An investigation into the acoustics of an open plan compared to
enclosed Kindergarten classroom
Kiri Trengove MEALINGS1; Jorg M. BUCHHOLZ2; Katherine DEMUTH3; Harvey DILLON4
1,2,3
2,4

Macquarie University, Australia

National Acoustics Laboratories, Australia

ABSTRACT
Open plan classrooms, where several class bases share the same space, have recently re-emerged in Sydney
primary schools. This case study examines the acoustics of a mid-range open plan Kindergarten classroom
containing 91 students, compared to an enclosed classroom of 25 students. Ambient noise levels, intrusive
noise levels, occupied background noise levels, and teacher’s speech levels were recorded in both
classrooms during different activities. Room impulse responses using logarithmic sweeps were also
recorded in each classroom for different teaching scenarios. From these recordings, signal-to-noise ratios,
speech transmission index scores, and reverberation times were calculated. The results revealed much
higher intrusive noise levels in the open plan classroom, resulting in signal-to-noise ratios and speech
transmission index scores to be well below those recommended in classrooms with students of this age.
Reverberation time in the open plan classroom was also outside the recommended level. Additionally,
occupied background noise levels in both classroom types were well above recommended levels. These
results show the importance of further research into the noise levels of open plan classrooms to determine if
they are suitable learning spaces for young students. The impacts of noise on speech perception, learning,
and teacher’s vocal health are discussed.
Keywords: Classroom acoustics, open plan classrooms
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1. INTRODUCTION
Primary school is a child’s first experience of formal learning, preparing them for higher
education and life through literacy, numeracy, and other diverse skills. As the primary modes of
communication in the educational setting are speaking and listening, it is i mportant that the acoustic
environment be conducive for enhancing learning opportunities for young children. On average,
children spend 45-60% of their time at school listening and comprehending, so they need to be able
to discriminate the speech signal from the vast variety of other competing noises present in the
classroom environment (1). Interfering background noises include external noises from outside the
classroom (e.g. traffic and construction work), intruding noises from adjacent rooms and corridors
(e.g. talking and movement), and internal noises from within the classroom (e.g. talking, movement,
and air-conditioning unit and equipment noise). High noise levels result in poor signal-to-noise
ratios (SNRs); a direct measurement of the intensity of the signal (e.g. the teacher’s voice) compared
to the background noise level. In addition, the use of sound reflecting building materials adds
reverberation to both the background noise and the speech signal. The synergistic combination of
noise and reverberation results in masking and distortion of the speech signal, reducing speech
intelligibility (2,3).
Noise generated by other children is the major noise source found in classrooms (4). Noise levels
are reported to be highest in the classrooms of the youngest children (5) which is also the age group
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worst affected (6). High noise levels adversely affect speech perception, cognition, concentration,
and the psychoeducational and psychosocial achievement of the child (2,3,7,8). Children with
hearing impairments, and/or those who have English as a second language, (ESL) are even more
affected by poor classroom acoustics (5,7,9).
Furthermore, it is not only the students who suffer from poor classroom acoustics. While only
5% of the general population experience vocal fatigue, it is experienced by 80% of te achers, putting
them at high risk of vocal abuse and pathological voice conditions from the need to constantly raise
their voice above a comfortable level to be heard (10,11). Noise also raises blood pressure, increases
stress levels, causes headaches, and results in fatigue (7,11,12). Teachers in classrooms with poor
acoustics are more likely to have sick days off work and believe their job contributes to voice and
throat problems (5). These adverse impacts indicate the importance of controlling noise levels for
both teachers and students in the educational setting. However, several American studies have
shown that classroom acoustic environments rarely report favourable listening conditions (8,13).
While it is generally recommended that ambient background noise levels should not exceed 35 dBA,
reverberation times (RTs) should be less than 0.4 s, and SNRs should be greater than +15 dB
(5,7,14,15), many studies have shown that ambient background noise levels reach 60 dBA, SNRs are
between -7 to +5 dB, and RTs range from 0.4 to 1.2 s (2,8,16). In occupied classrooms, student
generated noise creates the highest noise levels measuring between 50-70 dBA (2,15). Particularly
of concern is that despite noise levels already being excessive in traditional enclosed classrooms
with 20-30 children, there is a current trend of replacing these enclosed classrooms with new open
plan ‘flexible learning spaces’. Open plan classrooms are perceived to be less authoritarian, more
secure and ‘home-like’, and allow for a range of activities to be carried out facilitating group work
and social development (17,18). These open plan classrooms can result in up to 200 children sharing
the same area (19). Along with this increase in numbers, an increase in child-generated noise would
be expected. Given there are no acoustic barriers between classes, these noise levels are likely to be
particularly distracting when one class is trying to listen to their teacher while the other classes are
engaged in noisy doing group work activities. A previous study in the UK showed that this intrusive
noise (i.e. the noise from adjacent classes when the main class is empty/quiet) ranges from 47-62
dBA (20). Few studies, however, have compared the acoustics between open plan and enclosed
classrooms, especially in regard to intrusive noise levels. Therefore, the aim of this case study was
to compare the classroom acoustic variables (i.e. RTs, noise levels, SNRs, speech transmission index
scores (STIs)) in an open plan compared to traditional enclosed Australian kindergarten classroom.
It was hypothesised that, due to the larger room volume and increased number of students, the RTs
and noise levels would be higher in the open plan classroom resulting in lower SNRs and STIs.

