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TEERASAK THONGSUMRIT : STRENGTH EXERTION AND FOOT
DISCOMFORT OF TRANSPORTATION OPERATORS. THESIS

ADVISOR : ASST. PROF. PORNSIRI JONGKOL, Ph.D., 171 PP.

HUMAN STRENGTH/MAXIMUM VOLUNTARY EXERTION/DISCOMFORT/

MUSCULOSKELETAL DISORDERS/FOOT/ SHOES/SHOE INSERT/HEEL CUP

This research aimed to assess pull and push strength exertion capabilities of
transportation operators in a hard disk drive manufacturer, and to study the effect of
shoes on foot discomfort of transportation operators. The subjects of this research
were 50 hard disk drives transportation operators (25 males and 25 females) with at
least a year of working experience. Data collected were pull and push static strengths
exerted in normal standing posture and left foot forward standing posture, at the
handle height of the wagon (85 centimeters). The subjects wore three types of shoe:
canvas shoe, canvas shoe with shoe insert, and canvas shoe with heel cup. The
measured strengths were used to evaluate the transportation workloads. Analysis of
variance was carried out to determine the significant factors and also regression
analysis was performed to determine the relationship between static strengths and type
of shoes.

The results showed that the transportation operators were able to do their task
safely. However, 15% of push strength of two males and seven females were lower
than force required to overcome floor friction at the beginning of cart pushing. The

greatest isometric pull strengths was found when exerting force wearing canvas shoes



with heel cup, whereas the greatest isometric push strengths was found when exerting
force wearing canvas shoes with shoe insert, both in standing posture with left foot
forward. The highest pull and push strengths of male were 19.93 and 20.58 kilograms,
respectively, whereas those of females were 13.11 and 14.86 kilograms, respectively.
The subjects preferred wearing shoes with insert and heel cup. The analysis of
variance showed that direction, posture, shoe, and gender had significant effect on the
static strengths. Type of shoes significantly affected foot discomfort. From the results
of regression analysis, posture, shoe, and gender have a relationship with static

strength with 0.546 of coefficient of determination (R?).
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A15199 2.3 AANNE 1T TUATOONUTIAULAZITIAUEDN (HIAU) (Kumar, 1995)
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= [ . A . Y 5% 1 N dg'
luvagAoaiu Yung-Hui and Wei-Hsien (2005) 1¥ginsaiianau liauieiimnaiu
Y
ETR R TAIL ATRIR (Pedar in-shoe pressure measurement system) 1umiﬁ1mmuidﬂﬂqqqsﬁmmm
Y Aa ' a o a an v & 4 WY 3 '
dunnlusanagaseninmsay MnsdsziiulasIsmsuusiunuudwiesmilu 6 aiu
A Y 9) 9) . 9 9 . 14 Y 9
Ao duin (Heel) N@1911 (Midfoot) na19tna1u i (Medial forefoot) AT1UU19UDUN (Lateral
2 1 4
forefoot) Ua18tNA1 (Toes) tazINNINT (Hallux) asudaslugdi 2.5 Tasadraiuaiu
Jd 3 4 Y Y A o a 1 gﬂy A 1 Y A
wesiFuannunieuazanuenveui weimssziinnnunaiu lnuvesdhiiilionms
railiosnaz iauisniniigadutiiosnnmsdunaziauszuinanisdgiaciu a1n
v o 1 1 A a dgl [ A a ] Y Y A 1Y
AnuFuRusserInany luaueinatuiuusanainszareusnad i nynduiuszdy
v v < A v  a y g a ' L 2
anugedusoumaziumsmunsanadavinunarumdiulu aziinu ldaviewuiu
1 a d' 4 1 = 1 9 Y J [ [
FERINMIAY MInMsnvYBduaazaulanyazlsaz Inseadwvoaiuanaiany 1

3| a 4 v 9 9 9y 9 dy A 9/ 1 Aaa a A A
A UVTHIUMUHAUNT AUV IYDIUNT LmS‘W‘LWIF\hWI'I UATIUNUDNTNANIDNGTANTINITO

o Yy Y= ' A Y A a 2 ' a P s R T
TlJillﬂﬂ\‘]ﬂ'J'llI"l,lIﬁiJ'lfJ“Vii@ﬂ'J'llla'lVI!ﬂﬂ"lJuigiﬂ'J'l\?ﬂ'lilﬂullangUﬂE] ‘W‘Ll‘VIFJ'IL‘VI'I SEIUNAVINLLIN

U

k4
o S 9 o KX w 1

[l o Ay A 9) o Ay 9)
nel ﬂﬂigi]'lﬂllhﬁiﬂlﬁll@i]'lﬂwuﬂFJTLVI'I“‘]JEN‘WHTOQWI'I UDNIMNUITADIATUIANHUSNINI

A9

v Y v o dy 9 o Y 09/1 o 9 = = ~ o
GUfInlgfJ‘Llﬂ'JfJ']']F‘l’]l%’]ﬁﬂﬂﬁwuiﬂﬁlﬂ'laﬂymgiﬂ ﬂ\‘]uufﬂ']l‘lh-‘lﬁ]gﬁﬂﬁj\lﬂ'ﬁlﬂﬁﬂﬂl%ﬂﬂﬁ'ﬂﬁﬂ



18

A A a A o dy 9 A A <3 a [ Y A
NUUSLANTMNUIRINUTOUN NPAAANUTEILAZD1NTUIAR VYT MA N LAz N

ANNAZAINAUIYTENINMTOULAZIANRITAIY (Witana et al., 2009)

0% 40% 50% 100%
9
a 9
o <« — daeium
Wi
85%
Y 9 9
v v AuP1aveai
GRANNRZRITART] -1 -
58%
9
A
31%
dum —
0%

b
A

51/ 2.5 Ysziiuiuiinifaen v auud i (Yung-Hui and Wei-Hsien, 2005)

Y Av \ d' a dq! S Y
2.5 ﬂ]‘i‘]_l‘i‘imﬂ‘iﬂﬂﬂ1N!H6!!ﬂ$ﬂ§$QﬂIﬂiQ§N (MSD) NINAVYHUILIUINT

Y A

MIVIIN MSD uazanu luauesnmnaluusnaviazivaielszms 1dun a3
Y 1 o A ' A B Y} v 9 Yy AL o 2 A Y A '
1SuAUA U BLAZUANIASNTOUNT N5 1FT 1NN N5 IHNIDNININIgY seumnalula
o o A a 3 A o 9 [ Aa
auelumsmaudnyazsuazautuaasuiulumsaaanudnazany luaweusan
d! [ 9 d‘d 9 = 1 9 d‘ o Y d' [ Y Yy
FIENHULVDITOUMNAVZADINLAUT DU NIIMTINT DT VAL aU1I 0589107 1A 9
v ' 9 9 [ 1 Y Y & ] Y = A a Aa
ANHULVDILAUITDUNIILADITOITUAVEIU IAUBUNT Fa9E378 1 HANUIATeaNNATTINY
[ 9 a a < 9 9 ] =1 [ dy Y 9 [
AuiasaNuAalnAYBUB UTDINIAARY IFUIASIAUNUTDUNIIZABIAINITONULTINTZUNA
@ = =1 A a 1 a 9 9 o [ A A
nudeaduazaananiznuNnAINLsITznIemaauld lagazdoiininiaqni
Aa A & o o d” Y A ' ' 3 a ! v
Ysza@nTam FaiaqimuseumnaivisasigiouaaisaNuIvialunTnauaIunas
Y
vazii luvaedunazi@uszri19n159819U Ao Aa ladaradn (Viscoelastic) WD
v Y

1 IS ] a 1 1 1 ] a
ﬂ"liﬁi]llQQU@Q%&LﬂHﬂTi“K’JﬂUiiL‘VI1U5L3mﬁﬁua1ﬂﬂlﬂﬂi1ﬂﬂ18 Llagaﬂﬂ'ﬂllllllﬁiﬂﬂﬁlﬂﬂﬁ

131UV (Min-Chi and Mao-Jiun, 2007)



19

Yung-Hui and Wei-Hsien (2005) nadansdiaanldsoumdugevesdugeinnszay
Y 9 d? o Y a o A [l 9 dg’ a ]
ANugevesdusouiuINIuIzih Ifinausinadaina i i INTunazinae1ns e
' a & 7 a A4 g o Y a2y Y o y 9
szrinmsay ¥eginsaiasuimerdesdusouiidu Tdun vuousosduii (Heel cup)

urusoIduA a1/ (Arch support) tAu1IINTZANART (Metatarsal pad) HAZIAUITD

9
Y

Y
AU 91 A (Total contact insert) AITTUHNBUIDIFUMN MAZUAUTDIANNA1IH U192 528

F4
= o

o A v Y A a Yy v 12 Y qu Yy
AALIINADANINUULASAITUATNINAUU ﬂWiﬁEﬁﬂﬁUTﬂmW]ﬂlgﬂ’Jﬂﬁlﬁ mﬂflwmuﬁammm

