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Abstract

The acoustic environment of the classroom is deemed significant to enhance the learning quality and the
learning outcomes. Noise exposure levels and reverberation are the main acoustic parameters to consider in
the classroom because it affects speech intelligibility. As a result of the modern teaching methods especially
in the practical faculties. Workgroup activities have become a common tool for learning, it has a higher
noise level than independent work. Therefore, the specialists become face a great challenge to achieve
acoustic comfort in classrooms. In spite of that, in Egypt, acoustic conditions are rarely implemented into
classroom design practice. This study evaluated the acoustic performance of a typical classroom in Badr
University, Egypt in unoccupied condition for four cases. Unoccupied ambient noise level (ANLs) and
reverberation time (RTs) were measured by using Testo 815 device, and Ecotect software. Additionally,
the measurements were compared with the standards and norms. Acoustic treatments using absorbent
materials were suggested by simulation in Ecotect for three cases (four scenarios).

Keywords
Acoustic environment, ambient noise level, reverberation time, Ecotect software, Badr university, Egypt

Introduction

In fact, students spend 45%—75% of their time in schools or universities. 80% of their time
schedule was in classrooms.! Accordingly, the acoustic environment inside the classroom is a
vital issue that must be appropriately designed according to the acoustic standards, as it affects
the performance and cognition of students.? Recently, the initiatives of studying the acoustic
environment inside the classroom by researchers were increased rapidly for many reasons as
such:
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Figure |. Interior shot to the investigated classroom.

e The shift in teaching methodology to be focused on group work, especially in the practical
faculties, and thus, increases the dynamic noise level,?

e The need for natural ventilation to reduce covid-19 infection, where the dependence on the
opened windows and doors for classroom become mandatory to increase the percentage of
fresh air. Therefore, the probability to hear lecturers in contiguous classrooms and outdoor
noise become possible, thus generating more noise sources (background noise),*

e The transition to formative education, the students spend their educational time in different
classrooms according to the types of activities.®

According to these reasons, achieving a good acoustic environment in classrooms becomes a chal-
lenge for specialists in this field. In the same context, achievement of acoustic levels standards and
norms represented in, signal-to-noise ratios (SNRs), unoccupied ambient noise levels (ANLs),
occupied background noise levels (BNLs), and reverberation time (RTs) measurements are required
to obtain a good acoustic environment in classrooms.® In addition, these standards levels differ
with respect to many factors, including the student’s age,’ the condition of the classroom (open or
enclosed-unoccupied or occupied), and the student’s hearing ability (normal or with hearing
impairments).® Similarly, finishing materials (absorbent or reflective) affect interior acoustic
design efficiency.’ This study was initiated to assess the unoccupied ambient noise level (ANLs)
and reverberation time (RTs) in a typical classroom at Badr University; as illustrated in Figure 1.
Next, suggest acoustic treatments using Ecotect software for three cases (four scenarios).

Background

A good acoustic environment is described as a multidisciplinary-task.' In addition, it was men-
tioned that it could help space users to live and follow their outdoor environment, adapt to the daily
variables,!! and protect them from noise.

Acoustics in classrooms-brief from examined literature

Based on the previous literature, Zhou et al.'? stated that the acoustic environment is important.
They further added that soundscape is not always intentionally designed to obtain accurate listen-
ing. They estimated acoustic environmental properties by virtual reality “VR.” In addition,
Christensen et al.'3 investigated a short-term relation between multi-dimensional acoustic proper-
ties of surrounding sounds and well-being. Likewise, Kang et al.'* reported three studies about
acoustic environment changes and its perception due to the lockdown of COVID-19. The first
study results revealed that the sound level decreases depending on the urban setting type, while the
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Table I. Acoustic recommendations for classrooms with age (+12).

Signal-to-noise ratios (SNRs) +15to +20dB
Unoccupied ambient noise level (ANLs) 4045 dBA
Occupied background noise level (BNLs) 50-56 dBA
Reverberation times (RTs) unoccupied 0.3-0.6s
Speech transmission index scores (STlIs) 0.6-0.75

second study surveyed data pre-lockdown to predict how lockdown soundscapes would be experi-
enced and the third reported noise complaints in London, where the results from the three studies
demonstrated that reduced urban activity reduces the sound level in urban spaces.

