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Abstract Noise exposure has become one of the most
important factors in determining the quality of life in
indoor environments. This paper assesses and analyzes
noise exposure levels at school and preschool classrooms
with different indoor environments. The sound level [A-
weighting equivalent steady sound level Lacq (dBA)] was
measured using a CEL-63x digital sound level meter. The
noise level measurements were performed inside two pre-
schools at three classrooms (an activity room, classroom
KGI1 and classroom KG2) and three schools at different
classrooms, starting from grade 1 to grade 12. The loga-
rithmic average noise levels (Laeq avg) and the 8-h average
noise exposure level (Lgx, sn) were estimated for each
classroom. Furthermore, health risk issues associated with
the exposure to high noise levels were investigated using a
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questionnaire and an interview with more than 250 teachers
at the preschools and the schools. Then, the results were
analyzed using different statistical tools and were com-
pared with the World Health Organization, Occupational
Health and Safety and National Institute for Occupational
Safety and Health standards. Also, the results were com-
pared with those from different countries worldwide. The
study results show that the 8-h average noise exposure
level exceeded the allowable limits in some schools, which
indicates that students and teachers can face a serious
health effects from noise exposure. The comparisons show
that the values of noise levels in Kuwait are higher than
those in different countries. The maximum value of noise
levels was found in secondary schools. The health prob-
lems found during the survey are potentially associated
with issues related to hearing, voice, headache and the
physiological function of teachers.

Keywords Indoor environment - Health risk - Sound level -
Noise exposure - Schools

Introduction

Children and teachers spent the vast majority of their time
in kindergartens and schools. Therefore, indoor noise pol-
lution has become one of the most important topics in
indoor environmental studies in kindergartens and schools
due to its significant impact on students and teachers’
health as well as the quality of education. Quiet environ-
ments are important to all humans, but are most important
to students in educational facilities in which information is
predominantly presented orally to learners. Thus, listening
is an important precondition for successful learning,
especially in kindergarten and school classrooms, which
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play an important role in early childhood education. High
levels of noise can harm children’s and teacher’s physical
and psychological health, including their learning and
behavior. Frequent exposure to noise during critical periods
of development could affect a child’s and teacher’s
acquisition of speech, language and language-related skills
such as reading and listening.

Several studies on indoor noise pollution have been
performed, and many have focused on the noise pollution in
schools, e.g., Hodgson (1999), Koszarny (1990, 1992),
Noweir and Ikhwan (1994), Ibrahim and Richard (2000),
Schick et al. (2000), Shield and Dockrell (2003, 2004),
Boman and Enmarker (2004), Schonwalder et al. (2004) and
Carmen and Paulo (2004). The effect, if any, of chronic
exposure to external and classroom noise on the test results
of children ages 7-11 years has been examined by Shield
and Dockrell (2008). External noise has been found to have
a significant negative effect on performance, with a more
significant effect on the older children when compared with
the younger children. Measurements and evaluation of the
ambient noise levels, reverberation time and transmission
loss for classrooms in a public school were carried out by
Zannin and Loro (2007) and Zannin and Zwirtes (2009).
Both studies found that the equivalent noise levels during
class were 73.7-74.0 dB(A). Astolfi and Pellerey (2008)
evaluated the acoustic quality of the public school class-
room. They found that the noise which came from inside the
school buildings has a great impact on acoustic quality.
Furthermore, Ana et al. (2009) randomly selected four
schools from eight participating schools in their overall
project. The study administered 200 questionnaires, 50 per
school, assessing health and learning-related outcomes and
measured noise levels (A-weighted decibels, dBA) with
calibrated sound level meters. The results have indicated that
cross-sectional school-day noise levels ranged from 68.3 to
84.7 dBA. Zannin and Ferreira (2009) conducted field
measurement in university classrooms to evaluate external
and internal acoustic quality. Apparent weight sound
reduction indices of all classrooms facades of both the
buildings showed values below than those recommended by
international standard DIN 4109.