2. METHOD
2.1 Schools Involved
The participating open plan Sydney school consisted of 91 Kindergarten students grouped
linearly into three classes (K1, K2, K3), with no barriers between them. The number of students in
open plan classrooms in Sydney tends to range between 40-200 students divided into class bases of
20-30 children, hence this classroom represented a mid-range student and class base number. The
room was 37 m by 11 m with a ceiling height of 3.3 m and approximately 6 m between each class
base. The Year 1 and 2 classes were located off an adjacent corridor but had no doors/walls
separating the spaces. The class area was carpeted but the corridor was a hard surface. Windows
were located on both the front and back walls (Figure 1).

Figure 1 – Classroom floor plan of open plan Kindergarten classroom
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The participating enclosed Sydney school consisted of 25 Kindergarten students in a classroo m
with 3 solid walls, a closed concertina wall and a shared store room with the adjacent Kindergarten
class. The room was 8 m by 9 m with a ceiling height of 3 m. The class area was carpeted and
windows were located on both side walls (Figure 2). Primary school classrooms with concertina
walls and/or shared storerooms are typical of those found in the Sydney region.

Figure 2 – Classroom floor plan of enclosed Kindergarten classroom
2.2

Procedure

2.2.1 Classroom Activities
Previous research shows that noise levels in classrooms are dependent on the activity that the
students are engaged in (4,21). For our study we chose two different activities (one representing a
quiet activity and the other a noisy activity) to record the noise levels in:
1) Whole class teaching: This critical listening activity involves the children s itting on the
floor in front of their teacher. During this activity only one person is speaking at a time either the teacher or a child giving an answer.
2) Group work: This activity involves the children sitting at tables or on the floor working
together on tasks. It may also involve children moving around the classroom. During this
activity many people are speaking at the same time.
The proportion of time spent in each of these activities from a survey of the Kindergarten
teachers at the schools involved is shown in Table 1. These proportions are consistent with those
found in previous studies (21).
Table 1 – Teachers' report of proportion of time spent in various classroom activities
Classroom type
Whole class teaching time (%)
Group work time (%)
Open plan
40
40
Enclosed
25
45
2.2.2 Equipment
The microphones used for the study included an omnidirectional DPA dual-ear lapel microphone
and three ½” omnidirectional condenser microphones. The condenser microphones were used for
both noise recordings as well as Room Impulse Response (RIR) measurements, and were calibrated
in diffuse speech-shaped noise using a B&K 2250 sound level meter. The lapel microphone was
used for recording the teacher’s voice and calibrated as described in Section 2.2.5. The microphones
were connected to a RME Quadmic 4-channel microphone preamplifier. A Tannoy VX8 concentrical
loudspeaker connected to a Yamaha AX-350 hifi stereo amplifier was used for measuring the RIRs.
The computer was a standard PC using RME Hammerfall HDSP 9632 internal soundcard inclusive
expansion boards. Adobe Audition software was used for the recordings and MATLAB software was
used for the RIR measurements.
2.2.3 Noise recordings
Noise recordings for four different scenarios were made in the main class base so that levels
could be calculated and compared to acoustical guidelines:
1) Ambient noise levels (ANL): This recording was taken inside the classroom after school
when the classes were completely vacated. It measured the internal and external noise
generated by, for example, air conditioning units and road traffic. The recommended ANL
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for classrooms is < 35 dBA as shown in Table 2.
2) Intrusive noise levels during quiet activities (INL(Q)): This recording was taken when the
main class base was empty and the other class bases were engaged in whole class teaching.
3) Intrusive noise levels during noisy activities (INL(N)): This recording was taken when the
main class base was empty and the other class bases were engaged in group work.
4) Background noise levels (BNL): This recording was taken when the main class base was
occupied and all class bases were engaged in group work. The recommended BNL (hence
INL) for classrooms is < 50 dBA as shown in Table 2.
For each condition, three omnidirectional condenser microphones on stands at 1 m height were
placed around the class area of the main class base. Adobe Audition software wa s used to record the
noise levels at each microphone. Each recording was listened to and any artefacts (such as children
touching or directly speaking into the microphone) were removed.
Table 2 – Recommended values for acoustic parameters in classrooms
Measurement Recommended value
Reference
ANL
< 35 dBA
(22)
BNL, INL < 50 dBA
(23)
SNR
+ 15 dBA
(2)
STI
> 0.75 (for 6-year-olds) (21)
RT
< 0.4-0.5 s (unoccupied) (22)
2.2.4 Room impulse responses and reverberation time
RIRs for three different teaching scenarios were measured in the main class base with 30 s long