The scrutinized literature indicated that many researchers are involved in the investigation of
acoustics in classrooms. Siebein'® observed classrooms in Florida in order to investigate the class-
room infrastructure on children’s speech perception, where he conducted 120 computer models in
virtual classrooms. He recommended the importance of selecting AC system to minimize interfer-
ence with listening. Moreover, Klatte et al.'® analyzed the impacts of classroom echo on reading
ability. Their study was conducted on school second graders, where they collected questionnaire
data from 487 children from 21 classrooms. Their results underlined the importance of good acous-
tical conditions in elementary school classrooms.

The effect of noise and reverberation on classrooms

The classroom is an environment for communication between lecturer and students through direct
interaction (hearing and speaking) to achieve learning outcomes.!” Therefore, it is important for
teaching and learning. In fact, “Speech intelligibility”!® is a critical constraint for assessing the
acoustic environment of the classroom. A bad vocal environment (high noise and reflective sound)
affects both lecturer and student performance and efficiency.!® For instance, it makes conversation
reception hardener. Also, more concentration from students will be required, which causes mental
fatigue among students, and increase the complexity level of the tasks.?’ Furthermore, noise also
affects the educational process whether dynamic or background, indoor or outdoor noise. It influ-
ences the short-term memory of the students,?' decreases the working memory performance by
10% in the attendance of four speakers in bubble noise,?? and affects task cognitive performance of
the students whatever the age, gender, or native language.?

Classroom acoustic standards and recommendations were mentioned in local and international
codes, academic papers, and empirical studies that evaluate noise and reverberation in classrooms. The
permitted acoustic parameters (noise and reverberation) values have a high degree of diversity between
countries. For instance, in UK,?* for unoccupied existing classrooms, the maximum accepted ambient
noise level (ANLs) of 40dBA, and the maximum reverberation times (RTs) of 0.7s. In Egypt, the
Egyptian environmental affairs agency (EEAA) determined the maximum (ANLs) of 40dBA, and the
maximum reverberation times (RTs) of 0.8 s. In the same context, Mealings®® summarize the acoustic
conditions from research conducted in 15 countries and from codes, then provide recommendations on
what is acceptable for typically developing students with age (+12) as illustrated in Table 1.

Acoustic solutions for classrooms: Materials and location

Surface material, size, location, and shape play a critical role in accomplishing a good acoustics
environment in the classroom. A variety of Acoustic Problems can occur as a result of bad acoustic
treatments for the classroom surfaces (walls, ceiling, floors, and curtains).2® The problems that may
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be heard for instance; the classroom is too loud, boomy, and bass-heavy; flutters, echoes, and fre-
quency anomalies; the difficulty hearing due to dead spots, hot spots, and excess reverberation.?’

More specifically, square rooms are the nastiest for standing wave problems and echo. Also, the
flat reflective materials on walls and ceiling such as: bricks, glass, concrete, plastic painting, and
ceramic tiles affect increasing echo and standing wave problems.?® Therefore, adding a combina-
tion of absorbent and diffusive treatments for classrooms to minimize reflective and parallel paths
can enhance Speech intelligibility and reduce the reverberation time RTs.?’

Accordingly, the use of heavy curtains in the front of the glass windows, hush absorber or fabric
wrapped-dense fiberglass wall panels, and acoustic ceiling tiles are some of the most common
popular absorptive treatments to eliminate echo and reverberation time.*° Similarly, diffusive treat-
ments such as two-dimensional diffusers can improve the overall listening environment.*' These
treatments are adequate for improving the acoustic environment for existing classrooms through
economic price, fast installation, and decorative effects as illustrated in Figures 2 and 3.

The optimal locations of the absorbing and diffusive materials were discussed deeply in the
literature. For instance: (a) Adding absorptive material at the rear wall and ceiling could enhance
the speech intelligibility,3? (b) The most efficient location in the case of the low sound diffusion is
the upper part of the side and back walls,** (c) Applying absorptive material in the reflective area
on the ceiling and on the upper and middle area of the side walls improve listening conditions and
results in a good acoustical uniformity for the classroom,* (d) It is appreciated to include diffusers
in the classroom treatments to avoid the negative effect of the excessive absorption on the speech
level.

