21
.. 2518

, ' 6.00x8.00 35

48 35 1 1
45
3.50 3.00
2.80
3.00

De Chiana, Joseph, Time -Saver Standards for Building Types (New York: McGraw-Hill, 1983),
p. 172-174,



(Single Loaded Corridor)

(Double Loaded

Corridor)
(Inner Vestibule)
2-3 (Vestibule)
Outer Vestibule Vestibule
Inner Vestibule Vestibule
2.2
1
(Passive zone) (Semi-Passive
Z0ne)

(Natural zone)



b

21
SEM-  PASSIVE  NATURAL
PASSIVE  T=120-32°
T= 22-28
(o 543), 3435,

: Cavanaugh. J Willaim and Wilkes, Architectural Acoustics Principles and Practice

(New York: John Wiley & Sons, Inc, 1998), p. 38.

300 -
300 -
300 -
300 -
200 -
200 -

200

(Lux) 3

500
500
500
500
500
500

- 500

150-300
150-300
150-300

(dBA) b
3847
3847
3847
3847
4756
4756

47-56
47-56
47-56
47-56
52-61
52-61

10



90

2.3

21

fanssuNIELaNaIANg

10
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24.1

(Compression)
(rarefaction)
(longitudinal waves)

(Elasticity) (inertia)



X Clf e (1)
X = (Wavelength),
= (Velocity), [, ftls
f = (frequency) cps, Hz
2.2
/ /
( 20°c) 4 344 1,130
) 1,410 4,625
i 3,300 10,825
3,600 11,800
d 3,700 12,100
4,900 16,000
5,000 16,400
& 5,800 19,000
: Stein, B. and Reynolds, J. , Mechanical and Electrical Equipment for Buildings
Eight Edition (New York: John Wiley & Sons, 1992), p. 1327.
2.4.2 (Power and sound power level)

(Watt, )

4 30 3%

13
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PWL

14

(Jet Airliner) 10000 (104 Watt
50 Kw 0.1 Watt
(Conversation Speak) 0.00001 Watt
(Sound power level, PWL) logarithmic
(reference  quantity)
(decibel, dB)
PWL =20 log / 0Q---eeemeeeev 2)

(Sound power level), dB
, Watt
102Watt

(Intensity and Intensity Level)

(Intensity, 1) 1
| 2
= PIATII2 e (3)
| = 2
P = ,
d = ,

4Ttd2= , 2
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A= (surface)

(Intensity level)

IL =101og I/ Lo -=-meemeeme ()

L = (intensity level), dB

105 1%

(Sound Pressure Level, SPL)

15



10

Logarithmic

SPL =
P =
PO =

10-9w/cm

SPL =10 log (P/ PO2=20 log P/ PO

, dB
, Pa, (Ibar
20 [i,Pa (
1000 Hz
1
i} 10
0.063 Pa

)

16



Sound
Pressure
Level,
SPL (dbA}

150
140

130
120

110

100

90

80

76

60

50
40
30
20

10

0 db

24.5

2.3

Typical Sound

Jet plane takeoff

Artillery fire, riveting, machine gun
Siren at 100 ft, jet plane (passenger
ramp), thunder, sonic boom
Woodworking shop, hard-rock band,
accelerating motorcycle

Subway (steel wheels), loud street
noise, power lawnmower, outhoard
motor

Noisy factory, truck unmuffled, train
whistle, machine shop, kitchen blender,
pneum atic jackhammer

Printing press, subway (rubber wheels),
noisy office, supermarket, average
factory

Average street noise, quiet typewriter,
freight train at 100 ft, average radio,
department store

Noisy home, hotel lobby, average
office, restaurant, normal conversation
General office, hospital, quiet radio,
average home, bank, quiet street

Private office, quiet home
Quiet conversation, broadcast studio

Empty auditorium, whisper
Rustling leaves, soundproof room,
human breathing

(Octave Band)

Subjective Impression

(Short exposure can cause hearing
loss)

(Threshold of pain)
Deafening

Sound can be felt
(Threshold of discom fort)

Very loud, conversation difficult; ear
protection required for sustained
occupancy

(Intolerable for phone use)
Loud, noisy; voice must be raised to be

understood

Usual background; normal conversation
easily understood

Noticeably quiet

Very quiet

Intolerably quiet
Threshold of audibility

: Stein, B. and Reynolds, J. , Mechanical and Electrical Equipment for Buildings.
Eight Edition (New York: John Wiley & Sons, 1992), p. 1340,

