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Abstract 

 

The COVID-19 epidemic has forced almost all 

KOSENs to change their face-to-face lectures in the 

first semester of 2020 to remote lectures. Instead of 

distributing video teaching materials, the authors 

devised a method to utilize the measuring equipment 

at the student's houses in the subject of Architectural 

Environmental Experiment for third-grade students 

in the Department of Architecture at our college. This 

paper describes the learning outcomes and problems 

of using a sound level meter application for 

smartphones at the student’s home. The above 

application displays an instantaneous sound pressure 

level (SPL) when it is launched. Students wrote down 

the displayed SPL 10 times every 10 seconds with 

their smartphone's microphone pointed at the target 

(noise in their room and living room, ventilation fan 

noise, etc.). They calculated the equivalent noise level 

by entering the data into a spreadsheet and 

summarized the results in a report with discussions. 

When we checked the submitted reports, we found 

that about half of the students in the class recorded 

SPLs in the 20 dB range in their room. We compared 

the measurement results under the same conditions 

using the application and a conventional device and 

found that the former was less sensitive to sounds 

below 40 dB and above 60 dB. Therefore, it would be 

necessary for students to use a conventional sound 

level meter in the face-to-face lecture to provide them 

with the experience of measuring accurate SPLs. 

However, the application may be useful for 

comparing relative SPLs, such as when the ventilation 

fan is on and when it is off. Based on the results of a 

questionnaire for students, we found that their 

understanding of the concept of the equivalent noise 

level and a noise assessment method was higher after 

they experienced the measurement with the 

application than after the measurement outline was 

explained by us. The authors believe that the 

experiment using a smartphone application could 

provide an actual experience that would not have 

been possible with a distribution of video teaching 

material and give students an effective understanding 

of how to investigate the sound environment. 
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Introduction 

 

Architectural environmental engineering is an 

academic discipline that aims to provide a comfortable 

and healthy life with energy conservation. This discipline 

covers wide-ranging topics, including hyperthermia, 

humidity, sound, ventilation, and light. And it is possible 

to observe changes in all of these factors in familiar living 

environments. Evaluating the results of measurements 

such as temperature, humidity, sound pressure level, 

wind speed, and illumination based on environmental 

standards is the key to understanding the discipline. Thus, 

it is considered effective to conduct experiments along 

with lectures in the curriculum. 

Few experimental teaching materials are available for 

Architectural environmental engineering in Japan. The 

educational materials published by the Architectural 

Institute of Japan (2020) are difficult to apply in our 

college because they are designed to be taken in one year 

and include experiments using high-grade measurement 

equipment. Therefore, in previous years, the authors 

planned a lecture on the “Architectural Environmental 

Experiment” by covering a wide range of topics in the 

field, setting an appropriate season to conduct each 

experiment when the experimental data is highly affected 

by weather and climate, and by annually changing and 

improving the contents based on the students’ responses. 

Tetsu et al. (2010) reported on the content of past lecture. 

 

This lecture was conducted in face-to-face format 

until the 2019 academic year, but due to the COVID-19 

pandemic, it had to be conducted online in 2020. In face-

to-face lectures, e-learning -using a learning management 

system (LMS) as a platform- was already widespread, 

and the hurdle for conversion to the online format was 

relatively low. However, it was difficult to convert 

experimental and practical courses into an online format. 

This paper shows how part of the contents of the 

remote lecture for the Architectural Environmental 

Experiment was developed at our college using free 

applications for smartphones to measure sound pressure 

levels. Here is also discussed the advantages and 
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disadvantages experienced by the authors while using 

free applications downloaded by students to their own 

smartphones (iOS or Android devices) as an alternative 

to conventional measurement devices are summarized. 

Furthermore, the authors analyze the results of the 

students’ survey to evaluate the educational results of 

remote learning of experiments using smartphones’ 

application. 

 

Outline of the lecture 
 

The curriculum for the first semester of the third year 

of the Department of Architecture at our college includes 

a lecture, once a week for 90 minutes, on “Fundamentals 

of Environmental Engineering,” which is an introduction 

to architectural environment engineering, and 

“Architectural Environmental Experiment” related to 

content learning in Fundamentals of Environmental 

Engineering. In the experiments, one class of students 

(about 40 students) was divided into groups of about 6-7 

to work on the same experimental task. Each group 

conducted the experiment, shared, and analyzed the 

experimental data. Afterward, each student write a report 

about the experiment. Two teachers and one technical 

staff member were assigned to assist the students on 

conducting the experiments and writing reports. Up to 

two student teaching assistants were usually assigned. 

