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ABSTRACT 
With the objective of studying an acceptable reverberation time range from the point of view of the students 

satisfation with the acoustic quality of classrooms, acoustic measurements were carried out in classrooms of 

Brazilian schools located in the metropolitan area of Greater São Paulo. Questionnaires were administered to 

the sudents of those classrooms in which the measurements took place in order to assesss the occupants 

satisfaction with the rooms. The results determined by the students indicate that the classical limits are more 

conservative and tend to value "drier" rooms (with lower reverberation times) even when furnished and 

unoccupied. However, more "lively" rooms (with greater reverberation times) were also considered 

satisfactory by the users of this research. 
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1. INTRODUCTION 

In the school building, the performance of the students can be impaired by poor environmental conditions of 

the building and by the frequent poor acoustical conditions of the speech transmission and perception. 

Around speech, much of the educational activity within the classroom is revolved. According to DFES 

(2003), for 80% of all the classroom activities, listening and speaking are required. Therefore, it is important 

that effective communication of spoken language is allowed by the acoustic characteristic of the classroom. 

The design of a classroom should consider not only the external noise, the location of the building 

and its parts on a site, the acoustic performance of walls, windows and doors; but also the acoustic quality of 

the classrooms, taking into account the level and reverberation of the sound inside of it. 

Post-occupacy evaluations have been performed in Brazilian schools (FRANÇA, 2011; ORNSTEIN, 

ONO, 2010; MONTEIRO, 2009; FERREIRA et al., 2006; ELALI, 2002) showing that the environmental 

comfort aspect, along with others, should present optimal performance conditions for a good learning 

experience. Nevertheless, those post-occupancy evaluations did not consider the aspects of acoustic 

reverberation inside the classrooms. 

There are many acoustic descriptors such as EDT, STI, BR, Ts, and D50 applied to evaluate the 

acoustic quality of spaces, and some of them are usually more considered when the understanding of the 

spoken message is fundamental, as discussed by Ikeda (2019). The present research focused on the 

reverberation time parameter. It is generally considered the most important acoustic parameter that defines 

the acoustic climate of a room. The reverberation time is the time (in seconds) the sound of a source 

decreases its level by 60 dB after it has stopped. A decrease of 60 dB represents a reduction of 1/1,000,000 

of the original sound intensity (CRANDELL and SMALDINO, 2000). 

The limits established by the standard NBR 12179 (1992) range from from 0.4 s to 0.6 s, for 500 Hz. 

The ones established by France (apud Zannin et al., 2013) range from 0.4 s to 0.8 s (arithmetic mean between 

500 Hz, 1000 Hz and 2000 Hz), by  Fukuchi and Ueno (2003) the ideal reverberation time is of 0.6 s 

(arithmetic mean between 500 Hz and 1000 Hz), by ANSI S 12.60 (2010) of 0.6 s (arithmetic mean between 

500 Hz, 1000 Hz and 2000 Hz), and by Great Britain Department of Education and Skills (2015) of 0.6 s 

(arithmetic mean between 500 Hz, 1000 Hz and 2000 Hz). This research intended to review the reverberation 

time operating range, in which the students were satisfied with the acoustic quality of classrooms, and detail 

it by frequency band. 

The just-noticeable difference (JND) that is the amount that must be changed so that there is a 

noticeable difference was used to evaluate the differences of values from one octave band to another. For the 

reverberation time the JND is a relative difference of 5% (Bork, 2000) and (Bradley, 1986) apud ODEON 

A/S (2018). 

 

2. OBJECTIVE 

Study the reverberation time by frequency range in classrooms as well as evaluate if those existing ranges are 

conservative. 
 

3. METHOD 

For this study, 35 schools were contacted and 5 of them allowed the conduction of the research. They are 

located in the metropolitan area of São Paulo, known as Greater São Paulo. Most of them are private schools 

with subsidized education. The schools began their operation from 1962 to 2013.The classrooms analyzed in 

these schools are those used by students in the 8th and 9th years of elementary school and 1st, 2nd and 3rd 

years of high school, ages ranging from 12 to 19 years old. These classes were chosen, since it was 

expectated better understanding of the questions of the questionnaires by this age group than the ones by 

younger students. 