The noise level of 244 classrooms in 90 random samples
consisting of primary, secondary and high schools in Tehran
has been measured by Golmohammadi et al. (2010). The
results indicate that the average equivalent noise levels
inside classrooms and corridors, in yards and on side streets
in teaching area were 72, 65.8, 64.1 and 64.5 dBA,
respectively. In addition, the effects of classroom reverber-
ation on reading abilities, annoyance due to indoor noise and
school attitudes in second graders were analyzed by Klatte
and Hellbriick (2010). The results underline the importance
of good acoustical conditions in elementary school class-
rooms. Woolner and Hall (2010) have reviewed the weight
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of evidence in relation to noise, and the results emphasized
four key points. First, noise above a given level does appear
to have a negative effect on learning. Second, noise beneath
these levels may or may not be problematic, depending on
the social, cultural and pedagogical expectations of the
students and teachers. Third, the study argues that when
noise is deemed to be a difficulty, this finding cannot simply
be translated into design prescriptions. Finally, the study
suggests that the solution to noise problems is by under-
standing how to use learning spaces in schools. In another
study, Xie et al. (2011) investigated the relationships among
the environmental noise levels of secondary schools in
Greater London and a set of academic achievement factors.
It has been shown that the environmental noise levels of
secondary schools in Greater London have nearly no sig-
nificant relationships with those academic achievement
indicators. In addition to schools, the assessments of noise
levels have also been carried out in universities. For
example; Otutu (2011) has obtained noise measurements
from 22 locations within Campus 2 of Delta State University
in Abraka, Nigeria, during and after working hours. The
results have indicated that the average noise level of 87 dBA
on Campus 2 is mostly generated by the business centers due
to the electricity generated from different power plants sit-
uated nearby the university. Pujol et al. (2012) performed a
noise measurement campaign at the residences of 44
schools. The results show that an association was found
between the type of view from the window and the outdoor
sound level (Laq) value, but no significant association was
observed between the view from the window and the indoor
(Lacg) value. Montazami et al. (2012) have used surveys,
monitoring of indoor temperatures and testing of air quality
and aircraft noise levels. The results have shown that those
schools located near Heathrow airport are more likely to
experience overheating and poor air quality due to aircraft
noise, which can subsequently have a negative effect on
students’ achievements.

The noise level and its associated health issues in the
indoor microenvironments in Kuwait have not been inves-
tigated yet. Thus, the main aim of this study is to assess the
noise pollution level in school and preschool classrooms in
order to recognize the important parameters that cause noise
pollution in classrooms. Moreover, the study evaluates the
effect of noise pollution on health risk of children by com-
paring measured noise pollution with the World Health
Organization (WHO), Occupational Health and Safety
(OHS) and National Institute for Occupational Safety and
Health (NIOSH) standards and for teachers by a self-an-
swered survey questionnaire. Therefore, in order to under-
take this aim and gain further understanding of the noise
levels, three classrooms in two preschools (activity room
and two classrooms (KG1 classroom and KG2 classroom))
were studied. The study also assesses the levels of noise in
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three schools (primary, secondary and high schools, from the
Ist- to the 12th-grade classrooms) which were selected at
different locations in Kuwait.

Materials and methods

The preschools and schools chosen for this study were
based upon the local government regions of Kuwait. It was
important for this study that the region chosen should be
representative of Kuwait to reduce the number of poten-
tially confounding variables. Noise level assessment in the
preschools, primary, secondary and high schools class-
rooms was built-in 18 classrooms for different regions in
Kuwait. Four classrooms and two activity rooms were
selected in two different preschools for children ages
4-5 years. Table 1 shows detailed information on pre-
schools and schools.

The first preschool is considered to be a new preschool,
and it is located in Mubarak Al-Kabeer governorate, sur-
rounded by a quiet residential area. The second preschool
is an older school located in Al-Ahmadi governorate. The
older school has a central open space in which all of the
classrooms are situated. Each classroom contains its own
toilet. In contrast, the new school has a closed design, and
each of the three classrooms shares a public toilet.

Although education is free, compulsory education in
Kuwait starts from the primary level. Kindergarten is limited
only to registration, and there are no rules to force parents to

bring their children to a kindergarten every day; therefore, the
daily attendance, usually, does not exceed 90 % which can
affect (reducing) the noise levels as shown later in results.

The other twelve classrooms were selected in three
schools that have different levels of education (primary,
secondary and high schools) for children ages from 6 to
17 years. The three schools are located in Saad Al-Ab-
dullah residential area and were built a few years ago. Saad
Al-Abdullah residential area is considered to be a quiet
area where no heavy traffic or airplanes fly around it. The
primary school students are supposed to complete their
study in the selected secondary and high schools, and this
could give an indication and a comprehensive view of the
environment that each student will pass through in
12 years. For the primary school, noise levels are measured
inside the 1st- to the S5th-grade classrooms (ages are
6-10 years). The school has a symmetric design. For the
secondary school, noise levels are measured inside the 6th-
to the 9th-grade classrooms (ages are 11-14 years). For the
high school, noise levels are measured inside the 10- to the
12th-grade classrooms (ages are 15-17 years). It can be
noticed that the occupancy rate of the high school is very
high, and it reaches 100 % in all examined classrooms at
the time of measurements.