Methodology

This research aims to evaluate the acoustic quality of a typical classroom at Badr university by
measuring unoccupied ambient noise level (ANLs) and reverberation time (RTs) in unoccupied
condition. Then proposing alternative acoustic treatments to achieve the acoustic standards through
three cases using the Ecotect software and Testo 815 device. In the same context, this research has
been performed in three phases as illustrated in Figure 4 and as discussed below.

First, based on the previous studies, and by using inductive method. The research investigated
the importance of achieving a good acoustic environment in classrooms and how the noise and
reverberation affect the learning process and speech intelligibility. In addition, acoustic standards
and principles for classroom design are summarized. Acoustic solutions for classrooms are also
examined whether absorbent or diffusive materials, and their locations to accomplish the standards
and the best performance. Were, it will be part of the input data for the classroom simulation.

In the second phase, is based on the experiment procedure and by using Testo 815 device. unoc-
cupied ambient noise levels (ANLs) are acquired for an unoccupied typical classroom. Seven
measurement points are distributed in the classroom as shown in Table 2. The experiment was
conducted and data were assembled in a single day to maintain the environmental conditions (tem-
perature and humidity). Four cases were inspected as follows:

(C1) Opened classroom (completely open),

(C2) Semi opened classroom (one leaf of the middle window opened + one door opened),
(C3) Enclosed classroom without HVAC & open curtains,

(C4) Enclosed classroom without HVAC & closed curtains.

The seven points measurements were assembled and the average was calculated. That was repli-
cated for the four cases.
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Figure 3. Diffusive treatment panels.

The third phase, is based on classroom simulation by using Ecotect software, and by using ana-
lytical method. The classroom description and characteristics represented in classroom dimension,
finishing materials for walls, floor, ceiling, curtains, windows, doors, and furniture were described.
The noise reduction coefficient (NRC) for each characteristic was determined as listed in Table 3. A
voice source 500 Hz was placed in the lecturer location at 1.3 Hight, and (NRC) values were entered
into the software. Two simulation trials were carried out to compare the RT, , and RT, before
and after modifying the acoustic treatments.

The first simulation was performed to evaluate the current situation for the four cases mentioned
above and to identify the acoustic problems as illustrated in Table 4. The second simulation was
carried out for three cases after modifying the acoustic treatments. The open classroom (com-
pletely opened) case was excluded. The three cases were described in Table 5 and summarized as
follows:

avr’ 0.5-500Hz

e Semi opened classroom (one leaf of the middle window opened + one door opened). Three
fabric wrapped-dense fiberglass wall panels (W80cm X H160cm, 5cm thickness,
NRC=0.9), one fabric wrapped-dense fiberglass wall panel (W80cm X H320cm, 5Scm
thickness, NRC=0.9), and heavy curtains (NRC=0.6) were modified and as illustrated in
Figure 5(a).

e Enclosed classroom without HVAC & open curtains. Three fabric wrapped-dense fiberglass
wall panels (W80cm X H160cm, 5cm thickness, NRC=0.9), one fabric wrapped-dense
fiberglass wall panel (W80 cm X H320 cm, 5 cm thickness, NRC=0.9) were modified and as
illustrated in Figure 5(b).

e Enclosed classroom without HVAC & closed curtains. Two sceneries for this case were
conducted. The first scenario; Three fabric wrapped-dense fiberglass wall panels
(W80cm X H160cm, 5Scm thickness, NRC=0.9), one fabric wrapped-dense fiberglass
wall panel (W80 cm X H320 c¢m, 5 cm thickness, NRC=0.9), and heavy curtains (NRC =0.6)
were modified and as illustrated in Figure 5(c). The second scenario; the same scenario
one, and acoustic ceiling (NRC=0.8) were modified and as illustrated in Figure 5(d).
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Table 2. Distribution of the measuring points.

Measuring points

Measuring tool

Reasons for determining the measurement points

Po.l Testo 815

Po.2
Po.3 &5

Po.4
Po.6 &7

Point | is the lecturer location.

Point 2 is the closest source to students.
Point 3 and 5 are points close to side wall as a

measure of reflection or absorption.

Point 4 is in the middle of the classroom.
Point 6&7 are at the back to measure the outside

noise.

Table 3. Classroom description and characteristics.

Classroom dimension

Classroom capacity

9.6mW X 10mLX35H.

24 students (four rows & six columns).

