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Study on sound environment and operational measures in temporary school buildings

In Japan, an increasing number of schools are being rebuilt owing to problems such as decrepitude and weak seismic capacity. During the reconstruction process, temporary school buildings are often erected using a prefabricated structure. Such temporary school buildings lack acoustical performance and are exposed to construction noise. This study investigates the actual condition of these buildings, using the case of a temporary school building of an elementary school in Tokyo, and examines the possibility of improvement and countermeasures that could be taken in the operational scene. First, to investigate the actual situation, an acoustic measurement in the classroom and a questionnaire survey of teachers and children were conducted. Second, to address the problems caused by noise, small spaces were installed in the classroom and the sick room, so that children could relax in a quiet environment. In addition, sound-absorbing material was experimentally set up on the ceiling of the classroom. The study investigated the effectiveness of these measures by conducting an interview survey of teachers, and a questionnaire survey of both teachers and children.

INTRODUCTION

In Japan, several schools are being rebuilt owing to problems such as decrepitude, and weak seismic capacity. During the reconstruction process, temporary school buildings are often erected using a prefabricated structure. Such buildings lack acoustical performance, and are exposed to construction noises. In recent years, there has been an increase in the number of children reported with (or suspected to have) developmental disabilities in schools. In particular, children with autistic spectrum disorder often have atypical sensorial characteristics [START_REF] Hazen | Sensory symptoms in autism spectrum disorders[END_REF]. From the perspective of inclusive education, it is essential to improve the environment for children who need special support. Here, the temporary school buildings can lead to a more problematic environment for these children during the reconstruction process.

Considering the facts mentioned above, we investigated the sound environment in the temporary school building of an elementary school in Tokyo, and examined the possibility of improvement by operational measures that could be taken during use. Firstly, an acoustic measurement of the classroom, and a questionnaire survey on teachers and students were conducted. Secondly, to improve the problems caused by noise, small spaces were installed in both classrooms and a sick room so that children can relax in a quiet environment. In addition, sound-absorbing material was experimentally set up on the ceiling of the classroom. The study investigated the effectiveness of these measures by conducting an interview survey of teachers, and a questionnaire survey of both teachers and students. 

SOUND ENVIRONMENT IN THE CLASSROOM

The target school was routinely exposed to noise owing to the construction of a new building in the schoolyard (Figure 1). The influence of construction noise during classes is considered to be very large because the windows of 11 (out of 15) classrooms are closely facing to the construction site (Table 1, Figure 2). The background noise was measured using a sound level meter (RION, NL-42) which was set 40 cm under the ceiling of a classroom that faced the construction site (Figure 3). These data were measured under uncertain conditions such as with the door open or closed. The frequency distribution of the equivalent A-weighted sound pressure level for 1 min (LAeq, 1min) on weekdays (11 class hours) when the classroom was unoccupied, and on Saturday when the school was closed is shown in Figure 4. This indicated that the LAeq, 1min values of weekdays were higher than those of Saturday probably due to the influence of sounds from surrounding classrooms. A recommended sound level in the classroom was defined to be less than or equal to 40 according to the environmental standards of the Architectural Institute of Japan [START_REF]Architectural Institute of Japan: AIJES-S001-2008, Academic Standard and Design Guidelines for Sound Environment in School Buildings[END_REF], and less than or equal to 50 according to School Environmental Health Standards [3]. Almost all measurement results exceeded 40 dB. For approximately 90 % of the time on weekdays and approximately 60 % of the time on Saturday exceeded 50 dB.

With regard to the sound environment during classes, Aweighted sound pressure level for 1 s (LAeq, 1s) in the classroom is shown along with the class activities (Figure 5). It was 60--80 dB during the teacher's instruction, and 70-80 dB during children's discussion. In writing work, despite the small sound generated in the classroom, the LAeq, 1s was 60-70 owing to the construction noise. This suggested that the environment was inferior in both aspects of listening (S/N ratio), and noise exposure.

USERS' EVALUATION

Outline

The outline of the questionnaire survey that was conducted for students (3 rd -6 th grade), and teachers to investigate the users' evaluation of the sound environment in the classroom is shown in Table 2. The responses were obtained from a high percentage of the targeted students (91 %) and teachers (100 %).

Evaluation of Teachers

The subjects of the questionnaire survey were the homeroom teachers. The questions were about the sound environment of the classrooms in the temporary school building. As shown in Figure 6 (a), more than 70 % of the teachers answered "be concerned / tend to be concerned" to the question of "Are you concerned about the sounds around you during classes?". More than 60 % of the teachers pointed out that they "feel / tend to feel" the difficulty while teaching (Figure 7). Therefore, influence of the sound environment on class management was considered to be severe. In addition, results of asking for answers about sounds in the frequent order are shown (Figure 9 (a)). A half of the total number of teachers pointed out the construction noise first. Considerable number of teachers pointed out the sounds from surrounding classrooms on the same floor, upper floors, and corridors. From the results, the sound insulation performance between the classrooms and the floor was supposed to be insufficient. Moreover, approximately a half of the teachers pointed out the sound generated within the classroom.