logarithmic sweeps using a Tannoy VX8 loudspeaker and three calibrated omnidirectional
microphones. Based on these measurements, RTs and STIs were calculated and compared to the
acoustical guidelines summarized in Table 2. The RIRs were also used to predict the teacher’s voice
levels inside the classrooms as further described in Section 2.2.5. RIRs were recorded for the
following scenarios:
1) Whole class teaching: The loudspeaker at a height of 1.2 m (representing teacher sitting on a
chair in front of students) was placed at the front of the class. Three mic rophones at an
average height of 0.45 m (representing students sitting on the floor) were placed front to
back in front of the loudspeaker.
2) Teacher addressing single table of students: The loudspeaker at a height of 1.5 m
(representing teacher standing in front of students) was placed in front of the table. Three
microphones at an average height of 0.7 m (representing students sitting on the chairs) were
placed around the table.
3) Teacher addressing all tables and students: The loudspeaker at a height of 1.5 m
(representing teacher standing in front of students) was placed at the front of the class.
Three microphones at an average height of 0.7 m (representing students sitting on the
chairs) were placed around different tables.
The unoccupied reverberation time (T30) was derived from the measured RIRs according to ISO
3382-2 (24) using the Odeon software. The T30 was first derived in octave bands and then averaged
across the bands with centre frequencies of 500, 1000, and 2000 Hz. For each scenario the
broadband RT was finally averaged across the three applied microphone locations. The
recommended RT for classrooms is < 0.4-0.5 s as shown in Table 2.
2.2.5 Calculation of teacher’s average speech levels
The teachers of the main class bases had their speech recorded during whole cl ass teaching. An
omnidirectional DPA dual-ear lapel microphone was placed approximately 3 cm from the teacher’s
mouth and recordings were made using Adobe Audition software. These recordings were then
convolved with the measured RIRs for the three teaching scenarios (Section 2.2.4) to estimate
speech levels for each scenario at three listening positions. To remove voice level differences
between teachers, speech levels were predicted by using concatenated and equally long speech
samples from all teachers as input signal. To provide accurate speech level estimates, the involved
equipment and signal processing was calibrated by comparison to a similar recoding performed in an
anechoic chamber at the National Acoustic Laboratories, Austra lian Hearing Hub. Twelve talkers
were recorded using the DPA lapel microphone as well as a calibrated B&K 4134 microphone
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placed 2 m in front of the talkers and attached to a B&K 2610 measurement amplifier. Additionally
the corresponding (anechoic) RIR was measured by replacing the talkers by the same Tannoy VX8
loudspeaker system used in the classroom measurements. By comparing the spectra (and RMS
levels) of the direct speech recording at 2 m distance with the corresponding RIR-based simulation
allowed the derivation of calibration filters that were then applied to the speech recordings and RIR
measurements performed in the different teaching scenarios.
2.2.6 Calculation of SNRs
Average signal-to-noise ratios were derived for the different teaching scenarios between the
teacher’s speech level (in dBA) and the noise levels (also in dBA) described in Section 2.2.3. SNRs
were calculated using the average teacher’s speech levels at the front, middle, and back of the whole
class teaching seating area (as described in Section 2.2.4) and the average noise levels recorded in
the same areas and described in Section 2.2.3. SNRs were obtained for the three noise conditions
that whole class teaching takes place in, i.e. ambient noise, intrusive noise when the other classes
are engaged in quiet activities, and intrusive noise when the other classes are engaged in noisy
activities. The recommended SNR for 6-year-olds is +15 dBA as shown in Table 2.
2.2.7 Calculation of STIs
The speech transmission index provides a guide to how intelligible speech is in a room by
measuring the distortion introduced into the speech transmission channel from the source to the
receiver, taking into account both reverberation and noise (5). The STI is represented on a scale
from 0 to 1, with 0 indicating that no speech would be understood and 1 indicating that all speech
would be understood. We calculated the STIs at the front, middle, and back of the whole class
teaching seating area using the RIRs without noise (to demonstrate the effect of the room’s
reverberation alone), and with the three noise conditions described in Section 2.2.3. STIs were also
calculated using the BNLs when the teacher was addressing a single table of students and when they
were addressing the whole class doing group work at their tables. Recommended STIs are shown in
Table 3 (5). It is important to note, however, that the STI was developed for adults. Given that
children need more favourable listening situations, it is recommended that the STI should always be
> 0.75 for 6-year-olds, as shown in Table 2 (21).
Table 3 – STI categories
STI value
Rating
0.000 – 0.300
Bad
0.301 – 0.450
Poor
0.451 – 0.599
Fair
0.600 – 0.749
Good
0.750 – 1.000
Excellent