As for external noise, there were schools located in quieter areas and schools located in more 

urbanized areas that suffer more influence of the traffic noise. In these schools, the 32 classrooms considered 

in this study are either located on both sides of the corridor, as illustrated in Figure 1, or on just one side of 

the corridor, as illustrated in Figure 2. Classrooms located on both sides of the corridor set the direct path of 

the sound generated from one room to another and classrooms located on just one side of the corridor are an 

advantage in acoustic terms, because they make it more difficult the transmission of noise from one room to 

another, creating longer paths to be covered by the direct sound.  
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Figure 1 – Classrooms on both sides of the corridor 

 

Figure 2 – Classrooms on one side of the corridor 

The classrooms considered had glass or wooden doors and windows in metal or wooden frames with 

float glass. The tables had metal tubular structure and wooden composite top finished with melamine 

material. The chairs had metal tubular structure and its back and seat with plastic material or wooden 

composite finished with melamine. The ceiling was composed of painted slabs, plaster or mineral tiles. An 

example of one of those classrooms is illustrated in Figure 3. The materials that compose these classrooms 

were generally poorly absorbing: painted mansory walls, glass on windows and doors, stone flooring, 

furniture in plastic or melamine composite. The most absorbent materials that could be found in these rooms 

were curtains, and mineral tiles. 

 

 
Figure 3 – View of one of the classrooms considered in this study 

 

Post-Occupancy Evaluation methods were adopted to obtain qualitative data with the use of 

questionnaires for the students; and quantitative data with the use of acoustic measurements made in the 

rooms in which the questionnaires were applied. As the research involved data collection from individuals 

(high school and middle school students), the research project was submitted to the Research Ethics 

Committee to ensure the safety and protection of the participants' rights.  
 

3.1. Acoustic measurements 
The method chosen for the acoustic measurements was the impulse response technique. Using a known 

excitation signal, a sine sweep, the behavior of the sound field inside the classroom was analyzed. The signal 

was produced by the software Dirac. The sine sweep signal passes through all frequencies continuously so 

that the system is excited sequentially in each of them (BERTOLI and GOMES, 2005). The logarithmic sine 
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sweep in which the frequency increase is given by the same octave fraction at each fixed time interval, ie, the 

spectrum declines by 3 dB / octave was used so that every octave contains the same energy (MÜLLER and 

MASSARANI, 2002). 

The acoustic measurements were made in unoccupied furnished rooms, with two configurations: all 

windows and curtains closed; and all windows closed and curtains open. In each room, there were 9 

microphone positions. 

 

The measurement system, illustrated by Figure 4, was composed by: 

▪ ½" pre-polarized diffuse field microphone; 

▪ ½" preamplifier; 

▪ 1-channel power supply with indication of overload and gain adjustment; 

▪ omnidirectional sound source that meets the requirements of ISO 3382-1: 2009; 

▪ power amplifier; 

▪ portable computer with Dirac software installed for the generation of the excitation signal and 

data acquisition; 

▪ external sound card with 192kHz, 24-bit conversion, with a frequency response of 20Hz to 

20kHz.  

 

 

Figure 4 – Measurement system 

 

3.2. Questionnaires 
The questionnaire is a tool used to collect information from a large number of people, about pre-established 

and well-defined topics, to which the same questions are asked to all members of the group of people, and 

their answers are statistically treated for analysis (ELLIS, 2014). In the Post-Occupancy Evaluation, its 

application is a way of collecting data on users' opinions and satisfaction regarding the various aspects of the 

use and occupation of the built environment. 