During the first semester of the 2020 academic year, 

students from our college were not allowed to attend to 

prevent infection, and the authors were required to 

conduct the Architectural Environmental Experiment 

remotely for 44 students. The remote lectures of our 

college were conducted using Microsoft Teams, an 

online communication tool, and Moodle, an open-source 

e-learning platform. Microsoft Teams was used for real-

time audio and video distribution, and Moodle was used 

to provide materials (electronic files) and submission 

forms of reports. Incidentally, we did not have the 

support of teaching assistants this year. 

 

For providing students with the experience of 

measuring and confirming the architectural environment 

(the indoor environment and the environment around the 

building), the authors devised an experimental task that 

utilizes the measurement devices in the students’ homes 

in addition to using Teams and Moodle. One of the tasks 

was an investigation of the sound environment in their 

houses using a sound level meter application that 

measures sound pressure levels using the microphone 

function of a smartphone. 

This investigation was conducted through four lecture 

sessions. Figure 1 shows the flow diagram of the lectures. 

The timing of students’ survey discussed at the end of this 

paper is also indicated in the figure. In the first lecture, 

the teacher explained, via screen sharing, the 

investigation outline. The document included the purpose 

of the investigation, basic knowledge of sound and noise 

including the overview of  the equivalent noise level and 

several noise evaluation criteria, some reference 

materials for data processing and report writing,  and an 

 
Figure 1 Investigation flow diagram 

 

 
Figure 2 Screenshot of the app for iOS 

 

overview of the investigation. The electronic files of the 

document were uploaded to Moodle so that students 

could refer to them at any time. The authors also pasted 

links to websites that would be helpful for this study. In 

the second and third lectures, the students conducted the 

investigation and shared the investigation data with the 

group. In the fourth lecture, they wrote a report 

summarizing the results and discussion of the 

investigation. The investigation and its redo could be 

conducted freely by them, including outside of lecture 

time until the fourth lecture. As a follow-up to this 

lecture, the authors provided an opportunity for students 

to experience actual measurement using conventional 

measurement equipment (a sound level meter) after the 

college resumed its face-to-face lectures. 

 

Overview of sound environment investigation 
 

The purpose of this investigation is to learn how to 

measure and analyze the sound pressure level of the 

students’ surrounding sound environment under remote 

lectures, specifically the indoor noise associated with 

their daily activities. Instead of a sound level meter, they 

used Simple Sound Meter (GWI JU JO, for iOS) and 

Sound Meter (Abc Apps, for Android), which are free 

applications that display instantaneous sound pressure 

levels when pointed at a built-in microphone on a 

smartphone. Figure 2 shows a screenshot of when the 

application for iOS is launched, and the application for 



      
 

 

14th International Symposium on Advances in Technology Education 

17-20 August 2021, Turku, Finland 

 

Android has a similar content. The following points were 

considered when selecting the smartphone application: 

As the students are under 18 years of age, they often 

require parental permission to install applications. 

Therefore, attention was paid to the amount of 

advertisements displayed on the applications. In addition, 

the authors tried several candidate applications and 

selected those whose functions and performance did not 

change significantly on different operating systems. 

The sound pressure level was measured by pointing 

the smartphone’s microphone at the measurement target 

at 1.2 m from the floor or at the student’s ear height and 

recording the instantaneous value displayed on the 

application and the sound heard at that moment 10 times 

every 10 seconds. As a precaution, the authors informed 

the students that they should check the operating status 

of nearby electrical devices such as personal computers 

and refrigerators, check if the windows were open or 

closed, and that unexpected sound reflection effects may 

occur when the smartphone is placed on a shelf. The 

students entered the measurement results into Excel, 

created graphs for each condition, and calculated the 

equivalent noise levels. Based on the graphs and 

calculations, they discussed the measurement results by 

understanding the characteristics of each measurement 

condition at different locations and times of the day and 

comparing them with various index values described 

below.  

 

The measurement conditions are presented in Table 1. 

Condition I is a background noise measurement in a 

situation where students are usually taking remote 

lectures, which is regarded as a learning environment and 

evaluated by comparing it with the recommended indoor 

noise values for school facilities in AIJES-S0001 (2008) 

(Table 2). Condition II is a measurement in the student’s 

private room with one window open, and the microphone 

pointed outdoors to record the external noise entering the 

room from outside. Condition II-1 was measured during 

the day (6:00 a.m. to 10:00 p.m.), and condition II-2 was 

measured during the night (10:00 p.m. to 6:00 a.m.). In 

both conditions, measurements were required on a sunny 

and windless day to avoid the influence of rain and wind 

noise. These results were evaluated by considering the 

distance from the main road and comparing it to the 

environmental standards of the Ministry of Environment 

in Japan (Table 3). To measure the distance between the 

main road and the student’s house, they used a browser 

tool that can find the straight-line distance between two 

pins on Google Maps. For condition III, to understand 

the increase in sound pressure level due to ventilation 

equipment, measurements were made of the steady-state 

noise when the ventilation fan was on in the toilet or 

bathroom (condition III-1), and the background noise 

when it was off (condition III-2). Condition IV was 

measured in an ordinary living room and was evaluated 

by comparing it with the index value of the equivalent 

noise level (LAeq,T [dB]) related to the daily life noise in 

a certain municipality. 