20 - 20,000 Hz

31.5, 63, 125, 250, 500, 1000, 2000, 4000, 8000, 16000 Hz

17
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Laboratory testing for sound transmission
L« l0ss and sound absorption of typical building —
components and materials falls in this range

i ololalalalelelolglglslg

third 0o 8°ooomooooomoo

SR Y Bt b= D D O £ e e Bt B B R e E A B A s b ot G G R D p e 1

bands |N|M| O[O Q||| | NN T D] O] ||| ||| <t O[O ]t |~ [ [N
cleeed bl b tedaderede ettt ielrtetedreetgarty

Octave

bands 31.5 63 125 250 500 1,000 | 2,000 | 4,000 | 8,000 | 16,000

1 | | L 1 | | | | |

2.1 n
. Cavanaugh, William J; and Wilkes, Joseph A, Architectural Acoustics: Principles and
Practice (New York: John Wiley & Sons, 1998), p. 7.

125 4000Hz
125 4000Hz

2.4.6 (The decibel scale)

(Logarithmic) 1

(The Bel)

(Decibel)
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2.5 (Weighted sound level)
(Weighting network) A-weighted (dBA),
B-weighted (dBB), C-weighted (dBC) D-weighted (dBD) 1
linear
A-weighted Scale A
Scale B, <
Scale B, C
A-weighted Scale A
Scale B C
ScaleB C
B-weighted A-weighted
Scale B
400 Hz - 3,000 Hz
C-weighted
' A-weighted
D-weighted
g ° [ i T A
%-10 " // g c\\
E-zo 7 VA :
FREQUENCY (Hz)
2.2

. Cowan. James. Architectural Acoustics Design Guide (New York: McGraw-Hill. 2000L. p. 20.
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2,6
)
20-16,00 Hz
20,000 Hz
4585 )
1072/ 2 11 2
140 g
120 i ,
Threshold of pain\\_,-/
100 1 l)l 13143 1
80 J;/'/’ rc/(/straé music%%/
re) 3 % ‘_/
‘3’ &0 /:_con\geriact':onﬂ :::E%‘/
40 N <L =5 Sazass
5 1NN il
\\ -
o NN J/'»‘
Threshold of hearing ]
11 L riim
8 g g 8
o o
Frequency (Hz) e e
2.3

- Stein, B. and Reynolds, J. , Mechanical and Electrical Equipment for Buildings.
Eight Edition (New York: John Wiley & Sons, 1992), p. 1337.

>

2.7 (Noise Criteria and Preferred Noise criteria)

(Ambient sound level)



(Noise Criteria, NC)

0o g
L ¥
w
a3
90 - -0 %E
CURRENT 119791 a
PERMISSIBLE
NOISE. E XPOSURE
= FOR B8 HOUR DURAT ION
(WS, DEPT. OF LABOR
05HAY
.80 |~
-~ r
% A1 S b
2
2 70
o —77
o 2% >-
¢ g
% -
Z = g
% -l
d [ [Ty
g —al v oY
5ot~ §>-
& _ 3
2 e %
A0 -
2 —a7 8 52;
2 T g e
—d2 1 &'é%
g 20— &
=] -3 o &%
- 3 wib-=
20 - —Da
S Tieagy S
| FOR CONTINUOUS NOA —30 g
10 NCD —2b g
L - —21
o i 1 1 1 1

1 1
> 125 250 560 1000 2000 A000 8000
OCTAVE BAND CENTER FREQUENCIES (INHZ)

EWIVAtEE\T;IETL
RioBh

2.2 (Noise Criteria, NC)
Cavanaugh. J Willaim and Wilkes. Architectural Acoustics Principles and Practice
(New York: John Wiley & Sons, Inc, 1998), p. 37.
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2518
(Preferred Noise criteria, PNC)
(Noise Criteria, NC)

80

70

/)]

2,
ai
s

Al

/

60\\

/[y
/

/

50 PNC-50

-

PNC-40

40

/

A/

Sound pressure level (SPL) in dB

Wavaav

PNC-30

30

/ /? / /]

\
20 \\ PNC-20
\
10
\\
o
31.5 63 125 250 500 1000 2000 4000 8000
Octave-band center frequencies in Hz
2.3 (Preferred Noise criteria, PNC)