   Based on the response scales of standards ISO 28802 (2012), ISO 10551 (1995) and the 

questionnaire of the work "Design for educationally appropriate acoustic characteristics in open plan 

schools" by Charlton Smith Partnership (2005), a new questionnaire was elaborated for the evaluation of the 

school environment with focus on the acoustic comfort sensation in classrooms for students. The 

questionnaires did not start directly focusing on the "acoustic" theme. They began with a more general 

question to make the respondents aware of the topics of their greatest attention, among them, ergonomics, 

thermal, lighting and acoustic comfort. Then the questions lead the student to evaluate the outdoor spaces of 

their classrooms, following this sequence: schoolyard, sports court, corridors, classrooms and region next to 

their desks. For the questionnaire to be considered valid, the student should indicate the position he occupied 

in the room, making it possible, in this way, to correlate his evaluation with the acoustic parameters 

measured in the position occupied by him.  

The questionnaire was pre-tested in one group of middle school students and two groups of graduate 

students. Through the feedback received in the pre-test and in the light of scientific articles related to the use 

of questionnaires in research, a critical analysis was performed to discuss the criteria used to elaborate 

questions, as well as to make improvements in the developed questionnaire. More details of the questionnaire 

can be found at Ikeda, Ono and Vittorino (2016). 
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3.3. Procedure for the definition of limit values 
The values were selected from the answers given by respondents who indicated satisfaction with the acoustic 

quality of the indoor environment. In order to identify the respondents satisfied with the acoustic 

environment, four questions were made. 

• Does noise in this classroom prevent you from hearing the teacher well? 

• Does noise in this classroom prevent the teacher from listening to the students? 

• Noise generated inside this classroom (people, fans …)  

• Noise from outside the classroom (vehicles, sports activities, playground …)  

The indication of satisfaction was for those respondents who answered the most favorable alternatives. 

For the determination of the reverberation time values by frequency range, the ones that comprised 5% of 

occurrence of the minimum values and 5% of occurrence of the maximum values were discarded so that the 

values considered were in the range of 90% of occurrence.  The intention was to discard values that could 

have been disturbed by random phenomena that occurred during the measurements.  

 

4. RESULTS 

The total number of respondents in these schools was 155 students. It should be emphasized that the type of 

questionnaire here is the one that the respondent answered autonomously without the support of an 

interviewer.  

The questionnaires were answered by almost the same proportions of boys (44% of the respondents) 

and girls (46% of the respondents). The remaining 10% did not declare their gender. "Noisy" was one of the 

most used adjectives to describe the school building as a whole, as illustrated in Figure 5. The students were 

able to read the main environmental aspects of the school and it is estimated that this process conducted the 

attention of the students for the following questions focused in acoustics. 

 

 
Figure 5 – Words that describe the school building as a whole 

The answeres “students would like it to remain unchanged” and “students would like it to be a little 

quieter” were considered as answers signalling satisfaction. As illustrated in Figures 6, 80% of the students 

were satisfied with the acoustics of the schoolyard. As for the sports court, according to Figure 7, most of the 

students (92%) were satisfied with its acoustics. As for the school corridors, as illustrated in Figure 8, almost 

2/3 of the students (62%) were satisfied with their acoustics. As for classrooms, according to Figure 9, 

almost half of the respondents (46%) were satisfied with their acoustics. Regarding the region next to each 

respondent's desk, 74% of the students were satisfied with its acoustics, as illustrated in Figure 10. 

 
Figure 6 – Schoolyard 

 

Figure 7 – Sports court 

 

Figure 8 – Corridors 

 

Figure 9 – Classrooms 
 

 Figure 10 – Near the 

student’s desks 
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As illustrated in Figures 11 to 14, for most of the students, noise makes them lose concentration (83% 

of respondents), it makes activities more difficult to do (76% of the respondents), it does not help to perform 

activities better (88% of respondents), and it does not help to cover up distractions (79% of respondents). 

And as illustrated in Figures 15 and 16, for most of the students (58% of the respondents), noise sometimes 

prevents them from listening to the teacher. The teacher is prevented from listening to the students because 

of the noise all the time, sometimes to 47% of respondents; and often for 36% of respondents. 

