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NOISE CONTROL FOR A BETTER ENVIRONMENT

Measuring classroom acoustics with a systematic appach
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ABSTRACT

Classroom acoustics has major implications in spelcproduction, in speech
intelligibility and in the learning process. Exceswe noise levels and long
reverberation times, in fact, can degrade the speb@roduction and propagation in
classrooms thus can impair an effective listeningRecent studies have highlighted
the need of guaranteeing optimal conditions in clasooms to enhance the capability
of students to understand a vocal message and taliece the vocal effort required to
teachers. However, a lack in the available literatte exists with respect to an effective
protocol of acoustic measurements to be performeahiclassrooms so that accurate
comparisons can be performed across several classros, which present different
architectural, thus acoustics, features. This works an attempt to identify the best
guidelines for practitioners, architects and acoustians when performing acoustic
measurements in classrooms. A protocol to accuratebnd effectively measure the
acoustic parameters in classrooms is proposed, aglas to compare results across
different types of environments.
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1. INTRODUCTION

The transmission of information from a teacher stualent can be compromised where
the acoustics of the classroom in which the legrpirocess takes place is not optimal.
On the teacher's side, there is evidence in theilgdesproblems related to voice
production and vocal fatigue [1]. On the studesit¥e, there are many scientific studies
that have proven the negative effect of noise ageslp intelligibility and academic
performance. Moreover, the younger the learnerstlheemore they are affected by the
acoustic conditions of the classrooms [2].

D.M. 11/01/2017, "Adoption of Minimum Environment@riteria (CAM) for interior
furnishings, construction and textile products”ioades the acoustic requirements for
school buildings in case of construction and retioma Referring to indexes and limit
values presented in UNI 11367 and UNI 11532 (inafiipgy) standards, D.M. 11/01/2017
sets new references based on technological chémges in recent years.

2. METHODOLOGY
2.1 Students, classrooms and schools

The present study involved 209 primary school ckitdddistributed in 12 classes
belonging to 7 different schools located in the no@blitan area of Turin. The 12
classrooms differed in terms of construction tinoeation, geometry and orientation.
Their volume ranged from 120°to 290 ni and their height from 3.0 m to 5.3 m

2.2Equipment

Measurements were carried out in occupied condititima calibrated NTi XL2 sound
level meter, a "NTi Audio TalkBox" source and apgarboard. Measurement set-up and
surveys execution took around one hour, meanwhhddren responded to a
guestionnaire about noise and well-being at schida. output of the measurements and
the questionnaires were returned to the teacheeadtf class on easily interpretable
reports.

2.3Measurements: protocol and parameters

Figure 1 shows the measurement positions for tlaeackerization of each occupied
classroom. According to a protocol specially desyfor this workmeasurements have
been performed for two source positions (S1 and &) centered on two orthogonal
walls of the classroom and at least 1 m from th&mmaximum of 10 microphone
positions were selected case-by-case.

For the evaluation of the noise levekfl.Laeq and Lago parameters based on 3 minute
acquisition intervals were evaluated. Measuremeimitp varied from a minimum of two
and a maximum of three, corresponding to positibn® and 6 in Figure 1. Noise
measurements were carried out when children ins@r performing group activities.

For the evaluation of the level of the vocal sigha), the source emitted a voice signal
with "normal” effort, corresponding to 60 dB (A) atm in anechoic conditions in
accordance with the UNI 9921 standard. The micraphwas settle at 1.5 m height from
the floor and at a distance of 1 m from the sounceasurements in the control position
and in position 1, 2, 3 and 6 were carried out wémurce S1 active, while positions 2, 4,
and 6 referred to the activation of source S2.

Speech intelligibility was measured by various @ediincluding the STIPA index (-),
in accordance with IEC 60268-16. The microphonetjpos are those described for the
measurement of the previous signal level. In acoed with the UNI 11367 standard,
the optimum STIPA is greater than or equal to 0.60.