: Egan, M. David. Concepts in Architectural Acoustics (New York: McGraw-Hill. 1972). p. 192.
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Noise Criteria (NC), Preferred Noise criteria (PNC)

ound Level (SPL)
NC Curve

) ' 10‘20
15-20
, 20-25

) 25-30

, , , 25-35
, - 30-35

3545
) , : 35-50

) ) 40-45

) , 45-60

PNC Curve

10-20

10-20

25-40

30-40

30-40

35-45

40-50

45-55

50-60

60
60-70

20

35

Sound
Level, dBA

34-42

38-47

38-47

42-52

47-56

52-61

52-65

65-75
65-75

30

30

38

38

- Cavanaugh. J Willaim and Wilkes, Architectural Acoustics Principles and Practice

(New York: John Wiley & Sons, 1998), p. 38,

23



30-40

40-45

50-60

60-70

70-80

80-85

2.5

38-47
45 ()
1
()
36
6 12
12
36
35
12

1-2

12

36

fu

252), 28

24



2.8

Clement Sabine)

(Steady-state level)
Sound

24

25

(Direct sound) (Indirect sound)5

(Wallace
Reverberation Time, RT
60 dB

Reverberation Time Reverberant

Sound level (dB)

POV
e

Measurement
range (30dB)
60 dB

! Reverberation time \.

...................................

Time (seconds)

Reverberation Time

Barron. Michael. Auditorium Acoustics and Architectural Design
(London: E&FN Spon, 1993), p. 27.

(B4), 16



RT =0.05 x VIA

RT=0161 xVIA (|

( English Units)

26

metric Units>

RT  =Reverberation Time, RT (Second, )
Vv o= (3 3
A = (Sabines ft2, Sabines 2
A =SI00+S2 2+ 3«3.iinnnninnen +sm
123 n= (ft2, 2
@ 23 n=
English Units metric Units
Reverberation Time
(Echo)
2.9
3
Near field
Free field Nearfield  Reverberant field

inverse square law
6
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Reverberant field

Free field

7777777777777
ZZ”

77

N

MM
AT R

DA
;-;':\\\\\\-;‘

Reverberant
g field WA

Sound pressure level
SOURCE § =

1 i i
1 1 1
Distance from source {log scale)
e e s St

SECTION
(b)

2.5

: Stein, B. and Reynolds, J. , Mechanical and Electrical Equipment for Buildings.
Eight Edition (New York: John Wiley & Sons, 1992), p. 1343.

(Background Sound pressure level of noise criteria)

SPL= PWL + 10log(Q/47Tr2+4/R) ( metric Units)----------- 9)

SPL = B
PWL = B
Q = Directivity factor

Stein, B. and Reynolds, J. , Mechanical and Electrical Equipment for Buildings Eight Edition
(New York: John Wiley & Sons, 1992), p. 1343.
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Q@D

26 0

: Stein, B. and Reynolds, J. , Mechanical and Electrical Equipment for Buildings.
Eight Edition (New York: John Wiley & Sons, 1992), p. 1344.

Q
=1
Q2=2
2
Q3=4
( ) Q4=8
r= 1 (f)
R = Room constant,  2(ft2)
R=sa/(1-3)
= . 2(ft2)

2.10

(Doelle, Leslie L, 1972: 140)



2 30 40 50 60 10 80 90 00 110 120

Airplane
150 ft from 3000 ft Lt’,’;?:’sfr'e"f'ed
o Remote farm dense traffic overhead uchre
ypica Quiet st —— :
exterior N el stieet TS Noisy
sources ~— street
Edge of
busy highway
v
: : Passenger
Quiet residence auto
Radio playing Rail car
Aircraft cabin
Typical Private office
interior ~—— Business office
sources
. ; School
Radio broadcast Factory office cafeteria
studio ~—
S Retail store ~—
77 Typical factory workplaces
v-
Power saws
Textile looms
) Quiet A-C outlet Noisy A-C outlet
Typical sound :
levels at Vs ST Punch press/riveter
3 ft from . ; L
source Business machines
Wood planer
Quiet talker Loud talker
\/ v
| | I [ | | [ | |
20 30 40 50 60 70 80 90 100 110 120

Sound level, dBA

27
: Cavanaugh.J Willaim and Wilkes. Architectural Acoustics Principles and Practice
(New York: John Wiley & Sons, 1998), p. 13.

