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Skema Hibah 

Riset Publikasi Internasional (RPI) 
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Keterkaitan penelitian/pengabdian kepada masyarakat lain (Linkages) 
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ABSTRAK(Abstract) 

(Maksimum 200 kata) 

Environmental is one of big problems in the world today. One of the main causes of the 

complicated environmental problems is the use of too much energy on a global level. The effective 

local measure to save energy and use it more efficiently can be part of the solution. One way to 

cut down on energy use is to use adaptive thermal comfort. Building occupants who can control 

and connect with their immediate thermal environment, and who can adapt to that environment, 

use less energy over time. Comfort is hard to achieve since it is the result of a complex system 

that includes the person, the building, the indoor microclimate, and even the outside climate. 

The current study is exploring into how university students in dormitories in Semarang, Indonesia, 

and what they think about their indoor environment. As a first step, we want to investigate what 

temperature ranges are comfortable for people from Semarang and other places. We also want to 

figure out how tolerant the people who live there are of their surroundings. Non-Semarang 



 

 
 

students and students from Semarang were expected to have different comfort temperatures in the 

dry and wet seasons. 

Kata Kunci (Keywords) 

Cantumkan maksimal 5 kata kunci yang digunakan. 

Thermal comfort, Indonesia, University dormitories, Energy 

PENDAHULUAN (Introduction) 

Uraikan latar belakang masalah yang akan diselesaikan dan tujuan penelitian. Pada Proposal 

pengabdian kepada masyarakat: (jelaskan profile, potensi dan urgensi kebutuhan mitra serta 

potensi hilirisasi riset yang akan diaplikasikan secara sinergi melalui pemberdayaan 

mitra/masyarakat (maksimum 500 kata). Sitasi menggunakan format Vancouver dengan 

superscript numbers, atau standard numbers dalam brackets di text, contoh. 1-4,10,12 atau [1- 

4,10,12] 

Since developing the adaptive concept, thermal comfort has been investigated in traditional 

houses in Nepal [1], in contemporary houses in the United Kingdom [2], Singapore [3], Indonesia 

[4], Malaysia [5], India [6], China [7], [8], Japan [9] and throughout the world in a variety of 

building types. The importance of rethinking comfort has been widely acknowledged. Subjective 

comfort was demonstrated to be achievable in a much broader range of conditions than previously 

believed, and while this presents challenges for building design, it also holds significant potential 

for energy conservation. 

 
Today's environmental difficulties are complicated, and energy consumption is a significant 

contributor to the problems, but it is still only a part of the problem. Adaptive thermal comfort is 

one technique to handle the multifaceted issue of energy consumption. Allowing buildings to 

reconnect with their immediate thermal environment in order to adapt to it has an effect on the 

buildings' energy consumption. However, subjective comfort is influenced by the type of building 

and its occupancy. 

 
Due to their previously unexplored status, dormitory buildings have sparked renewed research 

interest in China in recent years, resulting in field studies conducted throughout the year [10], 

[11], [12], [13], [14]. Personal control was less restricted in dormitories, which stimulated a 

diverse range of adaptive behaviors and, consequently, a diverse range of comfort levels. 



 

 
 

 
In the previous study, Schweiker and Shukuya focused their research on changing occupants' 

behavioral patterns in dormitories. They discovered that in moderate climates, it can result in a 

significant reduction in a building's energy consumption. When combined with improvements to 

the building's envelope, overall energy consumption can be reduced by 76–95 percent [15]. They 

also experimented with the most effective methods for changing behavioral patterns toward the 

use of low-energy measures to achieve comfort. Their research demonstrated that personally 

disseminating information in the form of a workshop can result in effective behavioral change 

and a subsequent reduction of up to 16% in the use of cooling devices [16], as well as altering 

occupant window interaction [17], both of which can result in potential energy conservation. 

 
Maslow's theory about what a built environment should provide puts comfort at the top [18]. It is 

probably similar to the self-actualization level, level 5, which is the highest level of human needs. 

Humphreys, one of several researchers in the field of adaptive comfort, wrote in his book on the 

foundations and analysis of adaptive thermal comfort that the comfort solution is a whole system 

that includes the behavior, the type of buildings, and the indoor microclimate. 

 
We planned and conducted a field survey in two university dormitory buildings. We sought to 

capture the students' thermal comfort in relation to temperature and humidity, as well as to other 

variables such as the time of day, the use or non-use of air conditioning (CL – cooling mode and 

FR – free running mode, respectively), the occupied building, sex, and – most importantly – the 

origin of occupants. We wanted to determine which sensations occupants prefer and how to 

decrease the energy consumption. 

RASIONAL DAN SIGNIFIKANSI PENELITIAN / PENGABDIAN KEPADA 

MASYARAKAT (Novelty). 

Penelitian: jelaskan relevansi rasional, signifikansi, potensi dan peluang hasil penelitian untuk 

publikasi sesuai target luaran yang diwajibkan. 

Pengabdian kepada masyarakat: 



 

 
 

• Jelaskan relevansi dan potensi aplikasi IPTEK/rekayasa sosial/ekonomi/hilirisasi riset 

dalam menyelesaikan permasalahan mitra. 

• Jelaskan dampak kegiatan pengabdian kepada masyarakat tersebut dalam meningkatkan 

kapabilitas/potensi mitra sesuai luaran. 

(maksimum 500 kata). 

In Semarang Indonesia, dormitories and apartments near university will keep increasing the 

number of their non-Semarang or non-Indonesian occupants relative to Diponegoro University’s 

aim of globalizations of university. However, dormitories and apartments can never be as flexible 

as necessary to accommodate the ever-changing residents. 

Managing the adaptability that the adaptive approach necessitates is the primary obstacle driving 

study in the topic. How can a designer create a building that can accommodate the needs of any 

occupant if the needs of each occupant are unique? How can an engineer give every required piece 

of equipment or standard? Which and how much equipment is required for this issue? 

These concerns become even more pertinent in structures with frequently changing residents, i.e., 

buildings for temporary tenancy (one semester or one year), such as dormitories, that cannot be 

exactly suited to specific occupants. In a globalized world, it is more usual for students to study 

abroad and be exposed to new cultural and climatic situations while retaining their original 

expectations and practices. The phenomena is widespread at the Diponegoro University. Existing 

and freshly planned buildings for multi-cultural habitation face the challenge of accommodating 

a variety of subjective comfort standards while maintaining energy efficiency. To address the 

problem, it is vital to know what comfort in terms of temperature range means to non-Semarang 

residents and what the disparities are. 

TARGET LUARAN PENELITIAN / PENGABDIAN KEPADA MASYARAKAT (Target). 

Jelaskan target-target luaran yang akan dihasilkan dalam penelitian atau pengabdian kepada 

masyarakat selama periode tahun yang diusulkan (maksimum 100 kata). 

The information of field survey (thermal comfort, indoor environment, energy condumption, and 

subjective preferences) is used to study the standard. This results and comparison between 

Semarang and Non-Semarang people will be published in the Energy and Building Journal 

(Q1). 



 

 
 

DESAIN /   METODE   PENELITIAN   /   PENGABDIAN   KEPADA   MASYARAKAT 

(Method). 

1. Penelitian: jelaskan metode yang direncanakan sesuai dengan penyelesaian tujuan, 

tahapan, dan hubungannya dengan topik luaran yang ditargetkan dari setiap tahapan 

penelitian. 

2. Pengabdian kepada masyarakat: dapat dilengkapi dengan gambaran IPTEK/hilirisasi riset 

yang akan diaplikasikan. (maksimum 500 kata). 

The field survey was designed and carried out throughout the dry and wet seasons of 2022 in two 

university dormitories. The objectives were: 1) to compare the subjective thermal comfort of 

Semarang and non-Semarang students in relation to temperature, humidity, and other factors; 2) 

to determine if there is a difference between the temperature defined as neutral and comfortable; 

and 3) to gain an understanding of the students' tolerance to their indoor environment. 

 
Semarang is situated on Java's northern shore. Semarang City's elevation ranges from 2 meters 

(6.6 feet) below sea level to 340 meters (1,120 feet) above sea level, with a slope of 0% to 45%. 

Semarang City has a distinctive topographic condition consisting of a limited lowland area and 

steep areas running from the city's west side to its east side. The subtype of climate described by 

the Köppen Climate Classification is "Am" (Climate of tropical monsoons). Semarang has an 

annual average temperature of 83°F (28.3°C). April, with an average temperature of 84.0°F 

(28.9°C), is the month with the highest average temperature. January, with an average temperature 

of 81.0°F (27.2°C), is the month with the lowest average temperature. In July, Semarang reached 

a maximum temperature of 106.0 °F (41.1 °C). July in Semarang saw the lowest temperature of 

64.0°F (17.8°C). The annual average precipitation in Semarang is 109.5 inches (2781.3 mm). 