Sound level measurements

The energy in a sound wave can be measured by the
intensity and frequency of the sound waves that strike

Table 1 Information on each classroom in the preschool, primary, secondary and high schools

Location Size of the Flooring Wall material Age of Total number Attendance in the Occupancy
location (mz) material students of students day of measurement (%)
Activity (old) 200 Carpet Wood + cement 4-6 200 120 60
Activity (new) 180 Plastic Wood + cement 4-6 96 72 75
KD1 (old) 36 Plastic Cement 4-5 22 11 50
KD1 (new) 30 Plastic Cement 4-5 20 10 50
KD2 (old) 36 Plastic Cement 5-6 15 9 60
KDI1 (new) 30 Plastic Cement 5-6 17 14 82.4
Gl 42.25 Ceramic Cement 6-7 25 22 88
G2 42.25 Ceramic Cement 7-8 25 20 80
G3 42.25 Ceramic Cement 8-9 25 24 96
G4 42.25 Ceramic Cement 9-10 27 25 92.5
G5 42.25 Ceramic Cement 10-11 29 24 82.7
G6 27.5 Cement Cement 11-12 30 27 90
G7 27.5 Cement Cement 12-13 30 28 933
G8 27.5 Cement Cement 13-14 30 25 83.3
G9 27.5 Cement Cement 14-15 30 30 100
GI10 42.5 Ceramic Cement 15-16 25 25 100
Gl1 42.5 Ceramic Cement 16-17 25 25 100
GI12 42.5 Ceramic Cement 17-18 25 25 100

’r @ Springer



2014

Int. J. Environ. Sci. Technol. (2016) 13:2011-2024

the ear (Lane et al. 2003). For this study, all data were
collected within a period of 15 weeks, with a maximum
of 3 weeks per school. The noise level was measured
using CEL-63x series models for a period of 24 h, in
which the children spend the day with their teachers. For
details of CEL-63x series models, refer to Casella
Measurement (2015). In general, dBA measurements are
used for noise risk assessments, while dBC measure-
ments are used for hearing protector selection (Casella
Measurement 2015). The maximum, minimum and time-
averaged noise levels are calculated and stored for all of
the measurements, with all of the valid combinations of
frequency weightings and time responses. Calibration of
these meters is extremely simple and virtually error
proof. CEL-63x calculates the average value of the
sound level every 15 min. An Excel spreadsheet was
created using the values from the device for each of the
locations.

Questionnaire survey

The Occupational Health and Safety (OHS) Regulation
requires that the noise exposure be reported for all workers
exposed to noise levels (Laeq) higher than 85 dBA. Usu-
ally, the measured and analyzed data do not adequately
assess the hearing issues associated with the exposure to
high levels of noise. Thus, in order to assess the health
issues associated with the noise levels on workers (teach-
ers), a structured questionnaire (Table 2) was prepared to
obtain the annoyance responses and negative effects on
teachers because of noise pollution in the classrooms. The
questionnaire was directed to the teachers, and several
interviews were conducted. The questionnaires consisted of
different questions that cover general information about the
nature of the work, the health and learning-related condi-
tions of teachers and the environmental characteristics of

Statistical analysis

The OHS Regulation requires that worker’s noise exposure
be presented as: the daily noise exposure (Lgx, s.) in dBA,
or peak sound level in dBA (The OHS 1996). Part 7 of the
OHS (issued in August 1999 and revised in January 2005)
states that the worker must not be exposed to noise levels
above either of the exposure limits, which are 85 dBA
Lgx. g1 daily noise exposure level, or 140 dBC peak sound
level (The OHS 2005). In response to the Occupational
Safety and Health Act of 1970 (Public Law 91-596, 1970),
the National Institute for Occupational Safety and Health
(NIOSH) developed the recommended exposure limit
(REL) and permissible exposure limit (PEL) (NIOSH
1972). The NIOSH REL and PEL for occupational noise
exposure are 85 and 90 dBA, respectively, as an 8-hour
time-weighted average. Exposure at or above this levels is
hazardous. Both REL and PEL are derived using Lgx. g,
and therefore, this study focuses also on estimating the
Lgx, s.p for each class room.
Lgx, g can be estimated as shown in Eq. 1

£ % 10(52)
A ()

Lgx s—n = 10 x log 10 x

where Lgx g1 is the 8-h average noise exposure level in
dBA, above which risk of hearing loss exists. Lgx, g iS
estimated based on the standard 8 h per day, 5 days per
week work pattern. ¢ is the time of exposure in hour (h).
Lcq avg 15 the logarithmic average of the noise levels in the
class room during the working hours. Laeq ave Can be
calculated as shown in Eq. 2.

