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Abstract

The present study aims to investigate the effects of speaker location on the speech intelligibility in a classroom. In
order to this, acoustic measurements were undertaken in a classroom with three different sound source locations such
as center of front wall (FC), both sides of front wall (FS) and the center of ceiling (CC). SPL, RT, Dsp, RASTI were
measured in the 9 measurement points with same sound power level of sound source and MLS was used as the sound
source signal. Also, subjective listening tests were carried out using Korean language listening materials which were
recorded in an anechoic chamber. The recorded syllables were replayed and recorded again in the classroom with same
sound source at three different locations and listening tests were undertaken to 20 respondents who were asked to write
the comrect syllables which were recorded in the classroom. The results show that higher sound intelligibility (Dso of
47%, RASTI of 0.56) was obtained when sound source was located at the FS. The results also show that high sound
intelligibility was obtained at the area nearby walls.
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l. Introduction language listening materials which were recorded in an anechoic
chamber, And the subjective listening tests were undertaken to

More aural information is transferred in a classroom nowadays ~ investigate the preference of the sound location in the classroom.
as andio-visual facilities are widely used for the education
purpose and many language listening tests have been carried out
in the classrooms. In this situation, the location of the speakers
become important matter since it is presumed to influence the

If. Acoustic Measurements
aural enviro tin the classrooms. Acoustic parameters of speech intelligibility were measured
using an ordinary empty rectangular classroom which has
dimensions as listed in Table 1. The classroom used is a typical
type of the university classroom which accommodates around 50

The present study aims to investigate the effects of speaker
location on the speech intelligibility in an ordinary rectangular
classroom. As a pilot study, computer modeling was carried out
to investigate the acoustic parameters in a classroom which has
three different sound source locations[1]. Acoustic Measurements
were undertaken to compare the acoustic parameters related to

peoples. Most of wall material is cement blocks with painted
mortar and the floor is covered by polished stone. The acoustic
textiles are installed on ceiling with 150mm air cavity under the
concrete slab. The materials applied to each area of the classroom
are listed in Table 2.

Corresponding author: Chan-Hoon Haan {chhaan@chungbul.ac.kr) Acoustic measurements were undertaken in the classroom with
Chungbuk National University Cheongju, 361-763

speech intelligibility with different sound source locations.
Also, Subjective syllable tests were carried out using Korean

three different sound source locations such as center of front wall
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Table 1, Dimension of the classroom,

Length | Width | Height |Floor Area|Surface Area| Volume
107m|77m (275 m| 823 m* | 2627 m* |2076 m°
Table 2. Buikling materials of the classroom.
No, Area Structural material Finishing material
1 Front wall Cement block Blackboard
2 | Left-side wall Cement block Window
3 {Right-side wall Cement block Painted mortar
4 Rear wall Cement block Painted mortar
5 Floor Terrazzo Terrazzo
- 150mm air cavity . .
I A tic textil
6 Ceiling under the concrete slab coustic texties

Clustered speakers

Split speakers

Front Center (FC) Front Side (FS) [ Ceiling Center (CC)

Fig, 1. Expected sound coverage area of sound speakers depending
on the location,
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Fig, 4, Measurement set up for room acoustic parameters,
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(FC), both sides of front wall (FS) and the center of ceiling (CC)
which are widely used as speaker location in the cument
classrooms, Fig.l illustrates the expected coverage of sound
speakers in a classroom depending on the speaker location. The
typical types of speakers in each location are written in the upper
low of the Fig.1.

Acoustic parameters including SPL, RT, Dso, RASTI which
relate with the sound intelligibility were measured in the 9
measurement points with same sound power level of sound
source. ‘The distance among measurement pointé is 2m away
from each other. In each measurement, a set of two loudspeakers
(APL-Sonata 1800 BW) was used as the sound source which is
widely used as the speaker in classrooms. And MLS signal was
used as the sound source signal. In each measurement, 80dB of
sound energy was radiated and the signal was taken by
microphones which were set at the height of I.lm position from
the floor. The measurements were camied out during the night
and the background noise level was 31dB(A). Fig.2 shows the
shape and measurement positions in the classroom. Also, Fig.3
illustrated the speaker seftings in each measurement. Also,
acoustic measurement set-up for room acoustical parameters is
illustrated in Fig4. Sound pressure levels were measured using
B&K 2260 and other acoustic parameters were analyzed using
ETANY ASA-2 audio sound analyzer.

