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ABSTRACT  

It is well known that good acoustical design for classrooms, or any other meeting room is to make 
possible clear, accurate and relaxed speech communication. This paper presents the results of an evaluation of 
acoustic comfort such as reverberation time, apparent sound reduction index and acoustic treatment in 
classrooms. Acoustic treatment was done by installing sound absorption material on the wall of the classroom 
for control of sound reverberation. With the acoustic treatment on the classrooms, it is confirmed that the 
acoustic environment in the classroom has been significantly improved. Comparison between the measured and 
theoretical values has been introduced.  
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Introduction 
 

The education of every citizen is essential to all modern societies. The most formal education takes 
place in the classroom, where the learning process involves intensive verbal communication between teachers 
and students and among students. The efficiency of this communication, and hence, the efficiency of the 
learning environment, is measured by the acoustic conditions of the classrooms Lubman et al. (2001). 
Attenuation of noise and improvement of the speech intelligibility sets a contradiction for the acoustical 
treatment of the classroom. The solution usually adopted to create appropriated acoustical conditions by using 
sound absorption material and distributed it uniformly. Although this solution keeps the reverberation time at 
reasonable values it attenuates the first reflections with a loss of detail in the communication path, affecting the 
articulation index, and consequently degrades the acoustical parameters related to the comfort in the room such 
as the speech transmission Index, and the clarity. So part of the ceiling area was kept without acoustical 
treatment to enhance the reflection of the early sound energy more efficiently to the audience Canning et al. 
(2012). 

Arianna et al. (2008) present a comparison between the measured and calculated acoustical parameters 
in eight high school classrooms. The reverberation time in unoccupied and occupied classroom was compared 
with analytical and numerical prediction. The results show Sabine formula and Odeon code gave accurate values 
for reverberation time in classrooms. The goal of the present study was to evaluate the acoustical conditions of 
three lecture halls from Lund University, Sweden. The acoustical parameters evaluated were reverberation time, 
the weighted apparent sound reduction index and the comparison between the measured and theoretical values. 
All these measurements have followed the Standards ISO 3382-1 (2009) and ISO 140-4 (1998). 

  
Experimental work 
 
Measurement of the reverberation time 
 

All measurements were carried out according to international standard ISO 3382-1 (2009) with respect 
to the source and microphone positions in the room. The sound source was placed at two different positions in 
each classroom at teacher’s position, with 1.5 m above the floor and far from the classroom corners with 1.5 m. 
The sound source excited by one-third-octave band signal and five microphone positions at a typical ear height 
of 1.5 m for each sound source location. These positions were selected in the main seating area covering the 
typical range between teacher and students in the classroom. The source generated broadband random noise at a 
high noise level to ensure that the generated noise was higher than background level with at least 45 dB for each 
frequency band. Measurements were recorded for ten seconds to ensure that, the recorded time was sufficiently 
long to enable determination of background noise. The acoustic parameters were measured according to ISO 
3382-1 (2009). All windows and doors were closed and the air conditionings were switched, and the 
measurements were carried out during the day. All information’s about the classrooms are illustrated in table 
(1). 
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Table 1. Data for the measured classrooms 
Classrooms Volume, m3 Seats Volume/Seat m3 

P1 169 25 6.76 

N1 220 36 6 

Navet 575 - - 

 

Measurement of the sound insulation 
 
The procedures for taking field measurements of the weighted apparent sound reduction index R 

between rooms in buildings are specified by the international standard ISO 140-4 (1998). The sample test was 
conducted between two lecture halls N1 and N2, one of which contained the source while the other contained the 
receiver. The source room volume is 220 m3 and the receiver room volume is 169 m3 and the test specimen was 
a partition between the two rooms.  

As outlined by ISO 140-4 (1998), the five measured points in each room was determined in accordance 
to the dimensions of the spaces, (i.e., the minimum distance between the wall and the microphone, between the 
microphone and the floor and between the source and the microphone). The loudspeaker was placed in the 
corner of the source room.  Therefore, the apparent sound reduction index was calculated in accordance to this 
standard, talking into account the difference between the sound levels in the rooms. The reverberation time was 
measured in the receiving room according to ISO 354 (2003). 
 

Results and Discussion 
 
Reverberation time 
 

The reverberation time measurements (T20) of the classrooms before and after the acoustical treatment 
are presented in figure (1). In figure (1) we can observed that, the measured reverberation times for Navet 
classroom is higher than the recommended limits before the acoustical treatment was applied in Navet 
classroom. The reverberation time of P1 and N1 are in the range despite they are occupied. This means that the 
high reverberation times are an indication of the lack of absorbing material inside the classrooms, resulting in 
poor acoustical quality. 
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Fig.1. Reverberation time measurements for classrooms before and after the acoustical treatment 

 
In order to improve the acoustical conditions in these classrooms and investigate the acoustical treatment on the 
reverberation time and speech intelligibility inside the classrooms, the placement of absorbing material on the 
ceiling has been introduced. The used material in this research was rock wool with area 20m2. The reverberation 
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time was reduced by 0.2 sec in mid and high frequencies for classrooms P1 and N1 when the absorbing material 
was applied, also the reverberation time was reduced by 0.9 sec for Navet classroom. The acoustic treatment of 
the ceiling would render these classrooms much more acoustically comfortable and the reverberation times 
decreases to the values stated by the recommendations WHO (2001). 