s 10(0)

n

Lacqave = 10 x 1og 10 x (2)

where X; is the equivalent steady sound level (Lacq) in dBA

the study domain. The questionnaires were self- and n is the total number of measurements in the class
administered. room during the working hours (7:30 AM to 1:45 PM).
Table 2 Questionnaires provided to teacher’s interview

No. Questionnaires Symbol
1 Teachers spent more than two hours in the classroom with the children Ql

2 Teachers suffer from vocal cords problem sometimes Q2

3 Teachers suffer from hoarseness, straining and intermittently voice problems sometimes Q3

4 Teachers suffer temporary or chronic headache problems sometimes Q4

5 Teachers have sleep disorders symptoms sometimes Q5

6 Teachers feel tired and fatigue after work time Q6

7 Teachers agreed that they use load voice over long periods of time Q7

8 Teachers agreed that noise sometimes effect on the concentration of students in the classroom Q8

9 Teachers agreed that noise outside the classroom leads to less attention while teaching Q9

10 Teachers close windows and doors in order to increase the concentration of the students in the classroom Q10

’r @ Springer
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The collecting data from the CEL-63x and the com-
pleted questionnaires were entered in Microsoft Excel
spreadsheets and were imported into the Statistica software
package for analyses. In addition to that, frequency distri-
bution tables and other descriptive statistics such as the
median, maximum, minimum and percentages were used to
summarize the study data in tabular and graphical formats.
A graphical tool was used to highlight and clarify the main
findings.

Results and discussion
Noise pollution levels in preschools

The World Health Organization (WHO) has specified
standard background noise level for classrooms as 35 dBA
[A-weighting equivalent sound level (Laeq)] during teach-
ing sessions in the guideline for community noise (WHO
1999). The results show that the new preschool classrooms
meet the WHO standard for background noise level, while
the old preschool classrooms violate these standards. Fig-
ure 1 shows the maximum, minimum and median noise
levels (Laeq) values in the preschools. The maximum val-
ues in KG 1 and KG 2 classrooms were found in the older
school, and the minimum values were found in the new
school. This result is due, in part, to the materials used in
building the schools and the size of the classrooms. The
results also show that there is a fluctuation in noise levels
that appeared in the new school, whereas the older school

shows a steadily variation most of the day. For the activity
rooms in the preschools, the recorded La.q values were
largely similar for the preschools before the nonworking
hours. During the working hours, the results show a dif-
ferent pattern in which the noise levels were differed
greatly between the two schools. During the school day,
this area could not reach the allowable standard noise level
in school facilities. The minimum noise levels are
37.5 dBA and 48.6 dBA in the old and new preschools,
respectively. These measurements were taken in a quiet
environment in which neither children nor teachers were
present to be an indicator for the background noise level.
The primary source for the noise was the air conditioning
system. It was reasonable that the maximum L4 value is
found to be 87.7 dBA in the new preschool at 8:00 am
when the activity hour is in progress and 86.6 dBA at 11:15
am in the older preschool when a special activity for all of
the children was performed. A lower occupancy during the
measurement period in the older preschool contributed to
the reduction in the noise level when compared with the
new preschool. The presence of carpeted floors may be
another primary reason for the reduced noise level. The
noise produced by the children varied according to the
activity they were performing inside the room, such as
painting and writing, which are quieter activities than free
activities and games. For the KG 1 and KG 2 classroom:s,
the results prevailed different trends. Higher noise levels
were observed in the old preschool. For the KG 1 class-
rooms, the background noise levels were 58.7 and 34.6
dBA for the old and new preschools, respectively. Figure 2

Fig. 1 Lacq in the two 100
preschools
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shows that during the school day, the schools do not reach
the standard noise level, except for the new school at
nonworking hours, when the minimum L. value recorded
was 34.6 dBA. At that time, all of the children had relo-
cated to the activity room, except for the students who were
late. On the day of measurement, only two late students
were in the classroom. The children in KG1 (new school)
are exposed to an average Laeq value of 45.2 dBA and a
maximum La.q value of 73.1 dBA. Conversely, the class-
room in the older preschool exhibited higher La.q values
than the classroom in the new preschool. The maximum
Lpeq value was recorded at 10:45 am as 74.8 dBA. For the
KG2 classrooms in the preschools, it was shown that the
Lacq values measured at the older school were higher
compared with those at the new school, exceeding the
maximum permitted level according to the reference
standards (see Fig. 2). The background noise level at the
older preschool in KG2 classroom was 53 dBA, which is
18 dBA higher than the acceptable limit. On measurement
day, the classroom air conditioner in the old preschool did
not function properly and required maintenance, which
could be a major reason that the minimum La.q Was not
equal to the standard limit. Among all the rooms tested in
the preschools, only KG 2 classroom in the new school met
the standard limits and did not exceed 35 dBA during the
nonworking hours. Table 3 represents the detailed statis-
tical information of all of the measurements.

