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SUMMARY
Objective: Worldwide, primary schools are the most important segment of childhood education. The main disturbing source of noise in schools 

is human speech, the primary component of the learning process. School noise has a negative impact on information processing, teachers and 
pupils, and communication in the classroom.

The study aimed at assessing A-weighted sound pressure levels in primary school classrooms. It was concerned with A-weighted sound pres-
sure levels and their fluctuation during various classes.

Methods: The noise was measured with the static calibrated Brüel and Kjær 2260 Investigator sound level meter. The sound pressure levels 
were measured twice in 12 classes as 11 different subjects were taught to reduce the uncertainty of results due to their potential variability in time. 
From the instantaneous values, LA (t), equivalent continuous A-weighted sound pressure levels (LAeq,T) and LAmax were calculated.

Results: The mean equivalent A-weighted sound pressure level during lessons irrespective of age and subjects taught was 68.0 ± 3.4 dB (un-
certainty of measurement). The highest levels of noise were in physical education and arts; the lowest levels were found for English taught as a 
foreign language. There were no statistically significant differences in LAeq,T depending on the numbers of children in the classes. The main source 
of noise is pupils. Attention should be paid to negative feelings of noise to reduce LAeq,T in schools. 

Conclusions: Continuous noise pollution, in combination with stress and the mentally demanding nature of the teaching profession, may lead 
to numerous negative effects on human personality.
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INTRODUCTION

Noise is one of the most widespread pollutants in work 
and living environment. Prolonged exposure to noise can be 
simply divided into organ effects (specific and nonspecific), 
disturbance activities (sleeping, reading and learning curve) 
and subjective sensations (disturbance and stress), wherein the 
specific effects are manifested as disturbances of activity of the 
auditory apparatus, while nonspecific reactions utilize the ef-
fects of different systems of the organism e.g. nervous system, 
cardiovascular system (hypertension, CHD) (1, 2). Experimental 
and epidemiological studies point to a reduction in the cognitive 
abilities of school-age children (3).

Human speech is the most important phenomenon in the 
learning process. However, it is the most disturbing source 
of noise in schools simultaneously. School noise is associ-
ated with decreased speech intelligibility, impaired attention, 
lower performance, and a negative impact on concentration. 
It leads to feelings of discomfort, irritation, frustration and, 

eventually, stress. During the class, it affects teachers and 
pupils alike (4–6). The noise in classrooms causes vocal fa-
tigue, from the level of 55dBA, and the teacher has to increase 
the voice (7). The current study was aimed at assessing A-
weighted sound pressure levels in primary school classrooms 
and highlighting the issue on which there is limited literature. 
It was concerned with A-weighted sound pressure levels and 
their fluctuation during various classes and finding possible 
correlations between their distribution in time and space and 
certain parameters such as subjects or pupils’ age. The work 
activities of teachers in the European Union or the Czech 
Republic are not regulated by any legislation limiting school 
noise caused by communication between pupils or teachers 
and pupils (noise annoyance, hearing or vocal fold impairment, 
mental stress, speech unintelligibility etc.). It is only in some 
technical standards that acoustic properties of premises used 
for teaching, related to this issue, are recommended. In our 
country, teachers have been sporadically investigated and do 
not belong to at-risk groups.
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MATERIALS AND METHODS

The present study was performed in two randomly selected 
primary schools in the city of Ostrava. Both school buildings were 
located far from crowded main roads, with renovated facades and 
vinyl windows.

The study comprised children from all first-stage grades 
(grades 1–5, age 6–11 years) and the 7th grade which was de-
liberately selected to represent the second-stage median age. 
Overall, A-weighted sound pressure levels were assessed in 12 
classes as 11 different subjects were taught. A-weighted sound 
pressure levels were measured twice by repeated static measure-
ments during each subject to reduce the uncertainty of results 
due to their potential variability in time. During 45-minute les-
sons, measurements in all subjects lasted for 40 minutes so that 
the obtained data were not distorted by the bell ringing at the 
beginning and end of each lesson. The total exposure time was 
dependent on the number of lessons taught per day, ranging from 
180 to 315 minutes.

