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Evaluation of Thermal Comfort during Sleeping in Summer
— Part | : On Results of Questionnaire Before and After Sleep —
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ABSTRACT: This study is to investigate effects of thermal conditions on sleep. Five female
university students participated in the sleep experiment. Three temperature levels (22, 26, and
30C) were given, and relative humidity was maintained to 50%. When as subject arrived in
the chamber at 9 o’clock in the evening, questionnaire was given to check physical and psy-
chological conditions. After checking conditions, subjects went to bed till 07 : 30 in the morn-
ing. Body movement was checked during sleeping. After sleep in the chamber, questionnaire
was given to the subject in order to check sleep quality. Subjects evaluated sleep quality by
themselves by answering the time they fall asleep and wake up, frequency of wake during
sleep, causes of each waking, and feeling after sleep. Sleep quality was rated with 7-point
scale. At 30C condition, body movement was significantly higher than of other thermal con-
ditions. The best sleep quality was obtained at the 26C condition, while the worst sleep was
taken at the 30°C condition.
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Fig. 1 Schematic of the chamber.

Table 1 Specification of the chamber

Environmental chamber
Temperature range 18C ~40+1°TC
Humidity range 30%~80+5%
Cooling capacity 9,500 W
Heating capacity 14,000 W
Humidifying 81/h, 1.8L/h
capacity (dehumidifying)
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Fig. 2 Experimental process.

Table 2 Data of the subjects

Num. of Age Height | Weight
subjects g [cm] kgl
Female 5 198%£15|1642+46|51.4%4.1
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Table 3 Experimental design (C) X2 239 OSA £=BZAIE 2 4dg
AAA A& AL g9 &7 A
1% night | 2° night | 3° night “_d7d } A& 74 ; o £7] A4 714
; st oW A AER 71 F UIgsie A=
Subject 1 22 26 30
Subject 2 26 22 30 T A,
Subject 3 9 % 30 B AR ALEF HES OSA FHRAES}
Subject 4 % 99 30 g4 AEAE Fudted +H9 A 9 FE(Fig. 3)
Subject 5 %0 % % 7 4d F 3400 5 (Fig. )2 FE3Qx, +
He] A(Sleep quality)S HFHozZ zotstr] $
24 AME=xH
After sleep questionnaire
YA AR 9 B(T-shirts, short sleeve Date : Name :

. o . Blood pressure : Heart rate :
pajama, panty, bra)& #olg F 108 HAddA
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Af)e 2tk 27 29 BS A 48F 9

Is the time to take considered to be the while degree
even though it falls asleep?

Did sleep come much when it went to last night bed

ki3 iﬁoﬂ }\1 4 q87 O]] x_-] %—3]'0% }ﬁ]fg o]] EH?:S} Sleep did not come Sleep came much
AZ2EE ko] T BRoE i 0f Abrl]
B ?_E = =TT T JAOL ‘—"ji 500/’ R Which is the time to take even though it falls asleep
E g3 AUEE 22T, 26T, 30T 2deo=2 last night compared with falls asleep time?

1) Long Short

Table 31} Zo] &AZ £HE HA
What is the reason if you have the difference with the
=3 time ordinary times to fall asleep?
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Which is ordinary sleep times last night compared with
£9 A% AgAe FHANS B9 % 2 STD our of the house
otsl7] el dE AL (98BN EERH

dd OSA $HZA} 3}.(4) s} =wxe A(E N Which is currently an impression about a surrounding

environment
&7] 91kl Aot A Al8-ste FHTHAREA A 1) Uncomfort Comfort
2) Cool Warm
3) Dry Wet
Date : Name :
Blood pressure : Heart rate : How do you want to do if you can adjust the humidity

and temperature
1) Temperature: Up( C), Neutral, Down( T)

Which is currently an impression about a DE)
2) Humidity: Up( %), Neutral, Down( %)

surrounding environment

1) Uncomfort Comfort R . .

2) Cool Wa Did you wake many times for last night up
times

3) Dry Wet . -

4; Sound influence So?m d not influence How did you fall asleep after then again if you waked up
minute

. , e What is the reason why wakes up?
How do you want to do if you can adjust the humidity Y D

and temperature . How did you wake this morning up
1) Temperature: Up( ), Neutral, Down( ) 1) Spontaneous 2) wake up 3) the others ( )
2) Humidity: Up( %), Neutral, Down( %)

Which is currently your situation

Which is now your body situation 1) Very tired
1) Fatigue Active 2) The spirit can not be clean though it is awoked
2) Languid Pleasant 3) 1t is comfortable
3) Dirty Clean 4) The spirit is clean

Do you ever experience sleeping during day? Write if you have inconvenient things this morning

1) Yes=> from hour minute to hour minute

Fig. 3 The contents of a questionnaire before Fig. 4 The contents of a questionnaire after
sleep. sleep (continued).



Sensors to stick at your body become the interference
at your sleep ?
Yes No

We ordinarily compared in last night
Full sleep Not sleep

The temperature and humidity while we sleep last night
Comfort Uncomfort

Sleeping things to compare at last night ordinarily
Influence Not influence

We ordinarily compared in this morning
Relax Not relax

The thing which all work to do is good at today
Exist Not exist

We ordinarily compared in this morning
We have the appetite = We no have the appetite

We ordinarily compared in last night
Sleep worked well Sleep not worked well

We wake up and compare the time to take until the
head comes to be clean
Short Long

Last night we ordinarily compare the number to awake
from sleep
Many Small

We ordinarily compared in this morning
Languid Not languid

We ordinarily compared in this morning
More to sleep Spirit is sound

We ordinarily compared in this morning
Concentrate Not concentrate

The sound and light ordinarily compares at last night
Influence Not influence

We ordinarily compared tired in this morning
Remaining Recover fatigue

The quantity of the movement compares ordinarily
Many Small

The quantity of last night of the dream
Many Small

The content of last night of the dream
Pleasant Discomfort

Fig. 4 The contents of a questionnaire after
sleep.
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Table 4 Analysis of standard for body move-

ments
Scale Contents
0 Not at all movements
1 Local movements (head, arm, leg)
2 Whole movements
= 350
@
£ 200
1)
§ 250 -
8 200
[
j23
€ 150 |—-
o
E
g 100
s !
> 50 - -
0
Q
41} Q -
22°C 26°C 30°C
Fig. 5 Body movement frequency for thermal
conditions.
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Fig. 6 Body movement frequency for thermal
conditions in first 2 hours.
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Fig. 8 Results of TSV before sleep.
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Fig. 11 Results of temp. control after sleep.
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Fig. 13 Results of sleep quality after sleep.
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Fig. 14 Results of temp. & humidity comfort
after sleep.
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