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Abstract. The purpose of this study is to verify whether the score on warmth corresponds to the actual rating 

of subjects with regard to thermal comfort and satisfaction. Experiments were carried out in an experimental 

house in a climate chamber under five different thermal conditions, in which different combinations of air 

and floor temperatures were controlled by floor heating or air-conditioning systems.Twenty-four subjects 

rated their thermal sens2ation and satisfaction in each condition, and evaluated the thermal environment on a 

100-point scale. The results of this experiment are as follows. It was suggested that score on warmth based 

on operative temperature and floor temperature more appropriately evaluates the living environment in Japan 

than the Predicted Mean Vote model, which assumes uniformity of the thermal environment. The score on 

warmth is considered a useful thermal environment index, which evaluates the comfort and satisfaction of 

residential houses in Japan. The score on warmth was 2.8 points when the percentage of comfort rating was 

more than 80%, and was 3.0 points when the percentage was more than 90%. In conclusion, these results 

show that it is possible to predict the risk of catching a cold in winter using the score on warmth. 

1 Introduction 

Residential houses built before 1980 in Japan have very 

poor thermal insulation [1]. Since intermittent air 

conditioning is common in Japan, low thermal insulation 

causes temperatures to drop in non-living rooms during 

winter. It is reported that the coldness of non-living rooms 

is correlated with the incidence of the common cold 

among occupants [2]. Therefore, it is necessary to create 

a healthy home environment for residents and propose an 

evaluation method. Given this background, Serikawa et al. 

proposed an evaluation method utilizing the 

Comprehensive Assessment System for Built 

Environment Efficiency (CASBEE) Housing Health 

Checklist [3-4]. However, the evaluation method using 

score on warmth has not been verified by subjective 

experiments. Thus, the purpose of this study is to verify 

whether the score on warmth corresponds to the actual 

rating. By using the evaluation method proposed by 

Serikawa et al., it becomes possible to convert the 

physical quantity of thermal environment obtained by the 

simulation into a score for evaluating health. Therefore, it 

will be possible to predict the incidence of colds in winter, 

which is one index of housing health performance. 

 Table 1 lists questions on warmth in CASBEE 

housing health checklists. There are seven questions on 

warmth in the CASBEE housing health checklist. Total 

score of this checklist is 21 points. Each questionnaire 

uses a three-point scale. E. Takayanagi et al. showed that 

the higher the score, the lower the rate of cold [2]. 

 

 

 

 

Table 2 shows the calculation method of the score on 

warmth. The score on warmth is determined by summing 

up the points for operative temperature, floor surface 

temperature, and difference in operative temperature 

between a living and non-living room. Each score is 

calculated as a linear equation between 0 point and a 

perfect score. If this score is correlated with the actual 

rating, then it is possible to predict the risk of catching a 

cold in winter using the score on warmth.  

1 
Living 

room 

Do you feel cold at the startup of heating in the 

living room? 

2 
Bedroom 

Do you have trouble sleeping because of coldness 

in winter? 

3 Do you have dry nose or throat when you wake up? 

4 Sanitary 

space 

Do you feel cold in the changing room or dressing 

room in winter? 

5 Do you feel cold in the bathroom in winter? 

6 Toilet Do you feel cold in the toilet in winter? 

7 

Corridor 

Stairs 

Closet 

Do you feel cold when you get out of heating 

room? 

Table 1. Questions on warmth  

in CASBEE Housing Health Checklist 
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2 Methods  

2.1 Conditions of the subjective experiment 

Table 3 lists the conditions of the subjective experiment. 

The experiment was conducted under five different 

thermal conditions. Air temperature was controlled by a 

floor heating system (FH) or an air conditioning system 

(AC). Under the AC23_FC condition, floor surface 

temperature was set at 17 oC by the floor cooling system. 

Under the AC25_15 condition, the air temperature in non-

living room was set at 15 oC by the ceiling heating system. 

Other conditions were not set. Thermal conditions for 

winter in Japan were simulated outside the model living 

rooms. Fig. 1 shows the floor plan of the model rooms in 

the climate chamber. Air temperature (FL+ 100, 600, 

1100, 1700, 2300mm). and global temperature 

(FL+1100mm) were measured at the center and four 

corners of Rooms A, B, and C. 