Noise was measured with the calibrated Brüel and Kjær 2260 
Investigator sound level meter and the Brüel and Kjær 4189 
calibrator to validate the calibration (± 0.2 dB). In the classrooms, 
the sound meter was placed 1.5–2 meters from walls and other 
reflective surfaces; the microphone was located 1.2–1.3 meters 
above the floor and directed at the teacher. At the same time, 
background noise levels were measured in the absence of teachers 
and pupils, both inside the classrooms and in front of the build-
ings. From the instantaneous values, LA (t), equivalent continuous 
A-weighted sound pressure levels (LAeq,T) LAmax were calculated 
(8, 9). The interval estimation of the mean values was calculated 
with the 95% confidence interval in which LAeq,T for individual 
subjects are found (χ ± 1.96Se).

Basic descriptive statistics (arithmetic mean, standard de-
viation, frequency tables) were used to describe the data. For 
statistical processing, Stata v.10 program, paired t-test, Pearson 
correlation coefficient (r) were used, assays rated at a significance 
level of 5%.

Details on activities in individual subjects for which data 
were obtained: 

Czech language – working with textbooks, presenting new 
material, practicing. Pupils learning poems. Important information 
is emphasized by changes in the teacher’s intonation.

Mathematics – practicing math skills. Younger pupils practic-
ing multiplication facts in an amusing way.

Arts – pupils receiving instructions and are explained the 
activity. They may freely talk to each other during the activity.

Civics – the lessons are based on teacher-pupil dialogue.
Geography – discussing the topic with pupils; working with 

atlases and maps.
English language – only half of the pupils are present. The 

emphasis is put on pronunciation, communication in pairs, vo-
cabulary tests, explaining grammar, listening to recordings.

History – testing the pupils’ knowledge, presenting new mate-
rial and reading from textbooks.

Physics – a partly practical lesson with experiments. 
Biology – discussing the topic with pupils, interactive activi-

ties with worksheets.
Music – various musical instruments or recordings are 

played.

RESULTS

In the close proximity of the school buildings, the noise level 
ranges were 45–55 dB and 60–75 dB. Background noise levels in-
side the buildings, i.e. in empty classrooms, are shown in Table 1.

Tables 2 and 3 summarize LAeq in the classrooms during lessons. 
There were no statistically significant differences in LAeq depend-
ing on the numbers of children in the classes. Individual LAeq,T 
for selected subjects are illustrated in Figure 1. The tests showed 
a statistically significant difference (p < 0.001) between physical 
education and others when the values clearly exceeded the value 
during the teaching of other subjects with the exception of arts. 

The mean equivalent A-weighted sound pressure level calcu-
lated from equivalent levels in classrooms for all subjects was 
68.0 ± 3.4 dB. The statistically significant differences (p < 0.001) 
in LAeq,T between individual grades irrespective of the subjects 
taught are indicated with asterisks in Table 4.

The weekly exposure was calculated for 5 working days and 
for 6-hour lessons (45 minutes per lesson), i.e. 22.5 hours per 
week of direct teaching in the classroom with children. Also, the 
weekly noise exposure was calculated for teachers in individual 
grades as shown in Figure 2. 

DISCUSSION

The objective of the study was to assess A-weighted sound 
pressure levels in primary schools. The exceptionality of this 
study is that the health institutes and other institutions focused 
on noise measurement in industrial plants and the evaluation of 
noise pollution in schools is not performed.

Schools are places where teachers spend their entire profes-
sional lives. Recent epidemiological studies have shown that 
schools are becoming increasingly noisier. The biggest burden for 
teachers is the undisciplined and noisy pupils. More than 30% of 
teachers feel strongly annoyed by noise. Their sensitivity to noise 
increases with age. On a daily basis, both pupils and teachers are 
exposed to noise not only inside schools but also outside (4, 10). 
The mean daily exposure LAeq,T varies from one school to another. 
A study from Malaysia reported 72 dB (5), a study from Tehran 
50–70 dB (6), other studies 60–85 dB (11, 12). In the present study, 
the mean equivalent A-weighted sound pressure level calculated 
from equivalent levels in classrooms for all subjects included was 
68.0 ± 3.4 dB (uncertainty of measurement) and the value found is 
consistent with published works abroad. The question is to what 
extent the sound pressure levels during lessons are influenced by 
the native language. The German project “Noise in Education 
Facilities – Causes and Reduction”, carried out in primary and 
secondary schools, reported that 80% of teachers claimed noise 
produced by pupils during lessons to be a major stress factor 
(11). Pupils were identified as the most important source of noise 

