in
the first phase and now it comes the second phase. In this paypeyill find a short description
of the parts of the listening test. Read carefully theseiiesions and if you have any doubt, do
not hesitate to ask us. Feel free to eat cake and drink coffeeda while you are reading this
paper:

e FIRST PART:
The first part takes around 5 minutes and consist of a questicnand several questions
about your listening habits. It is quite similar to the qumshaire that you filled out in
the first phase of this listening experiment.

e SECOND PART:
This second part takes around 20 minutes and consist of dolegid evaluation. Your
ears will be tested using two not risky methods which are ahomoetric test and otoa-
coustic emissions measurements. If you are interestedeoregiults of the tests, we can
give them to you in the end of the listening test. After thisuwill have a break of 5
minutes. During this time you can leave the room, eat more eaki drink coffee or soda.

e THIRD PART:
This third part will take around 20 minutes. Your task willteeadjust the volume of your
own music player using your own headphones in differentrenvinents. If you could not
bring your own devices, we will provided you the music plaged the headphones that
you used in the first phase of this experiment.

This is a brief explanation of the listening test. It is venypiortant that you feel relaxed and
comfortable during all the experiment. If for any reason yant to quit the experiment, you
can do it at any time without any explanation.

Thank you very much for your participation.

Group 1066. Acoustic Department
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APPENDIX H. LISTENING TEST INSTRUCTIONS

First Part: Audiometry Test

e DESCRIPTION:
During this test you will have to wear a pair of headphones.eou place them, be
sure that they fit your ears well. Then different sounds welidoesented, first on one ear
and then in the other.

e YOUR TASK:
Your task is to press a button that you will have in your haneéméver you hear some-
thing. If no sound is heard, you do not have to press the buttoarder to be sure that
you understand this procedure a trial will be performed enlibginning.

e TIPS:
It is very important that you feel relax and concentratedrdythis test because weak
sounds are going to be presented.

Second Part: Otoacoustic Emissions Measurements

e DESCRIPTION:
In this hearing test, a test probe will be inserted in youras some sounds will be
played through it. All the sounds will be played at comfoltslevels.

e YOUR TASK:
During this test you do not have to do anything, you just havee relaxed.

e TIPS:
This measurement is very sensitive to movements of the psdgou must try to be
quiet, do not move and try not to swallow.

Remember that after this test you will have a short break ohitfutes when you can enjoy our
cake and coffee.
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Third Part: Adjustment of the Volume of your Music Player
using your Headphones in different Environments

e DESCRIPTION:
You are going to be conducted to a listening room where ats@d®is and a very quiet
environment are going to be simulated in different moments.

e TASKS:
Your task is to set the volume of your music player using yoemdphones every time
that an environment is simulated. It is very important thai gelect the volume thgiou
would useif you would be in these situations.

You will be sit down in a listening room. The first thing you leeiw do is to listen to the
environment during 20 or 30 seconds without headphones &hdive music player off.

Then, you must place the headphones on, turn on the musidaynthe song you would
like to listen to. Finally you have to adjust the volume of thasic player and let us know
that you finished by means of an intercomunicator.

After the volume setting of each environment, you will haswr@ak of 3 minutes and you
will have to leave the room.This procedure will be repeat®es.

It is very important that after each volume setting you doteoich or vary the control
volume of the music player.

The maximum time that you have for the volume settings is Suteisiper environment.
You can choose any song that you have in your music playerqriné you chose it, you
will have to use that song for all the environments.

The first time that you adjust the volume of your music plagetaken as trial to make
you get used to the procedure to follow.

e TIPS:
In this part of the listening test you have to trust your fegé and try to imagine that you
are in a bus, a street or a quiet environment. Feel free tdhsatalume that you would
use, no matter which one it is. Remember that there is not oglvrong settings, so
please try to be honest and show your preferences.
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APPENDIX |

INSTRUCTIONS FOR THE TEST
EXPERIMENTER

This appendix explains the procedure followed by the tgséamenter when doing the listening
test with a subject. Basic rules and some general issuestibatd be well known by the test
experimenter are described in this appendix.

.1 Basic Rules for the Test Experimenter

It is important that the subject is feeling well and comfbteadoing the complete listening test.
In order to do this, different rules that must be followed bg test experimenter are defined in
the next lines:

e The test experimenter must be polite all the time, even ifsiigject is tired, angry, or
impolite.

e The test experimenter must act as if he is in control of etémgtduring the experiment.

e It is the experimenters task to welcome the subject by mehgaiding the subject and
eliminating possible misunderstandings.

e Itis the experimenters task to have a good treatment of thiesuand explain to him the
needed indications in order to do the listening.

.2 Test Experimenter Instructions

The instructions followed by the test experimenter for ttietent parts of the listening test are
described in this section:

1.2.1 Welcome and Introduction

¢ Welcome the subject and say that we appreciate to have hiagtesubject.
e Conduct the subject to the waiting room.

e Invite the subject to sit down and offer him soda and cakeénahiting room.
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APPENDIX I. INSTRUCTIONS FOR THE TEST EXPERIMENTER

e Hand the instructions paper to the subject and ask him/hesidit thoroughly.
e Ask if they understand what they read and if they have anyteresor objections to it.

e Start the listening test.

.2.2 First Part of the Listening Test: Personal Questionnaire

e Give the questionnaire to the subject.
e Instruct the subject in the procedure of filling it out.

e Take the questionnaire with you and conduct the subjectirg@udiometry cabin.

1.2.3 Second Part of the Listening Test: Bekesy Audiometry and DPOAEs
Measurements

e Instruct the subject where to sit in order to perform the auowtry.

e Give the audiometry instructions to the subject.

e Ask if they understand what they read and if they have anyteresor objections to it.
¢ Be sure that the subject puts on the headphones correctyms of left/right.

e Start the familiarization process of the audiometry.

e When finished, ask the subject if everything is all right ahde/she has any questions
regarding the method.

e Perform the audiometry for both ears.

e Save the data in the audiometer with the name of the subject.

¢ Introduce the subject to the DPOAESs measurements.