3. RESULTS
3.1 Noise levels
The average noise levels for the four different scenarios described in Section 2.2.3 are shown in
Figure 3. As previously stated, the recommended maximum INLs and BNL should be 50 dBA and
the SNR for 6-year-olds should be +15 dBA (see Table 2). Note that although the ANLs are slightly
higher than those recommended in Table 2, the enclosed classroom design keeps the INLs at an
acceptable level. In contrast, for the open plan classroom, the recommended INLs are well
exceeded. The BNLs, however, are well above recommended levels irrespective of the classroom
design. These results show that the BNLs when all children are doing group activities can be
problematic in both classroom types, but enclosed classrooms have the advantage during whole class
teaching of minimizing the intrusive noise from other classes.
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Figure 3 – Recorded noise levels during different scenarios for the open plan and enclosed classrooms
3.2 Reverberation Times
The average unoccupied RTs were calculated in each classroom as described in Section 2.2.4. For
the open plan classroom, the mean RT was 0.7 s (range = 0.6-1 s, SD = 0.1). This is outside of the
recommended RT of 0.4-0.5 s, but is not unusual of RTs found in previous studies of classroom
acoustics (13). The mean RT for the enclosed classroom was 0.5 s, (range = 0, SD = 0) putting it
within the upper limit of the recommended RTs (22).
3.3 Teacher’s average speech levels
The average speech levels for the teachers in both classrooms are summarized in Table 4. These
were used to calculate the SNRs given in Section 3.4. These levels are consistent with the findings
of Sato and Bradly (25).
Table 4 – Teacher’s speech levels for the open plan and enclosed classroom during different activities
Teaching Classroom
Teacher’s speech level (dBA)
Child’s
scenario
type
average
Front
Mid
Back
Mean
SD
Range
distance (m)
Whole
Open Plan
62.0
58.2
55.2
58.5
3.5
55.2-62.0
2.5
class
Enclosed
60.6
60.1
59.0
59.9
0.8
59.0-60.6
2.1
teaching
Teacher
Open Plan
65.4
62.3
59.7
62.5
2.9
59.7-65.4
1.1
addressing Enclosed
61.3
64.1
59.0
61.5
2.6
59.0-64.1
1.4
single table
Teacher
Open Plan
54.7
51.9
53.4
53.4
1.4
51.9-57.4
3.8
addressing Enclosed
56.2
56.8
52.2
55.1
2.5
52.2-56.8
3.8
all tables
3.4 SNRs
The measured SNRs during whole class teaching are summarized in Figure 4 for the three
relevant noise conditions listed in Section 2.2.3. When the ambient noise in the room is the only
noise source, SNRs meet the required criteria for both classroom designs. However, as soon as
intrusive noise from other classes is introduced (even just from quiet activities), the SNRs
dramatically drop well below the recommended level in the open plan classroom. This problem is
further increased when the activities of the other classes changes to noisy group work activities,
resulting in SNRs between +0.8 and -6.1 dBA in the open plan classroom. However, for the enclosed
classroom, the SNRs stay above +15 dBA when the other classes are engaged in quiet activities, and
only drops as far as +12.7 dBA (at the back of the room) when the other classes are engaged in noisy
activities.