The logarithmic averages of the noise levels (Laeq avg.)
in the activity rooms from 7:30 to 11:30 AM were calcu-
lated using Eq. 2 and were 76.9 and 78.3 dBA for the old
and new schools, respectively. The activities duration in
that day was 4 h, and thus Eq. 1 was used to estimate the
noise exposure levels (Lgx, g.n) averaged over 8 h. Lgx g
for the activity rooms in the old and new schools were 73.9
and 75.3 dBA, respectively. The activity room in the new

80

15 A ----- Standard noise level
A (\ !l — KG1(old)
AR — KG1
70 “r k ./,\\(V { | (new)
i/
il ‘ﬂ,s (

Sound level (dBA)

4:48 9:36 14:24

Time

19:12 0:00 4:48

Fig. 2 La.q measurements in KG1 and KG2 classrooms
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school has a smaller area, which could be the main reason
for the higher levels of noise in that room. Table 4 sum-
marizes the logarithmic averages of the noise levels
(LAeq ave.) and the noise exposure levels (Lgx, g.n) averaged
over 8 h for all activity and classrooms in the old and new
preschools.

When they are unoccupied, the new school classrooms
have a lower noise levels compared with the old one
classrooms. The A-weighting equivalent steady noise level
(Laeg) for KG1 and KG2 in the new preschool ranged
between 31 and 41 dBA, while the old preschool shows a
higher noise levels that ranged between 54 and 59 dBA
when it is unoccupied, which violates WHO standards for
unoccupied classrooms. Nevertheless, KG2 class room in
the new preschool had higher Laeq ave., leading to higher
Lgx, gn. The reason beyond this increase is the larger
number of students in the new preschool (14 students)
relative to the old one (10 students) in the day of mea-
surements as given in Table 1. In general, the noise
exposure levels in the preschool class rooms did not violate
OHS and NIOSH standards.

Noise pollution levels in schools
Primary school

In grade 1 and grade 2, every four student shared the same
table, and there are five large tables per classroom. Classes
from grade 3 to higher grades contain a disk for each
student. Therefore, the noise produced by moving disks
could be neglected in grades 1 and 2 classrooms. Lacq ave.
and Lgx, g, were estimated for primary school classrooms
and given in Table 4. Grade 5 has the highest Lacq ave.
(93.2 dBA), while the lowest Laeq ave. Were found in grade
3 classroom. The highest Lgx g, was estimated to be

90

----- Standard noise level
— KG2(old)
— KG2(new)

Sound level (dBA)

4:48 9:36 19:12 0:00 4:48
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Table 3 Lacq ave. and Lgx, s.n data in dBA for preschool, primary,
secondary and high schools

Grade number Laeq ave Lgx, sn
Activity room (old) 76.9 739
Activity room (new) 78.3 75.3
KG1 (new) 70.9 68.4
KG1 (old) 66.9 64.4
KG2 (old) 69.6 67.1
KG2 (new) 71.3 68.8
One 84.4 83.3
Two 79.2 78.1
Three 76.3 75.2
Four 79.5 78.4
Five 93.2 92.1
Six 85.8 84.7
Seven 95.8 94.7
Eight 88.6 87.6
Nine 76.1 75.0
Ten 81.4 80.3
Eleven 84.2 83.1
Twelve 74.3 73.2

92.1 dBA and found in grade 5 classroom. One exceedance
was recorded in the primary school, specifically in grade 5,
in which the Lgx g, exceeded the OHS standard and the
recommended exposure limit (REL) and permissible
exposure limit (PEL) of the NIOSH.