¢ Give the DPOAEs measurements instructions to the subject.

e Ask if they understand what they read and if they have anyteuresor objections to it.
¢ Put the plastic globes on the hands and place the test prabe frear of the subject.

e Be sure that the test probe is correctly placed by testing the OAEs measurement
equipment.

e Perform the DPOAEs measurements per each ear and savedhs dath subject in the
floppy disc and the hard disc of the computer.

¢ When the measurement is finished, conduct the subject toditsng/room. Feel free to
small talk but do not discuss any technical test relateceissWait until after the listening
test is done with discussing the test in general.
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I.2. TEST EXPERIMENTER INSTRUCTIONS

.2.4 Third Part of the Listening Test: Control Volume Adjustment

¢ Introduce the subject to the control volume adjustment part

¢ Askto the subjects about the music player and the headplioeyebrought. Be sure that
they wrote correctly the model of the devices in the quesi@nme as well as the music
sample that they are going to use for this part.

e Give the control volume adjustment instructions to the sobj
¢ Be sure that the subject understand what he read and askafshanly questions.
e Conduct the subject to the listening room and show him wiees#t

e Remain to the subject that he has to listen to the environcherimg 20 or 30 seconds
without headphones, and after that he has to place the heaédgln and play the music
in his music player for the control volume adjustment.

e Remain to the subject to contact with the text experimeniter ach control volume
adjustment by means of the inter-communicator.

e Explain to the subject how the inter-communicator systerrka/o

e Remain to the subject that the first control volume adjustrdeas not count as data for
the listening test. It is only in order to make him used to ekt

¢ Tell the subject that there is no wrong answers since we éseeisted in his/her opinion.

¢ When the subject finishes each control volume adjustmertitagkinto the listening room
and conduct him to the waiting room.

e Then go into the listening room again and measure the SPleih¢hd and torso simulator
produced by the music player of the subject, using the musigpse and the control
volume position that he selected. Do not forget to save tha oathe measurement
system.

¢ When all the volume adjustments have finished tell the sulbbfed the listening test is
over.

e Answer possible questions that the subject can have.

e Say “Thank you”, and show the subject to the entrance.
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APPENDIX J

LISTENING TEST QUESTIONNAIRE

J.0.5 Personal data:
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J.0.6 Prior experience:

e Are you suffering or have you had recently a cold?
Ll Yes
I No
O I dontt Know

e Have you ever taken any medicine or another type of drugaigiit have influence on
your hearing?
O Yes
O No
O I dont't Know

e Have you ever had?
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APPENDIX J. LISTENING TEST QUESTIONNAIRE

Never | Sometimes| Often | Very often

buzzing noises in your ear O O O O
sudden lost of hearing O O O O
wax in your ears O O O O
pain or headache due to powerful sounds O O O O
hearing problems when you are listening TV O O O O
hearing problems when you talk by phone O O O O
nervous or anxious feeling after being in a noisy areal (| O O
ringing in the ears after being in a noisy area O O O O
pain in your ears when you travel by plane O O O O
hearing problems after listening to music

using portable music players with headphones O O O O

J.0.7 Listening habits:

e Please, fill next table with the corresponding time that yea to listen to your music
player with headphones in quiet/moderate environments asithe street, the university

or at home for example:

How often? | Day | Time in hours per day How long?

01 | O1orless 0 1 month
Oweekly | 02 | O1-2 J 1-6 months

03| 024 0 6-12 months
04 | 04-6 J1-2 years
05 | 06-8 0 2-5 years

O monthly | 06 | O8-10 0 5-10 years
07 | Omore than 10 (0 more than 10 year

5

e Please, fill next table with the corresponding time that yea to listen to your music
player with headphones in noisy environments such as thetledrain or the bike for

example:

How often? | Day | Time in hours per day How long?

01 | O1orless 0 1 month
Oweekly | 02 | O1-2 J 1-6 months

03| 024 0 6-12 months
04 | 04-6 J1-2 years
05 | 06-8 [ 2-5 years

O monthly | 06 | O8-10 0 5-10 years
07 | Omore than 10 (0 more than 10 year

\"ZJ

Thank you for your participation.
Group 1066. Acoustic Department.
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APPENDIX K

LISTENING TEST SUBJECTS

This appendix lists the subjects who performed the lisigtest and their results.
According to the results of the pilot test, some subjectskassified as target and some as con-
trol population.

The subjects of the control and target population who peréalthe listening test are shown in
Table K.1 and K.2 respectively. The reference number andsaigi@ed nickname is specified
in this table to differ among subjects. Moreover, this tabiestrate theLgx gn calculated from
the listening test data as well as ther aeq for the different environments tested (very quiet,
quiet/moderate, noisy).

Figures K.1 and K.2 show tHg-r aeqand the exposure time for each subjectin both populations
and for very quiet, quiet/moderate and noisy environmehé data from these two graph can be
combined to obtain thiegx gn, which is show in Figure K.3, for each subject in both popoled

too.

Figure K.4 shows the mean:r aeq for both populations in the different environments tested
(very quiet, quiet/moderate, noisy). Moreover, Figure B®ws the meahgx g, for a quiet/-
moderate and noisy environment.

Figures K.6, K.7 and K.8 illustrate again the data of Lize aeq Selected for all the subject in
both populations, but as a function of the environments.

Figure K.9 shows the information obtained from the priorexignce of the listening test ques-
tionnaire.

