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Noise measurements conducted in selected schools inskdaea are presented in this pa-
per. The main aim of this research was to determine noisatthet schools. Some objective
measurements of the acoustic climate were performed eimgl@ynoise monitoring station
engineered at the Multimedia System Department,fSddniversity of Technology. Simul-
taneously, subjective noise annoyance examinations vegried out among pupils in chosen
schools. The survey includes a noise analysis in placessaferece, music preferences and
preliminary hearing tests results taken after the expasuneise during breaks. Hearing tests
employing a distortion product otoacoustic emission (DEpAethod, have been performed
twice — before and after the exposure to noise. The noiseatgsis based on average time
spent by a pupil at school is also presented. The obtainedtsesveal that an unfavorable
noise climate occurred in surveyed schools. This was alsdirowed by the results of the
subjective examinations. The conducted hearing testsatideneal essential changes in the
cochlea activity of examined pupils. This means that theeaiuring breaks and physical
exercises did not constitute a risk to their hearing systéawever, it may be considered as
an essential source of annoyance.
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1. Introduction

Numerous research studies indicate that noise at schools is a ser&atdtbih for
pupils and teachers [4, 7, 12, 13, 15]. The pilot study presented inrtiikealso took
into consideration the acoustic conditions in classrooms [11, 12, 15]pfdsented
noise and hearing measurements are the continuation of the earlienisgrbearing
tests carried out by means of the “I can hear” system in numerouslschmund the
whole country [16]. The obtained results revealed frequent oaoceref various hear-
ing problems among pupils. For this reason, it was decided that informakiout the
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acoustic climate in some selected schools should be gathered. Noiseeneaisis were
performed by means of an automatic noise measurement station desighe Mul-
timedia System Department, Gk University of Technology [2]. At the same time,
hearing examinations for selected persons were performed emplihgrmfoacoustic
emission method.

2. Noise and hearing measurements

The results of noise measurement, obtained by means of the MultimediaMois
itoring System (MNMS), are presented below. The measurements wdogmed in se-
lected schools. The outdoor noise were neglected (schools were latgiadt places).
The data gathered were utilized to perform the noise dose analysis. Thidoma to
determine the noise exposure in considered places. In designatedicase schools)
the noise dose analysis was expanded by the assessment of headngieve this, the
distortion product otoacoustic emission (DPOAE) method was appliechddming was
examined twice. First, directly before the exposure to a given type oénaitd then
immediately after the exposure. The performed analysis combined thmeth noise
and hearing measurement results.

The following noise parametemSar min, Lacq, LAF max Were measured indepen-
dently over broadband and in one-third octave badds:(,in, LArmax — the lowest
and highest A-weighted sound levels for fast time weighting, that oedwduring the
measurement, andy ., — the A-weighted equivalent continuous noise level over a spec-
ified period of time that represents the same energy as the actual tiniregvaojse sig-
nal [13]). A cumulative distribution for time history values bfir instantaneous levels
was also calculated. A measuring microphone was located 1.9 m abofledhkvel
for every measurement. For all measuring series, a place wheits gaiher most often
was selected in order to determine correctly a real noise dose to whichrheyposed.

Hearing examinations employed the DPOAE method using GSI 60 DPOA&sys
The following parameters of the stimuli were used during testsequals 65 dBL»
equals 55 dBf>/f1 = 1.2, DP frequency (geometric mean): 1062, 1312, 1562, 1812,
2187, 2625, 3062, 3687, 4375, 5187, 6187, 7375 Hz. A DP sigvelldad a noise floor
for every stimuli were registered. The test result was accepted if tfezatite between
evoked otoacoustic emission signals and the noise floor was not lessQtih The
reason of such selection of parameters was because the noise impthet loearing
system is the strongest for middle and high frequencies. The test wasdcaut in
rooms specially adapted for this purpose. Some measurementsnpedfan schools
were interfered with sounds coming from adjoining rooms.

For the DPOAE hearing measurements a single measurement unitedgas-osthat
reason only a few pupils could have been examined during a single reessut series
which included the measurement of hearing before and after the et noise.
This means that the assessment was done only for one pupil direatiselibe expo-
sure to noise. The hearing examination for all other pupils was delayedesitiect to
the beginning/end of the exposure to noise. This could possibly influeecehtémge
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of activity in the cochlea for these people. Therefore, the effecteavdly the expo-
sure could decrease directly before the examination. Taking thesdrfectsonsider-
ation, we may assume that only a small group of pupils could have beeassiully
examined.

In addition, an objective noise measurement was extended by a subjecasure-
ment by means of a dedicated survey. The survey consisted of trse phe first part
involved getting information such as age, sex, class, school. Thedg@eonincluded
guestions about noise in places of residence and exposure to noigel telanusical
preferences. The last part concentrated on noise climates in schagsdal circum-
stances (lessons, breaks, etc.).

