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Abstract. Poor sleeping quality will affect the concentration, reaction and 
memory ability, and decrease the cognitive abilities such as memory, learning, 
the ability of expressing complex language, and the capability to make decision 
firmly. There are some possible causes such as concern about wakefulness, 
temporary, anxiety or depression, sleep apnea, other illnesses, illuminant, noises 
and other stimulants etc. Experts agree the temperature of sleeping area and 
how comfortable people feels in it affect how well and how long they snooze. 
Many researchers suggest body temperature has connection with the amount of 
deep sleep an individual gets during the night. However, most of the studies 
discussed temperature and sleeping quality are conducted in American or Euro-
pean area, however, the situation at tropical area (such as Taiwan) has not been 
discussed. Therefore, this study set up an experiment performed by Actigraphy 
to explore the relationships between sleeping quality and bedroom temperature 
in Taiwan. 
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1 Introduciton 

More than 30% of American adults suffer with insomnia-related problems [1]. Asian 
Sleep Research Society (ASRS) performed a research observed more than 8,000 
adults in Taiwan, Hong Kong, Singapore, Malaysia, and Japan in 2003 [2]. The re-
sults revealed that more than half of the participants could not sleep well. There were 
more than 80 percent of the adults who are older than 45 years old believed that they 
have sleeping problem [1]. Soldatos, Allaert, Ohta, and Dikeos performed a single-
day survey in 10 industrialized countries and reported that one in four individuals was 
suffering from sleeping problem [3]. Poor sleep means a person does not being able to 
get off to sleep, waking up too early, waking for long periods in the night, and not 
feeling refreshed after a night’s sleep [1]. Poor sleeping quality will affect the concen-
tration, reaction and memory ability, and further induces the decreases of cognitive 
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abilities such as memory, learning, reasoning and computing, the ability of expressing 
complex language, and the capability to make decision firmly. Lack of good sleeping 
quality also increases the risks of reducing productivities at work especially those 
need highly visual attentions and the operations which are tedious, detail divided, 
monotonic, repeated, or controlled by machines. When a person lacks of sleep for  
a long time, he/she might suffer with Hypersomnia and have difficulty to keep  
awake during most of the time, furthermore, they might also suffer with personality 
and affective disorders, psychosocial impairment and poor job performance.  

Lerner (1982) proposed that the symptoms of poor sleeping quality include bad 
sleep efficiency, long wake up time, as well as rapid eye movement (REM) and re-
ducing deep sleep [4]. Cohen et al. pointed out once a person has one of the symp-
toms, sleep time less than six hours, sleep latency (the time between getting to bed 
and fall asleep) longer than thirty minutes, or wake up more than 3 times per night, 
the person suffers from poor sleeping quality [5]. In the past, the parameters of the 
sleep effectiveness on sleeping quality, sleeping incubation, time and period of wak-
ing up during sleep were collected by using PITTSBURG SLEEP QUALITY INDEX 
(PSQI) [6]. The questionnaires are currently useful to collect mass data in a short 
period of time. The evaluation criteria of this questionnaire include subjective sleep-
ing quality, sleeping incubation, sleeping hours, sleeping efficiency, sleeping trouble, 
capabilities during day time, and hypnotics use [7].  

The methods to evaluate sleep quality can be separated into three categories; (1) 
subjective self-evaluation, (2) objective equipment measurement, and (3) sleep obser-
vation. PSQI mentioned above is one of the subjective evaluation which conducts by 
asking questions such as the subjective thoughts of sleeping quality, drug or drink 
using habits, the time before fall asleep, and etc. Polysomnography (PSG) and Acti-
graphy are used to collect objective information by recording tester sleeping quality, 
sleeping incubation, the wake up time and etc. PSG is a comprehensive recording of 
the biophysiological changes that occur during sleep and monitors many body func-
tions including brain (EEG), eye movements (EOG), muscle activity or skeletal mus-
cle activation (EMG) and heart rhythm (ECG) during sleep. Actigraphy is a metho-
dology for recording and analyzing small activity (movement) during sleep and a 
useful methodology for investigating group differences, and sleep-pattern variations 
over time. By using PSG, the testees must stay in a specific laboratory and carry a lot 
of inductance electrode and signal wires which seriously damage testees’ sleep quali-
ty. Contrary to PSG, the patient remains movable while using actigraphy. Most of the 
experiment will conduct at testees’ home to enhance their comfort and collect the 
measured data more generally applicable. The subjects will sleep with the device that 
provided by the testers, and then return the device to retrieve data from it. By analyz-
ing the data collected, the testers could evaluate the testee’s quality of sleep. Sleep 
observation is conducted by testers who watch and record testees’ conditions during 
their sleep in person or by cameras. The results can only provide as the references for 
total sleeping time, activities while sleeping and some sleep diseases. Therefore, sleep 
observation is considered as the less efficient way to evaluate the sleep quality.  