Inner ear temperature and skin temperature were 

measured at eight locations on the subjects (head, arm, 

hand, trunk, thigh, leg, foot, and sole) using 

thermocouples. During the experiment, the subjects 

answered questions on a tablet computer to quantify their 

thermal sensation and thermal comfort. Thermal sensation 

was described on a seven-point scale like the ASHRAE 

while thermal comfort was described on a seven-point 

scale such that the higher the number, the greater the 

comfort. After the experiment, satisfaction with the living 

room was described on a seven-point scale, and the 

subjective score was described on a 100-point scale. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

2.2 Subjects 

The number of subjects was 24, ranging in age from 21 to 

57 years. In the experiment, eight women participated in 

autumn, and eight women and eight men participated in 

winter. During the experiment, subjects wore a T-shirt, 

short pants, underwear, and socks, which are typical 

clothing at home during winter in Japan. 

2.3 Experimental procedure 

The subjects sat on chairs during the adaptive period. 

After 30 min in the adaptive room, the subjects moved to 

the living room. After 40 min in the living room, subjects 

moved to the non-living room. After 10 min, subjects 

returned to the living room, and sat on the chairs for 

another 40 min. The first question regarding thermal 

sensation and thermal comfort was asked 25 min into the 

adaptive period. The survey was conducted every 5 min. 

The exception is when the survey was conducted every 3 

min in the non-living room or for 15 min after returning 

to living room.  

Fig. 1. Plan view of the model rooms in a climate chamber 

Table 2. Calculation method of score on warmth 

 
 to tf Δto 

1 Living 
 room 
+1.5 pt 

0 
pt 

Perfect 
score 

12 
oC 

23 
oC 

17 
oC 

25 
oC 

- 
Distribution  

of points 
0.5 pt 1.0 pt 

2 Coldness of  
bedroom 

0 
pt 

Perfect 
score 

0 
oC 

18 
oC 

17 
oC 

25 
oC 

- 
Distribution 

 of points 
0.5 pt 1.0 pt 

3 Dryness of  
bedroom 

0 
pt 

Perfect 
score 

- - - 
Distribution 

 of points 

4 Undressing 
room 

0 
pt 

Perfect 
score 

8 
oC 

15 
oC 

17 
oC 

25 
oC 

14 
oC 

6*1 
oC  

Distribution 
 of points 

1.5 pt 1.0 pt 0.5 pt 

5 Bathroom 

0 
pt 

Perfect 
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8 
oC 

15 
oC 

17 
oC 

25 
oC 

14 
oC 

6*2 
oC  

Distribution 
 of points 

1.5 pt 1.0 pt 0.5 pt 

6 Toilet 

0 
pt 

Perfect 
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8 
oC 

15 
oC 

17 
oC 

25 
oC 

14 
oC 

6*3 
oC  

Distribution  
of points 

1.5 pt 1.0 pt 0.5 pt 

7 Corridor 

0 
pt 

Perfect 
score 

8 
oC 

15 
oC 

17 
oC 

25 
oC 

14 
oC 

6*4 
oC  

Distribution  
of points 

1.5 pt 1.0 pt 0.5 pt 

 

 
Legend of subscript 

o f l u b t c 
Oper-
ative 
temp. 

Floor 
surface 
temp. 

Living 
room 

Undre-
ssing 
room 

Bath-
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Toilet Corridor 
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Heating systems 
Floor 

heating 
Air conditioning 

Condition FH23 
AC23 

_FC 
AC23 AC25 

AC25 

_15 

Living 

room 

Air 

temp. 
23 oC 25 oC 

Floor 

temp. 

not  

set 
17 oC 

not  

set 

not  

set 

Non-

living 

room 

Air 

temp. 
not set 15 oC 

Floor 

temp. 
not set not set 

Adaptive room 

condition 
20 oC, 40% RH 

Outside 

condition 
5 oC, 40% RH 

Subjects 8 males and 16 females (20s–50s) 

Posture Sitting on a chair 

Clo value  0.68 clo 

Metabolic rate 1.1 met 

 

Table 3. Conditions of the subjective experiment 

 

: Air temperature : Air temperature

Globe temperature Mean radiant temperature

Relative humidity

: Relative humidity Air velocity

Room A
(Living room)

Room B
(Non-living room)

Room C
(Living room)