Additionally, Fig. 3 shows the continuous noise levels
(Laeq) in each classroom. The arithmetic mean noise
levels in the unoccupied classrooms are 40.3, 38.4, 50.7,
50.8 and 51.7 dBA for grades 1 to 5, respectively, and
78.3, 66.3, 67.3, 76.6 and 52.6 dBA when the classrooms
are occupied, respectively. Therefore, empty classrooms
in the primary school do not meet the standard limit of
classroom noise level of the WHO. The maximum noise
level of 105.4 dBA is observed in grade 5 classroom.
While grade 5 classroom has the maximum noise level,
grade 1 classroom has the lowest noise levels (30.4
dBA) when compared with other grades as shown in
Fig. 3. Moreover, Fig. 3 shows a significant drop in the
noise measurement during the working hours (7:30 AM
to 1:45 PM). Grade 5 window lies on the backyard of the
school, this area is very quiet during the classes, and
thus most of the time teacher opens the window to let
fresh air in. This could be the main reason for the

Table 4 Statistical analysis of noise levels during occupied and unoccupied school’s classrooms

Grades Unoccupied levels Occupied levels
Arithmetic Minimum Maximum Standard Arithmetic Minimum Maximum Standard
mean deviation mean deviation
Activity (old) - - - - 52.5 37.5 86.6 15.8
Activity - - - - 57.7 48.6 87.7 12.0
(new)

KG1 (old) - - - - 60.96 58.7 74.8 4.6
KG2 (new) - - - - 45.3 34.6 73.1 10.1
KG2 (old) - - - - 55.9 53.0 80.2 54
KG2 (new) - - - -

Gl 40.6 30.7 63.5 6.7 78.9 65.1 94.7 7.3
G2 38.3 353 75.2 6.6 67.5 35.6 89.9 16.5
G3 50.9 50.2 70.4 24 67.2 50.6 81.7 13.2
G4 50.9 494 72.1 4.2 77.1 53.0 84.7 6.8
G5 51.7 50.6 72.7 33 52.7 354 105.4 23.0
G6 56.2 55.2 81.1 3.1 71.4 533 96.5 9.9
G7 59.3 56.4 74.2 2.9 78.2 59.2 106.9 12.3
G8 48.2 454 63.2 34 72.3 47.8 100.9 14.2
G9 53.7 41.8 76.8 5.7 71.3 57.8 83.5 7.8
G10 41.5 40.7 51.8 1.3 70.5 48.6 91.7 11.6
Gll1 43.5 42.0 56.6 2.2 71.7 514 97.8 10.0
G12 433 41.1 66.7 3.8 69.7 50.9 81.1 8.9
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Fig. 3 Noise pollution levels in grade 1 to 6 classrooms

dropping noise levels most of the time. All of the
classrooms show a maximum noise level that is higher
than 80 dBA. This acoustic environment is not suit-
able for enhancing learning and teaching. When com-
paring the noise measurements data of this study with
those from international studies, the results show that the
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arithmetic mean noise level in the primary school
classrooms is relatively close to those measured world-
wide. For example, the arithmetic mean noise level in
this study is only a three-decibel difference than the
arithmetic mean measured in 41 classrooms in Greece
primary schools (Sarantopoulos et al. 2013).
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Secondary school

Two exceedances were recorded in the secondary school,
in grades 7 and 8 classrooms as given in Table 3.

Grade 8 classroom has Lgx g, of 87.6 dBA, that is, 2.6
decibels higher than the OHS standard and NIOSH rec-
ommended exposure limit (REL); however, the classroom
does not violate the permissible exposure limit (PEL) of the
NIOSH, which is 90 dBA. On the other hand, the noise
exposure levels of grade 7 classroom violate the permis-
sible exposure limit (PEL) of the NIOSH by approximately
5 decibels.

The equivalent continuous noise levels measured at
different classrooms in the secondary school (grades 6 to
9) are shown in Figs. 3 and 4. When the classes were
unoccupied, the minimum noise level for the most quiet
classroom was 45.4 dBA (grade 8) and for the most noisy
classroom was 56.4 dBA (grade 7), while the maximum
sound level for the most quiet classroom was 57.6 dBA
(grade 9) and for the most noisy classroom was 74.2 dBA
(grade 7). The criterion for selecting the most quiet and
noisy classrooms was based on the average noise level.
During the school day (when the classes were occupied
by students), the minimum sound level for the most quiet
classroom was 47.8 dBA (grade 8) and for the most noisy
classroom was 59.2 dBA (grade 7), while the maximum
sound level for the most quiet classroom was 100.9 dBA
(grade 8) and for the most noisy classroom was 106.9
dBA (grade 7). All of the unoccupied classrooms had a
minimum noise level that exceeded the proposed limit
value of 35 dB (WHO 1999; ANSI 2010; ASHA 2010),
even the arithmetic mean noise level of unoccupied
classrooms represented in Table 10 was greater than 35
dB, indicating a deteriorated acoustic environment. The
unoccupied arithmetic mean noise levels are 56.2, 59.3,
48.2 and 53.6 and for the occupied classrooms 77.3, 78.2,
72.3 and 71.3 for grades 6, 7, 8 and 9, respectively, a
range similar to those previously reported by other studies
(e.g., Shield and Dockrell 2004).