 

Table 1 Measurement location and target 

Condition 

No. 
Location Target 

I 
Room for taking 

remote lectures 

Background noise 

(Excluding audio 

from PC) 

II-1 
Window side of 

a student’s 

private room 

External noise with 

one window open 

(6 a.m. to 10 p.m.) 

II-2 

External noise with 

one window open 

(10 p.m. to 6 a.m.) 

III-1 
Toilet or 

bathroom 

Steady-state noise of 

ventilation fan 

(Turn on the fan) 

III-2 
Background noise 

(Turn off the fan) 

IV 
Center of the 

living room 
Daily life noise 

 

Table 2 Recommended values for indoor noise in school 

facilities 

Room or location 
Recommended 

value (LAeq,T) 

Rooms where quiet is required 

(music rooms, auditoriums, 

infirmary, etc.) 

35 dB 

Rooms where quiet is desirable 

(classrooms, craft rooms, staff 

rooms, etc.) 

40 dB 

Rooms that require less quietness 

(gymnasium, indoor pool, etc.) 
45 dB 

 

Table 3 Environmental standards for general areas 

Regional 

Typology 

Reference value 

Daytime Night time 

AA Less than 50 dB Less than 40 dB 

A and B Less than 55 dB Less than 45 dB 

C Less than 60 dB Less than 50 dB 

*Regional typologies are mainly categorized by the 

urban function induction area and zoning. 

 

The measurement results and the calculation values 

of the equivalent noise levels of conditions I and II were 

shared with the group. There are two reasons for sharing 

the investigation data: first, to enable the students to 

compare their measurement results with those of the 

group members to examine their validity. It is also 

possible to let the students judge whether their measured 

sound environment is noisy or quiet. Second, the data 

was shared to promote communication among students. 

For example, since students have different levels of 

understanding of the investigation overview and skills in 

using spreadsheet software, students were encouraged to 

support each other.  Teachers and technical staff provide 

support as needed. However, it was difficult to respond 

as quickly as in face-to-face lectures because it is not 

possible to see the students in real-time in remote lectures. 

In face-to-face lectures, minor problems could be solved 
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through discussion among students; thus, the authors 

believe that it is important to promote this kind of 

communication among students, even in remote lectures. 

 

Advantages and disadvantages of the smartphone 

application 

 

 From the reports submitted by the students, the 

authors confirmed the measurement results of the sound 

pressure level with the smartphone application. In 

condition I, about half of them in the class recorded 

instantaneous values in the 20 dB range at least once. In 

terms of the A-weighted sound pressure level, 20 dB is 

the lower limit of measurement using a sound level meter, 

which is a value that rarely appears even when measured 

in an anechoic room. This is not a problem limited to the 

application used in this lecture, but in general, the 

measurement system of smartphone applications is rarely 

explicitly stated. Therefore, the details of the accuracy 

of sound pressure level measurement by the smartphone 

application used in this lecture will not be discussed. 

This is disadvantageous because the values measured by 

the smartphone application are different from those 

measured by conventional measuring instruments, and 

the smartphone application may not provide accurate 

measurements. 

As a reference, Table 4 shows some examples of 

measurements made by the author using the smartphone 

application used in this lecture and a conventional sound 

level meter. From the measurement results of the 

background noise level and the noise level while playing 

music on the speaker, it was found that the applications 

used in this lecture found it difficult to detect sounds 

below 40 dB and above 60 dB, and this tendency was 

conspicuous in the iOS apps. Incidentally, smartphone 

cover had almost no effect on the measured values. 

 

However, it is impractical in terms of time or cost to 

prepare (buy and mail to students’ homes) conventional 

measuring instruments for the whole class. As 

mentioned above, the free smartphone application cannot 

be used as a complete replacement for conventional 

instruments, but it can be used immediately and at any 

time, once downloaded. For example, if a student wants 

to know how much the sound pressure level differs in the 

same place in the morning and at night, he can easily 

measure it outside of lecture hours with a smartphone 

application. This is considered to create greater interest 

among students regarding the sound environment. 