Y (% ] (%

tazurusoaauInad iUz FIsaanIINadauTnad i aznataiidiuly

4 o v a

<3 a { a o a
"I,??]}ﬁ\? 2510 24 !‘]J@ﬁr{!"]fu@ ATUA[IAY LLﬂzﬁWﬂJWiﬂﬂﬂ@ﬂ‘ﬁWﬂﬁlﬂﬂﬂ1ﬂll'§\1ﬂﬂ@ﬂ‘].|5l']ﬂ!!ﬁ”l

d R YR a 9

J 3 ' ' d a °
Tagsau 332 wlesigud Feddnauioninlildglnsalasuluseui Mlddugeidnanie

U

yuzamldl§iaan TasudwaiuseuiNanunuumiiy L5 suamuas 1257059951
a J 9 Yy 1 dy 9 o . A
nszgnuinad i 1da drunarnvesiiusouin1n1511910 Ethylene vinyl acetate (EVA) 130

&2 QY o Ay v ' & v ~ '
Polyurethane (PU) datluiagnianauiamvazainld vagiusoumaisianurunlugis
FEUIN 1.8 093.6 HUALAT dxFIgaausanatazay luau1eusudem1 (Min-Chi and
Y

Mao-Jiun, 2007) IR EINULALT I AN N A (Total contact insert) ¥FIIAANANITSNU
1% Aa dy 1 Y = A a dg’ a 9 k4 =2

Y9IN1INTLBUTISUVT AN R IazaanmaSsamnavuuS a1 1d 19.8 94

56.8 110315 UA (Chen et al., 2003)



UNA 3

BAHUMTIVY

Jd a

A va o [ Aa o 9y a k4 4 ] & I
ﬂ”l'iﬂgU@]\T”IHQJ@QWHﬂQ”IH%HﬁQiUUiBV]IZ!W@@]a15ﬂﬂﬁﬂ1ﬂ3ﬂuﬁﬂﬁu%ﬂuﬂ15

o R <

Ugranulugdunuvesisnssumsvudroiagmin ¥eldsofiuszian 4 4o (Hugilngal

{ g 3 &

9 o 1o Y A s A A
Usenaunisvudie Tﬂﬂwum”luﬂuummwummjuimﬂmmuﬁ%a”ﬁﬂﬂﬁﬂ"lmvﬂuwum
a a 1 Y [ (%
msNaﬁmﬂﬂixu’mmiwa@ﬂeuwuﬂﬂENﬂizUaumiwamaﬂ'lﬂsﬂusxazmﬂ 90 LA 3
o ) < ) 1w o o 1 o [
winumOuilussegna 10.5 5]5’3111\19]'031! mﬂmuamuﬁ”muﬂﬂmmuﬁwzgfmmmimu
< { 1w 4 a ua [ o 1 @ a
5@!%1&1@8&%88 26,710.2 LU THADIU Gdﬁdmiﬂg]ummaﬂymzmﬂm’mumm%éfmmu
9 [ < < [ a va [ 9 o ~ A
‘WimJﬂ‘1Ja’eJﬂLLNHJuiammﬁaamrNizElznmﬂ”l'iﬂg]‘umm 'CNWa‘lﬁwuﬂ\ﬂui\lﬂhlﬂ"ﬁﬂ?ﬂﬂ\lﬂﬂ
Y dy i a Y A a a a ua
ﬂmmummxmmﬂuﬁu1EJ‘]JSLTJmmmtﬂﬂmﬂmimuiummzﬂg]umm
o c?/‘ 2 o o 9 ~ @ =2 @ <3 A 9
muumﬁmﬂuﬂammmﬂmmmmmiumafJfJﬂLL‘Nmuaxﬂuinmlmwealﬂumi
Y a < Aa & a 9 = = 9y Aa 1
VYUGTYIAE Us2iliue1mMs AU IaNNAIUDTIUNT HaZANEIDINANTZNUVDITOUNNNNAND
1 a Y o 1 Aa J Aa 4 4 A 9 o
ﬂ'JUJUbJﬁ‘U'IﬂUﬁL?ﬂ!lWWGU@QWNﬂQWHGUUﬁﬁiuﬁWﬂﬂ’liWﬁﬁa’]ﬁﬂﬂﬁﬂ‘lﬂiw L‘W@i“mﬂu&u’]“ﬂWﬂ
Glumiﬂimﬁummmmzﬁummmmwﬁ’ﬂﬂlmmimmmﬁﬁuuﬁsﬁﬂ HagnNIIVITINIB®INIG

<3 a Y A a d? A a 1 1 a wa
L%Uﬂ’)ﬂﬂﬁmﬂ!mWﬂLﬂﬂGUUGluﬂlﬂ!8EluLlﬁglﬂuigﬁ'JW\?GBDQL’J?ﬁWﬂWﬁJ;]U@NTL!

o a Aav 1 a < a 4 an
ﬂTﬁﬂnuufﬂﬁ'J%fJﬂa'l’Jﬁ\?'J%ﬂWiLﬂﬂéi,ljﬂuuﬁl!a$’Jlﬂ31$W{lj@yﬁﬂ1ﬂﬂﬂﬂﬂlﬂ\1ﬂ']i‘Vlﬂﬁ’éN

ﬁ

Y 1
GoNINUA FIUIRIT0ITN1TANTUNTIVEAT (1) Agnnadoudiuiu 50 au (2) Anwn
AUANHULNIINIGAINYOIYNNATOY (3) ANHINITZIUVOINTNIMYUAL (4) ANy
Aanuasolumseonusaadaveaninauyuedl (5) Ussiiuniszau (6) §159390210
1 A a dg, a 9 o [ =< A 9 a Y
Tdauenfaduusnaumi (7)mi'sﬁ]swﬂumquwaiwmasmmwﬂﬂmmzimmw

ﬁdaﬂﬂmmmwusmmw (8) MINATDUANYATIU LAz (9) ﬁ"i"lxiﬂ’ﬂilﬁilwu‘ﬁi RRNIER!

Q

v

vinvazseuianlduazeoniss

Y

31 {gpnaaey

9
av o [ a
“lmm’;%ﬁl%’%m@ﬁ@ummu 50 AU st umwae 25 AU UASINANDN 25 AY

(@"ll”lLl’él“Llcu ANNATOULAALIUNIARNUIN . ) mgﬂuwuﬂqmmuaﬂumwNwa@aﬁﬂﬂﬁﬂ"lmv\l

1

memﬁﬁmmmmmamummsgawmaﬁlmﬂluwummmam i’]”lfﬁ%‘ﬁ’ﬂ\i 20 EN 37 1



21

[~ { 1 < 1 o W 4
Tagdgnnaaounnaududniigunmienmendsusuaz lufilsadszdrda Tdszaunisel

U

0 < < o - ) Yo g Y1
V]T\?Tlllslluﬁﬂlslluf]ﬂ'mﬁ']lﬂuigﬂ$na1 1 1] IﬂflE!Qﬂﬂﬂﬁﬂﬂnﬂﬂuqﬂﬁﬂﬂ'ﬁﬂﬂmqﬂ’]i!ﬂl’li')ll

aw { v @ J awv ya a s @
TasamsnenenuiaglszasnvesanudVeil ansuazwailsz Temindgnnadevaz 1450 uaz

A o 2 EY

as a va 1 o A 3 9 <] S A Y Yy 9
'J‘ﬁﬂ'liﬂi‘]ﬂﬁﬁluﬁgﬁUTQ@]T!uuﬂTﬁlﬂUﬂl@y‘ﬁ DANUUNTINUUDYALAITUUITYUIDYUAINAN

[ 1 4
nagounnau lasumasuunulumseynsizvidoya

=S Y
3.2 ﬂﬂy1ﬂmaﬂym$ﬂ1ﬂﬂ]ﬁlﬂ'lwsllﬂﬂﬂgﬂ‘nﬂﬁﬂﬂ
I~ [ <3 { ] oy % 1
manutoyanudnsaznumoenmiumsiiudoyanodny o1y me miin diuge
o o
Uszaumaaliinu anverumaiuly anuerdidiuuen aunNum anunadenin

anuneduii aAnwenseudei anurulaei tazanurnrawihvedgnnadoy

v

Y

4 J
321  nsesionazginsaiily
1 [ Y
1) 1A399%1IMIIN
2)  wFedIndIuga
&Y o 1 4 .. .
3) qﬂﬂimammﬂﬁﬂmmm (Sliding caliper)

4)  @wa (Measuring tape)

U7 3.1 91lnsalSavinadaausi (Sliding caliper)

q

Qan

s Y LY

322 FEmafudoyenadnyazmameann
Y 1
myiadadveainiuhimsiannihanainsaimguivesdgnnaaeu

Tae1435 N3 3aaunanvee Min-Chi and Mao-Jiun (2007) Audaslugil 3.2



v 99
ANUNINVDINI

v
ANurUIlam

ANUNUIHAUIN

519 3

RU

2 waaddtmsiavinadadiuivesdgnnadou

22



23

a d o
3.23 mﬁm‘swwﬁegaqmanymzmamﬂmw
a s Y o 1 A 1 ~ Y
amiww’uagaiﬂemmammmmammzmummmummgmmawauﬁa