High school

The high school contains very organized classrooms with
curtains on windows that could be the reason for the rel-
atively lower noise level in unoccupied classrooms. As a
result, no violations were recorded for the high school
classrooms. Table 11 lists the Laeq ave. and Lgx, s, for each
classroom in the high school.

In addition, Fig. 4 shows equivalent steady noise levels
in each classroom from grade 10 to grade 12. The
arithmetic average noise levels measured in unoccupied
classrooms of grade 10, 11 and 12 were 41.4, 43.5 and
43.1 dBA, respectively. This is about 7 decibels higher
than the standard limit for unoccupied classrooms. The
minimum noise level in unoccupied classroom was
detected in grade 10 classroom to be 40.7 dBA, while the
maximum noise level was detected in grade 12 classroom
to be 66.7 dBA. When the classrooms were occupied by
students, the average noise levels were 69.8 dBA, 70.7
dBA and 69.1 dBA for grade 10, grade 11 and grade 12
classrooms, respectively. The minimum sound level in the
occupied classroom was detected in grade 11 classroom to
be 449 dBA, while the maximum sound level was
detected in grade 11 classroom to be 97.8 dBA.

The arithmetic mean, median, maximum and minimum
noise levels in the twelfth occupied and unoccupied
classrooms of the three schools are shown in Fig. 5. In an
occupied classroom, the arithmetic mean values seem to be
in the middle distance between the minimum and the
maximum sound levels. Even though the secondary school
seems to have the most annoying classrooms, primary
school has higher noise levels with respect to their arith-
metic mean values. As opposed to the primary and sec-
ondary school, the selected high school takes some
precautions to reduce the noise levels in the classrooms.
For example, the school uses quiet music to mark the
beginning and the end sessions instead of using the regular
bell. In addition, the high school tends to use curtains on
the windows that could absorb the sound vibrations.
Unfortunately, all of these precautions could not ensure a
fully supportive acoustic environment for the classrooms.
In the empty classrooms, the sound level does not meet the
ultimate limit that WHO recommended, except in the Ist
and 2nd grade where the minimum sound level recorded
was 30.7 dBA and 35.3 dBA, respectively. In the secondary
and high school, the minimum sound level recorded was
above 40 dBA in all classrooms, meaning that the noise is
coming from indoor sources rather than the outdoor
environment.

According to the above discussion, the two preschools
and high school are considered safe indoor microenviron-
ments with respect to noise pollution. However, the pri-
mary and secondary schools could be classified to have
physical hazards with respect to their acoustic environ-
ment. By comparing the above results with the limits of the
noise levels in classrooms in different countries (Zannin
and Loro 2007), e.g., Brazil (40 dBA), Iran (40 dBA),
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Fig. 4 Noise pollution levels in grade 7 to 12 classrooms

Japan (40 dBA), UK (35 dBA) and USA (40 dBA), it was
indicated that the noise levels in Kuwait were higher than
these countries. Not only exceeded the ultimate noise level

* @ Springer

states by WHO, but also did not satisfy the minimum
classroom size and number of students per classroom
addressed in the classic works of Hawkins and Lilly
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(1998). This problem is clearly visible in the secondary
school where 30 students share a 27.5-m” classroom. Since
the schools located in quiet residential areas, the outdoor
noise sources can be neglected. Thus, the contribution of
various indoor noise sources such as the air conditioning
(A/C), chair and desk movements and the students them-
selves could be the main reason beyond the high levels of
noise. The three schools use old AC systems with lack of
maintenance. Therefore, the AC systems produce annoying
noise during the operation, resulting in an unaccept-
able background noise level that was observed in those
schools when the classrooms were empty.

Noise pollution levels on teachers

Data from social survey are important to further assess and
evaluate the health issues associated with exposure to high
levels of noise, thereby ensuring that the study achieves its
objectives. Several personal interviews were performed
with many teachers who work in the preschools and
schools of this study, to discuss the noise pollution problem
in detail and its effect on their health. The questionnaires
were distributed to 50 teachers in the two preschools and
more than 200 teachers in the three schools. In analyzing
the questionnaires data, the Cronbach’s alpha («) was used
to measure the reliability of data. The value of « was 0.8,
indicating a strong reliability of the questionnaires data
between teachers.

The survey of this study shows that most of the
teachers were speaking with high vocal efforts so that
their speech can be understood. The survey also shows

G3 G4 G5 G6 G7 G8 G9 G10 G11 G12

that teachers agree that their work is harmful to their
physiological function. Many of the teachers had an
abortion, premature delivery and even abnormal
embryo cases caused by using loud voices while
teaching.