School 1 School 2

Classroom Classroom
LAeq (dB) 35.1 42.1
LAFmax (dB) 67.0 61.2

Table 1. Indoor background noise
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Mathematics Czech language – grammar Elementary science – biology 

LAeq LAFmax

Back-
ground 
noise

Mean 
number 

of  
children

LAeq LAFmax

Back-
ground 
noise

Mean 
number 

of  
children

LAeq LAFmax

Back-
ground 
noise

Mean 
number 

of  
children

Grade 1 68.3 95.4 45.6 15 65.7 87.3 43.8 15 69.3 92.3 49.8 14
Grade 2 68.9 96.3 46.2 22 66.7 89.4 43.6 21 69.1 92.1 49.6 24
Grade 3 64.0 87.3 43.2 18 64.7 85.7 44.8 18 65.4 88.3 47.0 18
Grade 4 64.7 84.2 45.8 24 62.2 85.6 48.2 23 63.5 82.7 44.4 22
Grade 5 65.0 86.4 45.1 22 63.6 85.4 42.8 22 65.6 85.9 45.2 21
Grade 7 68.7 87.7 48.9 19 68.0 88.4 47.0 19 68.3 89.1 47.5 18

Physical education Arts Geography

LAeq LAFmax

Back-
ground 
noise

Mean 
number 

of  
children

LAeq LAFmax

Back-
ground 
noise

Mean 
number 

of  
children

LAeq LAFmax
Back-

ground 
noise

Mean 
number 

of  
children

Grade 1 75.7 98.3 54.3 10
Grade 2 79.6 99.9 64.4 10 71.7 93.7 53.5 23
Grade 3 83.2 101.1 55.6 17 65.5 88.1 51.0 18
Grade 4 85.7 110.2 70.3 22 67.0 89.0 52.0 23 64.8 86.3 45.3 23
Grade 5 84.0 103.7 69.1 17 66.3 85.6 48.5 21 63.6 84.9 43.7 20
Grade 7 80.0 100.3 64.3 18 75.0 96.4 58.0 20 68.9 93.6 45.7 20

Table 2. Equivalent A-weighted sound pressure levels for grades 1 to 7

Civics Physics English language

LAeq LAFmax

Back-
ground 
noise

Mean 
number 

of  
children

LAeq LAFmax

Back-
ground 
noise

Mean 
number 

of  
children

LAeq LAFmax

Back-
ground 
noise

Mean 
number 

of  
children

Grade 7 69.2 89.3 48.8 19 69.2 90.8 48.8 19 63.6 85.1 46.5 15

History Music

LAeq

LAFmax

Back-
ground 
noise

Mean 
number 

of  
children

LAeq LAFmax

Back-
ground 
noise

Mean 
number 

of  
hildren

Grade 7 69.0 88.2 38.8 20 78.6 96.3 55.3 23

Table 3. Equivalent A-weighted sound pressure levels for grade 7

Fig. 1. Equivalent A-weighted sound pressure levels for se-
lected subjects.

Fig. 2. Noise exposure over one week of teaching (LAeq,W).
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Grade 1 Grade 2 Grade 3 Grade 4 Grade 5 Grade 7
Grade 1 0.610 0.040 < 0.001 < 0.001 0.257

Grade 2 0.610 0.011 < 0.001 < 0.001 0.382

Grade 3 0.040 0.011 0.080 0.204 0.017
Grade 4 < 0.001 < 0.001 0.080 0.460 0.001
Grade 5 < 0.001 < 0.001 0.204 0.460 0.001
Grade 7 0.257 0.382 0.017 0.460 0.001

Table 4. Differences in LAeq,T between individual grades

during lessons, followed by noise resulting from furniture being 
moved (6, 13). The aforementioned study of school noise showed 
a clear age dependence of the intensity of noise in lessons, with 
younger age groups being much louder than the older ones (11). 
This finding was confirmed by the present study. The noisiest 
first-stage classes were grades 1 and 2 where games are a part of 
the teaching process. However, grade 7 pupils were also noisy, 
mainly due to their lack of discipline.