The authors also believe that smartphone applications 

have value because they can unify the tools used by 

students in remote lectures. For example, in this 

investigation, since each student took measurements at 

home, the measurement location differed from one 

student to another. Even in this situation, it is possible to 

judge whether the measurements are valid by comparing 

the measurement results of students who used the same 

application (with the same OS). Subsequently, some of 

the students questioned the accuracy of the application’s 

measurements. 

Table 4 Comparison of measurement values by a sound 

level meter and the smartphone applications 

Measurement 

target 

Measurement value 

Sound 

level meter 

Android 

app 
iOS app 

Background 

noise level 
37 dB 38 dB 49 dB 

Noise level 

while playing 

music on the 

speaker 

69 dB 63 dB 60 dB 

 
It is necessary to make students understand that 

smartphone applications grasp the rough sound pressure 

level but cannot make accurate measurements. The 

smartphone applications would then be useful for 

learning how to measure the sound pressure level and 

compare the relative sound pressure levels under various 

measurement conditions. 

 

Verification of educational effectiveness 

 

To evaluate the educational effect of sound 

environment investigation using smartphone applications 

in this remotely conducted lecture, using a web-based 

questionnaire, the authors executed a survey with the 

students, where they self-evaluated their understanding 

level. The survey was conducted four times using the 

questionnaire function of Moodle, as shown in Figure 1: 

1 when the overview of the sound environment 

investigation was explained by the teachers (after the first 

lecture), 2 when the investigation was completed (after 

the fourth lecture), 3 when the report summarizing the 

investigation results was submitted (after submitting the 

report), and 4 when the students experienced the actual 

measurement using a sound level meter as a conventional 

instrument (after follow-up). The students selected a 

numerical value for the items in Table 5 on a scale of 1 

to 5. 1: do not think so at all, 2: do not think so, 3: 

somewhat do not think so, 4: somewhat think so, 5: think 

so, and 6: think so completely. All of whom attended the 

lecture, 44 students, answered the questionnaire in all 

four sessions. However, Question 2 was excluded from 

the after follow-up questionnaire that no smartphone 

applications was used for measurement. 

Figure 3 shows in a radar chart the average value of 

all student questionnaire results. Clearly, the students’ 

understanding of how to measure noise levels using 

sound level meters (Question 1), concept of equivalent 

noise level (Question 3), calculation of equivalent noise 

level (Question 4), evaluation of noise levels (Question 

5), high or low noise levels (Question 6), and interest in 

sound (Question 7) increased as the lecture progressed. 

The equivalent noise level was the least understood in the 

first lecture because it was a developmental subject, 

although the outline was taught in the lecture on the 

Fundamentals of Environmental Engineering. However, 

the students seemed to have learned how to calculate the 

equivalent noise level through report writing. From the 

questionnaire results for Question 2, the students also 
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answered that they gained a deeper understanding of how 

to measure the sound pressure level using smartphone 

applications as the lecture progressed. 

Question 8 asked whether the students could 

cooperate with their group members to compare and 

discuss the measurement results and communicate with 

other students; it was also evaluated gradually as the 

lecture progressed. The highest evaluation was obtained 

during the actual measurements in the follow-up. 

Regarding the mood of the students, the level of 

understanding of the experiment process was low at the 

first lecture, and seemingly, it was difficult for them to 

take the initiative and show leadership during group 

discussions in the private channel in Teams. As students 

gradually got used to the online activities, 

communication among them became more active, 

including calling out to less responsive group members. 

Additionally, it was observed that tasks such as 

comparing measurement results and creating shared files 

proceeded smoothly. 

 

Conclusions 

 

The authors believe that remote lectures using 

smartphone applications have shown a certain 

educational effect as an example of a practical method for 

experimental subjects in the COVID-19 vortex. 

However, some smartphone applications can be 

disadvantageous due to inaccurate measurements, which 

can cause problems that teachers cannot prevent in 

advance, such as measurement results which are 

impossible with conventional measuring instruments. 

Therefore, it is recommended to take precautions when 

using smartphone applications in remote lectures and 

provide opportunities to take measurements using 

conventional measuring instruments in face-to-face 

lectures. 

 

 
Figure 3 Radar chart of students’ self-assessment 

 

 

 

Table 5 Student’ self-assessment items 

Question 

No. 
Items 

1 
To be able to understand how to measure 

noise level using a sound level meter. 

2 

To be able to understand how to measure 

noise level using a smartphone 

application for sound level meters. 

3 
To be able to understand the concept of 

equivalent sound level. 

4 
To be able to understand the calculation 

method of equivalent noise level. 

5 

Understood how to evaluate the 

measured noise level with various index 

values. 

6 
Understood when the noise level 

becomes higher or lower. 

7 Increased my interest in sound. 

8 
To be able to cooperate with my group 

members. 
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