Figure 6 shows the percentage of teachers who
answered with YES to the questionnaire questions.
More than 63 % of the teachers suffer from different
voice problem, such as vocal cord problems, hoarse-
ness, voice strain and intermittent voice problems, but
only 25 % of them had visited a specialized doctor.
The highest suffer of voice problems was found in the
secondary schools. High school teachers appeared to be
less suffering from vocal cords problems. When asked
about temporary and chronic headaches, 50 % of the
teachers consistently suffer from one and 40 % repor-
ted occasional headaches. According to the question-
naire, 30 % of the teachers visited a specialized doctor
for headache problems. The majority of teachers
reported feeling tired and fatigued after the school day.
Teachers from preschools, primary, secondary and high
school with a percentage of 60, 62, 63 and 56 % suf-
fered fatigue after work time. Fifty percent of two
preschool teachers suffer from sleep disorder problems,
while 38 % of three schools teachers claim to have a
sleep disorders problem. Several factors contribute to
the enhancement of the noise pollution problem in the
school’s environment. One factor is the loud voice that
teachers use in classrooms (85 % agreed). Another
factor is students’ loud voices or shouting while par-
ticipating in the class activity (90 % agreed). In
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addition, 55 % of the teachers agreed that outdoor
noises, which lead to disturbances in studying and
teaching, can contribute greatly to the noise pollution
inside the classroom when speech with more vocal
effort. Therefore, 62 % of high school teachers tend to
close windows and doors in order to enhance student
attentions in the classroom as 60 % of the preschools
and 29 % of high school teachers agreed that the
attention of students in the classroom could be affected
seriously by ambient noise. Almost half of the teachers
agreed that they always use loud voice over long
periods of time.

Additionally, most of the teachers reported that they
suffer from ear discomfort, such as ear ringing, ear pain
and hearing loss because of their exposure to high noise
levels in their schools. According to statistics, approxi-
mately 50 % of those who are exposed to noise levels
above 75 dBA for a prolonged time lose their hearing.
Other teachers reported feeling discomfort and feeling
distracted because of high noise levels in their schools
which could occasionally cause a decrease in their work
efficiency.

Finally, most of the teachers admitted that they did not
know about the noise level standards and regulations that
are adopted by Kuwait government, indicating that the
public remain uninterested in learning about the occupa-
tional health and safety regulations. Awareness of the
effects of noise on the public is insufficient and should be
given more attention.

w @ Springer
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Question Number

Conclusion

The aim of this study was to evaluate the equivalent con-
tinuous, logarithmic average and 8-h average exposure to
noise levels in all grades classrooms in preschools and
schools using a digital sound level meter. The measured
Lacgs Laeq ave. and Lex, g, values were compared with the
exposure limits according to the WHO, OHS and NIOSH
standards and indicated the requirement for a serious
reconsideration of noise pollution in educational facilities.
Exceedances to these standards were observed in the pri-
mary and secondary schools. Thus, there is a concern that
schoolchildren are exposed to high levels of chronic noise.
The maximum value of noise levels appears in the sec-
ondary school. The values of noise levels in Kuwait were
compared with those from different countries worldwide
and found to be higher than the levels in many of these
countries. Noise should be viewed as a nuisance that con-
stitutes a health hazard to the recipients. The health issues
associated with the exposure to high noise levels were also
evaluated. The health problems found during the survey are
potentially associated with hearing and voice problems,
headaches and physiological function. Therefore, severe
exposure to high sound levels could represent either
directly or indirectly a serious threat to human physiology
and hearing functions. The results of this study suggest that
the ministry of education should have another view when
designing new schools, such as building larger classrooms
and wider schoolyards. Also, the new schools should not be



Int. J. Environ. Sci. Technol. (2016) 13:2011-2024

2023

located near main ambient noise sources. In addition,
regular AC maintenance should be maintained to prevent
noise during operation in schools. Isolation materials could
be installed for ceiling in schools where central AC is
available to minimize sound levels. Finally, it is recom-
mended to use materials that reduce noises in classroom
such as carpets and curtains. Awareness among people
plays a vital role in implementing these recommendations
and to minimize the noise pollution everywhere not only in
schools.
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Abbreviations
dBA A-weighting equivalent steady sound level Lacq
KG Kindergarten

WHO World Health Organization
OHS Occupational Health and Safety
NIOSH National Institute for Occupational Safety and

Health

List of symbols

Lpeq avg Logarithmic average noise levels

Lex gn  Eight-hour average noise exposure level

X; Equivalent steady sound level (Laeq) in dBA

n Total number of measurements in the class room
o Cronbach’s alpha
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