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Figure 4 – SNRs by noise condition and child’s seating position for the open plan and enclosed classroom
The measured SNRs when all classes were doing group work activities are shown in Table 5. As
seen in Figure 3, when all classes were engaged in group work acti vities, the BNLs for both the
open plan and enclosed classroom increased to well above those recommended. Table 5 shows that if
the teacher addresses their students using their usual teaching speech level during this activity, the
SNRs are very poor, suggesting little speech would be understood. To achieve SNRs at the
recommended level of +15 dBA, the teacher needs to raise their voice up to 31 dBA higher, which is
equivalent to shouting (26). Constant talking at this level is highly likely to result in vocal health
problems. Therefore it is not practical for teachers to address a whole table or tables, but only a
single student provided they are in very close proximity.
Table 5 – Teacher’s speech parameters when addressing a single table of children and all tables
of children engaged in group work for the open plan and enclosed classroom
Teacher
School
Teacher's
Average
BNL SNR
Required
Amount voice
addressing:
usual
distance
speech level
needs to be
speech level
from
(dBA)
raised by
(dBA)
child (m)
(dBA)
Single table Open Plan
62.5
1.1
67.7
-5.2
82.7*
20.2
Enclosed
61.5
1.4
71.0
-9.6
86.0*
24.6
All tables
Open Plan
53.4
3.8
67.7 -14.3
82.7*
29.3
Enclosed
55.1
3.8
71.0 -16.0
86.0*
31.0
Note: *Equivalent to shouting (26)
3.5 STIs
STIs were calculated for whole class teaching in both classrooms for no noise (which
demonstrates the effect of room reverberation only) and the three other possible noise types that
may be present during this critical listening activity (see Table 6). For the enclosed classroom, the
STI stayed above the recommended score of 0.75 for 6-year-olds for nearly all noise types, and only
just slipped below it (but was still in the “good” range) for the middle and back seating positions
when the other classes were engaged in noisy activities. In contrast, the STI was only at the
acceptable level for the open plan classroom when there was no noise or only ambient noise. As
soon as intrusive noise was introduced, even just from quiet activities, only the children sitting at
the front remained in the “good” range. When the other classes were engaged in noisy activities, the
children seated at the back faced “bad” listening conditions, which is likely to have a major
detrimental effect on their learning. The results of both the SNR and STI measurements strongly
suggest that, at least, the tested open plan classroom is not appropriate for speech communication
because of its high intrusive noise levels.
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Table 6 – STIs for the open plan and enclosed classroom using different noise types
Noise type
Open plan classroom STIs
Enclosed classroom STIs
Front
Mid
Back
Front
Mid
Back
No noise
0.96
0.92
0.90
0.91
0.86
0.85
ANL
0.96
0.92
0.89
0.89
0.84
0.83
INL(Q)
0.65*
0.53**
0.43**
0.88
0.82
0.81
INL(N)
0.52**
0.40**
0.30**
0.77
0.72*
0.70*
Note: *Outside the “excellent” range (recommended for 6-year-olds)
**Outside the “good” range

