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Experiment on Thermal / Air Environment Effects on Academic Performance
Study on the Productivity in Classroom (Part 2)
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Takamasa KANEKO, Shuzo MURAKAMI, Kazuhide ITO, Hitoshi FUKAO Kiyoshi HIWATASHI, Kenichi KAMEDA

This paper (Part 2) reports on the realistic simulation experiment using climate chamber, focusing on varying air change rate as in the field test,
and the consistency of the climate chamber experiment and the field test. Physical environment and academic performance evaluation methods of
the climate chamber experiment are quite the same as those of the field test. In the result of the climate chamber experiment, correlation analyses
show that lower air change rates link to reduced academic performance (R?=0.74, p = 0.03). In this study, the consistency of the climate chamber
experiment and the field test was confirmed. Therefore, when the result of the test and the climate chamber experiment is used, the correlation
analysis shows that there is a correlation between the academic performance and air change rate (R?= 0.82, p = 0.002).

Keywords: Productivity, Academic performance, Schools, Laboratory experiment, Air environment, Thermal environment

1 2
( 2
)
1,2)
2
3
4
o
( 2)
5,6,7) )
8, 9)
10)
3
1
* ( ) KUME SEKKEI Co., Ltd., .Eng.

Fkkk

FhkdK

KhkkKx

Prof., Faculty of Science and Technology, Keio Univ., Dr. Eng.
Associate Prof., Tokyo Polytechnic Univ., Dr. Eng.

General Manager, Tech. center, TAISEI CORPORATION, Dr. Eng.
Chief Researcher, Tech. center, TAISEI CORPORATION, Dr. Eng.
Graduate student, Keio Univ.



2.
( 1) )
( )
(1 )
(2 )
( ) 10)
1(1)
2.1
1 2005 10 3 1 9 2
2004 11 8 17
( ) 1(2) K
( )
2.2
1
4)
A B 2
A B
1
1
(0.46 /m?) 2
1 %
1 2005
( )
2 2004 (
(+)
(+)
2.3
56 ( 34 22 ) 2
( 20 19 ) 1
2 (

(1 )
A B
) ()
( ) () (@)
() ()
( ) () ()
() ()
( (+) (9 ()
2.
1) CO, vOoC
(2
3
4
2.4
2.4.1
(1)
( H™
(2
9 ( 12 )
2
2.4.2
1)
(DVD)
7 1
4 2
( (+)
2
12) ( 1)
4
8)
25



5
o o o o
o o o o (@)
?
o o o o o
4. [0 1
2. (0 100) ( )
3. (5) ©) (5)
4 @) ) (®) (5) (®) ®) ®)
(5)
5. (5) (5) (5) (5) (5) (5)
6. (®) (5)
7. (5) (®)
8. (0 100) (5)
( ) ()
(DVD)
14 00 180 (17:10) 30 \/l\/l\
180 5 3 4 Y —o—8
13 30 30 14:00 1710 17:40  18:00
2.6 2.
(9 ( ) 70.0 12
5% 60,01 58.6
t 5% 5001
<
“E 40.0
; = 0.6 =
Wilcoxon 30.0- a
2001 19.0
3 1001 ,¢
31 l:l
0.0
(1) () «
\
1) 1 () ( 1
458meth (= 2.7 Ih) () 3
78m*h (= 05 /h)
() 539m*h (=3.1 /h) ()
78m*h (=05 /h) 3 m¥ ()
()
19.0m%h/ () 2.5m/h/ 2 2 () ("
() 19.0m*/h/ () 2.4m/h/ 1230m’h (=7.2 /) () 69 m’h
(=04 /h) €9
() 0.7m¥h 58.6m°/h/ () 3.3m*h/
( +) 785=15ppm () 1700=x=
() + 980==23ppm 370 ppm 1500 ppm
1000ppm () 2800ppm
(
)  2500ppm 3500ppm 0.012mg/m?
+ 2940-+670ppm 64jag/m®
()  1000ppm (930==20ppm) 26jag /m?®
() 2500ppm
3700ppm 2
+ 2800=-280ppm 5 A