Evaluation of Students

The subjects of the questionnaire survey were students ranging from 3 rd grade to 6 th grade. As shown in Figure 6 (b), 80 % of the children answered "very often /often / sometimes" to the question of "Are you concerned about the sounds around you during classes?", and 60 % of the students answered that they were "difficult to concentrate" when they were concerned about the sounds (Figure 8). The influence of noise on their learning was considered to be large. In addition, 65 % of the students answered that they are concerned the construction noise (Figure 9 (b(i)). The construction noise was more frequently selected by 5 th and 6 th grades students probably because all of their classrooms were adjacent to the construction site. A comparison between the results of classes that did not face the construction site (2 out of 11 classes subject to questionnaire survey), and classes that faced the construction site (9 classes) is shown in Figure 9 (b(ii)). 40 % who were from classes that did not face the construction site selected the construction noise. However, over 70 % who were from classes that faced the construction site selected it. Besides, there were many responses such as "the sound on upper floor" from 6 th grade students whose classroom was located on the second floor. As a result, it was confirmed that construction noise and sounds from surrounding classrooms and corridors affected the concentration and listening of children.

TRIALS FOR IMPROVEMENT

Installation of Relaxing Space

Outline

In our previous study, a small calming space that was composed of a sound absorbing material inside, was introduced to provide a calm environment, and was installed in special-needs education classrooms. During break time, it was observed that autistic children used this space as a place where they could calm down and suppress panic [4]. In this paper, we have proposed "a relax box" which can be used on a desk because there was no extra room within the classroom of the school under investigation.

During the preliminary opportunity to introduce the "relax box" (Figure 10(a)) to the teachers, many requested that they would like to use it in their own classrooms as a place to escape from daily noisy environment. Therefore, we contrived a material kit so that anyone can easily make the "relax box." The relax box was made of a corrugated cardboard box. A cushion-like sound absorbing material (POLYWOOL, 30 mm, Fukoku Co., Ltd.) was wrapped with nonwoven fabric and was attached on the inner side of the box except the bottom surface. A sound absorbing material (TAFNEL, Mitsui Chemicals, Inc.) was attached on top of the opening. A 5 mm urethane mat was overlaid on the bottom of box. The size was set so that it could be placed on a desk and used by allowing In addition, in the sick room, (set by a mat on the floor), the relax box and a small calming space, and a cushion were placed (relaxing space, Figure 11(b)). A small calming space is the size that the whole body of a child can enter when one sits on the floor by holding the knee (W 60 × D 63 × H 83 cm 3 , Figure 10(b)). It is a box made of plywood with opening on one side (15 mm). Similar to the relax box, it was set up using a cushion-like soundabsorbing material wrapped with nonwoven fabric on the inner side and upper surface, and a cloth-like sound absorbing material was hanged to the opening.

Questionnaire and interview surveys were conducted with teachers and a school nurse to confirm the usage and to user's evaluation.

Sound Insulation Performance

The sound insulation performance of the relax box and the small calming space was measured. A pink noise was emitted from the sound source loudspeaker (Yamaha, MSR5 STUDIO), and a microphone of a sound level meter (RION, NL-42) was placed at a sound receiving point of 1.4 m from the sound source. The measurement was performed under five conditions: without the relax box/ small calming space, set the front side (open and closed)/ side/back side of the box toward the sound source side.

The relative sound pressure level to the condition without the relax box is shown in Figure 12 (a). As for the sounds from the side and the back, a larger decrease was obtained in the higher frequency range. In the 1 kHz band, a decrease of approximately 10 dB was confirmed.

For the measurement of the small calming space, a size of W 53 × D 70 × H 90 cm 3 was used. Similar to the relax box, the decrease was larger in the higher frequency range. As for the sounds from the side and the back in the 1 kHz band, a decrease of approximately 15-20 dB was confirmed (Figure 12(b)).

Using situation and efficacy

In Table 3, the results of questionnaires and interview surveys on user situations and users' comments are shown. The use of the relax box was observed in the two classes of 1 st and 6 th grade. In the 1 st grade class, it was used by five specific children when the class became noisy or when the children got tired and were unable to concentrate. In the 6 th grade class, it was confirmed that the relax box became a gathering spot during the break time and it functioned as a place to stay. In addition, the homeroom teacher of the 6 th grade class stated that he required it and was very grateful because there were both, children who generated noise, and caused panic, and moreover, the sound of the construction was noisy. With regard to the size of the relax box, it was found to be appropriate for all users.