January has an average of 17.3" (439.4 mm) of precipitation, making it the wettest month. August, 

with an average of 2.4" of precipitation, is the month with the lowest average precipitation (61 

mm). 

 
The field survey was intended to be longitudinal (repeated sampling of limited number of 

subjects). In most cases, the time interval between each response to a topic was greater than 3 to 

4 hours, and sometimes as much as 6 to 10 hours. The data were examined as a cross-sectional 

study because to the significant time gap between responses (singular sampling of many subjects). 



 

 
 

 

 

 
 
The subjective thermal votes were gathered using the suggested scales and question wording from 

ISO 10551: 1995 I for assessment of thermal environment using subjective judging scales and the 

ASHRAE 2013 handbook. These were the relevant questions: TSV (thermal sensation vote): 

"How do you feel about the thermal environment in your room at this exact moment?" TC 

(thermal comfort/evaluation vote): "How do you feel about the temperature in your room?" TP 

(thermal preference vote): "Please indicate how you would want to be at this moment." TA 

(thermal    acceptability    vote):    "How    do    you    assess    the    thermal    environment?” 

 

 
 

Monday through Friday, the indoor and outdoor air temperature and relative humidity were 

continuously measured at one-minute intervals. The measuring devices were set at desk height in 

each individual room, assuming sedentary activity. In the living area, the data loggers were 

positioned between 0.6 and 1.1 meters above the floor. Air velocity was observed near the bed. 



 

 
 

 

 

 
The data obtained was examined using Microsoft Excel and the add-in tool Data Analysis, as well 

as the add-in program XLstat (Addinsoft Inc., New York, USA). 

 
Results 

In the current study, 68 healthy university students from 20 to 35 years of age participated in this 

study. The survey measured and obtained data for a total of 192 days. The 36 participants were 

Indonesian students (28.9 ± 3.9 years of age, 24.6 ± 4.0 kg/m2 of body mass index), whereas 32 

participants were Japanese students (22.9 ± 0.5 years of age, 20.7 ± 2.1 kg/m2 of body mass index). 

This survey imposed no restrictions on the indoor environment, daytime activities, meals, 

clothing, or bathing time, and only required participants to sleep in their own bedrooms. 

 
In the winter, the average of indoor air temperature and relative humidity were significant 

different between Indonesian and Japanese students. The results of the investigation of the thermal 

environment in two seasons and two nationalities' bedrooms during sleep are summarized in Table 

2. The total of sample point was 192. In the current study, sunrise was at 05:07 ± 19 min in 

summer and 06:27 ± 25 min in winter. Sunset was at 18:27 ± 28 min in summer and 17:25 ± 24 

min in winter. The daylight hours were longer in summer (13 h 19 min ± 47 min) than in the 

winter (10 h 57 min ± 49 min). 



 

 
 

 
In addition, the temperature and relative humidity of the indoor air were categorized into 1°C and 

10% bins, respectively. Figure 1 depicts the frequency distribution of indoor air temperature 

inside each bin. During the summer, the indoor air temperature that occurred most frequently was 

between 26 and 28 degrees Celsius for Indonesian and Japanese students. During the winter, the 

indoor air temperature was 20 °C for Indonesian and Japanese students and 21 °C for Indonesian 

students. Figure 2 depicts the frequency distribution of indoor relative humidity. The minimum 

indoor relative humidity was same for Indonesian and Japanese students during summer (35% of 

RH) and during winter (25% of RH). 

 

 

 
 

Figure 1 Frequency distribution of indoor air temperature; Abbreviation: IDN, Indonesian; JPN, 

Japanese; Com., cumulative; S, summer; W, winter. 



 

 
 

 

 

 
Figure 2 Frequency distribution of indoor relative humidity; Abbreviation: IDN, Indonesian; 

JPN, Japanese; Com., cumulative; S, summer; W, winter. 

 
In the summer, Indonesian students awoke at an average time of 5:49 a.m., while Japanese 

students awoke at an average time of 8:59 a.m. In the winter, on average, Indonesian students 

awoke at 5:53 a.m., while Japanese students awoke at 8:41 a.m. In the summer, 21.9 % of 

Indonesian students and 34.4 % of Japanese students napped during the day. In the winter, 16.7 

% of Indonesian students and 12.5 % of Japanese students napped. Indonesian students went to 

bed at 23:49 (95 min) and woke up at 05:50 (108 min) and Japanese students went to bed at 01:20 

(74 min) and woke up at 08:42 (39 min) during summer. In winter, Indonesian students went to 

bed at 23:30 (111 min) and woke up at 06:15 (76 min), and Japanese students went to bed at 01:19 

(73 min) and woke up at 08:28 (73 min). 

 
Based on actigraphy data, Table below presents the average of sleep quality metrics (duration on 

bed, sleep length, sleep rate, sleep efficiency, and sleep latency). 

Parameters IDN (S) JPN (S)  IDN (W) JPN (W) 

Duration on bed (min) 361.9 ± 62.1 442.2 ± 60.5  406.1 ± 89.7 429.8 ± 102.3 

Sleep duration (min) 311.5 ± 72.9 370.9 ± 62.7  338.3 ± 93.8 380.3 ± 99.4 

Sleep rate (%) 85.6 ± 10.3 84.6 ± 13.3  82.7 ± 11.7 88.4 ± 8.2 

Sleep efficiency (%) 92.4 ± 8.5 91.1 ± 11.6  88.5 ± 9.1 94.5 ± 5.9 

Sleep latency (min) 25.4 ± 24.7 28.8 ± 26.4  24.7 ± 31.4 9.3 ± 15.0 

 



 

 
 

We also analyzed sleep sensation (sleep depth, wellness, and clear-headed in the morning) using 

the St. Mary's Hospital (SMH) questionnaire and measured bedroom temperature 15 minutes after 

waking up. 

 

 

 

 

Table below presents the comfort temperature of participants. 

 

 

 

 

 

 

 

 

 

we examined the relationship between the two subjective sensations mentioned previously and 

the indoor air temperature. To calculate the frequency of correlation between physical and 

subjective measurements, the indoor air temperature was rounded to one degree Celsius. Figure 

below illustrates the frequency and correlation between indoor air temperature, thermal sensation 

vote (TSV), and thermal comfort (TC). 

 

 

 

 

 

 

 

 

(a) 

Parameters IDN JPN  IDN JPN 

Sleep-depth (1 to 8) 5.3 ± 1.2 4.5 ± 1.6  5.0 ± 1.2 4.9 ± 1.5 

Wellness (1 to 6) 4.2 ± 0.7 3.6 ± 1.1  4.5 ± 0.6 4.1 ± 0.9 

Clear-headedness (1 to 6) 3.9 ± 0.5 2.0 ± 0.6  3.5 ± 0.8 2.3 ± 0.9 

 

Scale   Thermal sensation       Thermal comfort  
 Scale word   Summer  Winter   Scale word   Summer  Winter  
                                            IDN  JPN  IDN  JPN                                              IDN  JPN  IDN  JPN  

3 Hot 0% 0% 0% 0% Very comfortable 0% 3% 7% 13% 

2 Warm 0% 9% 4% 0% Comfortable 16% 31% 11% 21% 

1 Slightly warm 13% 16% 11% 29% Slightly comfortable 47% 38% 19% 38% 

0 Neutral 31% 41% 33% 50% Neutral 25% 6% 26% 17% 

-1 Slightly cool 41% 34% 33% 13% Slightly uncomfortable 9% 19% 26% 8% 

-2 Cool 16% 0% 7% 4% Uncomfortable 3% 0% 7% 4% 
-3 Cold 0% 0% 11% 4% Very uncomfortable 0% 3% 4% 0% 

 



Figure 3. Frequency and correlation indoor air temperature and TSV during (a) Summer and (b) 

Winter; Abbreviation: IDN, Indonesian; JPN, Japanese 
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a of Japan) was conducted during summer and winter. The following results that 

current study that Indonesian students' duration on bed and sleep minutes were 
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nts' bedroom temperature. Moreover, indoor relative humidity of Indonesian 

gnificantly lower than Japanese students. Even though different, both of relative 

HRAE recommendation (30-60%). The significant difference in indoor air 

relative humidity between Indonesian and Japanese students caused by the 

daptation action during winter. Indonesian students set higher air temperature and 

with lower clothing insulation than Japanese students. Each season's mean 

ature calculated using the Griffiths method was 28.1 °C for Indonesian and 26.1 



 