107



APPENDIX K. LISTENING TEST SUBJECTS

Reference Number Nickname Environment Lppaeq Hours perDay Lexan

Very Quiet 73,94

2 VLL Quiet/Moderate 90,21 0,00 0,00
Noisy 100,80 0,00 0,00
Very Quiet 85,28

3 DVD Quiet/Moderate 93,32 0,00 0,00
Noisy 99,45 0,00 0,00
Very Quiet 98,13

5 HDA Quiet/Moderate 100,36 0,00 0,00
Noisy 98,54 0,00 0,00
Very Quiet 88,50

7 MCK Quiet/Moderate 90,78 0,00 0,00
Noisy 91,86 0,00 0,00
Very Quiet 102,04

8 ANT Quiet/Moderate 98,88 0,00 0,00
Noisy 102,04 0,00 0,00
Very Quiet 76,95

12 DNL Quiet/Moderate 88,39 0,67 77,60
Noisy 99,53 0,67 88,74
Very Quiet 77,56

13 BTz Quiet/Moderate 91,56 0,80 81,56
Noisy 92,99 0,13 75,21
Very Quiet 83,34

15 LRM Quiet/Moderate 89,56 0,53 77,80
Noisy 95,61 0,03 71,81
Very Quiet 97,73

17 IRS Quiet/Moderate 103,34 0,67 92,55
Noisy 98,98 0,27 84,21
Very Quiet 94,80

18 HCR Quiet/Moderate 94,79 0,80 84,79
Noisy 95,36 0,03 71,56

Table K.1: Lrrpeq and Lex gn calculated for the subjects of the control population according to the data
obtained in the listening test for a very quiet, a quiet/moderate and a noisy environment.
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Reference Number Nickname Environment Lppaeq Hours perDay Lexasn

Very Quiet 90,74

31 LRI Quiet/Moderate 96,04 0,03 72,24
Noisy 103,26 0,47 90,92
Very Quiet 102,56

33 CLS Quiet/Moderate 104,82 1,07 96,07
Noisy 107,59 0,07 86,79
Very Quiet 94,80

34 ERC Quiet/Moderate 97,30 0,93 87,97
Noisy 103,32 0,40 90,31
Very Quiet 99,10

39 SMN Quiet/Moderate 91,56 0,67 80,77
Noisy 97,57 0,93 88,24
Very Quiet 88,53

41 YSN Quiet/Moderate 97,49 0,67 86,70
Noisy 93,56 2,67 88,79
Very Quiet 87,86

42 NCL Quiet/Moderate 92,43 0,03 68,63
Noisy 97,27 1,07 88,52
Very Quiet 100,16

45 SUS Quiet/Moderate 103,24 0,03 79,44
Noisy 105,11 0,27 90,34
Very Quiet 103,02

46 oLv Quiet/Moderate 98,83 1,87 92,51
Noisy 103,91 0,13 86,13
Very Quiet 102,07

50 JON Quiet/Moderate 103,08 0,17 86,27
Noisy 106,30 1,33 98,52
Very Quiet 104,12

52 CLA Quiet/Moderate 103,55 1,33 95,76
Noisy 96,07 1,33 88,28

Table K.2: Lrrpeq and Lgx gn measured in dB SPL calculated for the subjects of the target population
according to the data obtained in the listening test for a very quiet, a quiet/moderate and a noisy
environment.
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APPENDIX K. LISTENING TEST SUBJECTS

Control Population
110 T T

LFF,Aeq [dB SPL]
-

© o

o o

o]
o

70
VLL DVD HDA MCK ANT DNL BTZ LRM IRS HCR

Hl Very quiet Environment
[ Quiet/moderate Environment
Target Population Bl Noisy Environment
110 T T T T T

100

LFF,Aeq [dB SPL]
[{e}
o

LRI CLS ERC  SMN YSN NCL SuUs oLv JON CLA
Subjects

Figure K.1: LpF peq calculated for the subjects of the target and control population according to the data
obtained in the listening test for a very quiet, a quiet/moderate and a noisy environment.
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Figure K.2: Exposure time calculated for the subjects of the target and control population according to the
data obtained in the listening test for a quiet/moderate and a noisy environment.
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Figure K.3: Lgxgn calculated for the subjects of the target and control population according to the data
obtained in the listening test for a quiet/moderate and a noisy environment.
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Figure K.4: Mean Lp peq calculated across all the subjects of the target and control population according to
the data obtained in the listening test for a very quiet, a quiet/moderate and a noisy environment.
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Figure K.5: Mean Lgx gn calculated across all the subjects of the target and control population according to
the data obtained in the listening test for a quiet/moderate and a noisy environment.
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Figure K.6: Lrr peq calculated for the subjects of the control population according to the data obtained in
the listening test for a very quiet, a quiet/moderate and a noisy environment.
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Figure K.7: LrF peq calculated for the subjects of the target population according to the data obtained in the
listening test for a very quiet, a quiet/moderate and a noisy environment.
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Figure K.8: Mean Lp peq calculated across all the subjects of the target and control population according to
the data obtained in the listening test for a very quiet, a quiet/moderate and a noisy environment.
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Figure K.9: Number of people from the control and target population who suffer: 1-buzzing noises in your
ear, 2-sudden lost of hearing, 3-wax in your ears, 4-pain due to powerful sounds, 5-hearing
problems when listening TV, 6-hearing problems when talking by phone, 7-nervous after being
in a noisy area, 8-ringing in the ears after being in a noisy area, 9-pain the ears when traveling
by plane, 10-hearing problems after listening a MP with headphones.
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APPENDIX L

HEARING THRESHOLD AND DPOAES

This appendix describes the pure tone audiometry and theABB@neasurements conducted
in the listening test in order to assess the hearing of thgestsh The appendix finishes with the
data obtained from these measurements.

L.1 Pure Tone Audiometry

The audiometry is carried out in the audiometric cabin B4friie Acoustics Department at
Aalborg University, which is a room with special treatmemnithe walls, ceiling, and floor in
order to comply with the specifications about the noise fltates in the standard 1ISO 8253-1
[26].

The audiometer Madser Orbiter 922 is chosen to perform tHe®eetry test. The audiometry
method used is the pure tone audiometry, which is select&kdation 2.7 in Chapter 2. The
subject is equipped with a set of headphones and two roltes.g@ne of these roller pensis red
and the other one is blue corresponding to right and lefteetsyely. The device tests the ears
one at a time. The subject must press the corresponding paltes whenever a sound is heard.
In the end of this Appendix the results obtained in the audiyrtests are shown.