The relation between the calculated reverberation times using Sabine’s formula and octave band center 
frequencies for classrooms is shown in figure (2). From this figure, it was noted that the calculated reverberation 
times are close to the actual measured values especially for classrooms P1 and N1. On the other hand, the 
calculated reverberation time for Navet classroom is much smaller than the measured values. It is clear that, the 
difference between the calculated and the measured reverberation times for classrooms at low frequencies (125-
500) especially for Navet classroom. In Navet classroom, the difference is high due to the shape of the 
classroom and there are not sound absorbing materials on the walls. 
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Fig.2. The calculated reverberation time for all classrooms 

 
 Modeling of sound insulation 
 

Although several authors Karabiber et al. (2003), Shield et al. (2001) state that noise levels and 
reverberation time are the most important parameters that affect the acoustic quality of classrooms, sound 
insulation should not be disregarded. Sound insulation should be a priority in classrooms environments where 
the sources of noise cannot be altered, especially in classrooms affected by high levels of noise from road, air 
and railroad traffic. Sound insulation measurements were taken between two classrooms. The source room and 
the receiver room were separated by a double leaf partition consisting of two particle fiber boards with a density 
of 650 kg/m3, thickness of 15 mm and a cavity width of 63 mm. A simplified model of the sound insulation 
between the two rooms was created based on the empirical model by Sharp (1978) that assumes double walls 
without structural connections and the cavity filled with a porous absorber. Figure (3) shows the comparison 
between the measured and the predicted sound reduction index R for a wall with total area 18.9 m2. From the 
results we can noted that the theoretical and the experimental curves of the sound reduction index have the same 
behavior except at high frequencies, this is due to the coincidence effect and the approximation used by the 
theory in that region.  However, it can be shown that the theoretical and the measured values have small 
deviation, which is reasonable for practical reasons. 

 

Uncertainty of measurement 
 
Standard uncertainties of reverberation time measurements and apparent sound reduction index in these 

classrooms are analyzed according to ISO 3382-1 (2009), Hoda (2010). The standard uncertainty of each 
position of classrooms in octave band center frequencies are evaluated in Tables (2) and (3). From table (2), we 
found that the standard uncertainty for reverberation times have small values over all frequency range which 
means that the measurements are performed in high accuracy measurements. The sound pressure level and the 
reverberation time measurements also have a significant effect on the total uncertainty for the sound reduction 
index. The uncertainty values for the sound reduction index are gradually decreased over all frequency range. 
The maximum value is less than 3 dB which is reasonable value. 



853 
Middle East J. Appl. Sci.., 4(4): 850-854, 2014 

 

0

5

10

15

20

25

30

35

40

45

10
0

16
0

25
0

40
0

63
0

10
00

16
00

25
00

40
00

Frequency, Hz

S
ou

nd
 r

ed
uc

tio
n 

in
de

x 
(R

),
dB

R Theo R Meas

 

Fig.3. Comparison between measured and predicted (R) for a wall with area 18.9 m2 

 
 

Table 2. Results of measured reverberation times and its uncertainty for classrooms  
Frequency (Hz)  

P1(RT), Sec 
)(RT  

for P1 

 

N1(RT), Sec 
)(RT  

for N1 

Navet 

(RT), 

Sec 

)(RT  

for Navet 

125 1.10 0.03 0.94 0.03 1.33 0.03 
250 0.63 0.02 0.66 0.02 0.80 0.02 
500 0.61 0.01 0.67 0.01 1.50 0.02 

1000 0.57 0.01 0.67 0.01 1.21 0.01 
2000 0.56 0.01 0.61 0.01 1.20 0.01 
4000 0.60 0.01 0.65 0.01 1.01 0.01 

 
Table3. Results of measured sound reduction index and its uncertainty for classrooms  

Frequency (Hz) Apparent sound reduction index (R), dB Uncertainty of Sound reduction index (R) 

125 19.30 2.22 
250 27.64 1.70 
500 31.81 1.25 

1000 34.43 1.01 
2000 30.88 0.81 
4000 32.97 0.75 

 
Conclusions 

The present study has evaluated the acoustic characteristics of classrooms, which focused on the 
reverberation time and sound reduction index. Values of the reverberation times have been compared with the 
prescribed values according to international standards and found that, P1 and N1 classrooms are accepted within 
the established range despite they are occupied and Navet classroom is higher than the range. This means that 
there is a lack of absorbing material inside the classrooms. The effect of the additional installed rock wool 
absorber could be seen from the decreased reverberation times over all frequency range. Now the Navet 
classroom fulfils the standard recommendation for reverberation time and other classrooms offer better acoustic 
condition WHO (2001). The experimental and the theoretical values for sound reduction index have a small 
deviation at high frequency due to the coincidence effect. The standard uncertainties for the measurements are 
very small which means that the results are performed in high accuracy measurements. 
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