3. Analysis of noise measurement results

The results of measurements for particular schools are presenteolénITd his ta-
ble includes all measurements taken in every school in any one of treuneezent se-
ries. In addition, for every measurement series the cumulative distrmband one/third
spectrum were also calculated. The equivalent level was used to detetime noise
dose that occurred during breaks [1] (Noise Dose 1). Moreovemndise dose analysis
was extended by a daily noise dose estimation. Time of the exposure tocaoise
sponds to duration of breaks of a typical learning day (Noise Dose 2).

Table 1. Measurement results obtained for particular schools.éleigels were expressed in dBA (refer-
ence level2 - 10° [Pa]).

No. ‘ LAF min | Laeq ‘ LAF max | TiMe [S] ‘ Noise Dose 1 [%]‘ Time total [s]‘ Noise Dose 2 [%]

School No. 1

1 64.5 86.9 | 102.1 600 3.2 3000 16.2

67.4 89 105.5 600 5.2 3000 26.2

3 74.5 86.1| 111.3 1200 54 3000 13.4
School No. 2

67.2 | 855 | 106.8 900 35 3600 14.0

69.5 84.3 | 103.1 900 2.7 3600 10.6
School No. 3

6 56.5 | 79.1 93.4 600 0.5 3600 3.2

72 83.6 97.4 600 1.5 3600 9.0

Taking equivalent levels into consideration, it was affirmed that the kigheise
level occurred at school No. 1 (the highdst., was equal to 89 dBA!). This was re-
lated to pupils’ behavior. They behave extremely vigorously, and werentin source
of noise during breaks. It is worth emphasizing that pupils from scNaoll were the
youngest from all of those examined. In school No. 2, children Wwet@een the ages of
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13 and 15. Youth aged from 16 to 19 attended school No. 3. The aged$ gxplains
their behavior during breaks. In school No. 2, noise levels were sli¢ggdly obtrusive
(L aeq about 85 dBA). In this school, additional source of noise was loud nplaijed
from the loudspeakers. Long corridors without any sound absorbatigrials were also
the factor that heightened noise level. The lowest noise levels were idémtifsehool
No. 3 (83.6 dBA). For school No. 1, a more dynamic range of noiggdevas obtained,
which was also reflected in the shape and width of the cumulative distributivae (see
Fig. 1). Cumulative distributions obtained for schools No. 2 and 3 shassential sim-
ilarity. High and steep slopes indicated that noise levels concentratedmeeaonstant
sound level. This reflects the character of the main noise source. Asomesh before,
this was the loudspeaker system in school No. 2, for example. In b&loo8, the noise
was produced by loud conversations.

The noise spectra were fairly similar for all schools in general. The siginifidiffer-
ence occurred for low and middle frequencies. For elementary EcNoo1 and 2, high
levels were identified for frequencies lower than 100 Hz. This was cértagfated to
pupils’ vigorous behavior characteristic for their age. As mentionedrbgpupils from
school No. 3 were adolescents thus they behaved more calmly. Tdiesgjreoise levels
in the range between 630 and 2500 Hz were observed in school No. 1.

However, the analysis it was affirmed that the noise dose during a siregé s
insignificant from the statistical point of view. The noise dose amounts ttos%chool
No. 1, approximately 3% for school No. 2 and 1% for school No. 3sEhalues are
obviously greater for a total daily exposure — the biggest for schoollN®6%) and to
some extent lower for schools No. 2 and 3.

T [%] Cumulative distribution of LAF values for selected measurements
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Fig. 1. Cumulative distributions for particular schoolgr(6elected measurements).

3.1. Hearing measurement results

Twenty persons overall took part in hearing tests. Ten of them wenmiegd in
school No. 1, five in school No. 2, and the remaining in school No.v& different
aspects were taken into consideration while analyzing the results. Firstnfigen of
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“passed” and “failed” tests for the second examination were determiriedresult of
the first examination served as reference. The symbol “+Pass’aitedichat a pupil
failed the first examination and passed the second one. The symbabs™§ignifies a
reverse situation (a test passed in the first examination and failed aftexgbsure to
noise). The results are presented in Table 2, in the “DPOAE test resaltgshn. The
second kind of analysis determined how the DP signal level changed thadinfluence
of the exposure to noise. The results of this analysis are presentedl@2ldb “The

average changes of DP signal level” column.

Table 2. Hearing testing results using DPOAE method (in %).