L.2 DPOAEs Measurements

The measurements are performed in the audiometer cabin B¥eiAcoustic Department at
Aalborg University where there was a noise controlled envinent. The equipment used to
carry out the DPOAEs measurements is the ILO96 from Otodymalihis selected since it is

the equipment available in the Acoustic Department at A@jlniversity. This equipment can

measure either TEOAEs or DPOAEs.

The equipment is based on a system amplification unit coaddgota computer which has in-
stalled the software to measure and record the OAEs. Thafarapbn unit has, apart from the
connection to the computer, an ear probe which contains mmall $oudspeakers and a micro-
phone. This ear probe is placed on the ear of the subject asémgall foam which makes the
placement on the ear easier. Every loudspeaker of the psaleed to play each pure tone and
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the microphone is used to record the DPOAESs produced by thaf €ze subject.

DPOAEs were measured for both ears in each subject. The rdatettie measurement is col-
lected in .SPR format and it is later processed in order totplresults. The results obtained
from these measurements are presented in the last sectiois appendix.

After each measurement, the level of the DPOAEs is compareéldet noise level to verify it
is not masking the cochlear emissions. This can be seen iaghpment immediately after
the measurement is carried out. If noise level masks theleacbmissions, the measurements
are repeated. Moreover in the ear calibration is done fdn eabject and for each ear. This is
automatically performed by the DPOAEs measurement system.

Not only external noise can alters the OAEs response, botlasinternal noises from the sub-
ject (coughing for example) can create difficulties wherording the DPOAES. Therefore it is
important to ask for the subject to remain quiet and try toswedllow during the measurements.

L.3 Results

The data obtained in the audiometry test was collected asttbiwn in Table L.2 and L.1.

The data obtained from the DPOAEs measurements is presientee plot for every subject.
The DPOEAs of the right and left ears are presented in the gaampd, but in different colors.
The thick red line in each graph correspond to DPOAES or ti ear, whereas the thick blue
line represent the results of the DPOAEs measurements détihear. The noise measured,
which is plotted as blue and red fine lines in the graphs, spmeds to the noise measured
during the DPOAEs measurements for the right and left eapestively. The DPOAES data is
plotted as a function of the geometric mean of the pure tohgsedPOAEs (/f;.1,).
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L.3. RESULTS

Frequencies [Hz]
Subject Ear 250 500 750 1000 1500 2000 3000 4000 6000 8000

VLL L -5 5 5 5 5 5 0 0 15 0

R -5 5 10 10 5 10 0 0 0 -10

L 0 5 0 5 5 10 5 0 10 -10
bVD R 10 5 5 5 5 5 0 5 10 5

L 5 5 5 5 5 5 0 5 15 -5
HDA R 5 10 O 0 0 5 0 15 25 5
MCK L 5 15 20 15 15 15 10 25 20 10

R 0 10 10 5 5 -5 5 5 5 0

L 0 5 0 5 -5 0 0 10 5 -10
ANT R 0 5 0 0 0 0 0 10 -5 -5
DNL L 5 5 5 0 5 0 0 5 20 0

R 0 5 5 0 5 0 -5 10 25 10

L 5 5 10 5 5 0 -5 0 15 5
BTZ R 5 0 5 0 0 0 0 5 15 5

L 5 5 0 5 5 5 0 5 15 5
LRM R -5 0 -5 0 5 10 0 0 10 0
IRS L 0 0 -5 -10 0 5 0 15 5 -5

R -5 0 5 0 15 5 5 0 20 -5
HCR L -5 5 10 10 5 5 10 15 10 5

R 0 5 5 5 10 10 10 15 5 -10

Table L.1: Hearing thresholds of the test subjects of the control population measured in the listening test.
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Figure L.1: Mean and standard deviation of the hearing thresholds of the target population for left and right
ear.

117



APPENDIX L. HEARING THRESHOLD AND DPOAES

Frequencies [Hz]
Subject Ear 250 500 750 1000 1500 2000 3000 4000 6000 8000

EDR L 10 10 5 5 10 5 15 35 50 45
R 0 10 5 -5 -10 0 0 5 -10 5
LRI L -10 -10 5 5 -10 5 0 -10 10 5
R -:10 -10 -5 0 -10 -10 0 -10 10 5
L -5 -5 5 -5 -5 5 5 -5 10 -5
cLs R 5 5 -5 -5 10 5 5 5 -5 0
L 5 5 15 10 5 5 0 5 0 -5
ERC R 5 5 5 5 0 0 5 10 0 0
s L 10 5 5 5 15 10 15 15 15 10
R 5 10 15 20 25 25 20 20 20 35
L 5 0 5 0 5 5 0 5 10 5
SMN R 10 5 0 0 5 5 15 5 15 10
YSN L 5 0 5 5 -10 -10 -10 5 15 -10
R 5 0 -:10 O 5 -10 -10 -5 20 15
L -5 -5 -5 0 5 0 5 15 10 0
NCL R 5 0 5 0 5 0 0 -5 5 -10
L 5 0 0 0 5 5 -5 5 5 -5
SUS R 0 0 -5 0 0 5 -5 0 5 -5
oLV L 5 5 0 0 -10 -5 -10 0 10 -10
R 0 0 5 5 0 -10 -10 -10 -5 -10
JON L 5 5 5 0 0 0 -5 5 20 0
R -:10 O 0 5 5 5 -5 -10 15 -5
CLA L 10 10 5 0 5 0 0 5 10 -10
R 20 15 5 5 10 5 5 -5 5 -10

Table L.2: Hearing thresholds of the test subjects of the target population measured in the listening test.
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Figure L.2: Mean and standard deviation of the hearing thresholds of the control population for left and right
ear.
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DPOAE [dB SPL]

Figure L.3: DPOAEs of right and left ears in subject VLL. This subject belongs to the control population.

DPOAE [dB SPL]

Figure L.4: DPOAEs of right and left ears in subject DVD. This subject belongs to the control population.
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DPOAE: Subject HDA, Right and Left ears
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Figure L.5: DPOAEs of right and left ears in subject HDA. This subject belongs to the control population.
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30

— DPOAE Right Ear
=—— DPOAE Left Ear

25H —— Noise measured Right Ear 4
—— Noise measured Left Ear

20 al

151 .