Math lessons were slightly noisier that Czech language les-
sons. This is because pupils repeat multiplication facts aloud. 
Both subjects, however, require maximum concentration. Noisy 
subjects also comprise physical education and arts as pupils need 
not be quiet during the lessons. Overall, the highest noise levels 
were produced by grade 4 and 5 pupils during their physical 
education lessons. The lowest LAeq,T was measured during English 
language lessons, typically characterized by listening. Moreover, 
the pupils did not disturb during their lessons. The low noise level 
also resulted from the number of pupils in the class (14.5 ± 0.8) 
as the class was divided into two groups; thus, compared to other 
subjects, only a half of the pupils were present.

The teachers’ daily working time in the present study varied, 
ranging from 180 to 315 minutes. Differences in their weekly 
exposure to noise are due to the fact that they teach different 
subjects. The highest LAeq,T was calculated for a second-stage 
teacher of geography and physical education.

Schools are workplaces where special attention is paid to good 
acoustics. Classrooms are expected to have a short reverberation 
time, low sound pressure levels, good intelligibility, and limited 
sound propagation. One of the most important acoustic engineer-
ing parameters is the reverberation time of a room, influenced 
by the rate at which the sound energy is absorbed by the wall 
surfaces. Given its resonance character, this is determined by 
the audio frequency. Therefore, the reverberation time of a class-
room depends on the materials used in its construction. Ideally, a 
classroom should have the shortest reverberation time possible, 
defined as 0.45–0.70 s by the Czech standards. Good acoustics 
may increase attainment by pupils in schools (7, 12, 13). Up to 
55 dBA is for understandable speech communication necessary 
increased vocal effort (7). Louder background noise makes teach-
ers raise their voices, or even shout at times, imposing great strain 
on their vocal cords, resulting in voice tiredness (7). As a result, 
noise pollution increases, impairing communication and reducing 
pupils’ attention. Teachers want to hear and be heard since for 
them it is important that their speech is intelligible to their pupils.

The World Health Organization methodology states that ex-
cessive school noise leads to annoyance, tinnitus, disturbance of 

information extraction, and effects on speech development and 
learning in pupils (4, 5, 12, 13). To be able to hear and understand 
spoken messages, the classroom background should not exceed 
35 dB (5, 7, 11). The threshold value for mental work related to 
information sharing was complied with in School 1 but exceeded 
by 7 dB in School 2.

School noise levels tend to vary. Noise over 75 dB in work-
ing environment leads to more severe physical and mental stress 
reactions (higher blood pressure, stress hormone release and 
brain potential changes) (10). The mean noise level exceeding 
85 dB during lessons was only once noted, namely in a 4th grade 
physical education lesson. Most commonly, LAeq,T ranged from 
64 to 69 dB. Totally working noise exposure of teachers may be 
even higher, because they are exposed not only during lessons 
but during breaks as well. 

It is the lowest level of LAeq,T where a special attention should 
be paid to schools. Continuous noise pollution, in combination 
with stress and the mentally demanding nature of the teaching 
profession, may lead to numerous negative effects on the human 
personality and health.

CONCLUSIONS

The mean equivalent A-weighted sound pressure level during 
lessons irrespective of age and subjects taught was 68.0 ± 3.4 
dB. The highest levels of noise were in physical education and 
arts, the lowest levels were found for English taught as a foreign 
language. There were no statistically significant differences in 
LAeq,T depending on the numbers of children in the classes. The 
noisiest first-stage classes were grades 1 and 2. School noise is 
associated with decreased speech intelligibility and difficulty 
hearing and understanding; it affects teachers and pupils alike. The 
main source of noise is pupils. Disturbance from external sources 
of noise was not observed. As noise levels increase, teaching 
becomes unpleasant and teachers lose motivation.

Although teachers are exposed to lower noise levels than 
heavy industry workers, they deserve attention. The focus of the 
study was to measure the equivalent sound pressure levels A in 
schools. Noise just under the critical level in combination with 
the mentally demanding nature of the teaching profession may 
lead to numerous health problems.
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