9) B 11)
3 PMV PMV 1.0met
0.7 0.5clo () PwmVv
() PmMV 0.0
() )
11)
(3)
611(+19.1) Ix
44.1 dB
200 Ix
3.2
3.21
4 ( ) 10)
( ) (
() 38
(n.s.) ()
10.0 1
: ) () ()
3.8 (p<0.09)
7.7 2 ( ( )
) () () 4.4
(p<0.06) 9.1
()
(
(+)( )
(p<0.01) )
322
(1)
5(1)
1 () () ()
13.6 (p<0.04)
(180 ) ( )
1 () ()
( ) 9.7
1 () () ()
34.8
(p<0.00001) ( )
275 2 ( ()
(%
26.6 (p<0.0003) ( )
19.4
2

5(2)

1.0

)

5. ( FL+1.1m )
[] [] [%] [mi/s] [clo]
() | 277+01 | 278+0.1 | 42=+1 0.12+0.05 | 0.7
() | 25501 | 25.7+0.1 | 42=+1 0.17+0.05 | 0.7
() 28.7+0.1 | 28.8+0.1 57+1 0.13+0.04 0.5
() 25.8+0.2 | 25.9+0.2 38+1 0.14 +0.07 0.7
() 27.1+0.1 | 27.6+0.1 60+ 1 0.01+£0.01 0.7
(4 | 251402 | 251+02 | 48+1 | 0.07+005 | 0.7
% p<0.06
p <0.086
801 ns. ’—‘
707
%] - { 196 53.4 [ 52.6
5ol - 48.2
4.7
201 37.9 [ \
307
20 = ‘ ‘
() )y )y ) )y 9
\ | | )]
( 1 ) (2 )
4. ( )
% "&4 p<"(m(‘101 p<M3 9% ns. pﬂom p<‘%
80 80 ‘ ‘
70 70
60 60
50 50
40 40 2 \
30 30 \
20 20
10 10
0 0
()Y HeH)eHe 9 () CHe)y )9
[ 1 ()] [ ] ] L ()]
@ 2
5.
6.
[ 1] [ ]
59.0 17.9 333 30.8
p<0.00001 n.s
500 | 211 872 | 289
p<0.00001 p<0.00001
613 | 32 80.6 | 129
*) p<0.00001 p<0.00001
1 () () ()
1.6 (n.s.)
() )
1.6 (n.s.) 1
() () ()
23.4 (p<0.00001)
234 (p<0.00001) 2 ( &)
() (G
7.9 (p<0.055) 7.9 (p<0.055)
(3)
6




()

12.0

(p<0.02)

1 ()
1 () 37.9
( *) 58.1%
() ()
() 2.6% (n.s.) 1
(p<0.00001) 2
(p<0.00001)
3.2.3
1 () 1
) ( )
() 6
(
(== ) +6.0%(==10.1)
11.0
18.9
4.
11)
12)
4.1
7 (
()
17.8
(p<0.00001) 1
2 (GG
1 ( )
1 (
() ()
42
421
8
1 ()
7.0
() ()
1 ()
30.7
() ()
(p<0.0005) 2 ()

()

()
41.0% (0<0.00001)

(p<0.00001) 2
(p<0.00001)

58.2
67.7%

()
()

11)

( 89

() ()

(68.2%)
()

()
(35.8%)

()
(p<0.02)

2 ¢ ()

() ()
(n.s.)
20.5

()
(p<0.003)

(p<0.05)
()

39.4

()

25.0 (p<0.003)