10

DPOAE [dB SPL]
[8)]
T

-10F

-15}+

I I I I
1000 1500 2000 3000 4000 6000

Frequency [Hz]: geometric mean

Figure L.6: DPOAEs of right and left ears in subject MCK. This subject belongs to the control population.
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DPOAE: Subject ANT, Right and Left ears
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Figure L.7: DPOAEs of right and left ears in subject ANT. This subject belongs to the control population.

DPOAE: Subject DNL, Right and Left ears
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Figure L.8: DPOAEs of right and left ears in subject DNL. This subject belongs to the control population.
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DPOAE: Subject BTZ, Right and Left ears
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Figure L.9: DPOAEs of right and left ears in subject BTZ. This subject belongs to the control population.

DPOAE: Subject LRM, Right and Left ears
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Figure L.10: DPOAE:S of right and left ears in subject LRM. This subject belongs to the control population.
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DPOAE: Subject IRS, Right and Left ears
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Figure L.11: DPOAEs of right and left ears in subject IRS. This subject belongs to the control population.
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Figure L.12: DPOAE:S of right and left ears in subject HCR. This subject belongs to the control population.
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DPOAE: Subject EDR, Right and Left ears
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Figure L.13: DPOAEs of right and left ears in subject EDR. This subject belongs to the target population.

DPOAE: Subject LRI, Right and Left ears
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Figure L.14: DPOAEs of right and left ears in subject LRI. This subject belongs to the target population.
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DPOAE: Subject CLS, Right and Left ears
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Figure L.15: DPOAEs of right and left ears in subject CLS. This subject belongs to the target population.
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Figure L.16: DPOAEs of right and left ears in subject ERC. This subject belongs to the target population.
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DPOAE: Subject LRM, Right and Left ears
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Figure L.17: DPOAEs of right and left ears in subject JLS. This subject belongs to the target population.

DPOAE: Subject SMN, Right and Left ears
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Figure L.18: DPOAEs of right and left ears in subject SMN. This subject belongs to the target population.
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DPOAE: Subject YSN, Right and Left ears
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Figure L.19: DPOAEsS of right and left ears in subject YSN. This subject belongs to the target population.

DPOAE: Subject NCL, Right and Left ears
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Figure L.20: DPOAEs of right and left ears in subject NCL. This subject belongs to the target population.
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DPOAE: Subject SUS, Right and Left ears
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Figure L.21: DPOAE:s of right and left ears in subject SUS. This subject belongs to the target population.

DPOAE: Subject OLV, Right and Left ears
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Figure L.22: DPOAE:S of right and left ears in subject OLV. This subject belongs to the target population.
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DPOAE: Subject JON, Right and Left ears
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Figure L.23: DPOAEs of right and left ears in subject JON. This subject belongs to the target population.
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Figure L.24: DPOAE:S of right and left ears in subject CLA. This subject belongs to the target population.
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Figure L.25: Mean and standard deviation DPOAE of the test subjects of the control population for left and
right ear.
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Figure L.26: Mean and standard deviation DPOAE of the test subjects of the target population for left and
right ear.
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APPENDIX M

LISTENING ENVIRONMENTS

The following appendix describes the simulation of the niederate and noisy environments
of the listening test. The background noise in a bus and irreetsare used as references
environments to simulate these situations respectively.

M.1 Method

The simulation is done in a listening room by playing in an afimectional source two different
signals corresponding to each environment. The omnidiregksound source is used because
it allows to create a semi-diffuse sound field where the squessure level is approximately the
same in all the room. This is desired because in a real Stuathere a MP with headphones is
used, the background noise generally corresponds to adiffase sound field.

M.2 Equipment and Setup

The complete listening test setup is shown in Figure M.1hisfigure it can be seen the sound
source which produces the environments as well as the cemaid the amplifier that drive the
signals. Table M.1 lists the equipment utilized.

ltem Model LAB-Nr:
Omnidirectional source

Power Amplifier 00000000 00000000
Computer 00000000 00000000

Table M.1: Equipment used for the listening test.

M.2.1 Sound Stimuli for the Environments

Most noise in the environments contains energy at manyrdiftefrequencies combining to-
gether to give it its overall character. Therefore is cocgikd to analyze these environments.

The noise from a bus is a continuous non stationary noisehwims its energy content at low
frequency. Moreover the amplitude of the signal varies tivettime because the noise emitted
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Figure M.1: Setup used for the listening test. The subject is equipped with his own portable MP or with
the reference portable MP used in the pilot test. The task of the subject in this part of the
listening test is to adjust the control volume position when a noisy (bus), a moderate (street),
and a quiet (silence) sound environments are being simulated.

by a bus depends on its speed, its acceleration and many fHleneters. Therefore it is a
complex sound which is difficult to simulate.

The noise from a street can be related to many different aoie this case it is defined as
environmental noise, for example the song of a bird, some gassing by or the sound of the
wind, corresponding to a quiet or moderate environment.

These environments are simulated with two WAV files: one méed inside of a bus and one
recorded in a street. These signals are obtained from a stadablase in Interne2]. The signal
for the bus environment is a sample of 46 seconds which amsaime of the different noises
that can be produced in a bus, for example people talkingsébed produced when opening
and closing the doors of the bus, or the sound produced byusevhen braking or starting.
The signal for the street environment is a sample of 90 secaich contains different noises
that can be recorded in a quiet street.

Figures M.3 and M.2 show the time signals that are used.

A possible problem with these signals is that they are not l@rg, so the subject may need
more time than the duration of these files to adjust the voluRwe this reason each of these
signals is concatenated until getting a duration of 5mismatgproximately each one. The con-
catenation is done as a linear cross-fade of 5seconds hetweeignals to concatenate. The
signals are amplified such that the energy of the end of thdifeess equal to the energy of the

next file. Figure M.4 shows an example of a pair of files of tmeettenvironment concatenated.
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Figure M.2: Noise signal used for the simulation of the bus listening environment

In order to decide the sound pressure level at which thesetfdge to be played, some field
measurements are performed inside of two buses and in & stree

M.2.2 Results

Noise levels were measured using a Monacor SM-4 sound lextelrmaet to a A-weighting slow
meter response. The slow meter response is selected babausading of the values in the
sound level meter is easier. This is because the integraienin order to calculate the sound
pressure level is longer when using the slow meter respartbe isound level meter.