[

AUANHUSNTNNIYNTN

= % U
33 ANHIMITITHUYBINUIITHUYUEAN
3 9 = @ 9 g} o [ 1 < ay
manudoyaneIfuaszanulszneuale intinuazsvNAdAaIUURITOITY FUIY
9
tazmalaruau
. iy
331  nsesionazqinsaiily
1) CEGRE RGRIER (Spring scale)
] v Y
2) nFesrahminunalvg)
I a J a 4
3)  soiudszian 4 deluaemsnanariaaan lasu
2 ¢ a ¢
4 Fuau @iaaan lasi)
E4
5)  oaldyuanu
332 IEMaiudeyanNNHITNYLINIZNY
o A g 3 A q9 4 A
ANVHINVBINIZURMTANNUTIN TFTumsdwie Insaunaeun lag

TdnTodealselumsianmdinain auaadlugy 3.3

d‘ ag % &Y 9 d‘ q‘; a
z‘ﬂﬂ 3.3 1AAITMIIAANNUNINYIM sz Iaa lHnTerealse

a d o
333 fnﬁ']!ﬂ513ﬁ%ﬂuﬁﬂ31uﬁuﬂmﬂﬁﬂ1igﬁ1u
Y
a 4 o o 1 o @
'Jlﬂ313W%@Haﬂ3’lllﬁuﬂ“ll@\‘]ﬂ153\‘]']14 Iﬂﬂﬂ1u3mﬂ1ﬂ1u1ﬂuﬂ5'}uﬂlﬂ\‘]ﬂ15

;o Hq v A A < 4 < A 4
vudwaaz o tazusan lslumsisunaousouuas luvasisownaoun



24

=S a\ U U
3.4 ﬁﬂH1ﬂ'3134@113115@1611—!fnﬁf’]ﬂﬂ!!ﬁ\‘iﬁﬂﬂ‘llﬁﬁwuﬂﬂ'luslluﬁﬁ
<3 a 4 o
msnudeyannuamsalumsesnusadnameiannuanisalunisesnusaves
o A ° o A = o A A
wiinaunnsei luaesanyazae MsoanusinuazisIay uaziminianssuluaesgluny
A A a A 9 dy [ = @ a 1 (fll 9 9 a = 9
Ao Moulnauaz Mo TNy 915 ausaaan luueazaselssoumalnavazinis la
] a 9 a dl 1 % % 9 d‘ 9 1 a A a [
urasuIpuIsHanuana 1 uaIugnuseumMnIgaInldvazUfinnuss Tagda
a A o 3 g Y ' S a s a A
useananszauaNugevessodunldlunsyudgisaadn lasluaigmsnaauiniga
FUNIND 85 1HUAINAT (MF1AONTTAVANNFILAAIIUNIAKULIN 1) NTODNLTIAILAY
[ a I 9 1 I 1 [ ~ A Y dy [
useguadatlumsldusannnounviniudiung luvaznnmsoonusalumsumigeny
3 o @ 1
WunslduseTaalddrdae
, o
341  nsesienazgUnsaiiily
1) 1nT04ii0dAuTIada (Strength evaluation system)
Y AaA o [ a va a
2) seuminanminnuainldvuzlinnuesa
3)  uHwasuTeUMFAGYL

4)  NUUTBIFUIM

[

3.4 1n509103AL59ADA (Strength evaluation system)

310



1 3.6 sowinanwinauanldvazlfinauess

RU



dl il a Y =Y =~
E“]J‘VI 3.7 UHUIFETUTOUNFUALTYL

517 3.8 nuousOIF LI

26



27

342  Emyiaussada
[ a Yo 1 A o A a
midaussadalamvuaniniensguvaziinisesnuselumsuilnduay
A 9 dy dy a Y A [ dyd
Mg suunuINaMaaalugli 3.9 Astine
Y v
1 mowlnalddgnnadeutuihimedesdieiiedu 30 iwudas Jevaes
9 o A o 4 9 [ 9 1 9 Aa o o o
d1afieduvesginsainadonld Tasdalduvuounuvesdgnnageuyuiuganudifg
33 1/ 3.10 (Chow and Dickerson, 2009)
a9 A o oq 9w ) Y, v o '
2)  mwiugesnulidgnnaaeunauidie luauniuazihvansed
A unaudeaiiyy 45 o9 TuniseenussauaIniingiinissendIuIvdundonns
Tuasatududrmsumsesnussdanmiimdeansavivdwemgaanlugii 3.11 (Tiwari

etal., 2010)

-

9 9 Y =2 q Yo 1y o A
ﬁ]ﬁjgﬂﬂﬂﬁﬂﬂ?‘l’i@mm’lfﬂ\ﬂﬂﬁﬂlﬂl'lﬂ!uﬂﬁjgﬂﬂﬂﬁﬂﬂiﬂﬂﬂﬁuﬂ “1 23”19

99

{

L

=] Y] ] A A o A = ] A ' a =

HUDIFATULLAD leEQﬂVIﬂﬁf]Ulﬁuﬂ@ﬂl!i\ulaglwwllﬁqg’]u (ﬁi@ﬂ\?) Glﬁil’]ﬂﬂq@lcluaﬁj\? 2 3UMN
L =% QI 1 = a = tﬂ' = QU W d?)

llﬁﬂiﬂﬂullllﬂﬂﬂ'liﬂigﬂﬂ LlagﬂQﬂQﬂﬂﬂllinTﬂq@ﬁﬂqﬂﬂﬂ 33UIMN lﬂﬂlﬁﬂ\‘]ﬂﬂﬂﬁﬂluﬂlu']mﬂ\‘]mu

' Y
Agnnadeungasenuswaziiained1ades 2 u1i neusenusaasiae 1) Tugianseaniss

a =

IS ' A ' ' Aa A o IS ' A Ao Y =
2 'Ju’]ﬂlliﬂlﬂu%')ﬂﬂ’]ilwulliﬂ ﬁﬁuiu%ﬁﬂ 3 ')u'WlﬂﬂﬂJ’]LL]JuG]f'JQCV]ﬂ'ILU\‘]VI'JﬂLlﬂNﬂ')11]!ﬁﬂf]i

=

2K o 1 Ao Y ] dy o [ = [ = Y I 1
%\‘]'Ll']ﬂ'llli\‘]‘l/l'JﬂUlﬂclucln\‘]u"lﬂﬂ']uﬁﬂiﬁ']ﬂ"llﬂﬁﬂ ﬂ"l!ﬂ'c’lEJ“VIhlﬂl‘l]uﬂ']ﬂ')"lilﬁ"liJ"Iif]GlUﬂ'lif)f]ﬂlliﬂ

as/l 5’ =\ ] I a %
Tunseriu o vaziviuletunlansy

v

A A Y A a
3.9 NUNNUMVUSIUDDNUTITDA

Qo
=
=)



3

i1

=
N

Y
3.11 ﬂ1'5aaﬂuiaﬁqua:maﬁuiumﬁmﬁ'nﬁmﬁ'ummwﬂ'mmwm

28



29

343 nsaudumsihudeyannuansalunseanusane

1< o )
Tagmsinudeyannuansalumsesnussvesminauaudsiimuald
9 1 o =3 [ T A a A Y dy [ 09.:
AgnnadeuLdazAuIiINITenuIIdduaztsIau luhsul narasmawmigesnuauay 2 A5
mseenusiuaasouliiimsguansuzvessewinanldluvaziinisoonuss duaaq

4 : 2 2 22 ag .
Tuas19i 3.1 AganaaeundazAueoNINInua 24 A39 Natzldnarlunmsiiuteyaves

1 @ 1 g @ qg/’ 1w
é’gﬂmaammazﬂu 39U Iﬂﬂ!tﬂﬂ!ﬂuﬂ”ﬁ?m!iﬂ 8 ATINDIU

M3197 3.1 JayannuawnsalumsesnusidanTeussduvesntinauaudNszAUAINGT

85 I UAIUAT

MIDDNUTININTOLTIAU

@ Y A 1 1A a 1A 9 tﬂy
anvazsouimnaluld mouilna MYUNUYDI

luvazennisg AN 1 ATIN 2 ASIN 1 ASIN 2

1) souilnanainld

IGNEMITEER

2) souTnarNNuHLES

Y a A
TIDUNMTBUALTIY

3) spanANyrLBUIDI

Yy v
qUN

Y

d Y
344 n1‘5"3m51z‘rimegamm’mm5@1un1‘5@ammaﬁmmwummmuda

J

) Ansgddeyamianuanniolumseenussadavesninauyuds Iag

=

AUIUMIAUNDY Llﬁgﬁ!’lul‘ﬂENL‘Uuu1ﬂiﬂ1uﬂlﬂﬂﬂ’)1ﬂﬁ1ﬂ'}ﬁﬂ1uﬂTiE]’E]ﬂLLi\‘]ﬁaﬂ UDN

Ui

e

a L4
2)  A512%n21001)51/591 (Analysis of variance) Y0301 A 1WA INITD
] % @ . @ [ Y
lumseenusalagldldsunsuduiogy Falidamlsaiy (Dependent variance) 2 @2 Aafino
9

(1) 15909 (2) 4599 U dI3UA58 e3¢ (Independent variance) 3 3 §2 A9iAD (1) ANHYUE
9 ~ 1 1 A a 4
soumnainldluvageonusa (2) 11n19n38u way G) e JUUDVYOINITUATIEH

