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ABSTRACT 
The teaching-learning situation in many schools is hard due to poor acoustics, the problem is often high 
sound levels. When teachers complain the landlord make room acoustic measurements. In many standards 
the requirement is reverberation time (RT) according to ISO 3382-2 [1], the meaning in the standard is that a 
short RT is equal to low sound levels. Quite often the measured RT is short but the sound level is perceived as 
high by teachers and pupils. The problem is that the relation between short RT and low sound level needs a 
diffuse sound field and that is seldom the situation in class rooms today. Therefore other measurement is 
needed. I suggest that we measure how the sound reflections from the surfaces in the room affect the sound 
level. This can be measured with G according to ISO 3382-1 [2]. The problem with G is that teachers, 
landlords and architects have problems to relate to the reference level; “10 meters away from the sound 
source in free field conditions”. Therefore we need another reference level. My suggestion is to use “5 meters 
away from the sound source outdoors on a grass lawn” as a new reference level. This is easier for teachers, 
landlords and architects to understand and relate to. 
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1. INTRODUCTION 
School is the biggest workplace in Sweden. Every day teachers and student come to the school for 

teaching and learning. We know that the sound environment is a very important factor in the 
teaching-learning situation. In Sweden it´s the principals who are responsible for the working 
environment in the class rooms. Swedish authorities put requirements on the sound environment in 
school buildings according to a national standard SS 25268 [3]. This standard put requirements on 5 
different areas; sound insulation, impact sound, room acoustics, sound from installations and traffic 
noise. Several investigations show that many schools in Sweden don´t fulfil the requirements. One big 
problem is that very few schools fulfil the room acoustic requirement. The result of poor room 
acoustics is high sound levels, bad speech intelligibility, Kakofonien 2010 [4], and bad speak comfort, 
Viveka Lyberg Åhlander 2011 [5]. I meet a lot of teachers in my daily work. Most of them are not 
aware of that they work in rooms with poor acoustics. Sometimes it happens that teachers complain 
and then the principal order a sound-investigation. Some acoustic reports states that the “reverberation 
time is ok”. The problem is that very few teachers know what reverberation time is. One teacher said; 
I am complaining because the sound level is too high, and the answer I get is that the “time” is ok? 
Another problem is that reverberation time is a blunt measure. Because when we evaluate T20 or T30 we 
wait until the sound level drops 5 decibels. During this “waiting time” we miss a lot of important 
information. One example is a class room where the teachers complained of the sound environment. 
The landlord asked an acoustician to measure. The result was that the room was good because the RT 
was ok according to the Swedish standard SS 25268. The room hade an acoustic ceiling with a 
weighted absorption coefficient (αw) of 0,7. The principal and landlord listened to the teachers and 
changed the ceiling to a ceiling with an αw of 0,95. Before the change of ceilings I did RT 
measurements. After the change I measured again. The interesting thing was that the T20-value was 
almost the same but the teachers felt that the sound environment was improved. This is one example 
showing that T20 is a blunt measure.  

 
 
 
 



 

 

 
 Figure 1 shows the T20 decay-curves before and after. One can see the difference in level but the 

reverberation time is the same. 

 

Figure 1 – Decay-curves Before and After. 

 

The red line is the decay curve with the “old” ceiling. The blue line is the decay curve with the 
“new” ceiling. Since the blue and red arrows have the same length, the reverberation time T20 is the 
same. But the sound pressure level differs. The sound level is lower with the “new” ceiling and I think 
this is the reason why the teachers say that the sound environment was improved. This shows that T20 
is a blunt measure and we need other measures to better describe the sound environment in class rooms. 
One good descriptor can be G (gain) according to ISO 3382-1. G describes the “room amplification”. 
But one problem with G is that the reference level is 10 meters from the sound source in “free field”. 
Teachers, principals, architects and landlords have great problems to relate to “10 meters away in a 
free field”. Most teachers say that they seldom have problems to talk and teach at short distances but 
when the distance is about 5 meters or longer they have problems to communicate in many rooms. 
Therefore my idea is to use the reference level; 5 meters away from the sound source outdoors on a 
grass lawn. Most teachers have talked to their pupils at the distance of 5 meters on a grass lawn so this 
is something they can relate to. By using this new reference level we can say that the sound reflections 
from the room are adding x decibels compared to the grass lawn. This is easier for the teachers to 
understand and relate to. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

 

2. METHOD 
Out-door measurements. 

To find the reference level “5 meter away on a grass lawn” I went to a golf course in Våxtorp in south 
Sweden. Hole number 9 is a wide par 5. The fairway is flat and the distance to the nearest trees are 
approximately 75 meters. 

 

 
 

Measure position at hole nr 9. 
 