The objective of these measurements is to obtain a maximauhaaninimum sound pressure
level for each of the environments mentioned before. Inomeo that several measurements
are done in each environment. The time of the performancéeirieasurement is always
between 10 A.M. and 4 P.M.

M.2.3 Bus Measurements

These measurements are performed inside of the buses nanalmel number 12 at Aalborg

(Denmark). Measurements in bus stops are not carried out.

Since the noise in a bus may vary depending on many variablgs as the recording time,

the type of bus, the traffic noise, the number of passengarsling in the bus, etc. a total of

18 measurements are performed in different moments. Theasurements are carried out in
three different positions in the bus: In the end, in the nedathd in the beginning of the bus.
Moreover two repetitions are performed in each positioniffedent moments: When the bus
stops, when the bus moves and when the bus starts or brakes.
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Figure M.3: Noise signal used for the simulation of the street listening environment

M.2.4 Street Measurements

To estimate the sound pressure level in a street is not a aslsyas well as in the bus, because
many parameters have an important influence in the soundyeskevel measured. Since the
idea is to simulate an environment with a moderate or lowentigel, a not very noisy street
close to Aalborg University is used. The street selectedddiitk Bajers Vej. The measurements
are performed close to the entrance of the building severatiigkg University, which is in this
street. There are different noises that can be recordedsstiteet depending on the situation.
In this case the measurement is focus on recording the Ié¥besound produced by people
talking in the street with a moderate or low environmentasaoMoreover the position in the
street is taken into account for the recordings. Thereforegositions are defined: close to the
road and far away from the road. A total of 9 measurementsexfermed in different moments
depending on the amount of people present.

M.2.5 Field Measurements Results

The data were collected by a reading of the screen in the deualdmeter. Table M.2 and Table
M.3 shows the data collected for tB&eetenvironment and thbusenvironment respectively.
These tables show A-weighted sound pressure levels.

From the results of this appendix, the maximum and minimuondgressure level measured
for the listening environments are obtained. These are 801862 dB for thebuslistening
environment and 64.5 and ;/¥dB SPL for thestreetlistening environment.

After testing these levels in the listening room used fordimeulation it was observed that the
noise levels in théussituation where to high compare to a read situation. Foretheason it
was decided to reduce this levels until a realistic situatvas achieved.
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Figure M.4: Signal of the street listening environment created by concatenating the selected file twice in a

row.

Positions in the bus
State of the bus Beginning Middle End

stopped 90 88,8 95
starting 93,7 96,0 98
moving 96 95,7 106,2
stopped 89,0 90 97
starting 94,4 94 98,8
moving 99,7 98 104,7

Table M.2: A-weighted sound pressure level measured for the bus listening environment. Three different posi-
tions in the bus and three different states of the bus are taken into account. These measurements

are performed twice.

Number of people present
Position in the street  0-2 persons  More than 2 persons

close to the road 65,4 70,2
far from the road 50,9 63,9
close to the road 77,3 70,9
far from the road 66,0 65,4

Table M.3: A-weighted sound pressure level measured for the street listening environment. Different situa-
tions are taken into account depending on the amount of people present in the recording and
depending on the position in the street. These measurements are performed twice.
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APPENDIX N

ANALISY OF VARIANCE (ANOVA)

In this appendix it can be found a brief explanation of the ARQ@est method applied.

ANOVA is used to test for the equality of several means. Tl designed with two factor
requires a two-way ANOVA. By which it is possible to test thiuality among the treatment
means of the two factors as well as the interactions betwesn.tThe treatments means of each
factor is tested for equality and it can be stated if, theydéferent within a level of significance.

Furthermore, the two-way ANOVA provides a knowledge abbatihteraction effect of the fac-
tors. This effect is best explained by a small example: Ageraight like both fish and meat
separately. But when mixing them (interaction), the tasgghimot please the person.

Statistical hypotheses are a statement about the probteatien. The population mean for the
i'th treatment is denoteg, the tested null-hyphothedi} is denoted as:

Hoilu=Ho=...= l.

In order to test the hyphoteses the standard level of signifie among statisticiansis used. This
value is noted as, moreover it is equal to 0.05. This implies a maximun of 5% mi@ability

of making a Type | Error. This error occurrs if the null hypesis is rejected when it is true. It
can be noted as:

a =P(type | error)=P(reject Hy |Hp is true)

Three assumptions are required for the ANOVA method to betekxewever a violations of
these assuptions does not necessarily to lead false candus

1. The treatment data must be normally distributed
2. The variance must be the same for all treatments

3. The observations must be independient. Being an ob&amate of the possible convina-
tions between the treatments of the two factors.

Figure N.1shows the normalization plot. The observatioasked with circles are normally
distributed if the residual from the line is small.
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Figure N.1: Representation of the normalization plot of the dependent variables: Lrr peqfleft-up), Lexan
(right up), HL(left-down), DPOAEL (right-down)

The compliance with the second assumption can be apprédiae the standard deviation

values shown in the listening level, exposure level, heatimesholds and DPOAEs analysis
performed for this project.

The third assumption can be assumed since there are twoediffgroups of test subjects.
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APPENDIX O

INDEPENDENT SAMPLES T-TEST
ANALYSIS

In this appendix it can be found a brief explanation of thedts test method applied.

An Independent Samples T-test compares the mean scoree gfdwps on a given variable. In
this test the dependent variables dreg peq, HL and DPOAEL.

The next assumptions are made:
e The dependent variable is normally distributed. It can j@eqated from Figure N.1.

e The two groups have approximately equal variance on thertlspe variable. The equal-
ity of variances is tested using Levenet's Test. It is exgdibelow.

e The two groups are independent of one another
The hypotheses formulated are:

e Null: The means of the two treatments tested are not significdifferent.