<3| . <3| <3
Aunals1ls1ilunuy Randomized complete block ag1#Agnnadeuiuuaen



30

|
3.5 mM5UsS UM NHURINUNNUYUAS
Aa A Aa vAa 7 A o w )
mMytsziiudannuainsolumsdgifnuvesnywdudsdidguazaisi
a o [ 4
Ansanlumssimuamszaulddanumungan TaenszunuiannuaNInvoIuyd
=1 [ @ d o wdyd = = L= 1 dy
UANUAUHUTAUAINAD (1) MIZNUTUDIUATAANNATINITOVOINYBIUNIN AN TWIBU
o YY 1A uva [ A 1 a =S 42‘ =\ a
vzl Qiaandtauey 1entie 1aziNAnWATEANINTY (2) MTTUNVINAY
=) 4 1 dy o YY (aova < A A Y o Aa
YANNUEAINIT0VINY Y MUz Ingianumtamiles iesdl MuHANaIA
[ c?/‘ @ a vAa A 4 [ < 1 A 4 [ A 4
100ATI 0ATIMINAYUAMANNTY 6A51MTRVTBNNNINTY BATINTIT100NTUINLUY
nanananauazizildgsnsvianuluiga (3) mszauiianuaunganuanueaIuls
I 1 dy o Y [ J o Y o U 1
woauysd anmyuivzildszuununssgiaglszasa Mldszuuauaunsoiildedns

a AaAA

=1 Aa A Aa a 1 a Y (1A ova 1
Hlsza@ninm wanaeatilszansnanuih anmsnmeouazialvvesdufiiaavedluanin
{ 1 4 < 1 o A aa 4 5 o
nauaahimilosd1mToduiao91nn15i9Iu (Nad dunsIuun, 2548) Falaenalduda
o [] a 1 ] 4
wiina ldaaseenusaufua 15 1Wesisudvesanua s lunsosnusigaga (Maximum
' Y 1
voluntary exertion) 811 5UMN3911911 8 92 TuavTou NN HABLHBINY (Konz, 1995)
Y
aariumItsziunmszauuesninauIud N Lazmeae @113 14 lasii
A1¥eoazuea1nuEINITa lun15eenIsIdDAgIga (15% Maximum voluntary exertion-
v Y (a wva ] = = o 1 = dy A <3 o w
MVE) ¥e4a28 1§ ianuuaazauyulfouiisuduainsadoaniuainiuiosnidusias
A4 4 o 7 4va
waoun uazluvazNsavuismAaoun
v 4
o \ A A K a\ 4
3.6  asvanyluatennaruusam
aq dyc:' < 9 ] A a 421 Aa ' Y A a A a
Fmsthilumanudeyannuliaueimavuusnauduiimannnstutazian
[] Aa wva o 1 a Jd Aa 4 d (o
Tugranamsdianuvesminausudslusemsnanaisaadan lasiiuau 50 au Taeld
[ A a d?’ a Y KX o 1 dy A 1 Y
VARV INANY MU a8 NATU DTN (MANKIA B.) Faiimsudaiunuuiwdlu
v 2
6 @Y (Yung-Hui and Wei-Hsien, 2005) adquanalugiin 3.12 aimiuimsissiiussau
v 9 Y v
ANy luauennatuuNiuNa a9 o 1aun i1 (Heel) na1aiil (Midfoot) Na1dii
Y
A1l (Medial forefoot) AUY19YBUN (Lateral forefoot) 1a181i31911 (Toes) tazHiauuin

1 -4 H H ° a <3 1 a 1 a wua
(Hallux) NiiiulaniIdinaeimsdviai luvagigunagduszrimsdjianu



31

Y
v oy | aJaneiaei
AN “«
-
| O
Mudnavoam

Y 9

panaia iy -
9
AAUM —
dui 4+

ad s Y i a 4 04 1
3.61 smaiudeyannuhiseusnashveswiinauwuds
1 a dy 1 9 9 A a
) dounweims ldueusnuiiuduiivesdgnnaaeuimasinnis
awldseuinlnan1dlumsdiaaueia
Q' 1 a Y a = Y Qd‘ 1 a va a
2) wwRyasyIeuMsiasevadluseunlnanainldlfiaaussa
) Y q 9y | A wa a 3 & o ¢ o b
voadgnnaaal uad lnggnnadevainlalfinausadluszeznaminadlain nawniiy
Y Y @ Iya o A = 1 a dy 1 Y A a A
1% Agnnageunduu MU IteiodounIudeeI1Ms lauieusnauiudwihninavnnnsmy
[ =y Y a A 9 a
uruasNsouMsilaGeUaluseunlng
A 1 a 9y a A < Yy Y Y
3) lasunnuduasyseumsiaissuuryeusosdumadlusoum
A 9 a va a o 3 Y 9 1 a A a
dnanlglunisdiaiusiavesniinau andulvggnnaasvainldlfinaiuaia
I~ &4 o g 1A Y o Ya o A g A = '
Wuszeznamiadlaiigudy 1dinauuwuditednasuiodoun1udee1nIs lduie
Aa d” 1 Y A a A Y 9 9) a
VInanudummannmMsinyeusesduiasluseanlng
a Jd Yy v a 9 % U
362  MsaAnzHveyae M3 luaeuInasve InnHYUES
4
) d1svszaverns luauieuinauiuduii 6 diu Tagsimuaszau
[] [ [ dyd = a = = [l Y =
AzuUUINT liduie 5 5zau aeiine 7 A0 01015UnA 2Ae oy luduiees 3Ae
= ] A A ] A A ] 1
ioms liawethunais 4 Ae eims liawieun uaz 5 Ae To1ms liawieauliawse

Ugiaaidaming



32

[-3 L/ [ 1 a dy d' 1 9
2) ﬂ1u3mﬁ1ﬂ15@ﬂﬁ$ﬂl@\ﬁ$ﬂ‘Uﬂ$LLuu@1ﬂ15uliJﬁ‘1J']EJU'D'L'JQ!WU“VW]H“VH
1 [l 09/’ A A 1 9 a Y A S A Y
TIUAN 9 1’]\‘11’1LﬂﬂﬁnﬂﬂWiﬁ'JiJﬁlﬁﬁﬂ\u‘VHﬂﬂﬁLlﬁg‘iﬂ\iLﬂWﬂNQﬂﬂﬁﬂllﬁiNﬁ@%ﬂW
=) ~ =S o w o [l a dy A 9
3) Lﬂ3EJ‘UL“VIEl‘ULﬁENa1@Uﬁ$ﬂﬂﬂ$tluu@1ﬂ15uliJﬁUWEJ‘Uﬁ&'Jﬂ!WU“VWhLW']
qa: 1 @ 1 a d a 4
M 6 74U ﬂl@QWHﬂQWHﬂluﬁﬂﬁluﬁ1ﬂﬂ15Nﬁ@IﬁWiﬂﬂﬁfﬂﬂiw
o 9 Ay v ! o [ A a @ 1
4) HT”llf)iJuaﬂVlﬂllWﬁ'H:‘l]’NﬂTﬁVINTL!GlfL!aﬂ‘Hﬂ!%ﬂulla%muﬂl@\iwuﬂ\ﬂuﬂluﬁﬁ

a Jd Aa d (A [ a dy 1 Y ~
Glua’WEJﬂWiWﬁﬂﬁWiﬂﬂﬁﬁqlﬂﬁV‘hJﬂ'lﬂWiUlNﬁUWEJU'H'!’Jﬂlwuphm1ﬁ'3ualﬂﬂﬂﬂﬂq@

o % = d'd \J Y a Y
3.7 ﬂ‘li?ﬂi%ﬂ‘ﬂﬂ’J1NWQW61%TINGIﬂi@ﬁ!‘i’l‘lﬂﬂﬂ!!a%iﬂ\‘l!ﬂ”l

¢ A Y

N
ﬂNQﬂﬂiﬂ!!ﬁ‘iNi@Q!ﬂ]
9y =<
U

3 o A v A D} Aada A ' a o
Ny 'E'Jll”aﬁgﬂ‘UﬂTﬁJWﬂwaiﬂﬂuﬂeﬁaﬁlﬂ']ﬂﬂ@ 5@Qlﬂ1ﬂﬂﬂﬂ3~lﬂ']ilwullwu!ﬁﬁl]ﬁﬂ\‘]!ﬂ']

o—

A o v ada A Yy v D] o =
FUALTYU LLEW3’8]\‘”1’11ﬂﬂ@ﬂNﬂTiLWNﬁN@uﬁﬂﬂﬁu!ﬂ1 Tﬂﬂi“ﬁll’ﬂ’ﬂﬁ@‘ﬂﬂn\l'igﬂ‘Uﬂ'JHJW\‘]W@Gl%