Clarity C50 (dB), is an intelligibility index obtaed from the impulse response of three
sweep signals emitted from the source and recoatlexhch measurement point. The
microphone positions were those described prewdoslthe measurement of the signal
level. According to the UNI 11367 standard, the @b@veraged between 500 and 1000
Hz (C50,0.5-1kHz) and its value must be greatem thdB.

Useful to detrimental energy ratio U50 (dB) is atelligibility index that considers
both the effect of the acoustics of the environnmeerd the effect of the signal-to-noise
ratio; it is calculated by the ratio useful enefttparmful energy [3]. This index is obtained
from the C50, from the level of the signal in thiéestent microphone positions, and from
the level of the averaged background noise in deduponditions with children in
silence. As C50, the calculated value of U50 isitheeraged between 500 and 1000 Hz
(U500.5-1kH7. The optimal value is greater than 1 [3].
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Figure 1 — Measurement configuration of a classreample.

For the intelligibility index "Signal to Noise Rati SNRA (dB) the effect of noise in
the environment weigh more than that of the soaild It is calculated as a difference
between the signal level and the noise level indifferent measurement positions, both
A weighted. The level of the background noise eésatierage value in occupied classroom
conditions when children in silence. The optimdleas more than 15 dB [4].

The measurement of the reverberation time T30 @ (52 was carried out with the
clapperboard, according to the UNI EN ISO 3382-@&ndard. Measurements were
repeated at different points, then data were aeerag obtain a single spatial value: this
value was averaged between 250 Hz and 2 kHz taxdardance with DIN 18041, that
reports also the optimal values.

Background noise level and reverberation time nreasents were also performed in
unoccupied classrooms. The measurement positioisddoackground noise level are 2,
5 and 6 in Figure 1. The averaged background reiss in the unoccupied classroom
were compared with the limit value of 45 dB (A) oejed in the D.P.R. March 30, 2004,
n. 142, on road traffic noise. Building Bulletin @8the United Kingdom set the limit
values to 35 dB (A) in the case of new buildingd & 40 dB (A) for renovations. The
reverberation time values were compared with thena ones identified in accordance
with UNI 11367, where the calculation of the meafue is between 500 Hz and 1 kHz.



3. RESULTS

Figure 2 shows the results of the reverberatiore timeasurements performed in
occupied classrooms accompanied by optimal vahaisation. Only 7 classrooms out
of 12, indicated as classrooms with "good" acoastce featured by a reverberation time
lower than 1 s, and only one classroom meets #Hredatds (A _1). Figure 3 shows the
C50 in the center of the room with active sourc81nOnly half of the classrooms satisfy
the requirement of intelligibility.

L] M O t

ANNNNN\N
ANNNN\N
INNNN\N\\N
NNNNNN
S

<
a8
o
24
&
&
(o3
<&
)
%
G
4
C
Q

Figure 2 — Reverberation time in occupied classom
The error bars indicate the standard deviatiomeibeasurement. The solid hatched
bars indicate the discrimination between classroaitisvalues below (darker) and
above (lighter) 1 s. The dotted bars indicate thtemal values.
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Figure 3 — Clarity C50, measured at the centen@ficcupied classrooms. Optimal
values are greater than one.

4. CONCLUSIONS

The purpose of the present work was to provide efuligrotocol for acoustics
measurements in classrooms or in small environnvemése speech plays a key role. The
protocol can be universally applied and suitecef@ry specific situation: each classroom
has its own size and configuration and it is vanpaortant that measurements are
performed systematically, considering the same raehto be repeated. This make it
possible to create a database of comparable vahtet do further analyses.

Half of the classrooms involved in the present gtade characterized by an
insufficient sound quality compared to the optimedérence values. Some of the recently
renovated classrooms have a "good" acoustic qudlitynone can be considered with
excellent acoustics. Often, a reduced budget leaititerventions not sufficient to obtain
high performances. Reverberation causes major gmadylas it concerns the impairment
of the clear perception of syllables over time #mamplification of the internal noise.
The intelligibility is good in classrooms with goadoustics, while it is insufficient in the
other classrooms.
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