School DPOAE test results The average changes of DP signal level
+ Pass | — NotPass| Nochange| Increase| Decrease| No change

No. 1 11.0 13.6 75.4 30.3 28.1 41.6

No. 2 10.0 19.2 70.8 27.5 30.0 42.5

No. 3 3.3 12.5 84.2 36.7 34.2 29.1

The cochlea activity characteristics that were obtained by means of tGABP
method do not clearly confirm that the noise occurring during breaksibgative im-
pact on the hearing of examined persons. The average changedd® signal level for
examined persons substantiated in this situation. Differences betweerritbasa and
decrease of the DP level induced by the exposure to noise measueeifp group of
pupils, were insignificant regardless of the type of school. Differefmethe DP levels
characteristics were within the range of measurement error which mpydoluced by
a different location of the measurement sensor in the ear canal. It Grtamp to em-
phasize that to obtain reliable results with the DPOAE method, a very silent i®o
required. From all considered cases, the best measurement cosditoe in school
No. 1. The measurements in school No. 2 and 3 were done in the he@ishaffices.
In these circumstances some measurements were disturbed by $mumdsljoining
rooms. However, the measurements were repeated in such situations.

3.2. Survey result analysis
Evaluation of noise at place of residence

On the basis of the answers related to noise at place of residence, buveakthat
the questioned people’s environment is loud during the day and quiet imighe The
most often indicated source of noise in the place of residence was wagatbise
(38.6%). The neighborhood noise (34.1%) was a second one.

Evaluation of noise at school

The noise measurement results are consistent with the survey resutse fooise
during breaks. More than 62% persons questioned in all types of Iscbstimated the
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noise at breaks as velgud while almost 30% of the remaining pupils said that it was

loud. The presence of loudspeaker systems is typical in schools fer children and
youths. Such an installation can constitute an essential source of noise. dNwing
lessons was in most cases assessed as low or moderate.

Noise during lessons was the largest problem with the youngest pupiissitbool
No. 1. This concerned speech intelligibility. More than half of the questiqnagils
from this school judged the noise as loud or very loud. Pupils also notiegddise
should be reduced especially during breaks (more than 60% ansBerag of them
mentioned the noise problem in classrooms during lessons (about RE¥@ly 14%
of the questioned persons pointed out that noise should be diminishiad ghysical
activities. Approximately 10% of the pupils did not notice the noise problestlabol
at all.

Evaluation of noise concerning music and entertainmerfepeaces

The analysis of preferences on music and entertainment of pupils difienent
groups of age provided very interesting information. As many as 608stopned pupils
from school No. 3 (youth) listen to music at loud or very loud levels, 30&§gured
moderate levels. However, 60% of questioned pupils from school Mod2l pointed
out that they listen to music at moderate or low levels. This data show, hoprelfer-
ences change with age. This could be an essential factor in the lossrioighieaucted
by noise amongst adolescents. Using headphones for a long time isxtheanse of
the hearing impairment risk. Older pupils more often used such kindwpeeent. This
can constitute an essential hearing threat for persons which use guemftly and for
a long time [14]. Nowadays, there is a very large offer of portable nplaigers on the
market and teenagers willingly use them. Pupils were also asked how timelthey
spend listening to music. Their answers confirm the intuitive presumptidwltination
of a single session of listening to music grows with age. Listening to musicygroa-
ular among the youths. The next type of noise hazard is participation irplatiés and
musical events [5-10]. Also in this case, the percentage of younggterprefer such
type of free time activities grows with age.

4. Summary and Conclusions

The pilot study performed shows that the noise climate in the considehedlsc
is adverse. The main reasons of the high level of noise in schools pile’fehavior
and the lack of sufficient absorption of walls in classes and corridorsoine cases
loudspeaker systems constitute another essential factor of the indnetdal noise
level. Taking this into consideration, it is necessary to emphasize thatinasbools
can be a key source of tiredness and stress, not only for pupils laufaalseachers.
On the other hand, for older pupils, listening to music and participation in loudds
events constitute a high risk of developing a hearing loss. Based on th@aaoviteisk
of hearing loss induced by noise [7], it was affirmed that for elemgrgahools the
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noise level during breaks may contribute to real hearing damage Fekgther types
of schools the risk is between mid and high. The data analysis of hearimgunegnents
at schools does not confirm the negative influence of noise on heasnget. This is
because the time of the exposure to noise was too short to producerai@asinanges
in the activity of the inner ear.

The results from the survey showed that pupils are exposed to annugyisg not
only in their place of residence but also in their schools. The type of $dheloavior of
pupils, installation of loudspeakers, noise absorbing materials, etooralldcoustical
climate. Also, it was observed that older pupils have greater toleramoexé@ssive
noise in their environment. Younger pupils tend to avoid loud sounds. Agttosv up,
they put themselves at loud noise threats more voluntarily.
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