 
 

°C for Japanese in summer. In the winter, the comfort temperature was 23.5 °C for Indonesian 

and 16.0 °C for Japanese. The comfort temperature of Indonesian students is surprisingly high. 
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 27 

Abstract 28 

Providing comfort is complicated and it is the outcome of a flexible system including the 29 

occupant, the building, the indoor microclimate, and the outdoor climate. Thermal comfort is 30 

critical for occupant satisfaction and sleep quality. As foreigners, students from Indonesia need 31 

the effort to maintain comfort in sleeping in extreme weather such as winter. However, research 32 

discussing sleep comfort by foreigners still needs to be completed. To answer this challenge, 33 

the current research is focused to investigate the behaviour and subject preference for their 34 

indoor environment and sleep quality. Actigraphy was used to evaluate sleep activities. Prior to 35 

sleep, all participants completed a survey regarding thermal sensation, physical condition, and 36 

subjective sleep sensations. We noticed that Indonesian students had a considerably lower sleep 37 

rate than Japanese students. During the winter, Indonesian students' bedrooms were 38 

substantially warmer than those of Japanese students, according to the findings of this study. 39 

Using various heaters (air conditioners, electric heaters, and kerosene heaters), the majority of 40 

Indonesian students felt somewhat at ease and chose "warm" throughout the winter. The 41 

Griffiths approach revealed that the summer mean comfort temperatures for Indonesians and 42 

Japanese were 28,1 °C and 26,1 °C, respectively, while the winter mean comfort temperatures 43 

were 23,5 °C and 16,0 °C. In conclusion, the culture of Indonesian students improved their 44 

sleep performance. In addition, the disparities in adaptive response had an effect on the thermal 45 

environment of the bedroom. 46 
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 49 

1. Introduction 50 

Our current world faces unparalleled global difficulties (environmental, geopolitical, societal, 51 

economic and technological). Globally excessive and irresponsible energy consumption is one 52 

of the primary causes of the complex environmental problems. Allowing building occupants to 53 

regulate and connect back to their immediate thermal environment, as well as to adapt to it, 54 

impacts the energy usage of the building itself. Also susceptible are long-term foreign residents 55 

during sleep, such as international students. 56 

Numerous studies have documented seasonal variation in sleep and mood, in particular [1]. As 57 

we all know, sleep is essential for enhancing productivity and sustaining health at work and 58 

school. The human body is sensitive to atmospheric temperature during sleep [2]. Generally, 59 

uncomfortable temperature is connected with poor sleep quality and exhaustion [3]. Moreover, 60 

according to scientific research, there is a correlation between photoperiod and sleep length [4]. 61 

This difference in sleep duration between seasons may be due to ethnicity and culture [1], [5]. 62 

Nonetheless, research on the seasonal effect on sleep in individuals of different nationalities (as 63 

comparative research), particularly those who live in the same temperate zone, is scarce (e.g., 64 

Indonesia as foreigner) [5]–[7]. Numerous previous studies on indoor thermal environments, 65 

particularly the microenvironment (for example, the sleeping space or bedroom), have 66 

demonstrated that maintaining a comfortable temperature is critical for sleep quality [5], [8], 67 

[9].  68 

Variation in indoor temperatures across seasons (e.g., summer and winter) may have a varying 69 

effect on sleep measures. The indoor and outdoor temperatures were highly correlated during 70 

the summer, while the opposite was confirmed during the winter [10]. Generally, thermal 71 

comfort is enhanced by following the guidelines of the applicable standard. However, thermal 72 

comfort standards (ASHRAE 55, ISO 7730) are universally applied to all individuals regardless 73 

of ethnic origin or nationality. In individuals from other countries, Havenith et al. (2020) have 74 

shown that incorporating an adaptive model with multiple standards for calculating thermal 75 

comfort in foreigners [11].  76 

Therefore, we did a field assessment of thermal response of Indonesian and Japanese people. 77 

In addition, sleep quality was evaluated to identify the association between the actual bedroom's 78 

thermal environment and the participants' sleep quality. The primary first purpose is to identify 79 

what comfort means in terms of the temperature range for Indonesians, to examine the 80 

disparities, and to ascertain how tolerant the inhabitants are of their surroundings. 81 

 82 

2. Methods 83 

Summer 2019 and 2020, as well as winter 2020 and 2021, current research was conducted in 84 

Toyohashi city, Aichi prefecture, Japan (lat 34°46′9′′ N, long 137°23′29.5′′ E). Toyohashi is 85 

classified as having a Köppen-Geiger climate classification of Cfa: humid subtropical climate 86 

[12], [13]. Summers were hot and humid, while winters were relatively mild. The current 87 

investigation was done in a participant's house with a ventilation system of the same sort 88 

(natural). The current study did not specify the cooling and heating modes (NS).  89 
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The research ethics committee of Toyohashi University of Technology (TUT), Toyohashi, 90 

Japan, briefed and received written and approved consent from participants in this investigation. 91 

Participant responses to a subjective vote confirmed their physical and mental wellness. The 92 

participants were instructed to wear an actigraphy (Micro-mini, Ambulatory Monitoring, Inc., 93 

Ardsley, NY, USA) to measure the sleep quality parameters (duration on the bed, sleep duration, 94 

sleep rate, sleep efficiency, and sleep latency) and a thermal recorder (TR-74Ui, T&D Corp., 95 

Matsuyama, Japan) to measure the temperature and relative humidity of the bedroom 96 

environment during sleep. The following formulas were used to calculate the sleep rate and 97 

sleep efficiency. The following formulas were used to calculate the sleep rate and sleep 98 

efficiency.  99 

𝑠𝑙𝑒𝑒𝑝 𝑟𝑎𝑡𝑒 (%) =
𝑠𝑙𝑒𝑒𝑝 𝑑𝑢𝑟𝑎𝑡𝑖𝑜𝑛 (𝑚𝑖𝑛𝑢𝑡𝑒𝑠)

𝑑𝑢𝑟𝑎𝑡𝑖𝑜𝑛 𝑜𝑛 𝑏𝑒𝑑 (𝑚𝑖𝑛𝑢𝑡𝑒𝑠)
× 100% 1 

𝑆𝑙𝑒𝑒𝑝 𝑒𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑐𝑦 (%) =
𝑆𝑙𝑒𝑒𝑝 𝑑𝑢𝑟𝑎𝑡𝑖𝑜𝑛 (𝑚𝑖𝑛𝑢𝑡𝑒𝑠)

𝑠𝑙𝑒𝑒𝑝 𝑑𝑢𝑟𝑎𝑡𝑖𝑜𝑛 (𝑚𝑖𝑛𝑢𝑡𝑒𝑠) + 𝑤𝑎𝑘𝑒 𝑢𝑝 𝑑𝑢𝑟𝑎𝑡𝑖𝑜𝑛 (𝑚𝑖𝑛𝑢𝑡𝑒𝑠)
× 100% 2 

 100 

The bedroom's air temperature and relative humidity may be influenced by the type of home 101 

and the furniture. According to a previous study, proximity to heat or humidity sources (laundry, 102 

shower, kitchen) influences air temperature and humidity variation [14]. Moreover, the 103 

behaviour of respondents in the indoor thermal regulation might vary over the season [10],  such 104 

as opening window [14], using fan/AC/heater [15], [16], and clothing and bedding [17], [18]. 105 
Thus, we instructed respondents to place the sensor and data logger closer and parallel to the 106 

head while sleeping. Accordingly, the participants completed a thermal comfort and physical 107 

condition survey before sleep and subjective sleep survey after wake-up. Researchers in this 108 

study did not control clothing, bedtime and wake-up time, and temperature. 109 

Two sections questioner were applied in the current study. The first section contained 110 

demographic of participant questions (e.g., age and gender). In the second section, the questions 111 

were related to thermal sensation, thermal comfort sensation, thermal preference, and thermal 112 

satisfaction. The thermal sensation answer presented nine-point standards from the society of 113 

heating, air-conditioning, and sanitary engineers of Japan (SHASE) thermal sensation scale (4: 114 

very hot, 3: hot, 2: warm, 1: slightly warm, 0: neutral, -1: slightly cool, -2: cool, -3: cold, -4: 115 

very cold), seven-points of thermal comfort (3: very comfortable, 2: comfortable, 1: slightly 116 

comfortable, 0: neutral, -1: slightly uncomfortable, -2: uncomfortable, -3: very uncomfortable), 117 

three-points of thermal preference (1: prefer warmer, 0: prefer neutral, -1: prefer cooler), and 118 

five-points of thermal satisfaction (2: satisfied, 1: slightly satisfied, 0: neutral, -1: slightly 119 

unsatisfied, -2: unsatisfied). 120 

Moreover, the physical condition survey was also completed before sleep. The physical 121 

condition survey was modified from previous study undertaken by Tsuzuki et al. (2011). The 122 

questionnaire consisted of 12 questions were written in English for Indonesian students and in 123 