1 Y

A a Y Ao 4 A Y £ A =
hildeseuinlnduazsewiniigUnsalidiusoaui (Manuan 2.) Fanasandegdununas
. Do 2a
AUANHAUZAN  faiifp
1) amldwedium
Y
2)  anaveusoauih dhuh wag i
Y I Y Y
3)  finunldiahamsovdulaynio
[ a 9 Y a 1 9
4)  funszunnuInadu taznaeusnarei
5y anemsthadiosusnadumi tazaum
Y Y v
6) ansamssimiinanduiilldaiiui uazaausandui
Y
7y fuseuiin luvumseuranula
di’ Y 9 ]
8) Nusoumamluy
9) 3oy q vesseumamluyn auevazald
9 9y 9 9y 1
100 duseumaulunhaagyy
1) druvinuduinizdu hivgavaluvaziau
Y )
12) wuseamaululiauvauz@u
dy Yy 9 ld‘ a
13) Wuseumauuen luauvazAY
14) NIEFUVUSIAY
Y
15) Wi

16) szungomad liseumvazainld



33

371 Asmaiudeyannuianelaniinesewnindnazseam
da -
nilgUnsaliasuseaih
d’dl d' 9 1
) a@euniuanuianelvvesdgnnadeuniiseseuiilnanldanld
Tumsdiiaauesa

9 A 9 [ 9)::' ] A
2) ﬁi’]‘]Jﬂ”lllﬂ’J”lllWQWBiﬁ]ﬂﬂﬂ‘ﬂﬂﬁi’]ﬂ‘ﬂ asmmmmmﬂ"lmwmmumm

9 a A 1 (Aaoua Y9 1 (Aaoua
seutriiassuadlusewinlndfiaanldlfifnuee udr1annadevanldlfiaau

ya o

a J % o L4 [ 09/’ Y
%i\‘llﬂuﬁgﬂgna']ﬁﬁﬂﬁﬂﬂ'lﬁ Wa\‘lﬁﬂﬂuuclﬁl’dgﬂﬂﬂﬁﬂﬂﬂaUNWWUW’J%EJLW’E]ﬁf)UﬂWNﬂ’JnJWQ

U
Y
(%

A A ' A 9 A A 9 an
W@GlﬁmuﬂfJﬂﬁLWiJLLWULﬁﬁ&JimL‘VHGlfum‘iEJ’Uﬁﬂl!‘iENLWﬂﬂ@l’e)ﬂﬂN

=2 Y A 9 @ Y A
3) ’s’f’e]‘UﬂHJﬂ’JHJWQW’E)Sl%EJ ANATDUNY m)immmmmﬂ”lmwumauim

9

9
9 9 9 Aaa 1 a wvAa a 9 ] a A a
dumasluseuilnanaulddfinaueia aniula ggﬂmﬁaumﬂaﬂgummﬂﬂ

< § o Jd 1 a Y @ 091’ A |
Wuszeznamiliddaiiguay udnaumugisesnasuiodouniwdnnuiane ladiiae
A Y Y 9 a
Maiuryausedduniadluseanlng
a Jdy =3 Ad'd \ t% a 9
372 msannzdideyannuiiaweloniaesewminfivaz seam
A ¢ a £
nignsauasusaaum

o @ = A 9 a Y A o a
1) ﬁ1'§’Ji]‘i$ﬂ“Uﬂ’NiJWQW@GI,%]VIM@fJ'ifNL‘VIT]Jﬂmlﬁ%ﬁ@ﬂmTﬂM’QUﬂimlﬁﬁﬂJ

an

3]

Lo

i lugdunusazqudnyuzai q Tastimuaszaunzuuuanuianely 5520y
9

A A A =< Y = = 9 A = A =
atfe 7 Ao Wanwelaveeuin 2 Ao Waneolatios 3 A Wawe el 1unaly 4Ae wWane 19

D¢

A = A
10 ey 5 Ae fanelawniiga
2) fuwKIAseeazvedTzaUAziuuauNIne laaegluuuuas
AUTNHUZAN yoesouiUnfnagseathiil ﬂﬂimmimmmmmmwmm NG99
[ % [ 4
I Tl vitad) anvi
3)  alSsueussadsuszauazuuuaNuianela
9 [ =2 [ 1 Y
4)  ayldeyaszauanuiawelaluglunuteznudnyuzais 9 vessoun
a Y Ao 4 a Y 3 A 1% 9 ] I
Unauagseuiindigdnsali@Susoudimuiuusnuazudenisidauriulliduszezinan
£ o P
ATRIp1ERYY
a 4 A a dg‘ 1 9 a J Y
5)  Apsizvimanmnavrunnmsainlaseumlunisesnusianailsouni
a { 4 a a { 1 a 1
Und niesoumniigunssiiaSusoumaialanainldudridnavieusnanimazduii
o Y a =) A s 9 [ o A
mldiRaanuades luvazdusonuswazianumrzaudmsumsnaulsuansunas

AUVDINENNUVUAS



34

3.8 mimaauauuﬁgm

Q
9

Av a4 a d' 9 (% dy
NuIReHTauAgIUNIzdoInaTol 2 Usemsail
o
D auyagIun 1
AuyATIUMEADN : NAUeINsoanLTIANIazLTIad lilinadenuaNTD
Tumseonuss
ANYATIUTON : NAYDINITOONUIIAAZUTIAUTNAADANUAINIT
Tunseonuss
lumsnageuauyaguin 1 Idulsdaszae Naniwvesmsoonusidoauas
Mo uazaulsawae aAnuanso lunsesnis

2)  auyagIun 2

o

wyAgIunan : M luruasusoui lulinaseanu liauensna
AuyAgINTed : M3 FuHuE NS uinadonw luauenai
Tumsnageuauyagiun 2 Idulsdaszae seuhlnduaz seuiinliukuasy

9) o A ' a ]
50U tazawlsmune ﬂ'ﬂiJlliJﬁ‘U"IEJ‘lJil'Jmm"l

v 1

3.9 @ anuduusIzrausInUanyazsaumnadnlavazenisa

9 @ @ Jd a Y 1 @ a v W 1A % @ o
g3 NANNFNNUTIFUdUIErIeanlseasenuaudsaunianudunius lu

4
v A

dnvazla Taemsdlnneinmsonnoadududeil
o 1 I~ @ a 1
) vualdma seudiwazmowdudinlssase uazaranuainiiolunis
I [
oonusatluaiuilsany
o a 4 (Y] Y] 4 1 [} [ { 1
2)  MININATIEHANNFUNUTIEH TN Udnyazvosoun InaIuldvas
o
ponusalaeld Tusunsudusegl
9 a = v 9 Aa A 1 2 A Vll
3)  @3NAVVVRAUYAFTIUNGINVUBHANAIANDY I & = NID(0, 0> ) 130 11
4)  AINTOUANUIMNIZANVOIAUNIT JAUANITNATOUANYATIUNGINTA
4
Au152aNT NAAUNTVIANNUHIIETUVDITUNT
o Ay Y Y El a @
5y haumsnld T 15 umswernsaimanuainsalunsesnussadaveanmiingu

1 a J a o J
GUUﬁ'\‘lﬁluﬁWﬂﬂ'lﬁwa@a'lﬁﬂﬂﬁﬂhlﬂﬁw



YN 4

a d a
Ni’lﬂ1§'J!ﬂﬁ13ﬁ%@ﬂﬁ!!ﬁ$ﬂ]ﬁﬂﬂﬂﬁ1ﬂﬂﬁ

dyd o awv Ay Y o A Aav 3 dy Y 3
uwmﬂumsmmuauazi”lmmwami’mEm"l,ﬂmﬂmimmumia%iumm NIDUIMN

a 4 a = v A a d? Tg o 9 o v w dyd [
ARz 19DINAd NTNNAUU IﬂfllL‘]JQLll‘Ll‘Vi')“’lJﬂ@]”lllﬂTﬂ‘]Jﬂ\iuﬂﬂ (1) AUANHUSNN
ﬂ”IfJﬂ”IWEU’ENé)QﬂTIﬂﬁ’E]‘U 2 NTLNUVDINTANTUUUE 3) ﬂ313Jﬁ111”Iiﬂiuﬂ?iﬂﬂﬂlﬁﬂ’ﬁa@
Y 1 a v A a dgj a 9 @
VDINUNITUVYU T (4)‘]J5$L11‘L!fﬂ§$\ﬂu (5)ﬂ3111u13Jﬁ‘]JTEJTILﬂﬂ‘UH']J§L’JmLV]”I (6) gAY
= A v A Y Ao ¢ a A ] a
ﬂ'JTﬂJWQW@iﬁ]V]N@ﬂi@QWﬂﬂﬂ@]LLﬁ35?]\‘]&1/]']1/]11@1]ﬂﬁﬂlLﬁﬁllWl!ﬁ’f]\in”l @) NINATDUTUYATIU

v o J v o { 1
uag (8) E‘T%)Nﬂ';l”mﬁiJWU‘ﬁ§$‘1’i’JNLL?Qﬂ‘]Jaﬂ}lﬂl%i@%ﬁﬁﬁE‘T’J?J(lﬁellmgﬂﬂﬂuiﬂ

v
41  QMADHMINIMUMNUIINGANATDU
M50 4.1 ndasaaouazd 1 deun AT IV UAN Y AT NNNENINYDIAYN
£ g @ 1 a J a I Jd (o 3|
‘nﬂﬁdauc}mﬂuwummﬂmﬁﬂumﬂmma@aﬁﬂﬂﬁﬂ“lmvhm’m 50 AU Wunase 25 AU