¢ Alternate: The means of the two treatments tested are signtfyy different

The null hypotheses can be rejected if the p-value obtairend the t-test is less than 0.05.

0.0.6 Listening Level T-test

This section describes the T-Tests performed by the tredtniefined for factor environment.
These treatments are: very quiet, quiet/moderate and roigsonment. Thé&rr aeqmeans are
compared in groups of two by two. Then, the three T-test peréad are:

1. T-test beetween: Very quiet and quite/moderate envisgiim
2. T-test beetween: Very quiet and noisy environment

3. T-test beetween: Quite moderate and noisy environment
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T-test between: very quiet and quite/moderate environment

In Table O.1 the results of the Levenet's test are shown. Tdréficance value (Sig) is 0.012
which is smaller than 0.05. Then, it can not be assumed tleatdahiances of both groups are
approximately equal. Therefore a p-value equal to 0,084bearead from the second line of
Table O.1.

Levene’s Test t-test for Equality of Means
HL F Sig t df p-value Mean Std. Errof Confidence Interval
Assumption Difference Difference| Lower Upper
Equal variances | 6.933 0.012| -1.780 42 0.082 -4.015 2.255 | -8.568 0.536
Not Equal varianceg -1.780 33.980 0.084 -4.015 2.255| -8.600 0.568

Table O.1: Results from Independent Samples T-test between: very quiet and quite/moderate environment.

T-test between: quiet/moderate and noisy environment

Table O.2 shows the results of the Levenet's test and theobraent Samples T-test. Since Sig
is equal to 0.186, it can assume that the variances are dppatety equal.
The p-value obtained from the T-test is 0.067, which is gneitan 0.05.

Levene’s Test t-test for Equality of Means
HL F Sig t df p-value Mean Std. Errof Confidence Interval
Assumption Difference Difference| Lower Upper
Equal variances | 1,812 0.186| -1.880 42 0.067 -2.788 1.482 | -5.780 0.204
Not Equal varianceg -1.880 40.534 0.067 -2.788 1.482| -5.783 0.207

Table 0.2: Results from Independent Samples T-test between: quiet/moderate and noisy environment.

T-test between: very quiet and noisy environment

Table O.3 shows that it can not be assumed equality of vagaridowever, the null hypothesis
can be rejected as the p-value is 0.004.

Levene’s Test t-test for Equality of Means
HL F Sig t df p-value Mean Std. Errory Confidence Interval
Assumption Difference Difference| Lower Upper
Equal variances | 17.514 0.001| -3.148 42 0.003 -6.804 2.162 | -11.165 -2.442
Not Equal varianceg -3.148 30.370 0.004 -6.804 2.162| -11.215  -2.392

Table 0.3: Results from Independent Samples T-test between: very quiet and noisy environment.
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0.0.7 Hearing Threshold and DPOAE T-test
In this sections there is not described in detail the proaedhilowed to obtained the results

from each T-Tests performed. A single matrix which contairesp-value results from each test
is shown.

HL T-test among the ears of both populations

Table O.4 shows the p-values obtained from the HL T-Test®paed among the two ears of
both populations.

LC RC LT RT

LC 0.378 0.000 0.000
RC | 0.378 0.006 0.005
LT | 0.000 0.006 0.837

RT | 0.000 0.005 0.837

Table 0.4: Results from Independent Samples T-test: among the ears of both populations

HL T-test among the frequencies

Table O.5 shows the p-values obtained from the HL T-Tesfepaed among the 10 frequencies
tested.

250 500 750 1000 1500 2000 3000 4000 6000 8000
250 0.287 0.309 0.537 0.410 0.641 0.783 0.21D.000 0.037
500 | 0.287 1.000 0.571 0.843 0.546 0.169 0.679.000 0.002
750 | 0.309 1.000 0.534 0.851 0.565 0.190 0.689.000 0.003
1000 | 0.537 0.571 0.534 0.753 0.914 0.346 0.389.000 0.004
1500 | 0.410 0.843 0.851 0.753 0.705 0.266 0.578.000 0.005
2000 | 0.641 0.546 0565 0.914 0.705 0.449 0.370.000 0.11
3000 | 0.783 0.169 0.190 0.346 0.266 0.449 0.1349.000 0.62
4000 | 0.211 0.679 0.689 0.389 0.578 0.377 0.134 0.001 0.003
6000 | 0.000 0.000 0.000 0.000 0.000 0.000 0.000 o0.001 0.006
8000 | 0.037 0.002 0.003 0.004 0.0050.110 0.620 0.003 0.006

Table 0.5: Results from Independent Samples T-test among the ears of both populations

DPOAE T-test among the frequencies
Table O.6 presents the p-values obtained from the DPOAEsTs Teerformed among the two

ears of both populations. A dependence between right ahddes of control and target popu-
lations is found.
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APPENDIX O. INDEPENDENT SAMPLES T-TEST ANALYSIS

LC RC LT RT

LC 0.416 0.000 0.000
RC | 0.416 0.000 0.001
LT | 0.000 0.000 0.568

RT | 0.000 0.001 0.568

Table O.6: Results from Independent Samples T-test among the ears of both populations

DPOAE T-test among the frequencies

The p-values obtained from the the DPOAE T-tests carriechouing the 22 frequencies tested
in DPOAE are presented in table O.7.
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905
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1172
1282
1398
1524
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0.000
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0.862
0.399
0.286
0.630
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0.415
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0.002
0.043
0.013
0.012

0.015
0.039
0.081
0.326
0.553
0.298
0.833

0.698
0.310
0.221
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0.710
0.324
0.769
0.582
0.015
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0.006
0.082
0.030
0.027

0.018
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0.441
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0.698

0.465
0.331
0.736
0.991
0.484
0.899
0.289
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0.001
0.022
0.005
0.005