Poor sleep may develop for no apparent reason. However, there are some possible 
causes such as concern about wakefulness, temporary, anxiety or depression, sleep 
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apnea, other illnesses, illuminant, noises and other stimulants etc. Many researchers 
tried to find out the reasons causing sleeping problem. Rodriguez-Munoz et al. shown 
that the gender makes differences on sleeping quality; the male has better sleeping 
quality than female [8]. Friedman et al. (2007) reported the personal income also one 
of the reasons influencing sleeping quality; the lower the income the worse the sleep 
quality [8]. Singh, Clements, & Fiatarone believed that the person who exercises 
regularly has better sleep quality [10]. Shilo, Sabbah, & Hadari demonstrated that a 
person who has irritant stuff such as coffee has poor sleep quality [11]. Kearnes 
(1989) believed that smokers have poor sleeping quality due to the nicotine [12]. 
Becker & Jamieson (1992) reported that the aging also is one of the reasons causing 
poor sleeping quality [13]. Besides all the causes mentioned above, experts also agree 
the temperature of sleeping area and how comfortable people feels in it affect how 
well and how long they snooze. Many researchers suggest that temperature between 
60 and 67 degrees Fahrenheit (15.56 and 19.44 degree Celsius) is optimal for sleep-
ing, with temperatures above 75 degrees Fahrenheit (23.89 degree Celsius) and below 
54 degrees Fahrenheit (12.22 degree Celsius) disruptive to sleep [1]. The reason of 
this propose might due to sleep is typically initiated during the time when body tem-
perature really starts to decline [14]. That is, body temperature has connection with 
the amount of deep sleep an individual gets during the night. The cooler body temper-
atures, the more deep sleep a person can get. However, the researchers did not reach 
the same agreement on the ideal temperature for sleep. Because sleep can be inter-
rupted by temperature or climate conditions but the situations might vary from person 
to person. Most of the studies discussed temperature and sleeping quality are con-
ducted in American or European area, however, the situation at tropical area (such as 
Taiwan) should be totally different. The average temperature in southeastern and 
southern Asia is normally higher than 20 ˚C and even reaches 40 ˚C during the sum-
mer. To maintain the room temperature as low as researchers suggestion (lower than 
20 ˚C), air-conditions must be turn on all the time which causes green-house effect 
and definitely is not good for the environment. On the other hand, the people live in 
tropical area may use to the warm weather. And large temperature differences be-
tween indoor and outdoor may induce sickness. During the summer time, Taiwanese 
government requests air-condition must be set higher than 26 ˚C in all the public areas 
such as department stores, retail stores and government offices. For all these reasons, 
the authors wondered that the bed room temperature lower than 20 ˚C might be too 
cold for Taiwanese people. Therefore, compare to the prior studies, this study per-
formed few experiments to discuss the best sleep temperature for Taiwanese people 
by using actigraphy. 

2 Methods 

This study discusses the relationships between sleeping quality and bedroom tempera-
ture in Taiwan. The experiments are performed by Actigraphy. Portable actigraphy 
screening devices SOMNOwatch (figure 1) produced by SOMNO Medics was used to 
record the data of sleep latency, sleep efficiency, sleep time, wake time and time in 
bed of study participants. There were 2 male and 2 female volunteers in Taichung 
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participated in this experiment. They all work and live in Taichung, Taiwan. The 
average age of the participants is 32.5 years old. One of the female is a housewife. 
The other female works for her husband. One of the male owns a small factory. The 
other one works at a technology corporation. All the participants wore the SOMNO-
watches all day long during the experiment. Study participants were guided to avoid 
from consumption of alcohol, tea, coffee, nicotine, and sleep altering medications on 
the day prior to the study night. They also asked to continue their daily routines. The 
experiments were performed at the participants’ own house to reduce the interference 
from the unfamiliar environment. According to the prior studies, the best bed room 
temperature for sleeping should be between 15.56 ˚C and 19.44 ˚C, and better lower 
than 23.89 ˚C. Therefore, the bed room temperature were set at 18 ˚C, 22 ˚C, and  
26 ˚C separately in this study. The reasons to use 18 ˚C is because it is between 
15.56˚C and 19.44 ˚C. Using 26 ˚C is because it’s higher than 23.89 ˚C. Most studies 
suggested that a slightly cool room promotes good night sleep, so this study also 
chose 22 ˚C which is a little bit cooler than 23.89 ˚C. The room temperature was cho-
sen randomly by testees. Each experiment under same room temperature were set for 
two days. The bed room temperature was set two hours before the participants went to 
bed to keep the room temperature under the same level and obtain steady data. The 
experiment was conducted during the last week of January 2014 right before Chinese 
New Year. During this period, the average temperature in the areas that participants 
lived is around 21 ˚C during the day time (sunrise to sundown). The participants’ 
entire sleep pattern were recorded under different bedroom temperatures.  
 