On the fairway I placed a calibrated reference sound source and a sound level meter. 

 

The sound source and sound level meter on the fairway. 

 

I did 10 measurements, all at the distance of 5 meters, but at different directions from the sound 
source. I measured the level in one third octave bands, octave bands, A-weighted, C-weighted and 
Z-weighted. When I talk to teachers, architects and landlords they say they want to have a “figure they 
can understand”. Therefore I have chosen to describe the reference level in dBA. The sound level on 
the golf course 5 meters away from the sound source was 69,6 dBA. 

 
 
 
 
 
 



 

 

In door measurements. 
To investigate how different rooms affect the sound level I took the calibrated sound source and 
measured the sound level in 3 positions, all at the distance of 5 meters but in different directions. The 
difference between the room and the golf course is the effect from the sound reflections in the room. I 
call these reflections the “room amplification”. I measured the reverberation time and the room 
amplification in 5 ordinary class rooms with acoustic ceilings. After that the ceiling was changed I 
measured again. 

 

 
 

Room 1. 

 
 

 
 

Room 2. 
 
 



 

 

 
 

Room 3. 

 
 

 
 

Room 4. 

 
 

 
 

Room 5. 



 

 

3. RESULT 
In many standards we use T20 to control the acoustic conditions in the room. When I compare the 

T20 results with the change in sound level (room amplification in relation to a grass lawn) the results 
are interesting. 
 
Class room    “Room amplification”  RT (average 125-4000 Hz) 
1 Before     8,5 dBA     0,62 sec 
1 After     5,8 dBA     0,51 sec 
Difference     2,7 dBA     0,11 sec 
 
2 Before     8,8 dBA     0,62 sec 
2 After     8,8 dBA     0,49 sec 
Difference     2,9 dBA     0,13 sec 
 
3 Before     8,8 dBA     0,66 sec 
3 After     5,7 dBA     0,50 sec 
Difference     3,1 dBA     0,16 sec 
 
4 Before     8,9 dBA     0,65 sec 
4 After     5,9 dBA     0,59 sec 
Difference     3,0 dBA     0,06 sec 
 
5 Before     9,1 dBA     0,50 sec 
5 After     6,1 dBA     0,48 sec 
Difference     3,0 dBA     0,02 sec 
 

The SPL-change is approximately 3 dBA. This is not shown in the change on RT.  
 
 

 

 

Room 5 had almost the same RT before and after. But the “room amplification” changed 3 dBA. 

 

I think the reason to this result is that the sound field in the room is not diffuse. The sound 
absorption in the room is not spread on different surfaces. Most of the absorption is placed in the 
ceiling. 

 
 
 
 
 
 



 

 

 

4. DISCUSSION 
The connection between short RT and low SPL requires a diffuse sound field. When the 

absorption-amount in a room is placed on one surface (often the ceiling), is sparsely furnished and 
have hard flat parallel walls the reverberation time will show the absorption from the walls and the 
scattering effect from the furniture. If we use the interrupted noise-method, or sine sweep, the sound 
source will create a steady-state level in the room. When the sound source is active the sound fields in 
the room are almost diffuse. But when the sound source is turned off, the sound field becomes 
non-diffuse. 

 

 

 

When the sound source is active the sound field is almost diffuse. 

 

 

When the sound source is turned off, the sound field becomes non-diffuse. 

 

The green arrow shows the sound field that will disappear very quickly after the sound source is 
turned off (the early part of the decay curve). The red arrow shows the sound field that will create the 
late reflections. If we change the ceiling in this room, we will see a change in the early part of the 
decay-curve. But since we wait until the SPL drop 5 dB when we evaluate reverberation time this 
change will not be shown in the RT-result. See figure 2. 



 

 

 
Figure 2. The different slopes of the decay-curves is shown in the dashed rectangle, top left. 

 
The problem in schools is often high sound levels. RT is a blunt measure and it´s hard for teachers to 
understand. Therefore another measurement is needed. A pedagogic way to describe how different 
surfaces affect the sound levels in the class room is to measure the “room amplification”. This is a kind 
of G, according to ISO 3382-1, but with another reference level. The reference level can be “5 meters 
away from the sound source outdoors on a grass lawn”. This is not a precise measurement since there 
are no standardized grass-lawn. To get a precise descriptor for class rooms it might be better to use 5 
meters away from the sound source in a “free field” instead of 10 meters. Because 5 meters is a normal 
listening-distance in many class rooms. One other useful descriptor is Clarity, C50, according to ISO 
3382-1 [2]. C50 describes the ratio between the early reflections, within 50 ms, and the late reflections, 
after 50 ms. By measuring C50 we don´t miss the early reflections. 
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