AC AC

Floor heating

Air-conditioning

3
6

4
0

 [m
m

]
9

1
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3 Results 

3.1 Indoor thermal measurements 

Table 4 shows the results of thermal environment 

measurements. The average air and floor surface 

temperature were calculated from temperature at five 

locations in the room during the experiments. The thermal 

conditions were controlled at the target with minimal 

variation, as indicated by standard deviation. The floor 

temperatures for the FH23 and AC23_FC conditions were 

approximately 27.3 °C and 17.2 °C, respectively. The air 

temperature in the non-living room, condition without 

AC25_15, was 11.7–11.8 oC. The score on warmth in the 

living room was calculated in the range 2.0–3.0 points.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

3.2 Skin temperature and blood pressure 

Fig.2 shows the relative values of mean skin temperature. 

The mean skin temperature was calculated by 7-point skin 

area formula [5]. The skin temperature in the living room 

hardly increased when the floor surface temperature was 

low. The skin temperature of females was significantly 

lower at low floor surface temperature conditions. The 

mean skin temperature decreased as the difference in 

operative temperature between the living room and non-

living room increased. Once the mean skin temperature 

decreased in the non-living room, it did not return to its 

former state even when subjects went back to the 

comfortable living room. It is considered that the 

temperature difference between rooms in winter caused 

the decrease in skin temperature. 

In all the conditions, a significant rise in systolic blood 

pressure due to movement into the non-living room was 

observed in both males and females; when they returned 

to the living room, their blood pressure dropped 

significantly. Therefore, movement from the living room 

to the cold non-living room is considered to cause 

fluctuations in blood pressure. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

3.3 Thermal sensation, comfort and satisfaction 

Fig.3 shows the thermal sensation and comfort of the 

whole body. The data points in this figure are the average 

values for each thermal condition. Regarding the legend, 

"condition/L" indicates declaration in the living room and 

"condition/N" indicates declaration in the non-living 

room. Both males and females who rated whole-body 

thermal comfort preferred the warmer condition. 

However, women rated the AC23_FC as uncomfortable. 

Fig.4 shows the satisfaction and subjective score, and 

Fig.5 shows satisfaction in living room. There is a 

correlation between satisfaction and subjective score. 

There is no contradiction between the warmth score of 

each condition.  

  

-3

-2

-1

0

1

2

3

-3 -2 -1 0 1 2 3

-3

-2

-1

0

1

2

3

-3 -2 -1 0 1 2 3

Table 4. Results of thermal environment measurements 

Room Condition 

Operative  

temp. 

[oC] 

Floor 

surface 

temp.[oC] 

PMV 

[-] 

Score on  

warmth 

[pt] 

Living 

room 

FH23 23.4 (0.3) 27.3 (0.2) -0.3 3.0 

AC23_FC 22.8 (0.6) 17.2 (0.2) -0.3 2.0 

AC23 23.4 (0.5) 21.4 (0.2) -0.2 2.6 

AC25 24.6 (0.4) 23.0 (0.1) 0.1 2.7 

AC25_15 24.6 (0.5) 22.8 (0.4) 0.2 2.7 

Non-

living 

room 

FH23 11.7 (0.6) 10.8 (0.2) - 1.0 

AC23_FC 11.8 (0.7) 10.9 (0.3) - 1.0 

AC23 11.7 (0.6) 10.8 (0.2) - 0.9 

AC25 11.8 (0.7) 10.9 (0.3) - 0.9 

AC25_15 16.2 (0.7) 15.3 (0.2) -2.4 1.8 

 

Fig. 5. Satisfaction 
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Fig. 4. Satisfaction  

            and subjective score 
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Fig. 2. Relative values of mean skin temperature 

Fig. 3. Whole-body thermal sensation and comfort 

(b) female (a) male 

R2 = 0.96 R2 = 0.91 

non-living room 

0.95
0.96
0.97
0.98
0.99
1.00
1.01

FH23 AC23_FC AC23 AC25 AC25_15

R
e
la

ti
ve

 v
a
lu

e
 o

f
s
k
in

 t
e
m

p
e
ra

tu
re

[-
]

(a) Male

 
R

e
la

ti
v
e
 v

a
lu

e
 o

f 
s
k
in

 t
e
m

p
e

ra
tu

re
[-

] 

