
I
n 2008, as my main A2 level physics project I
undertook a study to find out how reverberation
time and ambient background noise in the

classroom affect speech intelligibility and under
what conditions the addition of a Soundfield system
improves speech intelligibility. The ultimate aim of
this type of research is the generation of practical
rules that will facilitate the most cost-effective
acoustic treatment of classrooms in order to enable
the best possible teaching, listening, and therefore
learning conditions for the students and teacher.
The concept of Soundfield systems is now well
known throughout the ToD community but less so in
mainstream education. The idea is that the teacher
wears a wireless microphone that transmits the
voice to an amplifier, which then drives one or more
loudspeakers distributed appropriately around the
room. The system does not operate at high volume
like a public address system, but aims to produce
an even level of sound throughout the whole room,
equivalent to or just above the teacher’s natural
voice. This means that all students, wherever they
are seated, should hear equally well and the
teacher should not need to raise his or her voice
significantly in order to be heard.

Many studies in the USA over the last 15 years
have shown that there are significant behavioural
and academic improvements, and less teacher
sickness, in classes where Soundfield systems 
are used. However, there seems to be a dearth of
UK-based studies, although there is an increasing
quantity of anecdotal evidence supporting the
American findings. Few of the studies have
specifically linked the effects of the teaching space
reverberation and background noise to the student
signal-to-noise ratio and speech intelligibility in a
quantified way.

It should be recognised that as an A-level project,
my study was relatively limited by time constraints,
resulting in the thorough testing of only three
classrooms. However, the results are clearly
indicative of the potential benefits of using these
assistive systems.

Reverberation time and background noise are
relatively quick and simple measurements to make.
A useful outcome would be to be able to predict
whether the fitting of a Soundfield system would

improve speech intelligibility or whether it would be
more appropriate to undertake physical acoustic
treatment.

The measurements
All measurements made were according to the
BB93 guidelines and the more specific British
Standard method references called up within BB93.
In all rooms, acoustic parameters were measured 
at eight physical locations where students would
normally sit, especially positions where there were
any sources of local noise. Due to time constraints,
the test sound source was only placed at the normal
teacher position for each classroom. The measured
parameters were:
• Reverberation time at 500Hz, 1kHz and 2kHz

(RT60), averaged to become RTmf

• Background noise (N), A weighted and integrated
over ten minutes (Leq(A), 10min)

• Signal level from the ‘teacher’ (S)
• Speech transmission index (STI) – an industry

accepted measure of speech intelligibility.

The signal source was a powered loudspeaker
facing the students and mounted at the height of a
standing teacher (1.65m). The sounds used were:
• interrupted broadband noise for RT60
• actual recording of a teacher talking 
• complex modulated speech transmission index for

public address signal for STI. 

The use of these signals meant that all tests were
controlled and repeatable. The Soundfield microphone
was the standard IR Classmate collar-worn design
positioned below the loudspeaker as if it were a
mouth. The mean level for the speech tests was 66dB
SPL(A) as per the ANSI Raised Voice Effort @ 1m:
BS EN 60268-16 requirement. The three rooms tested
were chosen to give a typical range of reverberation
times. The hope was that I might be able to see a trend
in the deterioration of STI scores with increasing RTmf.

The measured parameters allowed the plotting of a
number of contour maps, which were overlaid on a plan
of each room. This type of map is good for showing the
variation of signal over an area, although it must be
recognised that the contours are a calculated estimate
between the known values, and that I have chosen not
to show contours outside the measured area since
there is no real data to the edges of the room.
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Do Soundfields work?
Oliver Pont used the Room Acoustics Measurement Kit from Connevans to find

out how a single speaker Soundfield system affected the signal-to-noise ratio

and speech intelligibility in three typical classrooms of his secondary school
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In the full report, plots were produced for signal
attenuation (reduction of teacher’s voice level with
distance), noise level (a ‘noise map’) and STI. Plots
were also produced for the difference between the
signal and the noise, ie SNR.

Due to the length of this article, much of the study
detail has been omitted. STI contour plots are shown
only for one room (20) but the differences between
Soundfield aided and unaided are dramatic for all
three rooms.

Results
Since only three rooms were measured, there is not
enough data to show statistically reliable trends.
However, it is clear that the addition of the Soundfield
system has significantly improved the STI throughout
each room. Bear in mind also that this study only
used a single speaker Soundfield system located at
the back of each classroom even though that may not
be the optimum configuration for the individual rooms.

Conclusion
Figures 1 and 2 show the unaided and aided STI
maps for Room 20. Figure 3 shows the key to
interpreting the maps. Areas of high (low) SNR show
good (poor) STI. The worst unaided scores are
furthest from the teacher or in the vicinity of local
noise sources. The addition of the Soundfield speaker
has clearly improved the intelligibility throughout the
room but especially so at position 2, which is near to
a particularly noisy fan heater.

An important point to note is that the STI scores are
significantly reduced by local noise sources, as could
be expected intuitively. This indicates that the levels of
all local noise sources should be minimised, students
(especially deaf students) should not be seated near
to such noise sources, and/or Soundfield speakers
should be placed in the vicinity of the noise sources 
to minimise the adverse effect of the noise.

The STI and SNR (not shown) plots are quite similar 
to each other and indicate that good SNR should result
in improved STI. Of course, it should be expected that
the highest STI scores achievable would be lower 
in a more reverberant room. Unfortunately, there is
insufficient data to show a clear trend in the reduction
of STI scores with increasing reverberation time. This
may be due to the fact that the local ambient noise
profiles are different in each of the tested rooms.

The results shown in Table 1, for the most reverberant
room tested (12), show a huge improvement to the
SNR and STI, especially at the locations near the
back of the room. This is because the room is so
long. This indicates that an increased number of
distributed speakers would provide a more spatially
even speech intelligibility improvement, ie a multi-
speaker Soundfield system would provide better
performance in a large or reverberant room. Positions
1 and 2 are near the loudspeaker at the back of the
room, position 6 is near to the teacher and positions 
7 and 8 are at the front sides.

Oliver Pont is currently studying for his MEng in Audio
Media Engineering at the University of Surrey. He can
be contacted at op00009@surrey.ac.uk. Alternatively
contact Gareth Pont, Design Director of Connevans
Limited, at gareth@connevans.com. The study was
undertaken at Howard of Effingham School in Surrey.
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Unaided Aided Improvement
Position SNR STI SNR STI SNR STI
1 0.1 0.36 17.9 0.62 17.8 0.25
2 0.4 0.33 17.3 0.63 16.9 0.3
3 9.9 0.42 22 0.53 12.1 0.11
4 10.4 0.42 22.3 0.51 11.9 0.09
5 14.2 0.5 19.1 0.51 4.9 0.01
6 14.6 0.52 20.4 0.54 5.8 0.03
7 11.7 0.55 17.1 0.61 5.4 0.06
8 16.3 0.64 19.5 0.65 3.2 0.02

Table 1: Room 12 data

Figure 1: Room 20 STI unaided

Figure 2: Room 20 STI aided by IR Swift

Figure 3: STI plot key
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