4. DISCUSSION
The aim of this case study was to examine the acoustics of a mid-range open plan Kindergarten
classroom containing 91 students, compared to an enclosed classroom of 25 students. Recordings of
the teacher’s speech levels as well as Ambient Noise Levels (ANLs), Intrusive Noise Levels (INLs),
Background Noise Levels (BNLs), and RIRs were made during different activities so SNRs, STIs,
and RTs could be calculated and compared across classrooms. It was hypothesised that due to the
larger room volume and increased number of students, the RTs and noise levels would be higher in
the open plan classroom resulting in lower SNRs and STIs.
The major finding of this study was the differences in INLs for the open plan compared to
enclosed classroom. INLs represent the noise heard from the other classes by the main class base
while they are engaged in critical listening activities (i.e. while the class is quietly listening to
instruction from their teacher). For the enclosed classroom, when the adjacent class was doing quiet
activities, the noise levels and hence SNRs and STIs stayed within those levels recommended. Even
when these activities changed to noisier group work activities, the levels were only just outside the
recommended range. However, for the open plan classroom, when the adjacent classes were doing
even only quiet activities, both the SNRs and STIs dropped dramatically to well below those
recommended for this age group, particularly for those children sitting at the back of the class.
These measures continued to drop when the other classes engaged in noisy group work activities,
with the SNRs becoming negative. In this case, the STI score was only 0.3 for children seated at the
back, representing “bad” listening conditions, compared to 0.7 (i.e. “good” listening conditions) for
the same scenario in the enclosed classroom. This is likely to have a major detrimental effect on
children’s learning in open plan classrooms as being able to hear their teacher clearly during critical
listening activities is vital for learning new concepts. Therefore, the results of both the SNR and STI
measurements strongly suggest that open plan classrooms of this size or larger are not appropriate
for speech communication because of their high intrusive noise levels. These results clearly
demonstrate the benefit of having acoustic barriers (i.e. enclosed walls) between classes to minimize
the transmission of intrusive noise from adjacent classes. In addition, the difference between SNRs
and STIs at the front and back of the teaching area indicates the importance of gathering children as
close as possible to the teacher, or using sound field amplification systems in classrooms.
Amplifications systems, however, are not appropriate for open plan classrooms (where the SNR
distance effect is even more apparent) because of their disturbance to other classes. This further
suggests the shortcomings of this type of learning space.
It was interesting to note, however, that while there was a large difference in the INLs between
the two classroom types, the combined BNLs were actually similar in both classrooms. We expected
that because of the greater number of students and high INLs in the open plan classroom, the noise
levels when all classes were engaged in group work activities would be higher than those in the
enclosed classroom as a result of the Lombard effect (27). However, this was not the case, with the
noise levels in the enclosed classroom also reaching well above those recommended. Although these
levels were reached mainly during group work rather than during critical listening activities, t hese
excessive noise levels evident in both classroom types are still a concern. This is not only because
high noise levels increase stress and are thought to adversely affect both the psychoeducational and
psychosocial achievement of the child (2,3,8,25), but also because of the effect they have on the
teacher. During these activities it is common for the teacher to move around helping different
groups. Therefore, to achieve the recommended +15 SNR and be heard, teachers need to raise their
voice up to 31 dBA higher than their comfortable teaching voice. This requires teachers to speak at
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82-86 dBA (at 1m distance) which is equivalent to shouting (26). This makes talking to more than a
single child at a time very difficult. As group activities make up 40-45% of teaching activities,
constant talking at this level is likely to result in vocal abuse and pathological voice conditions as
well as increase the number of sick days taken due to voice and throat problems (5,10,11).
Therefore, it is important that teachers try to control the noise levels in all classrooms, and be
careful not to raise their voice regularly to get the children’s attention. Clapping their hands or using
a bell or other signal can be helpful alternatives to get the children’s attention in these situations.
An analysis of the classroom ANLs revealed slightly higher levels than the recommended
maximum of 35 dBA for the open plan classroom, and even more so for the enclosed classroom
measuring 42 dBA. Nonetheless, the SNRs and STIs using this noise type still met the recommended
levels for Kindergarten classes in both classroom styles. Hence, ambient noise from both internal
and external sources, such as air-conditioning units or road traffic, were minimal enough to be
unlikely to adversely affect children’s speech perception abilities during whole class teaching. They
may however contribute to higher BNLs during group work due to the Lombard effect, so it is still
of interest to minimize these noise sources where possible.
In regard to RTs, the average unoccupied RT for the enclosed classroom was within the upper
recommended limit of 0.5 s, but the average RT for the open plan classroom was outside it at 0.7 s.
This was expected since the area of open plan classrooms is much bigger, leading to longer RTs
(13). However, as the “no noise” STI calculations (which take into account the effect of
reverberation only on speech transmission) were high for both classrooms, it is unlikely that the
reverberation of either of these classrooms has a major effect on speech perception. Installation of
sound-absorbing materials and reducing ceiling height however would still be beneficia l to
minimize RTs and help reduce the impact of noise (28).
The findings of our study provide further evidence for the importance of having optimal listening
conditions in Kindergarten classrooms to enhance children’s access to new concepts. Although this
study only involves one open plan classroom and one enclosed classroom, these results strongly
suggest that open plan classrooms are not appropriate for speech communication because of t heir
high INLs. Hence, further investigation is needed to assess whether open plan classrooms are
appropriate learning spaces for young children. As the layout, building materials, and number of
students in classrooms varies widely, it is essential for future research to be conducted in a wide
range of open plan and enclosed schools. It will also need to assess which designs are appropriate
and what the maximum number of students in an area should be in order to meet the recommended
RTs and noise levels to ensure adequate listening environments in the classroom.