HAZINAMAN 25 AU TagmAsuduneIelio1g 27.40 1) 1niin 64.88 Nlansu daugs 170.40

1 Aa

a =\ d o = = = 5} Y] a ]
UAAT tazilszaumsalineu 2.44 3 TIUNANUINDEY 26.36 1 Wniin 56.28 ﬂI’ﬁﬂﬂJ

9

duga 160.90 uAas taziilszaumsainiam 3.48 7



36

MINT 4.1 Aundeuazd I douuuNIATFINYIRUENEUTNNMENTNVOIRYINAT D1

. . NG AL INANQY
AU | AMADHUSNNMENN —
AURDY | AIULVIUVUNIAIIIU | AURNAY | FIUUYIUDUNINTI U

1 oy @l) 27.40 3.38 26.36 4.94
2 it (nN.) 64.88 13.71 56.28 11.59
3 fhuqq (¥3.) 170.40 5.71 160.90 4.89
4 [Uszerumssivinian @) 2.44 2.04 3.48 2.89
5 lanwenumeulu su.) | 26.16 1.40 23.88 1.05
6 |Anuenuiidiuuen (su.)| 20.72 1.14 18.40 3.59
7 lanunhai (@) 9.85 0.56 8.95 0.45
8 [Anun et (aw.) 6.94 0.43 6.37 0.35
9 [Anundeduii () 6.27 0.47 5.59 0.59
10 |[AnueTeUTei (v, | 25.21 1.87 24.02 1.53
11 |[anuvwndanewi sy) | 2.29 0.21 2.78 3.59
12 |[ANunUInaai (. 7.40 0.67 6.56 0.59

4.2 MITNHUVDINHNNIHYUEA

1 Y Y
A15190 4.2 uag 4.3 uaasaniminvesmMsvuds lnguaazsouveanmsvuasiiimin

Y ) ]
FAININUA 41.50 D lansu MidaanuniinueimsznuiilaslfiaseesiadSauuuaiuia

1 A o Y I A A A A < A A& o Y a o
mmwmﬂmmmmmmaau‘ﬂ LLaﬂuﬂszmmmumaauw G]N')ﬂulﬂ 1.53 ﬂIﬂﬂill iag 0.85

nlansy aud1eu

v Y
A1319N 4.2 Wmtinveamsvuadlunazsel

4

51915 1HINAoIoUMTVUES (A lansy)
< 9 %
souulsean 4 o 1 Au 26.50
A o ¢ & a M <o 2
NaaduN s aaan las 1L 60 FU 9.00
naldrnandums U 5 019 6.00

Y Y
FAIWIHUNNIHUA

41.50




37

MINN 4.3 ANUHUNYDINTZIIUIUAN

msanuseTaensoesiailsa ANUHUNVBINITZAU (P anTy)
2 ea9 2 2 A 2
usani s uswadeun 1.53
1 = 44
usaluvaznsavunaoun 0.85

4.3 ANNEINTOIUNMTOONUIITDAVDINHNNTHYUES

ﬂ”lii’]i’]ﬂl!iﬂﬁaﬁﬂizﬁﬂut’(ﬂﬂﬁﬂ‘ﬂmzﬁ@ msaaﬂmqﬁmazmqﬁu uaxﬁviwmmiﬁu

Y 1
Tuaesgiuuuae meulnanazmswiugesiu Tagldseamnlnuanyuzuanateiulunis

q

v 4

1 qg/’ ] 1 a o { @ I y 1 a
pONUTIAAZATY MITanssadansziifszauaugevessalui 1 lunsvudinandus
a Jd a 4 % 1w a

TueemInanssaaan las iUy 85 suamag

431 ANV UNITEINNTIAG

a d H [
HANTAATIZHAUNAGYDIAIANNEINITD IUNITODNUTIANUBIRYNNAT DL
NS (A15199 4.4 uaz 31N 4.1) wuaanudIwITalunseenusIAIgIgaInIny
a (% £ a (= 9 dy [ [ 9 A ]

19.93 nlansu FUNAIINNITOONUTI IUMBINUEDINU Iasanbazvossouna I la luvay
° A 9 ada A Yy v a o
#IN1590AUTIAD TUMUNANTNITINUHYDUTDIA LN VULIASIAUAIANNEINITD 11T

= c' 1 o a [ a [ = a 1 9 a
PONLIIAIMIGANIAY 11.81 Alaniu nanniseenusdlumaulnanazaiuldseunilng
d' 9 a A a d' o d! = A a
nlFlumsdiaavessazniiniseonuss saanuanisalumsesnussaslumanilng
A Y oA v £ o A 9 o Y Aq Y ' A wa
AN INMIUNUTEINY MINNHNIUToIdUIad lusoamn lFauldvazal fiiaau
a =3 P U A ] a 9 a = 9 = J
391015000 AUTIAL LAANINTIN VLR LIET YT UM s A suadlusoumuazaniing

a

9 ~ = d A Y o w
ﬂﬂﬂLLiQTﬂEli’f)\‘lmﬁjﬂm/lllllMqﬂﬂimlﬁilﬁﬂﬂm'l ANy

A1519% 4.4 uammmﬁﬂuazd’am‘ﬁmmummgmmam’;mmmiaiumsaaﬂmﬁwm

9 1 I a @
Hnnago ARy (Mielun lansy)

ﬁWﬂNﬂﬁﬁuﬂlﬂ!%ﬂ@ﬂL!ﬂ

(% Y td' 1
anvazsoumnalvlaluvazoonisa

meudna yduhibes
souilndfierauldUfiaanes 11.81(3.92) 18.72(5.35)
soatndmuruEs useuihwiiaiten 12.47(4.67) 19.81(6.25)
soudlndiunueusesdui 12.82(5.40) 19.93(5.26)




38

25 -
i 19.81 19.93 o s '
= 2 B soainnananyld
= Uiinauesa
Z P
2 O seannamuny
g 15 Aa Y a
= T UTOUMFUALG 6
= a A
= 0 I]imsﬁﬁﬂﬂmwwmu
[er
e 5998
=2
(o
<
2 5
g
[
_(_
[

0

1A a 1A Y dy
neulna NYUN GO

710 4.1 uaarundsveInNuaINE0 TUNT0BNITIRIVDIRYNNATDLINATIY

U

weslufTansy)

aanuasalumsesnussdsvesdgnnageumangaelsing luaised

4.5 wazgili 4.2 wunaanuaunsalunmsesnusedegegaminy 13.11 Alansu Tagifaain

U Q

' '
aaa Aa

A 9 dy [ 1 Y 9 9y o
A13590ALsI luMBwNNEp N UasaIn lasesunnanumsmuryausosd i luvaeii
N1300N15Y AIAINAINT0 TUNTEENUTIANAIEANIND 7.89 Alaniy 1NAINNITOONUT
Tumdulnanazainldseailnfvazintnisesnuss mamunususoddumiaslusaaiin
d' 9 1 a oA a = P2 1 Q' 1 a Y a =
nFamldvnzlfianuaseamisooenusede ldaniimsmuudwas useuisiaiGou
Y =) 1 Y AaA [=} 4 a 9 ] =) [
avluseui waz@niimsesnuselasseuninan lifigdnsali@susoud ivwdeanu
= A ad 9 1 T A 9 Lﬂy [ & 9
ANAINI5D 1 UNITENUTIAIUNIBULNATAINDENIINITUINUTDINU FIWUUI T
AOANABINUAINA NI TUNTOONUTIAUDIRYNNATOUINAIY
= [ o 9 dy 9 1 9 dy 1
A309NUTIANDIFENITIINUYRINA I BYY Vo Tva nduilosoumiay

IS 1

a2 Inn “?\‘lﬁﬂ‘]elﬂ‘lgﬂl'l‘ﬂNﬂWiguﬂflﬂtlﬁx‘lﬁllﬂﬂﬁNfT‘L!?JWaGl’é]?hﬂ?'IiJﬁ'liJWiﬂGluﬂ'lif)fJﬂlliﬁaﬂ

1 4
v A

v v

Lli’)ﬂfl]1ﬂﬁﬂlﬂ!$§uﬂ@ﬂlﬁﬂﬂ1&&3\1L?TEJ@WI11&53‘”3NﬁuN?ﬁﬁuﬂ‘ﬂWuiﬂﬂlﬁWﬁNﬂﬁﬂﬂﬂﬁJﬁﬁﬂiﬂ
= ' L o 9 o v 14 =

11!ﬂ13’0’0ﬂll5\1 IﬂﬂuiﬂL'ﬁﬂﬂ1/]THiSWQTQWHﬂUS’OQL‘ﬂ13J1ﬂ‘V]1114@’0ﬂllﬁﬂulﬂNTﬂLLaxﬁWNWﬁﬂEJLl

9 ] o ld' Y Aaa o @ a % < A Y
"lﬂammum"luauau (AAUNNMEININUIUALAZNINTTNUIUA, 2553) ﬂﬁ’f)?)ﬂl!iﬂﬂ\ﬁ/lllﬂﬂ1



