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Subjective Evaluation of Comfortability of Futon, and Changes of
Temperature and Humidity in Futon

Mitsuo MATSUDAIRA and Chiemi OMICHI

Abstract

In order to develop objective evaluation equations for comfortability of Futon in the final end, subjective

evaluation and changes of temperature / relative humidity in Futon were studied. Simulation of Futon was

also investigated and following results were obtained. Panels assess comfortability of Futon mainly by

warmth, good handle and lightness. Subjective evaluation of warmth agrees with the temperature in Futon,

however, stuffiness does not correspond to humidity in Futon. Over Futon made of cotton and polyester has

smaller values of warmth and humidity compared to those of feather.
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Table 1 Outlines of Futon Samples Used in This

Experiment

Saaple Under Futon Qver Futon

No. Wadding Fibers Weight(kg) Wadding Fibers Weight(ke)
1 Cotton x PP 3x2.0 Feather 1.4

2 Wool (Hard) 4.5 Feather 1.4

3 Cotton 5.0 Feather 1.4

4 Polyester (Hard) 2.0 Feather 1.4

5 Polyester (Hard) 2.0 Cotton 1.5

B Polyester (Hard) 2.0 Polyester 1.5
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Fig. 1

Item of subjective questionnaires.

Fig. 2 Position of sensor to measure temperature

and relative humidity in Futon.
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Table 2 Results of Subjective Evaluation for Each
Ttem of Questionnaires (n=8 ~10)

Sample Na. 1 2 3 4 5 3
(5 min after Iying)

Warm 6.111 0.444 D.444 D.00Q 0.000 -p.222
Easy to move 1.222 0.566 0.655 0.444 0111 0.777
Not stuffy 1. 0.777 0.777 0.777 1.1 0.777
Good handle 1.125 1.000 1.125 0.375 0.250 0.000
Light 1.750 1.250 1.1258 0.875 0.125 0.500
Comfortable 1.000 D.80@ 0.700 0.600 0.200 0.000

(20 min after lying)
¥arm 0.900 1.300 0,800 0.800 0.600 0.400

Easy to move D.800 0.500 0.400 D.600 0.400 0.400
Not stuffy 1.1 0.686 1.1 0.333 0.444 1.000
Good handle 1.000 0.600 0.700 0.400 0.300 D.200
Light 1.200 1.000 0.700 0.800 0.500 0.500
Confortable 6.800 0.900 0.600 0.700 0.500 -0.100
(Turning over afetr 20 min lying)

Warm 0.508 1.000 0.400 0.800 6. 400 ©.100
Easy to move 0.875 0.375 0.875 0.375 -0.250  -9.125
Not stuffy 1.000 1.000 1.100 0.500 0.800 D.700
Boad handle 1.000 1.000 6.3900 0.800 0.300 0.000
Light 1.444 1.000 1.222 1.222 -0 0.1
Comfortable 0.700 1.100 0,400 0.8600 0.500 -0.100
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Fig. 4  Changes of temperature and relative humidity at 4 points in Futon.
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Table 3 Correlation Coefficients Between Each
Item of Questionnaires (n=8~10)

5 min aftsr ¥arm Easy Unstuffy  Good Light Conmfortable
Warm 1.000 0.033  -D.215 0.857- 0.535 0.694
Easy to move 1.000 0.078 0.459 0.799° 0.508

Not Stuffy 1.000 0.065 0,099 0.102
Good handle 1.000 D.850"  0.812"
Light 1.000 0.315"
Comfortable 1.000

20 min after Yaru Easy Unstuffy Gaod Light Comfortable
Warm 1.000 0.543 -D.168 0.548 0.754" 0.888"
fasy to move 1.000 -D.187 0.507 0.791" 0.610

Mot Stuffy 1.000 0.528 0.231 -0.218
Good handle 1.000 0.861+  D0.681
Light 1.000 0.760"
Comfartablae 1.000
Turning over Warm Easy Unstuffy  Good Light Comfortable
LELL] 1.000 0.284 0.028 Q.727" 0.526 0.958
Easy to move 1.000 0.569 0.848-  0.934~ 9.368

Not Stuffy 1.000 0.487 0.318 0.174
Good handle 1.000 0.90s*  D.801°
Light 1.000 0.558
Comfortable 1.000

»i B.1% significance level, «I 1 %, *1 5 %.
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Table4 Correlation Coefficients Between Each

Item of Questionnaires and Temperature/
Relative Humidity in Futon (n=6)

5 min after ¥arm Easy Unstuffy  Good Light fCoafortable
Under Futon RH D.656 0.004 -0.187 0.676 0,552 0.752
Under Futon Teap -D.458  -D.004 0.300 -0.484 -0.338  -0.401
At Chest RK -D.526  -0.068 0.183  -90.451 -0.485 -0.558
At Chest Jenp -0.263 0.570 -0.612 -0.159 0.267 -0.167
At Feot RH 0.728 0.176 -0.554 0.557 0.531 D.577
At Fest Teap 9.088 -D.288 -D.472 0.003 0.036 b.168
Over Futan RH -0.361 0.087 -0.427 -0.359 0.044  -p.012
fver Futon Temp b.274 0.713  -0.531 0.358 0.558 0.251
20 win after ¥arm Easy Unstuffy Good Light Confortable
Under Futon RH D.589 0.30% 0.529 0.835~ 0.717 0.685
Under Futon Temp 0.429 0.300 -0.433 -0.292 0.202 0.090
At Chest RH 0.475 0.718 0.261 0.501 D.B74 0.333
At Chest Tenp 0.193  -0.17% 0.415 .-0.068 0,069 -0.254
At Feet RH 0.208  -0.218 D.474 0.137 0.084 -0.030
At Feat Temp D.786 0.864- 0.011 0.607 0.872- 0.681
Over Futon RH 0.801 0.855" -0.251 0.554 0.764 0.8471"
Over Futan Teomp 0.325 0.297 0.622 0.445 0.502 D.954

=i 1 & significance fevef, *i 5§ %
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Fig. 5 Changes of temperature and relative humidity at 4 points in simulation.
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Fig. 6  Change of relative humidity at under Futon in simulation.