In the sick room, we asked a school nurse to record the utilization of the small calming space. According to the records for 14 days, an average of approximately 4 children used the space per day. The largest number of children who used the space was 11 on a day. Approximately in 80 % of the cases, the children used the space for a period of less than 10 min, and 20 % used it for more than 10 min. There was a case when a child used it twice a day. According to the school nurse, the actual use was more frequent than the records because she sometimes could not record the use in a busy situation. The results of the questionnaire and the interview survey showed that approximately 10 children used it once or twice each week, and children who were sensitive to noisy sounds entered 1 st grade The children used relax box when they were fatigued, unable to concentrate, or a classroom became noisy.

Children with acoustic hypersensitivity used relax box.

In relax box, children appeared to calm down and came out after a while. Children reacted to it as a very good space in order to calm down.

th grade

For a child who became emotional, I have promoted the use of relax box. The child calmed down after crying out loudly in the box though the effect of the relax box is unknown.

I required it and was very grateful because there were both, children who generated noise and caused panic, and moreover, the sound of the construction was noisy.

Sick room

A child sensitive to noises used small calming space until the child felt better or calmed down.

I found that even a small box (small calming space) could become a relaxing place. the small calming space and used it until they felt better or they became calm.

Table 3. Use situation and comment by users of the relax box and the relaxing space

The school nurse commented that even a small box (small calming space) could become a relaxing place. On the other hand, while children visited the sick room, occasionally they looked into the small calming space while other children were using it, therefore, the necessity of setting rules for using the room was mentioned as a feedback for improvement.

Installation of Sound-absorbing Material on the Ceiling of a Classroom

Outline

For the purpose of improving the sound environment in the classroom, a cloth-like sound absorbing material (TAFNEL , Mitsui Chemical Inc.) was installed on the ceiling of the classroom (Figure 13). The area of the installation of sound absorbing material was equivalent to approximately 60 % of the ceiling area. The effectiveness was investigated by measuring the sound level in the classroom, and conducting a questionnaire survey on students, and questionnaire and interview survey on the homeroom teacher of the experimental classroom.

Result

Figure 14 shows the reverberation time measured before and after the installation of the sound-absorbing material. The average value of 500 Hz and 1 kHz band decreased from 0.51 to 0.36 s. It was shown that the original reverberation time was short though the classroom had no sound-absorbing materials as architectural finishes. The reason is supposed to be the effect of relatively thick curtain at the window. A comparison of the average values of equivalent continuous A-weighted sound pressure level for 1 min (LAeq, 1 min) in the classroom is shown in Figure 15, and was measured for 10 min during the lunch time (12: 35-12: 45). Although the values varied by day, it was confirmed that average values of before and after installation decreased by approximately 5 dB for four days.

Table 4 shows the results of interview with the teacher regarding the change before and after the installation of the sound-absorbing material. He commented that he felt a great change at first, which further indicated that the subjective change was considerably clear though the change of reverberation time was small. In addition, he reported that it became difficult for the voice to pass by, and that he had to speak louder than before, however it was not a big problem because he got used to it gradually. Besides, it was pointed out that the sound of the classroom was suppressed and the noisy condition had changed. The positive comments shown with asterisk (*) in Table 3 indicate that change had a great contribution on the learning environment.

In Figures 16 and17, the evaluation of the questionnaire survey performed on students (N=37), which was conducted 3 weeks after the installation is shown. The questionnaire was about the environmental changes owing to the installation of sound-absorbing materials. During the evaluation of sound, approximately half of the students answered that they became less affected by the I felt a great change at first. At first, children were confused by the change and there were children who said, "I have pain in my ears," and "I have difficulty to listen to the voice.", but children got used to it in the following week.

The voice became difficult to pass by and I had to speak louder than before, however, it was not a big problem because I got used to it gradually. Other teachers also commented that they used more energy while conducting the class. Meanwhile, responses such as the discomfort feeling in the ears, and the difficulty to listen to the sound were also obtained. The sound-absorbing material is considered to have suppressed the sound in the classroom significantly, and these sudden changes in the classroom environment affected the children. On this point, the homeroom teacher commented that, a few children complained of change and discomfort at first, however, they got used to it in the following week. As for the evaluations other than sound, many claims on narrowness, air quality and heat condition seemed to be constant claim for the prefabricated construction of classrooms.

To confirm the overall evaluation of the sound-absorbing material installation, a questionnaire was again conducted on the students after two months of installation. Regarding the changes in the sound environment due to the installation of the sound-absorbing material in five steps, nearly half of the children answered that "it became better." In the free description, there were opinions such as " the sound of construction became less concerned", and "the voices of friends and teachers became hard to listen." That is, a positive evaluation related to noise suppression, and a negative evaluation related to voice transmission were confirmed.

CONCLUSION

An investigation of the actual condition in temporary school buildings showed that daily construction noises and sounds from the surrounding classrooms had a significant influence on teachers and students. As a countermeasure for improvement, a relaxation space was introduced with the aim of ensuring a calm environment and was used as a place to calm children down. From the trial of installing sound absorbing materials on the ceiling of the classroom, it was confirmed that the effects of construction noise were mitigated, though there was a problem with voice transmission.
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