0.95
0.96
0.97
0.98
0.99
1.00
1.01

FH23 AC23_FC AC23 AC25 AC25_15

R
e
la

ti
ve

 v
a
lu

e
 o

f
s
k
in

 t
e
m

p
e
ra

tu
re

[-
]

(a) Male

non-living room 

0.95
0.96
0.97
0.98
0.99
1.00
1.01

35 40 45 50 55 60 65 70 75 80 85 90

R
e
la

ti
ve

 v
a
lu

e
 o

f
s
k
in

 t
e
m

p
e
ra

tu
re

[-
]

Time[min]

(b) Female

 
R

e
la

ti
v
e
 v

a
lu

e
 o

f 
s
k
in

 t
e
m

p
e

ra
tu

re
[-

] 

Time [min] 

W
h
o
le

-b
o
d
y
 t
h
e
rm

a
l 
c
o

m
fo

rt
 [
-]

 

W
h
o
le

-b
o
d
y
 t
h
e
rm

a
l 
c
o

m
fo

rt
 [
-]

 

Whole-body 

thermal sensation [-] 
Whole-body 

thermal sensation [-] 

FH23/L AC23_FC/L AC23/L AC25/L AC25_15/L

FH23/N AC23_FC/N AC23/N AC25/N AC25_15/N

y = 11.4x + 62.6
R² = 0.78

0

10

20

30

40

50

60

70

80

90

100

-3 -2 -1 0 1 2 3

FH23 AC23_FC AC23

AC25 AC25_15

Satisfaction [-] 

S
u
b
je

c
ti
v
e
 s

c
o
re

 [
p
t]

 

R2 = 0.78 
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4 Discussion 

4.1 Score on warmth 

Fig.6 shows the score on warmth and satisfaction in the 

living room. The greater the score on warmth than the 

average of all subjects, the higher the degree of 

satisfaction. The R2 value correlating with the score on 

warmth was larger than that with air temperature, floor 

surface temperature, Predicted Mean Vote model or SET*, 

which is used as a thermal environment evaluation index 

[6]. It is suggested that the score on warmth based on 

operative temperature and floor surface temperature is 

more appropriate in evaluating the living environment in 

Japan than these indexes, which assume uniformity of 

thermal environment. It is considered that the score on 

warmth is useful as a thermal environment index. In 

addition, there was a tendency that the number of persons 

who voted dissatisfaction increased as the score on 

warmth decreased. Therefore, the score on warmth 

corresponds to the score of the CASBEE Housing Health 

Checklists.  

 

 

 

 

 

 

 

 

 

 

 

4.2 Score on warmth for thermal comfort 

We investigated the score on warmth value required for 

residents' comfort in practice. We evaluated the 

percentage of comfortable ratings compared with the 

score on warmth by probit analysis to obtain an 

approximate curve. Fig. 7 shows the percentage of the 

comfortable side and the score on warmth. The percentage 

of the comfortable side is defined as "percentage of 

neutral or comfortable". The minimum value for the 80% 

comfort score was 2.1 points for the whole body, 2.8 

points for the foot, 2.6 points for the contact, and 2.8 

points for all three types. The minimum value for 90% 

comfort scores was 2.3 points for the whole body and 3.0 

points for all three types. From this, for 80% whole-body 

comfort, the score on warmth should be 2.1 points or more, 

but for the comfort of the whole body, foot, and contact, 

it should be 2.8 points or more. Likewise, for the 90% 

comfortable for all areas, a perfect score of 3.0 points is 

required. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

5 Conclusions 

The experiments were conducted under five different 

thermal conditions, which were combinations of air and 

floor temperature. Twenty-four subjects rated their 

thermal sensation and satisfaction in each condition and 

evaluated the thermal environment on a 100-point scale. 

The results of this experiment are as follows. The score 

on warmth accurately evaluates the living environment in 

Japan. The coldness of the non-living room in residential 

houses is the cause of decreasing mean skin temperature. 

The score on warmth was 2.8 points when the percentage 

of comfort rating was more than 80%, and the score on 

warmth was 3.0 points when the percentage was more 

than 90%. In conclusion, it is possible to predict the risk 

of catching a cold in winter using the score on warmth. 
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Fig. 6. Score on warmth and satisfaction of living room 
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Fig. 7. Percentage of comfort side and score on warmth 
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