(Point Source)
(28 (Line Source)
(Cylinder)
(29
200-300

20
1,000

29



30

Jooopoon

2.8 point Source)
: Cowan, James. Architectural Acoustics Design Guide (New York: McGraw-Hill, 2000), p. 18,

29 Pine Source)
: Cowan, James, Architectural Acoustics Design Guide (New York: McGraw-Hill, 2000), p. 19.

16
24 57,5-81.0 ()
70 ()
( | 2541; 3-39)



10.
11.
12
13

14,

Leq 24 =

Ldn
Lmax

2.6

Sound Level)

Leq 24

2.9
4.8
5.0
8.5

8.9
5.9
79.0
4.6

2.6
2.8
8.8
6.0

62.1

64.2

81.0

51.5
24

Ldn

781
815
80.6
83.2

85.9
8L7
84.9
80.1

194
M1
86.0
821

68.1

0.7

85.6
61.9

Lmax

94.4

101.0
1014
109.9

1015
105.7
1021
1013

100.1
%.1

1004
1013

(Equivalent Energy Average

()
Leq 24

3.3
743
4.7
8.1

8.8
6.4
8.9
4.2

731
126
8.7
4.8

(Day-Night Average Sound Level)

(Maximum Sound Level)

2541),

Ldn

8.2
80.9
79.9
82.3

85.8
823
84.6
80.3

9.4
8.8
85.8
80.0

3-44.

Lmax

94.8
1038
101.2
974

103.2
109.7
118.9
1013

1111
9%.1

102.2
103.0



2.10.1 (Speech)
30-300 ms
500 Hz 3-4 40-50
30 65
10 80
(Sharp)
5 10
(M. David, 1972: 105)
50
AT
40 Men/ ; \\\
%30 1/ /Womcn 9 N
& \
o \
10

4050 100 200 500 1000 2000 5000 10,000
Frequency (Hi)

2.10

: Stein, B. and Reynolds, J. -, Mechanical and Electrical Equipment for Buildings.

Eight Edition (New York: John Wiley & Sons, 1992), p. 1346.

65 ()

32

900 Hz
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2.11
2 7
1
airborne sound
2. (Solid body)
(Direct transmission)
(Indirect
transmission) 1 structure borne sound
(airborne
sound) ( , 254: 19)
L l )
< /P R T
R s = o]
4 | =
x l n

A = Direct transmission, = Indirect transmission
211

:Moore. John Edwin. Design for Good Acoustics and Noise Control
(London: the Macmillan Press,1978), p. 65.

Doelle, Leslie L. Environmental Acoustics. (New York: McGraw-Hill, 1972) p, 144-146.
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2.12
212.1

(Intensity Level, 2) d2

(Intensity Level, ) dl
(2)
(Inverse Square Law) (M. David, 1972; 25)I

Portion of wavefront
at position 1

Sound source
of power (W)
in watts*

dy = 2d,

Distance doubled at position 2.
(Area of wavefront quadrupled so
intensity is % that at position 1.)

2.12 (Inverse Square Law)
- Egan, M. David. Concepts in Architectural Acoustics (New York: McGraw-Hill. 1972). P. 7.

11
—_
~
-
N

:
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
—_
H
(a=)
—

= . Watt/cm?2

= , Watt

 ft
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Position = [47d2 Position 2. 2= [47 2
fal=
W2 = (d2/ ) (19
= (watt/cm?) dl
= (watt/cm2) d2
d1ld2 = ()
IL = 10logl/ D (12)
IL= , B
= , Watt/cm
0= 10~bwatt/cm?2
(Inverse Square Law)
2. (Acoustic Barrier)
200-300

Jae>1qad



100
6-7 34
10-12 (Stein and Reynolds, 1992 1421)

36



I l T l T ‘ T [ T ' T
O-Sm‘j:_—‘ 5 !‘H .....

——— T

\ | | I
| | | I
\\\ SOUND ABSORPTION OVER GRASS

4 \

NN
WA

\\\\\\\\ —
, \ B \ o

10 30N\so 150\250 metres (D)

mean height of propagation : (H) metres
w

I~

e 1 !