Item Description *NRC3637
Walls Bricks, plaster, and Plastic paint. 0.02
Ceiling False ceiling gypsum board tiles 0.03

(60 X 60 cm)/9 mm thickness.
Flooring Ceramic tiles. 0.01
Windows Three Aluminum windows with single glass 0.18

6 mm — sliding type.
Doors Wooden door (two leaves thickness 5cm). 0.06
Curtains Light and thin linen fabric curtains. 0.04
Furniture Wooden boards 0.80m W X 1.20m L 0.17

*NRC values in 500 Hz octave band.
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Table 6. Noise (ANLs/dBA) measurements.

Unoccupied classroom

Measuring criteria ANLs/dBA (each point and average)

Po.l Po.2 Po3 Po4 Po.5 Po.6 Po7 Av.

Cl  Opened classroom (completely open) 57.6 574 54 534 564 565 52 553

C2  Semi opened classroom (half 56 552 535 50.I 547 56 51.5 538
window + one door opened)

C3  Enclosed classroom without HVAC & 53.0 504 494 475 514 494 475 498
open curtains

C4  Enclosed classroom without HVAC & 52 482 485 450 439 45 44.6 46.7
closed curtains

Average of each point 545 528 5135 49 51.6 51.7 489

The RT,,, (Sabin, Eyring, and Norris) were calculated by the Ecotect software before and after
modifying the acoustic treatments. RT 5 .y, (Sabin value) selected because it was more common
and suitable for use.

Result

The acoustic measurements were undertaken in the classroom in an unoccupied condition.
Unoccupied ambient noise level (ANLs) was measured during the normal teaching hours, includ-
ing external environmental noise and building service noise. The results for the four cases were
summarized in Table 6 and as shown in Figure 6. Similarly, the reverberation (RT, , and RT
soon,) Were acquired by Ecotect software before and after modifying the acoustic treatments. The
room finishing and normal furniture were taken into consideration. The results for the cases were
illustrated in Table 7.

From Table 6 for unoccupied ambient noise level (ANLs). It can be seen that there was a signifi-
cant variation in the average (ANLs) measurements. It varied from 55.3 dBA in the opened class-
room (Cl) to 46.7dBA in the enclosed classroom without HVAC & closed curtains (C4).
Noteworthy, it didn’t meet the standards. In addition, point4 (Po.4) in the middle of the classroom
(ANLs) measurements ranged from 53.4dBA in (C1) to 45.0 in (C4). It recorded the lowest values
among the seven points. It can be noticed also that (Po.1) in the front (near the doors), and (Po.6)
in the back (near the windows and the reflective sidewall) achieved the highest measurements.

From Table 7 for the reverberation (RT,, , and RT; ,,,.). RT, measurements before treat-
ments ranged from 3.14 to 0.97s, and RT, 5 5.y, ranged from 3.16 to 0.95s. Furthermore, RT
measurements after treatments ranged from 0.57 to 0.37s, and RT 5 4., ranged from 0.62 to
0.50s. Substantially, the acoustic treatments (absorbent materials) greatly affected both RT, and
RT, 5 5o, values. The enclosed classroom without HVAC & closed curtains (C4) whether (Scl) or
(Sc2) achieved optimal values and it met the standard requirements.

Analysis and discussion

In the university classrooms, the noise control is the main problem.*® Furthermore, the older stu-
dents in universities classrooms generate less noise than the students in elementary schools.*
Regarding the RT_ , and RT ; s, measurements by Ecotect software before adding any acoustic

avr?
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Figure 6. The measurements of the four cases (the seven points and average).

Table 7. Reverberation time (RT,, and RT (..,,,) Mmeasurements.

Cases Before After
RTavr RTO.S-SOOHZ RTavr RTO.S-SOOHZ

Cl Opened classroom (completely open)  3.14 3.16 Excluded

C2 Semi opened classroom (half window 2.4 2.00 0.57 0.62
opened + one door opened)

C3 Enclosed classroom without HYAC &  1.03 0.99 0.63 0.66
open curtains

C4 Enclosed classroom without HYAC &  0.97 0.95 Scl 0.54 0.60
closed curtains Sc2 0.37 0.50

treatments in unoccupied condition, and according to the classroom description and characteristics
as illustrated in Tables 3 and 4. This classroom therefore is considered a reflective classroom.*
From this point of view, absorbent treatments were added at the mentioned locations above in
Figure 5. It was placed according to the locations discussed in the literature.