39

= 1A 9 dy Y d' Y d'd 9
mmmmm“lumi’aaﬂuiqmnqmasau“lumaummmﬂumamimqmmuaxmmm%

9y Lﬂy o 1 d! 9 d?’
Llﬁ\‘]fmﬂﬂa'liJLu@TTa\‘]‘If'JEIGIfL!ﬂ13@@ﬂll§\1“]§\‘]ﬁ1ﬂ1ﬁﬂ@@ﬂ!ﬁ\?llﬂll']ﬂ“llu

A5 4.5 Llﬁﬂ\‘lﬂlﬂﬂammgd’JuL‘ﬁENL“]J‘L!llW]'ij]ﬂﬂl’é)\‘]ﬂ’J'lﬂJﬁ'HJTiﬂiuﬂWiﬂﬂﬂlliﬂﬁﬂﬂlﬂx‘]

9 a 1 I A o
HQNNATOUINANYI (1o un Tansy)

3 ) . MN WM ITUIUZOONLT
anvazsoumnanlaluvazeonis ———— 7
mouilna Mmoo
seunanaanldlfianuess 7.89(2.22) 12.26(2.96)
souMUnAMNUHUIES NS YA 81 8.67(2.80) 12.32(3.29)
50UMUNANNHUOUTBIF U 9.17(2.68) 13.11(3.69)

25
a{?; Y ad !
S l soudnanaiula
= SIEICRRITEER
p
2 13.11 0O seutlnamuneu
S 15 12261232 > 4

=) =) =S

= @5 U5 UNFIAILS e
= a A
= o - [] seaminlnamiunueu
=
£ PRGN R
=3
c
©
2 5 7
g
[
_(_
G

O —

1A a 1A 9 ﬁy
meulna MU0

719 4.2 ugasnundsvosnnuaIaluNsoanisIAIBIAYNNATOUINANT

wioilufTansy)



40

432 ANNANIDIUNITOBNIIAY
J A 1 @ 9 £ o o
ANRAIVDIMANNEINITD TUMTPRNLIIAUYBIAYNNAd O UF I UNITNIIY
1 a Jd a 4 4 3 a {
yudalumenisudngrsaadn laswinunamiouazmanganansluaisei 46 uaz 4.7
MUEIAD 1NN 4.6 Uaz3IN 43 WUNAIGIGATDIANUEINITO TUNITODNIUITIAUVD
1 Y
Apnnadoumsimeniing 20.58 nlansu Funannmsesnusslumsuiubestunazainld
9 Qd‘d z:' ] a Y a =) o 1
soumnanimaiuurwasysoumyiaFeuluvaziinisesnuss diunmseenussly
mgulnavazamldsouinlnanllumsenldvazdfiaaues ldsnnuannsolums
v 1 Y
PONUTIAUAMFATITAUNINY 12.27 A 1an5y 1INAMIANUAINIT0 TUNTOONUTIAUNIHUAYD
9 FIR 1A ad 9 o1 A 9) dy
Agnnaaeumasne vz lanTumsulnaimanuawnsalumsesnusadosninimguminges
% A ' a2 9 a A Y 9 & Y 1T (ava
A MsiurRasuseaMytaGsualusoumvesdgnnageudalslumsainlad fiaamw
2 o q Iy v Yy A Y 9 9 a
139 M lddgnnadeuansnoenussau laanimamuryeusesduiaslusounuazani
9 ad (=} A d A a 9

mseonusdlagseunilnai lulimsmuglnsaliaSusiialaasluseam

namaSeuieuanudmsalunseonisesznINNIT0NLTIAAT NS

@ J = =2 9 J a 9 Y 9
PONLIIAY WUINNTABDNLTIAINIT IFRUnsalidsusoumilszianrueusoadumaInso
Y 1 9 [ a Y a = 9 9 a VA 4 a
ponusdIdanldudwasusoumrilatsunazms ldsouminauuy lumugnssiay
ilo91nmsvenusanei IANAYe W wINIAIUHA oI NNATIULAZITINAIZD 1A
Y 9 e O v Yy Y o qY < a Y Y o qy
dum aniums lsnueusesduwmniinlnainsaanoimsvlrausnudumini lvainnso
ﬂldd? d‘ = [ 9 (] a Y a =1 Y
ponusdIdavu Tuvazinsdleonussdums lsuiuasusoumatiaSsuaunsooonuse1aa
A @ 4 Y 1 @ a 9y & Y 1 a 9
Wesnnmsman ldrunihusenavzareaslidssna)areii damslduruaiusoai
v Ed [ E4

FAFoUIZFITAAUTINADATIAATUIUZIINTOBNUTI aaAUAeaTINATUDT DM LAE

a115000n159 18G9 (Chen et al., 2003)

A15199 4.6 Llﬁﬂ\if"iuﬂaﬂlm%ﬁ'iul‘ﬁENHJ‘LlllW]iiTLlEUE’JQﬂ’J"Illﬁ”l?J”Iif](luﬂ1ii’JﬂﬂLL§QﬁuﬂJ®Q

| I a o
dgnnadeumames (mudedlun Tansw)

vimnmsﬁummzaamm

[ 9 d' 1
anvarzsoumnalulaluvazeonusa

meudna yndumhies
souilndfieruldUfiaames 12.27(4.01) 20.00(4.89)
soalndmuruauseuihaiiaiten 13.14(4.44) 20.58(5.57)
soalnAiunueusesdut 12.31(3.89) 20.38(5.16)




41

25 -
2 20,00 2058 20.38 S
& B sewilnananla
— 20 -
(= A oA a
= SR ICRRITRER
Z e
z 13.14 O seoumnamuupy
S5 15 - 12.27 12.31 ’

= a =)

= @5 useUNITIAG o
= a A
= 0 - Dimgﬁﬁﬂﬂmwwmu
=
€ s99dUIM
2
G
g 5 -
g
G=
_(_
G=

0 —

1A A VA y &
mouilna NYUM D 9

U0 4.3 uaanunarveInNNAINIT0 TUNT0RNITINUVEIRYNNATOUINAIY

U

edlunlansy)

~ ~ Y 1 1 1
M1T19N 4.7 uazgﬂ‘n 4.4 Llﬁﬂ\‘]11’?&14u'J1?’11@@@'@%@@?11?]31%?”%15‘011!ﬂ15
4
PONUTINUVIIRYNNATO VWA UNINY 14.86 1 1ansu Taveonusaludnvazmtuiuges

futazarvldseumlnanimsmvusnasysoumyiassuluvaziinseonuss diu

'
1o

MAIFAYDIAIANNAINII0 TUMITDRALIIAUNINY 7.87 N lansu Tagnaainnisesnusdly

A

a 1 9 a o £ & a = v o 9
mgulnduazanldseainlndvaziimsosnuss Fuiluldludemaferduiudgnnaaeu
1 = @ 1A ad Y ! 1A 9 dy @
Ay Ay lumaulnaiainnuainsalun1seenusIdoenNNBUNUTDINY
mauuruasuseuirdassvasluseuivesdgnnadeuszilnamisooonusedu
Y A Y 9 9 a2 9 a
lagnmaiurneusesduiasluseuiuaz@niimsoesnussagsouing
9
A1 A IN1T0TUNIT0NITIADANIHUAVDIAYNNATDUINAY I BIAE
AN WUNTAINNUE 150 TUNIT00NUTIAUNINNIIAIANNEINITD TUNITODNLTIA
pazmsaanldseuminAvaziiniseontssaza1n1snoontse1ad1N11N1500N1TIAIY
9 A o Aa 9 2L A d' 9
soumniginsaiaTuseain Tasanuauisnlunmseonusapainuiniielsnuouses
I 4 a i @ v 4
gudniuglnsaiaiusouit Tuvagianuawisalunsesnussduiiniminie1d

[] =) 9 Aa A I d A 9
LLN‘Lll,'ﬁiﬁJSE’NWHGH‘H@]L?EJTJHJL!Q‘IJﬂﬁﬂlLﬁﬁJﬁ@ﬂWﬂ




42

MINN 4.7 taaianasuazd I UUUNIATIIUUIAMNAINITO IUNITODNUTIAUVD I

a 1 I Aa o
é’gﬂmﬁamwwmq (rueunTansu)

[ Y d‘ 1
anvazsoumnalvlaluvazoonisa

ﬂ'wmmﬁﬁummmaﬂuﬂ

1A a 1A 9 d’l
meulna MYUN YD
seuhnanaanlddfianuess 7.87(2.23) 13.73(4.01)
sounfmuuHuEas I UTYIAG 81l 8.71(2.43) 14.86(4.09)
sounfN UMy UTDIF T 8.62(2.61) 14.38(4.26)
25 -
aé? 9 aa 1
= B sowinlnanaiula
— 20
(= a oa a
= 1486 1438 ﬂ;]‘mjﬂuﬁ]ﬂ'
= 5 - 13.73 O 509 1n@iLeL
@
2 s uI ARSI Al 81
= a A
2 - 7g7 871 8.62 O sewninAmuriueu
o Y Y
= st
©
2 5 7
=
[cw
(gl
&=
0 -

mgwlna

1A EJ dy
MYUNUYD

51U 4.4 naaeAumdsroInua I To TUNMIooNUIIRUYDIRYNNATOUINANT)S

oilufTansy)