Japanese for Japanese students. We used St. Mary’s Hospital (SMH) as a subjective sleep 124 

survey. The SMH was adapted from previous studies undertaken by Shahid et al. (2012). In the 125 

SMH, the survey was completed after wake-up. The participants were asked to answer 14 126 

questions about subjective sleep sensations. 127 

The survey was designed as longitudinal (repeated measurements of same variables and a 128 

limited number of participants). The current study included participants of Indonesian students 129 

and Japanese students. This study was performed for three nights during summer and winter. 130 

The normality test was conducted by the Anderson-Darling test. If the normality hypothesis (p 131 

– value) under 0.05, a non-parametric test was used. Two sample t-test and analysis of variance 132 
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(ANOVA) were implemented in the current study. One-way ANOVA (nationality and season) 133 

for repeated measures was performed to analyse the indoor environment and sleep quality. All 134 

data were analysed using Minitab version 19 (Minitab, LLC, State College, PA, USA).  135 

 136 

3. Results 137 

In the current study, 68 healthy university students from 20 to 35 years of age participated in 138 

this study. The survey measured and obtained data for a total of 192 days.  The 36 participants 139 

were Indonesian students (28.9 ± 3.9 years of age, 24.6 ± 4.0 kg/m2 of body mass index), 140 

whereas 32 participants were Japanese students (22.9 ± 0.5 years of age, 20.7 ± 2.1 kg/m2 of 141 

body mass index). This survey imposed no restrictions on the indoor environment, daytime 142 

activities, meals, clothing, or bathing time, and only required participants to sleep in their own 143 

bedrooms. 144 

3.1 Indoor thermal conditions 145 

In the winter, the average of indoor air temperature and relative humidity were significant 146 

different between Indonesian and Japanese students. The results of the investigation of the 147 

thermal environment in two seasons and two nationalities' bedrooms during sleep are 148 

summarized in Table 2.  The total of sample point was 192. In the current study, sunrise was at 149 

05:07 ± 19 min in summer and 06:27 ± 25 min in winter. Sunset was at 18:27 ± 28 min in 150 

summer and 17:25 ± 24 min in winter. The daylight hours were longer in summer (13 h 19 min 151 

± 47 min) than in the winter (10 h 57 min ± 49 min).  152 

Table 1 Average indoor thermal environment of participant’s bedroom 153 

  Summer     Winter   

  IDN JPN   IDN JPN 

Bedroom Ta (°C) 26.5±2.2 26.1±2.0  22.2±3.7 15.9±2.4 

Bedroom RH (%) 67±12 68±13  45±12 56±12 

Bedroom AH (g/m3) 17.2±4.3 16.8±4.9  8.9±3.5 7.6±3.2 

Clothing insulation  0.2±0.1 0.2±0.1  0.5±0.2 0.7±0.3 

Bedding insulation  2.3±1.2 2.2±1.1   3.1±1.2 6.0±1.1 

Abbreviations: AH, absolute humidity, IDN, Indonesian, JPN, Japanese, N, number of measurements 154 

In addition, the temperature and relative humidity of the indoor air were categorized into 1°C 155 

and 10% bins, respectively. Figure 1 depicts the frequency distribution of indoor air temperature 156 

inside each bin. During the summer, the indoor air temperature that occurred most frequently 157 

was between 26 and 28 degrees Celsius for Indonesian and Japanese students. During the winter, 158 

the indoor air temperature was 20 °C for Indonesian and Japanese students and 21 °C for 159 

Indonesian students. Figure 2 depicts the frequency distribution of indoor relative humidity. 160 

The minimum indoor relative humidity was same for Indonesian and Japanese students during 161 

summer (35% of RH) and during winter (25% of RH). 162 

The average indoor air temperature and relative humidity of Indonesian and Japanese students 163 

during the summer were comparable. However, the average indoor air temperature of 164 

Indonesian students during the winter was significantly higher than that of Japanese students (p 165 

< 0.01), while the average indoor relative humidity of Indonesian students during the winter 166 

was significantly lower (p < 0.01). 167 
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 168 

 169 
Figure 1 Frequency distribution of indoor air temperature; Abbreviation: IDN, Indonesian; JPN, Japanese; 170 

Com., cumulative; S, summer; W, winter.  171 

 172 
Figure 2 Frequency distribution of indoor relative humidity; Abbreviation: IDN, Indonesian; JPN, Japanese; 173 

Com., cumulative; S, summer; W, winter. 174 

In the summer, 96.9 % and 84.4 % of Indonesian students, respectively, and 100 % and 78.1 % 175 

of Japanese students, respectively, slept in short sleeves and short pants. During the winter, 176 

44.4 % and 33.3 % of Indonesian students, respectively, continued to wear short sleeves and 177 

short pants. By contrast, 95.8 % and 100 % of Japanese students, respectively, wore long sleeves 178 

and long sweatpants. In order to improve their sleeping comfort, Indonesian students protect 179 

their bodies with thick blankets on average during the summer and winter. However, Japanese 180 

students protected their bodies on average with a thin blanket and a very thick blanket during 181 

the summer and winter. 182 

3.3 Sleep quality 183 

In the summer, Indonesian students awoke at an average time of 5:49 a.m., while Japanese 184 

students awoke at an average time of 8:59 a.m. In the winter, on average, Indonesian students 185 
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awoke at 5:53 a.m., while Japanese students awoke at 8:41 a.m. In the summer, 21.9 % of 186 

Indonesian students and 34.4 % of Japanese students napped during the day. In the winter, 187 

16.7 % of Indonesian students and 12.5 % of Japanese students napped.  188 

Table 2 Physical condition before sleep 189 

  Summer  Winter 

Parameters  IDN JPN Sig.  IDN JPN Sig. 

Physical condition (1 to 5)  3.0 ± 0.4  3.1 ± 0.5 p = 0.62  3.5 ± 0.7 2.9 ± 0.5 p < 0.01 

Sleepiness (1 to 5)  3.2 ± 0.5 2.8 ± 1.0 p < 0.05  3.3 ± 0.6 2.8 ± 0.9 p < 0.05 

Mental feeling (1 to 5)  3.0 ± 0.6 3.0 ± 0.6 p = 0.84  3.4 ± 0.8 3.0 ± 0.7 p < 0.10 

Abbreviation: IDN, Indonesian; JPN, Japanese; Sig., significancy 190 

Before sleeping in two distinct seasons, we attempted to examine the physical and mental states 191 

of the students. Table 2 summarizes the average subjective assessment of physical conditions. 192 

There were significant differences in sleepiness between Indonesian and Japanese students 193 

during the summer (p < 0.05). Students from Indonesia reported feeling drowsier than students 194 

from Japan. Between Indonesian and Japanese students in the winter, there were significant 195 

differences in all physical condition parameters (physical condition, sleepiness, and mental 196 

feeling) (p < 0.01, p < 0.05, and p < 0.1, respectively). Japanese students reported being in 197 

better physical condition during the winter than students from Indonesia.  198 

Indonesian students went to bed at 23:49 (95 min) and woke up at 05:50 (108 min) and Japanese 199 

students went to bed at 01:20 (74 min) and woke up at 08:42 (39 min) during summer. In winter, 200 

Indonesian students went to bed at 23:30 (111 min) and woke up at 06:15 (76 min), and 201 

Japanese students went to bed at 01:19 (73 min) and woke up at 08:28 (73 min). There was 202 

significant different between wake-up time of Japanese student and sunrise time in summer (p 203 

< 0.01) and winter (p < 0.01). On average for all students, the sleep duration was 342 min (84 204 

min) in summer and 358 min (97 min) in winter.  205 

Based on actigraphy data, Table 3 presents the average of sleep quality metrics (duration on 206 

bed, sleep length, sleep rate, sleep efficiency, and sleep latency). The significant differences in 207 

sleep quality measures were detected between nationality and season. We performed an 208 

ANOVA on the sleep quality measures (duration on bed, sleep length, sleep rate, sleep 209 

efficiency, and sleep latency) with nationality (Indonesian, Japanese) and season (summer, 210 

winter) as the independent factors. 211 

Table 3 Sleep quality parameters of Indonesian and Japanese students 212 

  Summer  Winter 

Parameters  IDN JPN Sig.  IDN JPN Sig. 