5. CONCLUSIONS
This case study examined the acoustics of a mid-range open plan Kindergarten classroom
containing 91 students, compared to an enclosed classroom of 25 students. The results revealed
much higher INLs in the open plan classroom, resulting in SNRs and STIs to be well below those
recommended in classrooms with students of this age. In contrast, the INLs and associated SNRs
and STIs for the enclosed classroom remained largely within the recommended levels due to the
acoustic barriers between the classes. However, unexpectedly the BNLs in both classroom types
exceeded the recommended levels, requiring teachers to raise their voice well above their
comfortable talking level. These results demonstrate the need to control noise levels in classrooms
particularly during group work, by both teaching methods and acoustic treatment of the classrooms.
Additionally, the high INLs and poor SNR and STI measurements found during critical listening
periods (e.g. whole class teaching) in the open plan classroom strongly suggest that they are not
appropriate learning spaces for young listeners. Future research into the noise levels of open plan
classrooms is needed with a much larger group of classrooms to explore these issues further.

ACKNOWLEDGEMENTS
We thank Mark Seeto, Tobias Weller, Nan Xu, and the Child Language Lab at Macquarie
University for helpful assistance and feedback, and the ARC Centre for Cognition and its Disorders
at Macquarie University for their support of the project.

REFERENCES
1. Rosenberg G, Blake-Rahter P, Heavner J, Allen L, Redmond B, Phillips J, et al. Improving classroom