 
Fig. 1. SOMNOwatch™ plus (copied from http://www.somnomedics.eu/) 

3 Results 

Sleep is composed of two basic states: rapid eye movement (REM) sleep and non-
rapid eye movement (NREM) sleep. The period of NREM sleep consists of stages 1 
through 4. A completed sleep cycle is make up of a movement from stages 1-4 before 
REM sleep is attained, then the cycle starts over again. Each sleep cycle is approx-
imately 90 minutes long. Stages 1 and 2 are called the light stages of sleep; and stages 
3 and 4 are called deep stages of sleep. The sleep efficiency is computed by dividing 
the amount of time a person stay in bed asleep (deducts all the awake time and sleep 
Latency) by the total time in bed. When the sleep efficiency is higher than 85%, the 
person should be considered having normal sleep quality. When sleep efficiency is 
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above 90%, the person should be seen as having really good sleep quality [5]. Table 1 
shown the means of 4 participants’ data under different bed room temperature.  

From the results we found out that the time in bed (total sleep hours) for men and 
women conformed to the suggestion that sleep time should be over 5 hours proposed 
by Buysse et al. [5]. And the higher the bed room temperature, the shorter the sleep 
latency. The sleep latency was shortest while the room temperature is set at 26 ˚C and 
it was longest while the temperature is set at 18 ˚C. According to Buysse et al., the 
sleep latency should less than 30 minutes [5]. Male participants took too long to fall 
asleep (sleep latency was 44.25 minutes) under the environment that room tempera-
ture is 18 ˚C. This indicated that 18 ˚C could be bad to sleep quality. Responding to 
Cohen et al., (1983), if there were more than 3 times waking up, the sleep quality 
should be considered bad [4]. In this study, male participants wake up more than 3 
times while the bed room temperature was setting at 22 and 26 ˚C. As for male partic-
ipants’ sleep efficiency were under 85% for all room temperature settings which 
means they did not have good sleep quality.  

On the other hand, all female slept more than 5 hours as well and their sleep laten-
cy was getting shorter with the higher bed room temperature. The sleep latency for all 
female were less than 30 minutes and is shortest while the temperature was set at 22 
˚C. All female participants’ wake up time was less than 3 times and their sleep effi-
ciency was higher than 85% under 3 different temperature settings. Female partici-
pants slept longer than male in this study which is same as the report from the prior 
study [15]. According to the sleep latency, wake up time and sleep efficiency, the 
sleep quality of female participants was good. 

Table 1. The means of dependent variables 

Gender 
Bed Room Tem-

perature 
(˚C) 

Sleep 
Latency
(Mins) 

Awake 
Time 

(Mins)

Wake up 
Time 

(Times) 

Deep 
Sleep 
Time 

Time 
 in Bed 
(Mins) 

Sleep Effi-
ciency (%) 

Male 

18 44.25 29.75 2.75 83.50 361.50 79.72% 

22 15.50 66.75 4 148.00 407.00 76.18% 

26 11.50 59.7 3.25 114.00 391.25 82.79% 

Female 

18 13.50 9.75 1.25 191.25 457.75 94.84% 

22 7.00 15.00 2 189.25 427.75 94.79% 

26 8.75 11.75 0.75 229.50 478.00 95.15% 

 
AVONA analysis is applied to understand the differences of sleeping quality be-

tween various room temperatures and gender. The results are arranged in Table 2. The 
influences of the room temperatures to all the dependent variables are not significant. 
However, the gender affects sleep latency, wake up time, awake time, deep sleep 
time, time in bed, and sleep efficiency significantly (p<0.05). Male needed longer 
time to fall asleep (sleep latency is longer), and female not only had longer time in 
bed but also longer deep sleep time, less wake up time and better sleep efficiency.  
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ble 2. The results of ANOVA Analysis 

Gender 
Bed Room 

Temperature 
Gender 

×Temperature 
F 5.51 4.15 2.05 
P value 0.03 * 0.03* 0.16 
F 16.00 1.78 0.33 
P value 0.00 * 0.20 0.72 
F 19.18 1.95 1.21 
P value 0.00 * 0.17 0.32 

F 15.89 0.98 1.14 
P value 0.00* 0.39 0.34 
F 6.50 0.53 0.86 
P value 0.02 * 0.60 0.44 
F 58.51 1.00 0.81 
P value 0.00 * 0.39 0.46 
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the best room teperature to sleep in tropic area should be warmer than it in American 
and European countries. To obtain more useful informations subjet to this topic, the 
reseach which is including longer measurement period and more participants should 
be performed. Besides the room temperature, the humidity inside the bed room could 
also be considered to one of the factors influencing the sleep quality. 
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