The semi opened classroom (one leaf of the middle window opened + one door opened) (C2).
RT, ., and RT; .y, Were 0.57 and 0.62s after adding the absorbent treatments, they met the
standards. Although, one leaf of the middle window opened, the heavy curtains in the other win-
dows absorbed a large amount of the background noise which occurred from the outside and the
Echo from inside. In fact, the authors include this case in the second simulation to evaluate the
classroom acoustic environment, in case providing natural ventilation is required for the student
health, especially with Covid-19 pandemic.*!

The enclosed classroom without HVAC & open curtains, (C3). RT, , and RT 5 5., Were 0.63
and 0.66s after adding the absorbent treatments, they met the standards. Natural lighting can be
provided in this case if it required, without effect in the classroom acoustic environment.

The enclosed classroom without HVAC & closed curtains, (C4- Scl). RT, , and RT s sp,
were 0.54 and 0.60s after adding the absorbent treatments, they met the standards. This case pro-
vides an economic solution for the classroom and achieving the standards, but not the optimum.
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In (C4- Sc2) RT,, , and RT 5, Were 0.37 and 0.50 s after adding the absorbent treatments, they
met the standards. This scenario demonstrates how the acoustic ceiling treatment has a great
effect on the RTs values. This scenario is the optimal solution for the classroom, but too expen-
sive. Indeed, all cases RTs become meet standard value. From another perspective, a study con-
ducted at Kangwon National University (KNU), Korea, indicated that RTs values decreased when
occupants were added specially in the reflective classrooms.*? that means in occupied classroom
condition, the RTs will be better than the concluded values from the simulation.

The authors excluded (C1) in the second simulation because this case did not occur in reality,
especially when the classroom is occupied with students. But it was discussed in the first simula-
tion to demonstrate the effect of the background noise on the RTs values. Notably, The RTs values
were extremely higher than standards and norms.

As regards the (ANLs) measurements, (C3) and (C4) results were 49.8 and 46.7dBA. it is
slightly higher than the standards but it can be accepted after the acoustic treatments. Noteworthy,
the building envelope specially the windows, it plays a major role in eliminating the noise level.**
Adding double glass for the back windows for (C3) and (C4) will decrease the background noise
and increase the speech intelligibility level. Where the use of double glass window composed of
two glass panes each in 6 mm thickness and separated by an air gap between 10 and 12 mm. That
can provide strong acoustic insulation.** Also, it may enhance (ANLs) value for (C2).

Conclusion

Providing a good acoustic environment in the educational institutes whether schools or univer-
sities is an important issue for enhancing the education quality and facilitate a better learning.
The study sought to clarify the great effect of ambient noise levels (ANLs) and the reverbera-
tion time (RT) on the acoustic design for the classrooms and discussed the acceptable stand-
ards for these acoustic parameters. Additionally, the study showed the acoustic solutions for
classrooms through the absorbent and diffusive panels, and the best location to place these
panels in the classrooms. Furthermore, the findings of the measurements for (ANLs) by Testo
815, and (RTs) by Ecotect software for the Badr classroom showed that they did not meet the
standards. Noteworthy, the study recommended acoustic absorbent treatments for the class-
room in three cases by simulation. The optimum solution was by using three fabric wrapped-
dense fiberglass wall panels (W80cm X H160cm, 5cm thickness, NRC=0.9), one fabric
wrapped-dense fiberglass wall panel (W80 cm X H320 cm, 5 cm thickness, NRC=0.9), heavy
curtains (NRC=0.6), and acoustic ceiling (NRC=0.8). the result for RT, , and RT s 5,ou,
were 0.37 and 0.50s after adding the absorbent treatments, they met the standards. Similarly,
the study demonstrated the importance of the building envelope specially the windows for
enhancing the (ANLs), and suggested to use of double glass windows composed of two glass
panes each in 6 mm thickness and separated by an air gap between 10 and 12 mm, that will
provide strong acoustic insulation. In this regard, the method applied for this case study can
be used to evaluate and enhance the acoustic conditions for all the university spaces. Finally,
this study will be the first contribution to Badr university, and future studies will be conducted
to evaluate the acoustic conditions of the existing university buildings, and suggest a group of
recommendations for renovation.
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