Inter-noise 2014

Page 9 of 10

Inter-noise 2014

Page 10 of 10

acoustics (ICA): A three year FM sound-field classroom amplification study. J Educ Audiol. 1999;7:8–
28.
2. Crandell CC, Smaldino JJ. Classroom acoustics for children with normal hearing and with hearing
impairment. Lang Speech Hear Serv Sch. 2000;31:362–70.
3. Finitzo-Hieber T, Tillman TW. Room acoustics effects on monosyllabic word discrimination ability for
normal and hearing-impaired children. J Speech Hear Res. 1978 Sep;21(3):440–58.
4. Shield B, Dockrell JE. External and internal noise surveys of London primary schools. J Acoust Soc
Am. 2004;115(2):730–8.
5. MacKenzie DJ, Airey S. Classroom acoustics: A research project (Summary report). Heriot-Watt
University, Edinburgh; 1999.
6. Johnson C. Children’s phoneme identification in reverberation and noise. J Speech, Lang Hear Res.
2000;43:144–57.
7. Shield BM, Greenland EE, Dockrell JE. Noise in open plan classrooms in primary schools: A review.
Noise Heal. 2010;12(49):225–34.
8. American Speech-Language-Hearing Association. Acoustics in Educational Settings: Technical Report.
2005.
9. Nelson PB, Soli S. Acoustical Barriers to Learning: Children at Risk in Every Classroom. Lang Speech
Hear Serv Sch. 2000;31:356–61.
10. Massie R, Dillon H. The impact of sound-field amplification in mainstream cross-cultural classrooms:
Part 2 Teacher and child opinions. Aust J Educ. 2006;50(1):78–95.
11. Anderson K. Kids in noisy classrooms: What does the research really say? J Educ Audiol. 2001;9:21–
33.
12. Evans GW, Lepore SJ. Non-auditory Effects of Noise on Children: A Critical Review. Child Environ.
1993;10(1):42–72.
13. Knecht HA, Nelson PB, Whitelaw GM, Feth LL. Background noise levels and reverberation times in
unoccupied classrooms: Predictions and measurements. Am J Audiol. 2002 Dec;11(2):65–71.
14. American National Standards Institute. Acoustical performance criterea, design requirements, and
guidelines for schools (S12.60-2002). Melville, NY: Author; 2002.
15. Wilson O. Classroom acoustics: A New Zealand perspective. Wellington: The Oticon Foundation; 2002.
16. Finitzo T. Classroom Acoustics. In: Roeser RJ, Downs MP, editors. Auditory disorders in school
children. 2nd ed. New York: Thieme; 1988. p. 221–33.
17. Maclure S. Educational development and school building: Aspects of public policy. Longman Group
Ltd; 1984.
18. Brogden M. Open plan primary schools: Rhetoric and reality. Sch Organ Former Sch Organ.
1983;3(1):27–41.
19. Stevenson A. All in together - 197 students in one room [Internet]. The Sydney Morning Herald. 2011.
Available from: http://www.smh.com.au/national/education/all-in-together--197-students-in-one-room20110605-1fnji.html
20. Greenland E. Acoustics of open plan classrooms in primary schools. Ph.D. thesis, London South Bank
University, London, UK; 2009. p. 1–291.
21. Greenland EE, Shield BM. A survey of acoustic conditions in semi-open plan classrooms in the United
Kingdom. J Acoust Soc Am. 2011 Sep;130(3):1399–410.
22. Australian and New Zealand Standard AS/NZS2107:2000. Acoustics - Recommended design sound
levels and reverberation times for building interiors. 2000.
23. Berg F, Blair J, Benson P. Classroom acoustics: The problem, impact, and solution. Lang Speech Hear
Serv Sch. 1996;27:16–20.
24. ISO 3382-2:2008(E). International Standard: Acoustics – Measurement of room acoustic parameters –
Part 2: Reverberation time in ordinary rooms. 2008.
25. Sato H, Bradley JS. Evaluation of acoustical conditions for speech communication in working
elementary school classrooms. J Acoust Soc Am. 2008 Apr;123(4):2064–77.
26. ANSI S3.5-1997. American National Standard: Methods for calculation of the speech intelligibility
index. 1997.
27. Whitlock JAT, Dodd G. Speech intelligibility in classrooms: Specific acoustical needs for primary
school children. Build Acoust. 2008 Jan 1;15(1):35–47.
28. Siebein GW, Gold MA, Siebein GW, Ermann MG. Ten ways to provide a high-quality acoustical
environment in schools. Lang Speech Hear Serv Sch. 2000;31:376–84.

Inter-noise 2014

Page 10 of 10

