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Introduction
This paper summarises the results of new acoustical 
measurements (for both occupied and unoccupied 
conditions) and speech recognition tests in 43 classrooms 
of grade 1, 3 and 6 students [1,2].

Speech and noise levels were measured during a regular 
teaching activity as well as during the speech tests. Room 
acoustics measurements were obtained from impulse 
response measurements for both occupied and unoccupied 
classrooms. The Word Intelligibility by Picture 
Identification (WIPI) test was used to measure speech 
recognition scores for varied signal-to-noise ratio (S/N).

Room Acoustics Measurements
Room acoustics quantities were obtained from impulse 
response measurements in the classrooms. A sine sweep

Oct. band center 

frequency, Hz
125 250 500 1k 2k 4k A-weighted

Occupied

Mean rev. time,s 0.58 0.51 0.45 0.40 0.38 0.39 0.41
S.D. 0.14 0.09 0.10 0.11 0.09 0.08 0.09
Mean C50, dB 5.34 6.39 7.98 9.75 11.12 11.46 10.49
S.D. 3.55 2.76 2.53 3.00 3.09 2.83 2.68

Unoccupied

Mean rev. time,s 0.61 0.53 0.48 0.45 0.43 0.43 0.45
S.D. 0.15 0.10 0.11 0.12 0.12 0.11 0.11
Mean C50, dB 5.20 6.01 7.37 8.32 9.58 9.87 9.13
S.D. 3.71 2.59 2.36 2.90 3.07 2.70 2.63

Table 1: Mean reverberation times and early-to-late
arriving energy ratios (C50) measured in occupied and 
unoccupied classrooms.
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Figure 1. Relation between measured reverberation 
times in occupied and unoccupied classrooms.

signal (covering the 6 octave bands from 125Hz to 4kHz) 
was used to obtain the impulse responses and was 
reproduced by a small loudspeaker with directional 
properties similar to a human talker. The speaker was set 
1.5 m above the floor at the front of the room, where the 
teacher might normally stand. Sound level meters with 
digital wireless transmitters were located 1.2 m above the 
floor at 4 locations in each classroom.

For the unoccupied classrooms, mid-frequency 
reverberation times varied from 0.3 to 0.7 s with a mean of 
0.45s. When the classrooms were occupied, reverberation 
times were decreased by approximately 10% as shown in 
Fig.1. Early decay times indicated similar results. Table 1 
gives mean reverberation time and early-to-late arriving 
sound levels for both occupied and unoccupied conditions.

Measurement of Speech and Noise Levels
It is very important to know the levels of teachers’ voices 
and classroom noises during actual teaching activity as 
well as levels during the speech tests. Distributions of 
recorded levels, at 200 ms intervals, were used to estimate 
separate speech and noise levels [3]. Two normal 
distributions were fitted to each histogram of A-weighted 
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Figure 2. Example distribution o f  sound levels measured 
over 200ms intervals in an active class.
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Figure 3 Relative frequency distributions o f speech and 
noise levels from 28 classrooms.
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levels as illustrated in Fig. 2. One distribution identified 
the noise and the other the teachers’ voice levels.

Fig. 3 presents distributions of the average speech and 
noise levels. Mean speech and noise levels were 59.5dBA 
and 49.1dBA respectively. The corresponding free field 
speech level 1m from the talker was estimated to be 
68.8dBA. The results in Fig. 3 indicate an average S/N 
ratio of about 10 dB. It was estimated that only 2% of the 
cases would satisfy a S/N > 15dBA criteria.

Speech Recognition test Results
The WIPI test was used because it is easy to explain to 
listeners of a wide range of ages. It consists of simple test 
words familiar to 5 year olds, which were presented in the
carrier phrase, “Please mark th e _____now.” The students
responded by placing a sticker on one of 6 pictures to 
indicate the correct word. The students sat at their desks in 
their regular classroom. The tests were carried out in 43 
classrooms evenly distributed among grade 1, grade 3, and 
grade 6 students (6, 8, and 11 year olds). A total of 878 
students were evaluated in 43 classrooms. Each grade 1 
student was tested at 2 different S/N values and the other 
students at 3 different S/N values to give a total of about 
2285 individual speech recognition tests.

The same sound source described above was used to 
reproduce the test sentences. Speech and noise levels were 
measured during each test using the statistical technique 
described above. These levels were used to determine S/N 
ratios for each test at each microphone position. There 
were on average 5 students near each microphone.

Figure 4 shows the mean speech intelligibility scores of 
each group of students associated with a particular 
measurement microphone position. They are plotted versus 
S/N separately for the grades 1, 3 and 6 students. An 
analysis of variance of the scores showed that there were

S/N, dB

Figure 4. Mean speech intelligibility scores versus S/N by 
school grade.

highly significant main effects of student age and S/N as 
well as a significant interaction effect of these 2 
independent variables. That is, although there is 
significant scatter in the results, there are highly significant 
effects related to the age of the listeners. The younger 
children clearly need higher S/N to obtain the same 
intelligibility scores as the older children in these tests. 
The large scatter at lower S/N values is probably indicative 
of how students react to more difficult listening conditions. 
At lower S/N, some students can still do quite well, but 
others more or less give up and get much lower scores.

The performance of the 3 age groups can be compared by 
considering the required S/N for a 95% intelligibility score 
as indicated by the mean trend lines. While grade 6 
students could, on average, achieve 95% correct scores for 
a S/N of +8.5 dB, the grade 3 students required +12.5 dB 
S/N and the grade 1 students +15.5 dB S/N. In this case 
there is a 7 dB difference between the needs of grade 1 and 
grade 6 students. Of course many students score below 
this mean trend. For very high S/N cases (+25 to +30 dB), 
the grade 1 and 3 students scored ~98% correct and the 
grade 6 students ~99.5% correct, indicating that all 
students can do very well on the WIPI test in actual 
classrooms when there is minimal masking noise.

Conclusions
The results clearly show the importance of better 
conditions, with lower noise levels, for younger students. 
However, it will not be obvious to adult listeners that 
younger children cannot understand speech in moderately 
noisy conditions.
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