©0) [ ( ) - ( )/ ( ) =100
30.0
25.01
20.01 pe0:00003 %%
15.04
1001 10.0%(n.s.) 9.19(p<0.06) AL0%
8.9%
504 p<0.055
0.0
\ | I ]
6. ( %)
7. ( )
49.1(+14.7) | 39.7(x145) | 26.0(x7.1) | 43.8(15.0)
n.s. p<0.00001
65.0(x8.2) | 61.0(x10.5) | 33.4(x9.7) | 45.4(+16.4)
n.s. p<0.02
60.2(+9.1) | 65.1(+8.5) | 35.3(x7.7) | 39.3(+14.1)
(+) n.s. n.s.
8. ()
34.0(x29.1) | 27.0(+31.4) | 45.3(+32.4) | 24.7(+36.4)
n.s. p<0.05
47.9(x32.8) | 17.3(x17.9) | 60.0(x26.3) | 20.6(+22.1)
p<0.003 p<0.0005
43.4(+20.5) | 18.4(+23.6) | 43.0(x47.8) | 14.7(+22.2)
+) p<0.003 p<0.06(n.s.)
9, (%)
40.8(+19.9) | 37.0(x20.1) | 39.4(x16.1) | 45.3(+19.5)
n.s. n.s.
47.3(x28.4) | 24.0(x19.5) | 51.7(x15.1) | 28.1(+17.3)
p<0.006 p<0.0005
35.9(+23.9) | 23.9(x23.0) | 29.0(+21.2) | 25.5(+20.9)
() p<0.03 n.s.
() () 28.3
(p<0.06)
422
9
1 ()
1 ()
() () 233
(p<0.006) () ()
23.6% (p<0.0005) 2 o)
() (4 12.1%
(p<0.03)




8%

3
)
(p<0.01)
( )
13)
14)
7 R?=0.85 (Y
-0.088X+54.19 ( 1) ) (p 0.009)
10% 0.88
0 100
15)
Y=-0.16X+100 10
1.6 7
R?=0.77 (Y=218Ln(X)+47.14 ( 2))
(p 0.03)
R?=0.66 (p 0.05)
R?=0.65 (p 0.05)
( )
18,14 Wargocki
10 11 )
1.6% Wargocki
10.8m*h 2
1.7% 15
(2
2 2.1
Seppénen
25 1 2%
%) Seppénen
25 (53.18 ) 100%
-2.6 25 1 2.6%
8 2 8%
(1 ()
8 5.1(1.7><3)% 2
4% 9%

(R?=0.74, p=0.03)

(R?*=0.85, p=0.009 )

61 61
59
574
554
5310
51
49|
p 47|
45 1 95% 45 \95%
43 T T T 43 —
0 20 40 60 80 0 10 20 30 40 50 60 70 80
[m3nh/ ] ()
7.
10. [%]
( )| 181 59.0 54.2 333
() 8.0 17.9 38.7 30.8
() 11.3 59.0 54.2 87.2
(O 93 211 458 28.9
p<0.07 n.s.
11. [ 1
©
() © (3]
87 | 0(100) | -23
5.8 0(7.7) -5.8
2.2 9.7 +7.5
2.8 275 +24.7
5.3 0(1.6) -5.3
6.6 23.4 +16.8
11)
16)
7.1
10
1 4
(p<0.07)
7.2
1)
(1 )
11 ( )
0%




+24.7%
9.4)%

-3.7 +16.8

2)

(DVD

R?=0.97
(p 0.02)
(p 0.03)

9

8

+75
+9.9(%

R?=0.96

1.00
15)

(y = 2.90 Ln(X) + 74.37)

(
1.0[m%h]
16)

2 3%

(p<0.001)

(Y =0.04In(X)+1.00)

2)

(ns)

17)

R?=0.82
(p 0.002)

1.00

1 0.95

0.90 4

0.85 -

A/
(R®=0.79, p=0.11)

(R*=0.97, p=0.017)

1.18-

10 20 30 4

0 50
(%)

60 70

1.16 1
1.14 A
1.12 4
1.10 A
1.08
1.06 A
1.04 A
1.02 4
1.00 A

|(R* =0.82, p=0.002)