T - A 5 b AOHEYE T BRI & 5 & APTRIEEZM L 63

8 0y
Under Futon
e
& 50
=
w
-
Light OFF ~= ==
20 P s L ~

0 0. 6 1. 2 1. 8 2. 4 3. 0
Time, hour
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Fig. 8 Change of relative humidity at over Futon in simulation.
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Fig.10 Change of absolute humidity at under Futon in simulation.
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Fig.11 Change of absolute humidity at over Futon in simulation.

Table 5 Correlation Coefficients Between Each Item Table 6 Correlation Coefficients Between Each Item
of Questionnaires and Temperature/Relative of Questionnaires and Temperature/Relative
Humidity in Simulation of Futon (n=6 ) Humidity in Simulation of Futon (n=6)

5 min after Yarn Easy Unstuffy  Good Light Comfortable S min after Warm Easy Unstuffy  Good Light Comfortable

Under Futen RH 0.388 0.007 Under Futon RH 0.095 -0.248 b.B55 0.214 -0.082 0.157

A T RTHE AR e The R R I e R

illow - . t Pillow . -0. - . .

At Pillow Texp 0.464 0.157 At Pitlow  Temp 0.718 0.380 -0.209 0.670 0.468 0.361

At Feet RH 0.143 -0.115 At Faet RH -0.124 0.260 0.568 0.179 .089 0.005

At Feet Temp -0.349 -0.088 At Fest Tenp 0.267 -9.185 -9.371 0.062 0.137 0.304

Over Futon RH 0.475 0.0B5 Over Futon RH -0.339 -D.606 0.623 -0.448 -0.732 -0.574

Over Futon Temp 0.822" 0.515 Over Futen Temp 0.739 0.445 -0.284 0.853" D.874° 0.919"

20 win after Warn Easy 20 min after Warm Easy Unstuffy Good Light Comfortable

Under Futon RH 0.244 D.253 Under Futon RH -0.105 -9.060 -0.074 0.308 n.028 0.313

i H 0513 "933m t Pillow R 347 . -0. : 3 .

RIE BSOS emomm

t Fest -0. -0. . . -0. -0.

:: ;::: TH, “% 2;2;’ At Feat Tenp 0.743  0.517 -0.678 -0.083 0,343  0.553

Qver Futon RH 0651  0.738 Qver Futon RH -0.584 -0.563 -0.268 -0.415 -0.615 -0.307

Dves Futon Temp 0734 0338 Over Futon Teap 0,790  0.568  0.232  0.771  0.785  0.757

Terning over Vare Easy Turning over Warm  Easy  Unstuffy Good  Light Comfortable

lnder Futon RH -0.132 0.068 0.304 0.116 -0.097 B.122
Under Futon K 0.8 D40 Under Futon Temp 0,596  0.877- 0.425  0.888  9.936+ 0.568
A Piitow | RH 0’532 0527 At Pillow R 0.507  0.387  -0.321 45 0.564  0.544
At Pillow Texp -0.234 ‘I]'I]SI] At Piliow Temp 0.029 0.446 0.887- 0.348 0.242 0,058
At Feet RH D.ZZB 0'515 At Feet RH -0.726 0.276 0.400 -0.124 -0.023 0.785
At Feet Ten: D.SEE _n'524 At Feet Temp 9.915+  -0.036 -9.310 0.418 0.280 0.785
o uF RHD DABEG 0.564 Qver Futon RR -0.465 -0.623 -b.070 -0.578 -0.771 -0.338
ver Futon N N Over Futon Temp 0.635 0.906- 0.431 0,948~ 0.966 0.B44
Over Futon Temp 0,482 0.878

=, 1 % significance fevel, *; 5 %

=i 1 % significance fevel, *: 5 %
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Table 7 Correlation Coefficients Between Each Item
of Questionnaires and Absoliute Humidity in
Simulation of Futon (n=6)

S min after Warm Easy Unstuffy  Good Light Comfortable

After Under Futon 0.544 C.479 -0.336 9.759 D.8865° 0.888°
1 hour Over Futon 0.643 0.360 -0.379 0.737 0.730 0.841°
After Under Futon 0.830° 9.240 0.044 0.932*  0.751 0.913
3 hour Over Futon 0.864" 0,103 0.060 0.300" 0.662 0.879"

20 min after Narm Easy Unstuffy  Good Light Comfartable

After Under Futon 0.830- 0.880 0.137 0.697 0.821 0.740
1 hour Over Futon 0.708 0.810 0.145 0.662 0.685 0.686
After Under Futon 0.698 0.405 0.220 0.843" 0.883 0.838°
3 hour  Qver Futen 0.738 0.365 0.090 0.774 0.683 0.885"

Turning over ¥arn Easy Unstuffy Good Light  Comfortab

After Under Futon 0.714 0.822- 0.283 0.913 0.949+  0.692
1 hour Over Futon 0.608 0.873° 0.260 0.891" 0.965"  0.582
After Under Futon 0.519 0.892° 0,620 0.843"  0.844° 0.831
3 hour Over Futon 0.5%4 0.805 0.501 0.933"  9.773 G.703

i 1 % significance level, "; 5 %

Table 8 Evaporated Water in Simulation of Futon

Table 8 Evaporated Water in Simulation of Futon

Sampel No. 1 2 3 4 5 6

Weight(g) 3.167 83.459 3.088 3.045 2.637 2.508
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