IIl. Results of Acoustic Measurements

'3_1 Sound Pressure Level (SPL)

SPL was analyzed according to the measurement positions and
the adjacency to the walls. SPL of measurement positions 12 &
r5 which are located at the center area of the classroom were
separately analyzed since the SPL was increased at the positions
nearby walls due to the reflected sound energy. Maximum
difference of 1.8dB was occurred between center area and other
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Fig. 5. Average SPL of each source location,



points. Fig.5 shows the average SPL of each sound source
location depending on the measurement positions. It was found
that high SPL values were obtained at the points where direct
sound path is short and that the reflective walls play a role of
increasing SPL value at the area nearby walls.

3.2 Reverberation Time (RT)

Sound definition is inversely affected by the reverberation time.
Reverberation time of the classroom was measured with sound
source at the three different Jocations. The average reverberation
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Table 3, RASTI Ratings,

Quality Score RASTI

Bad {0.30
Poor 030 ~ 045
Fair 045 ~ 060
Good 060 ~ 075

Excellent »0.75

time was plotted as the function of frequency in Fig6. It was
found that reverberation time is generally decreasing with
increasing frequencies. It was shown that reverberation times with
different source location are similar at the frequency above
500Hz. However, maximum difference of 0.25 sec was measured
at the low frequencies among source locations.

3.3 Sound Definition (Dsp) and RASTI

The average sound definition (Ds) of three source locations are
plotted as the function of frequency in Fig.7. It shows, in general,
that the Ds value increases with increasing frequencies. The
highest average value of Ds (47%) was acquired at FS location
while the lowest value of 40% was obtained in FC location. This
is because the average direct distance between the sound source
at FS location and each receiver is shorter than others. Figures 8
& 9 show the average Ds; values of the crosswise row and the
lengthwise row in the classroom respectively.

Fig8 implies that the Dsy value is directly proportional to the
source-receiver distance. And Fig.9 denotes that the Ds, value is
lower at the center line irrespective of sound source location.
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Fig. 11. Devices of the syllable listening test.
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Table 4, Listening Test Material |,
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Fig, 12, Devices of the syllable listening test,
This means that the reflected sound from the both side walls help  comectly through the headphone. Listening tests were

to increase the Dso value in the classroom.

Also, RASTI values of each lengthwise row were illustrated in
Fig.10. As shown in Fig9, RASTI values are lower at the
longitudinal centerline in any sound source locations. In average,
almost similar RASTI values were obtained at each sound source
location in the rage of (.54 to 0.56 which are still lower than the
optimum value of 0.6 in the classroom.

IV. Subjective Listening Test

Subjective listening tests were carried out using Korean
language listening materials which were recorded in an anechoic
chamber, The recorded syllables and sentences were replayed and
recorded agéin in the classroom with same sound source at three
different locations. Using the sound recorded in the classroom,

the_ listening tests were undertaken to 20 respondents who are all
untversity studemts. They were asked to write the heard syllables
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accomplished in the classroom with the background noise level of
27dB(A). Fig.11 shows the set-up of devices used in the syllable
listening tests and the Fig.12 shows the total process of syllable
listening tests.

5 different test materials were used to listening tests and each
test material consists of 10 sheet with 500 syllables. Table 4
shows one of listening test materials used in the present tests.

In average, the correct ratio of syllables tests was almost 60%
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when recorded sound in the classroom was used while 86.4% of
correct ratio was obtained when sound recorded in an anechoic
chamber was used as the listening materials. This implies that
more absorption could improve the sound intelligibility in the
classroom as a functional way.

Fig.13 shows the average score of syllable listening test at each
measurement point. As shown in Fig.13 the scores at the center
position {t5 and r8) are higher than the scores at the other
measurement points on the same crosswise row. It was also
found that the minimum score deviation of subjective syllable test
is 23.1% when FS source location was used. This denotes that
source at FS position gives more stable condition of sound
intelligibility in the classroom.

V. Conclusions

The results show that higher D50 value was obtained when
sound source was located at the both sides of front wall (FS). It
also shows that high sound intelligibility was obtained at the area
nearby walls and low values were found at the center area of the
classroom. This means that reflective side walls help to increase
D50 value. The results also denote that absorptive treatments on
the ceiling and floor improve the sound intefligibility in the
classroom.

It was also found that the little score deviation of subjective
syllable test is acquired with the FS source location. This means
that source at FS position gives more stable and higher speech
intelligibility in the classrooms. Thus, it can be concluded that
split two positions on the front wall is the appropriate sound
source position for speech intelligibility in a classrooim.
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