 

 
Figure 11 – Noise makes 

students lose concentration 

 
Figure 12 – Noise makes 

activities more difficult to do 

 
Figure 13 – Noise helps to 

perform activities better 

 
Figure 14 – Noise helps to 

cover up distractions 

 

 
 

 

 
Figure 15 – Noise prevents students from 

listening to the teacher 

 
Figure 16 – Noise prevents teachers from 

listening to the students 

 

The answeres “very disturbing” and “disturbing” were considered as answers signalling 

dissatisfaction. As illustrated in Figures 17 and 18, 42% of the students are dissatisfied with the noise 

generated inside their rooms by people. As for the noise coming from outside the classroom, from vehicles, 

sports activities and recreation, for example, 40% of the respondents were dissatisfied. 

 

 
Figure 17 – Noise generated inside the 

classroom by people and equipment 

 
Figure 18 – Noise coming from outside 

the classroom, from vehicles, sports 

activities and recreation, for example 
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The fact that 31% of students are prevented from listening to the teacher because of noise all or most 

of the time is disturbing, as almost than 1/3 of the respondents did not receive some of the information they 

were supposed to. For 46% of the students, because of the noise, the teacher is also prevented from listening 

to them, all the time or often, is also worrying, because for almost half of the students, their questions or 

comments do not reach the teacher or both sides have to strain to make themselves understood. 

 Given this universe of the respondents satisfied with the acoustic quality of the classrooms, there was 

a great deal of answers and among these values, the limits were selected according to item 3.3. The values of 

Reverberation Time, taking into account the selected points of the classrooms of all the schools, by octave 

band and by configuration (closed windows and closed curtains, closed windows and curtains open) are in 

Table 1. 

Table 1 – Minimum and maximum values of reverberation time at the positions considered satisfactory by the students. 

Frequency (Hz) 63 Hz 125 Hz 250 Hz 500 Hz 

Reverberation time (s) 0.6 2.2 0.9 2.2 0.8 2.5 0.8 2.1 

Frequency (Hz) 1000 Hz 2000 Hz 4000 Hz 8000 Hz 

Reverberation time (s) 0.6 2.0 0.6 2.0 0.6 1.8 0.6 1.4 

 

While there were no clear tendency for the minimum values, in general the maximum values 

decreased, the higher the frequencies were, with the exception for 250 Hz. From one octave band to another, 

the difference, when existing, was above the JND. 

Considering the limits established by the standard NBR 12179 (1992), the range obtained in this study 

has the minimum limit greater than the maximum limit of this norm. In relation to the limits established by 

France (apud Zannin et al., 2013), Fukuchi and Ueno (2003), ANSI S 12.60 (2010) and Great Britain 

Department of Education and Skills (2015), lower and upper limits are higher. These results are presented 

graphically in Figure 19. 

 

 

 

 

 

 

 

 

 

Where: 

 

Figure 19 – Reverberation time values obtained in this study and stipulated by other standards and researches. 

The ranges obtained in this study were more comprehensive and one reason would be that the answers 

considering satisfaction for the questions “Does noise in this classroom prevent you from hearing the teacher 

well” and “Does noise in this classroom prevent the teacher from listening to the students” were not only 

“never” but also “sometimes”. And the answers considering satisfaction for the questions “Noise generated 

inside this classroom (people, fans) …” and “Noise from outside the classroom (vehicles, sports activities, 

playground) …” were “does not disturb” but also “it is slightly disturbing”. There was more tolerance in the 

options considered. 

 

5. CONCLUSIONS 

The results determined by the students’ answers indicate that the classical limits are more conservative and 

tend to value "drier" rooms (with lower reverberation times) even when furnished and unoccupied. However, 

more "lively" rooms (with greater reverberation times) were also considered satisfactory by the users of this 

research. 

The acoustic quality depends also on the choices made by the designer. The possibility of using more 

comprehensive limit ranges grants the designer more freedom in the design process. On the other hand, in 

order to evaluate the acoustic quality of the project, more refined methods are necessary, such as computer 
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simulations.  It is important to state that accuracy of computer simulations is directly proportional to the 

quality of overall object modeling process. In particular, the availability of reliable data about material 

properties is a sensitive subject. There are few libraries with this information, but their increase will just 

occur in response to the designers demands.  The suggested range was based on the concept of performance 

rather than of prescriptive solutions, such as preset recipes, hence the importance of using computer 

simulation to test design solutions. 
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