N
NS

s €
absorption due 1o grass : dB.A
(add reduction due to distance)

24

Moore. John Edwin. Design for Good Acoustics and Noise Control
(London: the Macmillan Press,1978), p. 117.

2541 44)
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MAIN ROAD
N
WORKSHOPS PLAYGROUND
I I "'_l s = S
| PR I/
| _l§—s J
|| |nALL \ —
O | V7A 2 T 1 o]
|
CLASSROOMS
t t
s——
QUIET AREA i
@ @ GYM. ]
SCHoOL S : NOISE SOURCE

Moore, John Edwin. Design for Good Acoustics and Noise Control
(London: the Macmillan Press,1978), p. 9.

2.12.2

(Sound transmission loss, TL)

The American Society for Testing and Materials (ASTM) E90-70T “Laboratory
Measurement of Airborne Sound Transmission Loss of Building Partitions” 1SO
Recommendation R140, "Field and Laboratory Measurement of Airborne and Impact

Sound Transmission” 8 1960

Egan, M. David. Concepts in Architectural Acoustics (New York: McGraw-Hill. 1972). p. 68.
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TL =10log( ¥ 2= 10log MX --semremeemes (13)
L = (., ), dB
1= , Watt
2= , Watt
X =
x= 1/antilog 10(TL/10)
(Stiffness)
(resonant)
(Mass law)
6
TL=201log M+ 20 log f-43 (M Kg/m2)9----evevemvn (14)
TL=201log M+ 12 log f- 29 (M bt e (15)
L= ( , ), dB
f = . Hz
TL 5

9 America Society of Heating, Refrigerating and Air Conditioning Engineering. ASHRAE Systems
and Equipment Handbook. 3 Edition (( .p)11993), p. 7.7.
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(125-2000 Hz)

TL=145log M+ 145 log f - 26 (M Kg/m2 10 --mmemeeee (16)
TL=145log M+ 145 log f - 16 (M 1717/ I (17)
(coincidence) (Critical frequency, fo)

Transmission loss in decibels

Vibrating
pactition
Stiffness control 22

[ | J | | | | | |

315 63 125 250 500 1000 2000 4000 8000 16 kH2
Frequency — in octave bands

2.15
: Miller, Richard K. and Montone, Wayne V. Handbook Acoustical Enclosures and Barriers
(The United States of America; The Fairmont Press, 1978), p. 46.

(Single Homogeneous Wall)
Egan, M. David.

10 Rettinger, Michael. Acoustic Design and Noise Control (New York: Chemical Publishing,
1973), p. 130.
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(Composite Construction)

TL =10logls/Ixs (M. David, 1972; 184) ------semeeeme (18)

1,23 = , Ft2, m2

XVI2R, .=

2.12.3
(Reflect) (transmit)
(absorh) | =1
r+a+t= 1 (19)

[ = (reflected)
a = (Absorbed)
t = (transmitted)

/\/\/ Partition
Reflected /
Sound Wave
‘\
i ransmitted
ound Wave
Absorbed
Incident Sound
Sound Wave /V<’°
2.16

: Cowan, James. Architectural Acoustics Design Guide (New York: McGraw-Hill, 2000), p. 24.



(Sound Absorption Coefficient, a)

2.1

General Building Materials and Furnishings

Air, sabins per 1000 ft3 at 50% rh
Brick, unglazed
Brick, unglazed, painted
Carpet, heavy, on concrete
Carpet, heavy, on 40-o0z hairfelt or foam njbber
Concrete block, coarse
Concrete block, painted
Fabrics
Light velour, 10 oz/yd2, hung straight, in contact with wall
Medium velour, 14 oz/yd2, draped to half area
Heavy velour, 18 oz/yd2, draped to half area
Floors
Concrete or terrazzo
Linoleum, asphalt, rubber, or cork tile on concrete
Wood
Glass
Large panes of heavy plate glass
Ordinary window glass
Gypsum board, '/j in. nailed to 2 X 4’s 16 in. o.c.
Marble or glazed tile
Openings
Stage, depending on furnishings
Deep balcony, upholstered seats
Grilles, ventilating
Plaster, gypsum or lime, smooth finish on tile or brick
Plaster, gypsum or lime, on lath
Plywood paneling, in. thick
Rough wood as tongue and groove cedar