(p 0.002)

@ (

(100 )

@ (

®

@

10

) ()

(ns)
+) 44 (01 )

) ()
) 16% 275

+6.006(==10.1)
2

(p<0.02)

®)

15 20
[m¥h/ ]

25

3.0

3.8
(p<0.09)

1 ()
38 (1.7 )
(p<0.06)

(p<0.05)

35.8% 68.2%

R2=0.85(p 0.009),



R?=0.77 (p 0.03),R*=0.66(p 0.05))

(6)
2-3%
©)
2 3.0
(p 0.002)
®)
( )
( )
(
)
1
)
2)
(Throughput Time)
3) 2 2 2
4) ()
() ( Hw
5 2 0.34 /m?
6)
7
( (10,000 )
)
8) _ 1
100 |:|
]
- 1.
2 3. 4. 5
)
31 3.8
(+) 35 (p<0.01)
9) +0.3 +5
10)
() () 1o
) 39 39 31
11)

12) ( +) ()

2 2
13) + 4 (50.95 )
2 (39.80 )
1.28
14)
13)
15) = /
Y ( 54.19 89.21 )
16) = /
( 47.14 7437 )
17) 53.1 56.1 64.6 67.5(%)
(p<0.001)
1) ( 6)
2005.8
1)

Productivity in Work place, pp1-9, 2005.4

2)S Tanabe: PRODUCTIVITY AND INDOOR CLIMATE, Proceedings of Indoor Air
2005, pp56-64, 2005.9

3)R Shaughnessy, U Haverinen-Shaughnessy, A Nevalainen, D Moschandreas:
CARBON DIOXIDE CONCENTRATIONS IN CLASSROOMS AND ASSOCIA-
TION WITH STUDENT PERFORMANCE: A PRELIMINARY STUDY, Proceed-
ings of Indoor Air 2005, pp373-376, 2005.9

4)M. J. Mendell, and G. A. Heath: Do indoor pollutants and thermal conditions in
schools influence student performance? A critical review of the literature, Indoor Air,
Vol.15 (1), pp27-52, 2005.1

5)Guzzo, R.A. and Bondy J. S.: A guide to productivity experiments in the United States
1976-1981(Pergamon, New York), 1983

6)Mayo, E: The social problems of an industrial civilization (Harvard University School

of Business, Cambridge, MA), 1945

7)

No0.585 pp55-60 2004.11
8)

No.568 pp33-39 2003.06
9) : No.582
P.75-82 2004.8
10)
No0.93, pp67-76 2004.4

11)

(G

No0.606 2006.08

12) :

pp637-640 2004.9

13)Pawel Wargocki, David P. Wyon and P. Ole Fanger: POLLUTION SOURCE
CONTROL AND VENTILATION IMPROVE HEALTH, COMFORT AND
PRODUCTIVITY, Proceedings of the Third International Conference on Cold Cli-
mate Heating, Ventilating and Air-Conditioning, pp445-450, 2000.11

14)0. Seppénen, W.J. Fisk, D. Faulkner : Cost benefit analysis of the night-time
ventilative cooling in office building, Proceedings of Healthy Builging 2003,
pp.394-399, 2003

15) Pawel Wargocki, David P. Wyon ,Yan Sundell, Geo Clausen and P. Ole Fanger: The
Effects of Outdoor Air Supply Rate in an office on Perceived Air Quality, Sick
Building Syndrome (SBS) Symptoms and Productivity, Indoor Air, pp222-236,
2000.10

16)Pawel Wargocki, David P. Wyon, B Matysiak and S Irgens: THE EFFECTS OF
CLASSROOM AIR TEMPERATURE AND OUTDOOR AIR SUPPLY RATE ON
THE PERFORMANCE OF SCHOOL WORK BY CHILDREN, Proceedings of In-
door Air 2005, pp368-372, 2005.9