Duration on bed (min)  361.9 ± 62.1  442.2 ± 60.5 p < 0.01  406.1 ± 89.7 429.8 ± 102.3 p = 0.69 

Sleep duration (min)  311.5 ± 72.9 370.9 ± 62.7 p < 0.01  338.3 ± 93.8 380.3 ± 99.4 p = 0.24 

Sleep rate (%)  85.6 ± 10.3 84.6 ± 13.3 p = 0.75  82.7 ± 11.7 88.4 ± 8.2 p < 0.05 

Sleep efficiency (%)  92.4 ± 8.5 91.1 ± 11.6 p = 0.61  88.5 ± 9.1 94.5 ± 5.9 p < 0.01 

Sleep latency (min)  25.4 ± 24.7 28.8 ± 26.4 p = 0.61  24.7 ± 31.4 9.3 ± 15.0 p < 0.05 

Abbreviation: IDN, Indonesian; JPN, Japanese; Sig., significancy  213 

In the summer, the duration on bed and sleep duration were significantly different between 214 

Indonesian and Japanese students (p = 0.00, p = 0.00, respectively). Moreover, in the winter, 215 

we found the significant different of sleep rate (p = 0.04), sleep efficiency (p = 0.00), and sleep 216 

latency (p = 0.03).  217 

  218 
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We also analyzed sleep sensation (sleep depth, wellness, and clear-headed in the morning) using 219 

the St. Mary's Hospital (SMH) questionnaire and measured bedroom temperature 15 minutes 220 

after waking up. In the summer, there was a significant difference between Indonesian and 221 

Japanese in all parameters (sleep depth, wellness, and clear-headed in the morning) (p < 0.05, 222 

p < 0.01, and p < 0.01, respectively). Indonesian students felt better sleep experience than 223 

Japanese students during summer. In the winter, there were a significant different in wellness 224 

and clear-headed in the morning between Indonesian and Japanese (p < 0.1, p < 0.01, 225 

respectively). Although sleep duration of Japanese students was longer than Indonesian 226 

students, Indonesian students felt better in wellness and clear-headed in the morning than 227 

Japanese students. 228 

Table 4. Sleep sensation of Indonesian and Japanese students 229 

  Summer  Winter 

Parameters  IDN JPN Sig.  IDN JPN Sig. 

Sleep-depth (1 to 8)  5.3 ± 1.2  4.5 ± 1.6 p < 0.05  5.0 ± 1.2 4.9 ± 1.5 p = 0.69 

Wellness (1 to 6)  4.2 ± 0.7 3.6 ± 1.1 p < 0.01  4.5 ± 0.6 4.1 ± 0.9 p < 0.10 

Clear-headedness (1 to 6)  3.9 ± 0.5 2.0 ± 0.6 p < 0.01  3.5 ± 0.8 2.3 ± 0.9 p < 0.01 

 230 

3.4 Comfort temperature 231 

Before going to sleep, participants completed questionnaires (thermal sensation and physical 232 

condition). The thermal sensation and thermal comfort percentages for each nationality in 233 

summer and winter prior to sleep are summarized in Table 5. In the summer, 41% of Indonesian 234 

students reported feeling slightly cool, compared to 41% of Japanese students. In winter, 33% 235 

of Indonesian students reported feeling neutral and slightly cool, compared to 50% of Japanese 236 

students. The highest percentage of Japanese students was feeling neutral during summer and 237 

winter, whereas the indoor air temperature was lower. Furthermore, in the thermal comfort 238 

sensation, 47% of Indonesian and 38% of Japanese students were feeling slightly comfortable 239 

during summer. In the winter, 26% of Indonesian students were feeling neutral and slightly 240 

uncomfortable, while 38% of Japanese students were feeling slightly comfortable. 241 

Table 5 Percentage of each nationality's thermal sensation and comfort during summer and winter 242 

Scale Thermal sensation  Thermal comfort 

 Scale word Summer** Winter**  Scale word Summer Winter** 

  IDN JPN IDN JPN   IDN JPN IDN JPN 

3 Hot 0% 0% 0% 0%  Very comfortable 0% 3% 7% 13% 

2 Warm 0% 9% 4% 0%  Comfortable 16% 31% 11% 21% 

1 Slightly warm 13% 16% 11% 29%  Slightly comfortable 47% 38% 19% 38% 

0 Neutral 31% 41% 33% 50%  Neutral 25% 6% 26% 17% 

-1 Slightly cool 41% 34% 33% 13%  Slightly uncomfortable 9% 19% 26% 8% 

-2 Cool 16% 0% 7% 4%  Uncomfortable 3% 0% 7% 4% 

-3 Cold 0% 0% 11% 4%  Very uncomfortable 0% 3% 4% 0% 

Additionally, we examined the relationship between the two subjective sensations mentioned 243 

previously and the indoor air temperature. To calculate the frequency of correlation between 244 

physical and subjective measurements, the indoor air temperature was rounded to one degree 245 

Celsius. Figure 10 illustrates the frequency and correlation between indoor air temperature, 246 

thermal sensation vote (TSV), and thermal comfort (TC).  247 

 248 
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Additionally, we attempted to analyze the indoor environment's highest thermal preference 249 

prior to sleep. 41% of Indonesian and 59% of Japanese students were feeling neutral during 250 

summer. In winter, 63% of Indonesian students were feeling "prefer warm" and 67% of 251 

Japanese students were feeling "prefer neutral". During the summer, the mean temperature for 252 

students with a thermal preference (TP) of "0: neutral" was 26.3 °C for Indonesian students and 253 

26.1 °C for Japanese students. In the winter, the temperature was 23.1 °C and 17.1 °C for 254 

Indonesian and Japanese students, respectively. The percentages of thermal preference are 255 

summarized in Table 6. 256 

Table 6 Percentage of thermal preference each nationality in summer and winter 257 

Scale Thermal preference 

 Scale word Summer Winter** 

  IDN JPN IDN JPN 

1 Prefer warm 25% 0% 63% 33% 

0 Neutral 41% 59% 37% 67% 

-1 Prefer cool 34% 41% 0% 0% 

Abbreviation: IDN, Indonesian, JPN, Japanese 258 

Furthermore, we analysed correlation between thermal sensation, thermal comfort, and thermal 259 

preference (see Figure 6). During summer, the thermal sensation had a weak correlation with 260 

thermal comfort (r = -0.32, p < 0.1) and no correlation with thermal preference (r = -0.16, p = 261 

0.36) for Indonesian students. For Japanese students during summer, the thermal sensation had 262 

a moderate correlation with thermal comfort (r = -0.44, p < 0.05) and a moderate correlation 263 

with thermal preference (r = -0.48, p < 0.01). During winter, the thermal sensation had a strong 264 

correlation with thermal comfort (r = 0.58, p < 0.01) and a strong correlation with thermal 265 

preference (r = -0.59, p < 0.01) for Indonesian students. For Japanese students during winter, 266 

the thermal sensation had a strong correlation with thermal comfort (r = 0.58, p < 0.01) and a 267 

strong correlation with thermal preference (r = -0.59, p < 0.01). 268 

The mean of indoor air temperature for the thermal sensation vote (TSV) equalled to “-1, 0, +1 269 

(extended neutral)” was 28.1 °C for Indonesian students and 26.2 °C for Japanese students 270 

during summer. Meanwhile, in winter, the mean of indoor air temperature for TSV was 22.1 °C 271 

and 17.0 °C for Indonesian and Japanese students, respectively. Rijal (2014) mentioned that 272 

linier regression model was not appropriate to predict the comfort temperature. Thus, we used 273 

Griffiths' method to predict each participant's thermal comfort temperature based on their TSV 274 

votes [22]. 275 

𝑇𝐶𝑔 = 𝑇𝑎 +
(0 − 𝑇𝑆𝑉)

𝛼
 3 

where, TCg is Griffiths comfort temperature, Ta is indoor air temperature (°C), and α is 276 

regression coefficient. Griffiths method was calculated using the following seven-point thermal 277 

sensation coefficients: 0.25, 0.33, 0.50 [23], [24]. The three regression coefficients for the nine-278 

point thermal sensation in the current study were calculated using the Honjo et al conversion: 279 

0.33, 0.44, 0.67 [25]. We observed TP using the same method. The following table summarizes 280 

the Griffiths method's calculation of the comfort air temperature.  281 

Table 7 Average for comfort air temperature calculated by Griffiths method  282 

  Summer    Winter   

 α IDN  JPN  Sig.  IDN  JPN  Sig. 