0.090
0.215
0.394
0.960
0.719
0.927
0.399
0.310
0.465

0.806

0.144
0.318
0.544
0.863
0.566
0.890
0.286
0.221
0.331
0.806

0.7058350
0.468330
0.98%940
0.37.2530
0.08R500
0.000000
0.000000
0.000000
0.008020
0.000000
0.000000

2350
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3049

3316

3626

3948
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4695

5121

5582

905
984
1076
1172
1282
1398
1524
1658
1810
1980
2156
2350
2563
2793
3049
3316
3626
3948
4306
4695
5121
5582

0.044
0.113
0.225
0.694
0.982
0.446
0.630
0.500
0.736
0.704
0.535

0.731
0.722
0.633
0.175
0.001
0.000
0.000
0.011
0.003
0.002

0.019
0.055
0.119
0.479
0.777
0.442
0.873
0.710
0.991
0.466
0.333
0.731

0.484
0.112
0.302
0.002
0.000
0.001
0.024
0.006
0.005

0.091
0.214
0.390
0.947
0.734
0.914
0.415
0.324
0.484
0.985
0.794
0.722
0.484

0.860
0.090
0.000
0.000
0.000
0.005
0.001
0.001

0.010
0.032
0.077
0.397
0.693
0.359
0.948
0.769
0.899
0.373
0.253
0.633
0.112
0.860

0.995
0.001
0.000
0.000
0.023
0.005
0.005

0.001
0.005
0.012
0.104
0.233
0.087
0.416
0.582
0.289
0.082
0.050
0.175
0.302
0.090
0.995

0.036
0.003
0.014
0.174
0.670
0.062

0.000
0.000
0.000
0.000
0.002
0.000
0.005
0.015
0.001
0.000
0.000
0.001
0.002
0.000
0.001
0.036

0.277
0.532
0.673
0.979
0.953

0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.001
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.003
0.277

0.713
0.192
0.371
0.386

0.000
0.000
0.000
0.000
0.001
0.000
0.002
0.006
0.001
0.000
0.000
0.000
0.001
0.000
0.000
0.014
0.532
0.713

0.360
0.606
0.625

0.000
0.000
0.000
0.007
0.021
0.005
0.043
0.082
0.022
0.004
0.002
0.011
0.024
0.005
0.023
0.174
0.673
0.192
0.360

0.691
0.670

0.000000
0.000000
0.000000
0.00R010
0.006060
0.000010
0.018120
0.030270
0.008050
0.000010
0.000000

0.003
0.006
0.001
0.005
0.670
0.979
0.371
0.606
0.691

0.977

0.002
0.005
0.001
0.005
0.062
0.953
0.386
0.625
0.670
0.977

Table O0.7: Results from Independent Samples T-test among the frequencies
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APPENDIX P

STATISTICAL ANALYSIS

This appendix contains a list of Tables and Figures obtaiiuethg from statistical analysis.

Table P.1 represents the HL mean and the standard deswatices of the data collected from
audiometric test.

Factor B Mean HL (dB) Standard Deviation Number of Subjects HL Mean
f(Hz) LC RC LT RT LC RC LT RT | Control  Target (dB)
250 050 150 3.00 2.00/ 412 497 6.32 8.88 10 10 1.75
500 450 550 2.00 0505 369 369 6.15 6.32 10 10 3.12
750 400 5.00 -050 4.000 7.07 459 527 554 10 10 3.12
1000 250 450 150 1500 643 354 422 3371 10 10 2.50
1500 500 400 3.00 -1.09 497 471 6.99 587 10 10 2.87
2000 400 500 -050 1.000471 516 497 6.8 10 10 2.37
3000 150 2.00 0.00 -2.00 483 412 537 7.82 10 10 0.37
4000 6.50 8.00 -250 3.00 823 58 677 7.17 10 10 3.75
6000 11.00 13.00 6.50 10.005.37 10.22 516 851 10 10 10.12
8000 -0.50 -050 -1.00 -350 685 6.85 6.35 8.7 10 10 -1.37
Mean (dB)| 3.90 4.85 1.15 155

Table P.1: Data collected from the from audiometric test.

Table P.2 presents the DPOAE mean and the standard deswatites of the data collected
from DPOAE measurements.
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APPENDIX P. STATISTICAL ANALYSIS

Factor B MeanLgr aeq (0B) Standard Deviation Number of Subjects DPOAE Mean
f(Hz) LC RC LT RT | LC RC LT RT | Control  Target (dB)
904,89 -255 -5.60 -0.22 364693 490 637 681 10 10 -1.18
983,68 -241 -030 362 1706.39 537 488 443 10 10 0.65
1075,53 0.21 -356 227 243552 534 659 478 10 10 0.33
1172,27 -1.27 017 422 254823 6.22 6.64 6.10 10 10 1.41
1281,62 1.05 -062 345 4316.72 840 671 7.02 10 10 2.04
1397,59 071 -126 251 330653 550 851 543 10 10 131
1524,34 214 033 421 399663 523 7.30 7.11 10 10 2.66
1657,81 039 181 501 569927 563 6.19 554 10 10 3.22
1809,77 223 257 356 296638 379 510 496 10 10 2.83
1979,87 -0.35 144 257 232748 430 496 6.62 10 10 1.49
2155,95 027 159 188 2626.16 495 457 421 10 10 1.59
2349,98 041 234 289 336553 578 482 6.0 10 10 2.25
2562,70 224 258 294 362487 432 6.21 631 10 10 2.84
2793,45 140 146 176 234589 364 7.65 6.01 10 10 1.74
3048,78 092 202 372 354543 438 508 586 10 10 2.55
3316,17 288 453 448 373 665 518 6.47 6.13 10 10 3.90
3626,17 541 639 7.88 593586 6.05 579 427 10 10 6.40
3948,24 6.65 759 930 743642 6.26 540 536 10 10 7.74
4305,73 732 797 857 6.67695 824 485 4.8 10 10 7.63
4694,53 583 489 7.77 6.84 744 10.32 5.17 467 10 10 6.33
5120,51 544 6.08 957 7.16 844 842 3.84 3571 10 10 7.06
5581,93 462 567 924 794854 929 361 390 10 10 6.86
Mean (dB) | 4.60 4.27 1.97 2.18

Table P.2: Data collected from DPOAE measurements.
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