Water surface, as in a swimming pool
Absorption of Seats and Audiencea

Audience, in upholstered seats, per ft2 of floor area
Unoccupied cloth upholstered seats, per ft2 of floor area
Wooden pews, occupied, per ft2 of floor area

Students in tablet-arm chairs, per ft2 of floor area

125 Hz

0.03
0.01
0.02
0.08
0.36
0.10

0.03
0.07
0.14

0.01
0.02
0.15

0.18
0.35
0.10
0.01

0.013
0.14
0.28
0.24
0.008

125 Hz

0.60
0.49
0.57
0.30

250 Hz

0.03
0.01
0.06
0.24
0.44
0.05

0.04
0.31
0.35

0.01
0.03
0.11

0.06
0.25
0.08
0.01

0.015
0.10
0.22
0.19
0.008

250 Hz

0.74
0,66
0.61
0.42

Absorption Coefficients

500 Hz 1000 Hz
0.9
0.03 0.04
0.02 0.02
0.14 0.37
0.57 0.69
0.31 0.29
0.06 0.07
0.11 0.17
0.49 0.75
0.55 0.72
0.015 0.02
0.03 0.03
0.10 0.07
0.04 0.03
0.18 0.12
0.05 0.03
0.01 0.01
0.25-0.75
0.50-1.00
0.15-0.50
0.02 0.03
0.06 0.05
0.17 0.09
0.14 0.08
0.013 0.015
500 Hz 1000 Hz
0.88 0.96
0.80 0.88
0.75 0.86
0.50 0.85

2000 Hz

2.3

0.05
0.02
0.60
0.71
0.39
0.09

0.24
0.70
0.70

0.02
0.03
0.06

0.02
0.07
0.03
0.02

0.04
0.04
0.10
0.13
0.020

2000 Hz

0.93
0.82
0.91
0.85

4000 Hz

7.2

0.07
0.03
0.65
0.73
0.25
0.08

0.35
0.60
0.65

0.02
0.02
0.07

0.02
0.04
0.03
0.02

0.05
0.03
0.11
0.10
0.025

4000 Hz

0.85
0.70
0.86
0.84

NRC

0.005
0.00
0.29
0.55
0.35
0.05

0.15
0.55
0.60

0.00
0.05
0.10

0.05
0.15
0.05
0.00

0.05
0.05
0.15
0.14
0.00

NRCC

: Stein, . and Reynolds, J. , Mechanical and Electrical Equipment for Buildings
Eight Edition (New York: John Wiley & Sons, 1992), p. 1340.
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0.01-0.99
a<0.2
(Solid smooth)
)

0.05-0.10

0.10-0.20

0.20<
3

20
Panel resonator (membrane)

Porous ahsorbent

Cavity (Helmholtz) resonator
Panel resonator porous absorbent

43



Panel resonator Porous absorbent
o s :
%08}~
g
Sosl-
5
& Cavity (Helmholtz]
204 resonator
02} With change in mounting
0 1 | |
10 100 1000 10,000
Frequency, hertz
2.5 Panel resonator, porous absorbent  Cavity resonator

Stein, . and Reynolds, J. , Mechanical and Electrical Equipment for Buildings
Eight Edition (New York: John Wiley & Sons, 1992), p. 1375.
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2.13
2131

2132

( . 2535:181)

(Level of Measurement)

(Nominal Measurement)

45



(discrete data)

(Ordinal Measurement)

(Interval Measurement)

(absolute)

46



2133

1

(Index)

(Scale)

(Ratio Measurement)

(Internal Intensity Order)

20

47
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2
2
2
(Thurstone Scale)
(Thrustone ' method of equal-appearing interval scale)
10-15
1 (item) : 100-150
2. (judge)
3, 1 1,2,3456,78,
9, 10 11 1
11
4 (M)
(Quartile Deviation) Q)



1.67

22

1.00- 3.00
3.01 -5.00
5.01 -7.00
7.01 -9.00
9.01 - 11.00

49



— D w B~ o

(Likert Scale)

(Positive) (Negative)

ol B ow N -

50
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(Discriminatory power)

2 25%
25%

1.00- 1.80
181-2.60 |,
261-3.40
341 -4.20
421 - 5.00



(semantic differential scale)

Osgood, Sud  !'annenbaum

(evaluative factor)

(potential factor)

(activity factor)

10 1

52



(Ordinal Measurement)

(Likert Scale)

53
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