TCg (°C) 0.33 28.6(2.2) 26.1(2.9) p < 0.01  24.0(4.5) 16.0(3.4) p < 0.01 

 0.44 28.1(1.9) 26.1(2.5) p < 0.01  23.5(3.9) 16.0(2.9) p < 0.01 
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 0.67 27.7(1.7) 26.1(2.1) p < 0.01  23.0(3.6) 15.9(2.6) p < 0.01 

 Avg 28.1(1.9) 26.1(2.5) p < 0.01  23.5(4.0) 16.0(2.9) p < 0.01 

TPg (°C) 0.33 27.1(2.8) 27.4(3.1) p = 0.68  20.2(4.3) 14.8(3.4) p < 0.01 

 0.44 27.0(2.4) 27.1(2.8) p = 0.91  20.7(4.1) 15.1(3.1) p < 0.01 

 0.67 26.9(2.3) 26.7(2.5) p = 0.78  21.2(4.0) 15.4(2.9) p < 0.01 

 Avg 27.0(2.5) 27.1(2.8) p = 0.91  20.7(4.1) 15.1(3.1) p < 0.01 

Abbreviation: IDN, Indonesian, JPN, Japanese, α, regression coefficient; N, number of measurements; TCg, 283 
comfort air temperature by Griffiths; TPg, preference air temperature by Griffiths 284 

 285 

4. Discussion 286 

The purpose of this study was to compare the thermal environment created by occupants for 287 

sleeping in the summer and winter seasons between Indonesian and Japanese students in Japan. 288 

Additionally, sleep quality was compared for Indonesian and Japanese students using 289 

quantitative and qualitative measurements.  290 

As a result of Indonesia's location on the equator, the length of the day and the temperature of 291 

the air remain practically constant throughout the year. We had concerns about the Indonesian 292 

students' ability to control their bedroom's ambient thermal environment and maintain a healthy 293 

sleep environment during the Japanese winter season. Because the Indonesian students had 294 

never encountered a cold climate prior to their arrival in Japan. This contrasts with the residents 295 

of Japan who are forced to endure longer daytime hours during the hot summer and shorter 296 

daytime hours during the cold winter. Thus, this is the first study to compare the thermal 297 

environment and sleep parameters of foreign students from a different climate zone to those of 298 

local students.  299 

The average bedroom temperature and relative humidity of Indonesian and Japanese students 300 

were comparable during the summer and different during the winter. The average bedroom 301 

temperature of Indonesian students was significantly higher than that of Japanese students 302 

during the winter. The reason for the Indonesian students' bedroom temperature being higher is 303 

due to their use of an air conditioner or heater during the night-time sleeping period. It differs 304 

from Japan's ministry of energy, trade, and industry recommendation, which recommends 305 

maintaining an indoor temperature at 20°C for maximum during the winter [26]. However, the 306 

Japanese students used the air conditioner only briefly before and after sleeping and did not 307 

leave it on during the sleeping period. Additionally, during the winter season, Japanese students 308 

slept on thick feather bedding and long-sleeved pajama with a long undershirt and long pants. 309 

This Japanese habit was discovered in current study and previous studies of Japanese children 310 

and adults. A study conducted on Japanese young people in Tsukuba, Japan for six months in 311 

a year (2-month intervals: February, April, June, August, October, and December) found that 312 

the ambient temperature before sleeping in December (winter) was 14.5 °C [27] and the average 313 

bedroom temperature was 10°C for elderly people in winter [28].  314 

Indonesians' preference for high room temperatures in the winter may result in increased energy 315 

consumption. Previous research indicated that residents of developing countries consumed 316 

more energy than residents of developed countries [29]. According to Karyono (2000), air 317 

conditioning consumes twelve times as much energy as natural ventilation in Indonesia [30]. In 318 

addition, living as a foreigner necessitates time spent adapting to the various seasons, such as 319 

selecting seasonal clothing and bedding. 320 
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To get the comfort temperature value for each participant group, we evaluated the seasonal 321 

comfort temperatures of the participants. In the summer, the average comfort temperature for 322 

Japanese students was similar to that found in previous studies in Fukuoka (26.1 °C for males, 323 

26.8 °C for females) [31], Tokyo (26.1 °C) [32], Osaka (27.6 °C) [33], and Kanto (27.1 °C) 324 

[34]. The current study found that Indonesians had a higher comfort temperature than Japanese 325 

students and previous studies conducted in Japan. However, a previous study determined that a 326 

thermal environment of less than 28.4 °C was acceptable [33]. While the Indonesians' comfort 327 

temperature was similar to that of previous studies (24-29 °C) conducted in Jakarta [30], [35]–328 

[37], Bandung [37], Medan, Surabaya, and Makassar [35], and Jogja [35], [38]. According to 329 

the current study's findings, Indonesian students may accept the Japanese summer. 330 

In the winter, Indonesian students preferred a warm environment, while Japanese students 331 

preferred a neutral environment. The average comfort temperature was also found to be 332 

different between Indonesian and Japanese students. The comfort temperature of Indonesian 333 

students was higher than that of Japanese students. As international students, Indonesian 334 

students' comfort temperature was higher than in a previous study conducted in the same city 335 

using a non-specific mode (22°C) [39]. This could be due to the fact that individuals of various 336 

nationalities are involved. The current study found that Japanese students' comfort temperature 337 

was lower than in previous studies using heating mode in Kanto (16.5 °C) [40] and Chubu 338 

(18.9°C) [32]. 339 

The current findings are the result of Indonesia's climate being predominantly classified as Af: 340 

tropical rainforest, Am: tropical monsoon, and Aw: tropical savanna with dry winter 341 

characteristics. It is generally warm (in 2020, the average air temperature was 27.3°C). 342 

According to this condition, Indonesian students were accustomed to warm temperatures but 343 

were unfamiliar with Toyohashi's winter conditions (mild). As a result, Indonesian students 344 

continued to use their bedroom heater or air conditioner during the night sleeping period. 345 

However, Japanese students used the heater or air conditioner in the bedroom only briefly 346 

before sleeping and turned it off when they went to sleep. Due to their previous residence in a 347 

tropical country, Indonesian students may have developed a long-term tolerance for heat (more 348 

than 20 years), which is similar to the case with Japanese Brazilians [41]. However, once 349 

established in a temperate zone (34°46'9" N Toyohashi, Japan), they will almost certainly 350 

require additional effort to adapt to their new environment. Not only is there a temperature 351 

difference, but also the time between sunset and sunrise varies by a maximum of 41 minutes 352 

[13]. This seasonal variability may have an effect on sleep quality and performance during the 353 

day. 354 

Additionally, two nationalities demonstrated distinct thermal adaptive responses in summer and 355 

winter. In the summer, the two nationalities adopted nearly identical clothing choices: short 356 

sleeves and shorts. However, when it came to choosing a blanket, the average Indonesian 357 

student chose a thick one, while the average Japanese student chose a thin one. Some Indonesian 358 

students wore short sleeves and shorts during the winter. Because there was almost certainly a 359 

reaction to using an air conditioner with heating mode and electrical heaters while sleeping. 360 

Meanwhile, the majority of Japanese students wore long sleeved shirts, long sweatpants, and 361 

extremely thick bed sheets: mattrass, warmer mattrass cover, winter blanket, and winter blanket. 362 

Because Japanese students used an air conditioner with heating mode or an electric heater for a 363 

brief period prior to sleeping. They switched off the air conditioning or electric heater before 364 

going to bed. Tsuzuki et al. (2010) reported that Japanese adolescents wore clothing with a 1 365 
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clothing insulation index for 16.2 °C prior to going to sleep, and that this number will be higher 366 

at lower ambient temperatures [19]. Although the study's sample size was small, the Japanese 367 

students slept in high-quality bedding insulation. These habits regarding clothing selection and 368 

air conditioning use may have an effect on the indoor temperature, thermal sensation, and sleep 369 

quality of Japanese and Indonesian students. However, sleep quality was nearly identical 370 

between Indonesian and Japanese students during the summer, while sleep efficiency was lower 371 

for Indonesian students than for Japanese students during the winter, despite the fact that 372 

Indonesian students chose a warmer bedroom temperature than Japanese students.  373 

In the sleep survey, there was a significant difference in the wake-up time of Japanese students 374 

in the sleep quality study. The average duration of sleep for all students was 342 minutes (84 375 

minutes) in the summer and 358 minutes (97 minutes) in the winter. This finding corroborated 376 

a previous study that winter sleep duration was greater than summer sleep duration [1], [42]–377 

[44]. The current study's average difference (16 minutes) was comparable to Suzuki et al 378 

(2019): 11.4 minutes [1]. Additionally, Suzuki et al. (2019) explained that this difference is due 379 

to a variety of factors, including the sampling process, climate, ethnicity or race, and culture or 380 

behavior [1]. Seasonal differences in day length between winter and summer may be a 381 

significant factor in seasonal sleep duration. 382 

We found that duration on bed, sleep duration and sleep efficiency were significantly different 383 

between Indonesian and Japanese. There was no significant difference in sleep rates between 384 

Indonesian and Japanese in the two seasons. The duration on bed and sleep duration of Japanese 385 

students were longer than Indonesian students in summer and sleep efficiency of Japanese 386 

students was higher than Indonesian students in winter. 34 of the 36 Indonesian participants 387 

were Muslims who worshiped in the morning before sunrise.  We discovered that there was no 388 

difference in the times of waking up and sunrise. Actigraphy measurements indicated that the 389 

Indonesian participants' waking time coincided with sunrise. Japanese participants, on the other 390 

hand, awoke later than Indonesian students. In sleep subjective sensation, all parameters (sleep 391 

depth, wellness, clear-headed in the morning) of Indonesian students showed better than 392 

Japanese students during summer. In the winter, although sleep duration of Japanese students 393 

was longer than Indonesian students, Indonesian students felt better in wellness and clear-394 

headed in the morning than Japanese students.  395 

  396 

5. Conclusion 397 

A thermal comfort survey and sleep quality of Indonesian and Japanese students of Toyohashi 398 

city (Chubu area of Japan) was conducted during summer and winter. The following results 399 

that we found in the current study that Indonesian students' duration on bed and sleep minutes 400 

were shorter than Indonesian students. Indonesian students woke up to follow the sunrise time. 401 

Although Indonesian students had shorter sleep minutes, the sleep rate was not different from 402 

Japanese students, and sleep sensation was better than Japanese students. The result showed 403 

that culture or religion has a significant contribution to encourage the sleep duration of 404 

Indonesian participants. The seasonal effect was found in the bedroom temperature and relative 405 

humidity. Indonesian students' average bedroom temperature was significantly higher in the 406 

winter than Japanese students' bedroom temperature. Moreover, indoor relative humidity of 407 

Indonesian students was significantly lower than Japanese students. Even though different, both 408 

of relative humidity in ASHRAE recommendation (30-60%). The significant difference in 409 
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indoor air temperature and relative humidity between Indonesian and Japanese students caused 410 

by the difference of adaptation action during winter. Indonesian students set higher air 411 

temperature and wore clothing with lower clothing insulation than Japanese students. Each 412 

season's mean comfort temperature calculated using the Griffiths method was 28.1 °C for 413 

Indonesian and 26.1 °C for Japanese in summer. In the winter, the comfort temperature was 414 

23.5 °C for Indonesian and 16.0 °C for Japanese. The comfort temperature of Indonesian 415 

students is surprisingly high. 416 

Author Contributions: W.B. and K.T. designed the current study and contributed to the 417 

interpretation of the results. W.B. collected and analysed the data and wrote the manuscript. 418 

K.T. supported the resources and funding, reviewed and edited the manuscript, and supervised 419 

the research. 420 

 421 

References 422 

[1] M. Suzuki et al., “Seasonal changes in sleep duration and sleep problems: A prospective 423 

study in Japanese community residents,” PLoS One, vol. 14, no. 4, pp. 1–17, 2019, doi: 424 

10.1371/journal.pone.0215345. 425 

[2] L. Lan, K. Tsuzuki, Y. F. Liu, and Z. W. Lian, “Thermal environment and sleep quality: 426 

A review,” Energy Build., vol. 149, pp. 101–113, 2017, doi: 427 

10.1016/j.enbuild.2017.05.043. 428 

[3] H. Fujii, S. Fukuda, D. Narumi, T. Ihara, and Y. Watanabe, “Fatigue and sleep under 429 

large summer temperature differences,” Environ. Res., vol. 138, pp. 17–21, 2015, doi: 430 

10.1016/j.envres.2015.02.006. 431 

[4] T. A. Wehr, “In short photoperiods, human sleep is biphasic,” J. Sleep Res., vol. 1, no. 432 

2, pp. 103–107, 1992, doi: 10.1111/j.1365-2869.1992.tb00019.x. 433 

[5] W. Budiawan and K. Tsuzuki, “Thermal Comfort and Sleep Quality of Indonesian 434 

Students Living in Japan during Summer and Winter,” Buildings, vol. 11, no. 8, p. 326, 435 

Jul. 2021, doi: 10.3390/buildings11080326. 436 

[6] W. Budiawan, K. Tsuzuki, and H. Sakakibara, “Comparative study on thermal comfort 437 

responses and sleep quality between Indonesian and Japanese students during summer 438 

in Japan,” IOP Conf. Ser. Earth Environ. Sci., vol. 896, no. 1, p. 012074, 2021, doi: 439 

10.1088/1755-1315/896/1/012074. 440 

[7] W. Budiawan, K. Tsuzuki, and H. Prastawa, “Bibliometric Analysis of Thermal Comfort 441 

and Sleep Quality Research Trends in Indonesia,” IOP Conf. Ser. Earth Environ. Sci., 442 

vol. 1098, no. 1, 2022, doi: 10.1088/1755-1315/1098/1/012025. 443 

[8] G. Zheng, K. Li, and Y. Wang, “The effects of high-temperature weather on human sleep 444 

quality and appetite,” Int. J. Environ. Res. Public Health, vol. 16, no. 2, pp. 1–13, 2019, 445 

doi: 10.3390/ijerph16020270. 446 

[9] J. A. F. van Loenhout et al., “The effect of high indoor temperatures on self-perceived 447 

health of elderly persons,” Environ. Res., vol. 146, pp. 27–34, 2016, doi: 448 

10.1016/j.envres.2015.12.012. 449 

[10] J. L. Nguyen, J. Schwartz, and D. W. Dockery, “The relationship between indoor and 450 

outdoor temperature, apparent temperature, relative humidity, and absolute humidity,” 451 



13 

 

Indoor Air, vol. 24, no. 1, pp. 1–19, 2014, doi: 10.1111/ina.12052.The. 452 

[11] G. Havenith, K. Griggs, Y. Qiu, L. Dorman, V. Kulasekaran, and S. Hodder, “Higher 453 

comfort temperature preferences for anthropometrically matched Chinese and Japanese 454 

versus white-western-middle-European individuals using a personal comfort / cooling 455 

system,” Build. Environ., vol. 183, no. August, p. 107162, 2020, doi: 456 

10.1016/j.buildenv.2020.107162. 457 

[12] M. Kottek, J. Grieser, C. Beck, B. Rudolf, and F. Rubel, “World map of the Köppen-458 

Geiger climate classification updated,” Meteorol. Zeitschrift, vol. 15, no. 3, pp. 259–263, 459 

2006, doi: 10.1127/0941-2948/2006/0130. 460 

[13] Japan Meteorology Agency, “Tables of Monthly Climate Statistics,” 2020. 461 

http://www.data.jma.go.jp/obd/stats/data/en/smp/index.html (accessed Jan. 20, 2020). 462 

[14] L. A. Wallace, S. J. Emmerich, and C. Howard-Reed, “Continuous measurements of air 463 

change rates in an occupied house for 1 year: The effect of temperature, wind, fans, and 464 

windows,” J. Expo. Anal. Environ. Epidemiol., vol. 12, no. 4, pp. 296–306, 2002, doi: 465 

10.1038/sj.jea.7500229. 466 

[15] Y. Hibino, S. Hokoi, K. Yoshida, S. Takada, M. Nakajima, and M. Yamate, “Thermal 467 

physiological response to local heating and cooling during sleep,” Front. Archit. Res., 468 

vol. 1, no. 1, pp. 51–57, 2012, doi: 10.1016/j.foar.2012.02.005. 469 

[16] K. Tsuzuki, N. Morito, and H. Nishimiya, “Sleep quality and air conditioner use,” in 470 

Extreme Physiology and Medicine, 15th International Conference on Environmental 471 

Ergonomics (ICEE XV), Portsmouth, UK, 28 June - 3 July 2015, 2015, vol. 4, no. 1, p. 472 

A129. doi: 10.1186/2046-7648-4-S1-A129. 473 

[17] K. Okamoto-Mizuno, K. Tsuzuki, Y. Ohshiro, and K. Mizuno, “Effects of an electric 474 

blanket on sleep stages and body temperature in young men,” Ergonomics, vol. 48, no. 475 

7, pp. 749–757, 2005, doi: 10.1080/00140130500120874. 476 

[18] K. Okamoto-Mizuno and K. Tsuzuki, “Effects of season on sleep and skin temperature 477 

in the elderly,” Int. J. Biometeorol., vol. 54, no. 4, pp. 401–409, 2010, doi: 478 

10.1007/s00484-009-0291-7. 479 

[19] K. Tsuzuki, T. Sakoi, and Y. Sakata, “Seasonal variation in ambient thermal environment 480 

and sleep of the elderly living in the nursing homes,” in 12th International Conference 481 

on Indoor Air Quality and Climate 2011, Austin, Texas, USA, 5-10 June 2011, 2011, vol. 482 

2, pp. 1215–1217. 483 

[20] A. Shahid, K. Wilkinson, S. Marcu, and C. M. Shapiro, “St. Mary’s Hospital Sleep 484 

Questionnaire,” in STOP, THAT and One Hundred Other Sleep Scales, A. Shahid, K. 485 

Wilkinson, S. Marcu, and C. M. Shapiro, Eds. New York, NY: Springer New York, 2012, 486 

pp. 363–365. doi: 10.1007/978-1-4419-9893-4_89. 487 

[21] H. B. Rijal, “Investigation of Comfort Temperature and Occupant Behavior in Japanese 488 

Houses during the Hot and Humid Season,” Buildings, vol. 4, no. 3, pp. 437–452, 2014, 489 

doi: 10.3390/buildings4030437. 490 

[22] I. D. Griffiths, Solar energy applications to buildings and solar radiation data, vol. 40, 491 

no. 2. AH Dordrecht, The Netherlands: Kluwer Academic Publisher, 1988. doi: 492 

10.1016/0038-092x(88)90092-8. 493 

[23] H. B. Rijal et al., “Development of adaptive algorithms for the operation of windows, 494 



14 

 

fans, and doors to predict thermal comfort and energy use in Pakistani buildings,” Am. 495 

Soc. Heat. Refrig. Air Cond. Eng. Trans., vol. 114, no. 2, pp. 555–573, 2008. 496 

[24] M. A. Humphreys, H. B. Rijal, and J. F. Nicol, “Updating the adaptive relation between 497 

climate and comfort indoors; new insights and an extended database,” Build. Environ., 498 

vol. 63, pp. 40–55, 2013, doi: 10.1016/j.buildenv.2013.01.024. 499 

[25] M. Honjo, H. B. Rijal, R. Kobayashi, and T. Nakaya, “Investigation of comfort 500 

temperature and the adaptive model in Japanese houses,” Proc. 7th Wind. Conf. Chang. 501 

Context Comf. an Unpredictable World, no. April, pp. 12–15, 2012. 502 

[26] T. and I. of J. Ministry of Economy, “Summer energy conservation measures (in 503 

Japanese),” Ministry of Economy, Trade, and Industry, 2017. 504 

https://www.meti.go.jp/english/press/2017/0529_003.html (accessed Apr. 25, 2021). 505 

[27] K. Okamoto-Mizuno and K. Tsuzuki, “Effects of season on sleep and skin temperature 506 

in the elderly,” Int. J. Biometeorol., vol. 54, no. 4, pp. 401–409, 2010, doi: 507 

10.1007/s00484-009-0291-7. 508 

[28] K. Tsuzuki, I. Mori, T. Sakoi, and Y. Kurokawa, “Effects of seasonal illumination and 509 

thermal environments on sleep in elderly men,” Build. Environ., vol. 88, pp. 82–88, 2015, 510 

doi: 10.1016/j.buildenv.2014.10.001. 511 

[29] Q. J. Kwong, N. M. Adam, and B. B. Sahari, “Thermal comfort assessment and potential 512 

for energy efficiency enhancement in modern tropical buildings: A review,” Energy 513 

Build., vol. 68, no. PARTA, pp. 547–557, 2014, doi: 10.1016/j.enbuild.2013.09.034. 514 

[30] T. H. Karyono, “Report on thermal comfort and building energy studies in Jakarta - 515 

Indonesia,” Build. Environ., vol. 35, no. 1, pp. 77–90, 2000, doi: 10.1016/S0360-516 

1323(98)00066-3. 517 

[31] M. S. Mustapa, S. A. Zaki, H. B. Rijal, A. Hagishima, and M. S. M. Ali, “Thermal 518 

comfort and occupant adaptive behaviour in Japanese university buildings with free 519 

running and cooling mode offices during summer,” Build. Environ., vol. 105, pp. 332–520 

342, 2016, doi: 10.1016/j.buildenv.2016.06.014. 521 

[32] H. B. Rijal, M. Honjo, R. Kobayashi, and T. Nakaya, “Investigation of comfort 522 

temperature, adaptive model and the window-opening behaviour in Japanese houses,” 523 

Archit. Sci. Rev., vol. 56, no. 1, pp. 54–69, 2013, doi: 10.1080/00038628.2012.744295. 524 

[33] T. Nakaya, N. Matsubara, and Y. Kurazumi, “Use of occupant behaviour to control the 525 

indoor climate in Japanese residences,” 2008. 526 

[34] H. B. Rijal, M. A. Humphreys, and J. F. Nicol, “Adaptive thermal comfort in Japanese 527 

houses during the summer season: Behavioral Adaptation and the Effect of Humidity,” 528 

Buildings, vol. 5, no. 3, pp. 1037–1054, 2015, doi: 10.3390/buildings5031037. 529 

[35] M. N. F. Alfata, W. Sujatmiko, and R. Widyahantari, “Thermal Comfort Study in the 530 

Office Buildings in Medan, Jakarta, Surabaya and Makassar, Final Report of Innovation 531 

Research: The Effect of Air Movement on Thermal Comfort in Some Office Buildings 532 

in Some Big Cities in Indonesia (Unpublished annual report),” Jakarta, 2012. 533 

[36] T. H. Karyono, “Predicting comfort temperature in Indonesia, an initial step to reduce 534 

cooling energy consumption,” Buildings, vol. 5, no. 3, pp. 802–813, 2015, doi: 535 

10.3390/buildings5030802. 536 



15 

 

[37] T. H. Karyono, “Thermal comfort study and the potential of energy saving for cooling 537 

in Bandung , Indonesia,” in 2nd Malay Architecture & 8th Sustainable Environmental 538 

Architecture, Surabaya, Indonesia, 23-24 August 2007, 2007, pp. 1–11. 539 

[38] H. Feriadi and N. H. Wong, “Thermal comfort for naturally ventilated houses in 540 

Indonesia,” Energy Build., vol. 36, no. 7, pp. 614–626, 2004, doi: 541 

10.1016/j.enbuild.2004.01.011. 542 

[39] V. Draganova, K. Tsuzuki, and Y. Nabeshima, “Field Study on Nationality Differences 543 

in Thermal Comfort of University Students in Dormitories during Winter in Japan,” 544 

Buildings, vol. 9, no. 213, p. 213, 2019. 545 

[40] H. Imagawa, H. B. Rijal, and M. Shukuya, “Field survey on the comfort temperature and 546 

occupant behaviour in bedrooms,” J. Environ. Eng., vol. 81, no. 728, pp. 875–883, 2016, 547 

doi: 10.3130/aije.81.875. 548 

[41] T. Katsuura, M. E. Tachibana, C. Lee, A. Okada, and Y. Kikuchi, “Comparative studies 549 

on thermoregulatory responses to heat between Japanese Brazilians and Japanese,” 550 

Physiol. Anthropol., vol. 11, no. 2, pp. 105–111, 1992, doi: 10.2114/ahs1983.11.105. 551 

[42] M. Okawa et al., “Seasonal variation of mood and behaviour in a healthy middle-aged 552 

population in Japan,” Acta Psychiatr. Scand., vol. 94, no. 4, pp. 211–216, 1996, doi: 553 

10.1111/j.1600-0447.1996.tb09851.x. 554 

[43] S. Pallesen et al., “Prevalence of insomnia in the adult Norwegian population,” Sleep, 555 

vol. 24, no. 7, pp. 771–779, 2001, doi: 10.1093/sleep/24.7.771. 556 

[44] J. Volkov et al., “Seasonal changes in sleep duration in African American and African 557 

college students living in Washington, D.C.,” ScientificWorldJournal., vol. 7, pp. 880–558 

887, 2007, doi: 10.1100/tsw.2007.128. 559 

 560 