43

a d a
433  wamsaanzrianuulsilsivvesanumansalumsesnusiasn
MIANTUNITIVYNIINVANUAINITD IUATODAUTITDAVDINININUVUA
a J a o o o a Aa I o
Tumemsnanarsaaan sl Smualdnanavesmseenusaadadudinilsaiu (Dependent
variable) 1D N150ONUTIAGLALAITOONLTIAY BIUAILTOATY (Independent variable) 1 3 62
[ dyd 1 A Y [ [ Y T A a A Y dil
fatine (HNIN1INIseu Usznoudle 2 szduiladelaunnigulnauazniguinuesa
) dnvazvossoainnaiuldvaziiniseenusd Usznoudie 3 seauilade ldun sounlnd
d' 1 a A a 9 a Q‘ 1 a 9 a A Y a t:'
nawldlginnuese soumindiuuruasusoumatiaiFoy taz 0wl nanu N U 03
Y 9 9 [ [ 9 1 A d'
dui waz 3) wmet Usznouale 2 szavilade 1dun maseuazimemae iosninmsiaonas
A A a oA ~ 1 [ £ I 1 o a
marRNaNase lumslianunuand iy seezitluurastuilavesnnuulslsiu

! @ 09.:’ l |
nasodinisuniIunsnaaseld duiudenruguinavesdgnnadeuesiuiuszuy

<3
Tagnsuaen

Y
9 a A 9

a J QsJ’ = . A
Tunisasigianuudsdsiudulvoauyailoddu (Assumptions) 1731

q

= A =

AUABIAAADUTNITLINUIILV VU AALAZANNARIAAADUTAIAIN 1UDRIN1TATIVADL
Y ¥
JoyannuamnsolumsosnussadanmudoauyAlosduaIna1Indl nuanuaalanaou
a 1 1% o o 1 1 4 % 1 { o
Imsuanuauulnd  uaaNuduRuTsZHImIANuAaIanauA AN Idanuuus1ag
v A Y] [ A =& =K 9 o 9 I~ 1 a R
N33 WA UYBIgANADANAIUNUIVDINI 1N DA 09iInsulasveyatiluaiasnisny
= o o ] A o P g P} ad 9
535097A Mntuihimsasdeumideyatiinisudasdmuindullawdeauydiiosdu
Y
YY) a 4 a o 1
AU UKNANT AATIZHANULLTITIUVeIANNEINITa TuNITeRNULTIADAVRINTNATHYUES 11
a Jd A 4 o I A A d? 9 A J 1 Aa R a
Memsnang1saadn laswiuraiimadunndoyaiiduniaon3nusssuena (nuaag
NAKNUIN %¥.)
a 4 a [
NAN131ATIZHANNNYTUTIUVBIANNAINITD I UNITBONUTITDAAIULAA
Tua15199 4.8 WU NAVDIUTI N1TU TOUNT WA OUATNS ITSHINNAVOIUTIHUNITU
FUATNINTLNUINNAVDATINUTBUN FUATNTI1TLHINNAVOIUTIA UMD ULASINA LA
< % [ 1 a 1 o o W
vdenmAveIdgnnadon Flinaaeninuainisaluniseenuseannedialiiodingy
Y [ 4 <
(p < 0.05) uonNINHMIUszaaauNoasIvdoUHaANNITUTIMYEINMTVABNAINITAGIIN
@ [ 1 { 1 o w < @ 1 { ' o w
9AT1IAIUVBIAUNAIUDIAIYNAIAITDIVDIVADNNUAURAIVDIAIINAIAITDIVDIAINY
A B Y o 1 ~ [ IR o < =1 [
Aaaaou Fea10asrduivuialvgazuen ldnilatensudeninand1auin 31nwans
a 4 T @ 1 [} 1 1 LY 1 (Y] a
AnaznaNulslsulsng 1eaaIuaIna MNA UMY 42.33 LEAITUNAFIBNUINAN

Hanuansalumsoonussadauanaeny



H a P a
MINN 4.8 HamMaNzHaNUsUs VeI U lumsesnusIana

44

I | HAsIVRIM | Aundevesar | Averl Al
unasanuulsdsiu paIy | MaddEed | gnnasaes

(DF) | (AdjSS) (Adj MS) (F) | (P-value)
NAVDILLT 1 0.6836 0.6836 20.90 0.000%*
meu 1 68.1191 68.1191 2082.28 | 0.000%**
5099 2 0.9352 0.4676 14.29 0.000**
W 1 44.6371 44.6371 1364.48 | 0.000%*
NAVOILTIFNTU 1 0.5080 0.5080 1553 | 0.000%*
Aevedusa*saum 2 0.2700 0.1350 413 | 0.016**
NAUDAULT TN 1 0.0081 0.0081 0.25 0.618
MEU*5039 2 0.0792 0.0396 1.21 0.299
Mo ne 1 0.0402 0.0402 1.23 0.268
FOUNI*INA 2 0.0931 0.0466 1.42 0.241
NAvoaLI e mMou*saah 2 0.0052 0.0026 0.08 0.923
NAVOIULT DU 1 0.2876 0.2876 879 | 0.003%*
NAv0LTI*TOUR NSl 2 0.0335 0.0167 0.51 0.600
MeussouR e 2 0.0700 0.0350 1.07 0.343
Aeveusesmoussaaihame | 2 0.0465 0.0233 0.71 0.491
‘]_Igﬂﬂ (LW 48 66.4684 1.3848 42.33 0.000**
ANUAAIANADY 1128 36.9011 0.0327

NI 1199 219.1859

[ ~ ~ YA 1
MnEanIsNagouacaadlua1s19i 48 wah ldne uvasanunlslsou
d' d' [ =) 1A Y a a (% q'./ N [ [
NAGITUNAVDAULTI MBU 5oUM tazind U asauyagiuvan (Hy) Huasszavilateves
H v

uaazuvasnuulslsiulianuuananduiszauedinn 0.05 A9 uIsduiduNg

|~ = 1 1 1 d‘ A % % A 1 d‘d 1
nfSeumeunaaesznInaIRasvonazszauiatoveudaziriasnNnuulslsiuninaso
manuansalumseenuseann Iagldismsnaaouusd Tukey (WANIINATOUVDY Tukey

o { o y o 73 & o
Tag14Tusunsudniagiuaaslunianuan v.) Aszauanuiedu 95 1Wlesigud nieszau

WedAn 0.05 asae Tl



45

1) NAVDILTI : A15197 4.9 uafINanIsilTeuneuANULANAIaTL I

a =

1 = @ 9 A 3 ARk a gy
ﬂ1lﬂaEJGU?Nﬂ']ﬁ’é]f]ﬂLLﬁQiu‘ﬂﬁm?NﬂWﬁﬂﬁLlagﬂ'ﬁﬂuﬂWﬂsllfJqu,aWllﬂaQlﬂu’ﬁ@ﬂWiVINﬁiiN“ﬁ’l@]Llﬁﬁ
AT A 0w

UANNINY 0.04774 FIUAIMIAD 0.0000 THUABANUAINITOIUNTOONUTIANUALUTIAY

JANUUANAIINU

A13197 4.9 #AA19TLNINANURAVDIANNEINITO IUN1TBBNUTIAINVUTIAUIINNITIL A

9y | a R a
mayjmﬂua@msmmsimm

NAVDIULT Ay NAANNTEHINAURDY AN (P-value)
15909 2.49480 0.04774 0.0000
USIAU 2.54254

VA Aax ~ o A o P-4

2)  MEU: MInadal laeI5ued Tukey NIZAUANUFONY 95 11loTiFUa

NUANUUANAINTENINAURASVDIANNAINTD I uAITeonusdlunidulnauazniguy
Y di’ A (Y T A W Y 1 1A a 1

MUPAUAUNINY 0.47651 AININD 0.0000 waadlsiFiuinmsesnusImeulnauanaig

1A 9) dy v o A
NMYUNUIDINUAIAT1TINN 4.10

1 1 4
A15199 4.10 Nﬂ@]”l\ﬁﬁi‘]fi’ﬂ\iﬂ"lmaEJGUi’NFI’J”IiJﬁ"Illﬁﬂcl‘l!ﬂ1§@6ﬂu§\11/11§1!ﬂﬂﬁﬁlﬂ‘ﬂ"lﬁul‘ﬁ)uﬁﬂﬂ

9 < aR a
ﬁ]”lﬂﬂ”liuﬂaQ%@Hﬁlﬂﬂﬁﬂﬂ"ﬁ‘ﬂﬂ‘ﬁiiﬂ%"m

Moy Ay NARNNTLHINAURDY AN (P-value)
moulna 2.28042 0.47651 0.0000
[ = 9 tﬂy
MYUNUTO 2.75693

3) UM 91AA1T19N 411 UEAIAIANNUANAINTSHINNAUNASUD
9 9 a v 9 A ] Aa Y Aa A

anuasolumsesnusalaslssumiunanuso UM NUUALATUIOUMFUAL I LAY
v aw Y Aa Yy Y o o w A A
59UMUNANUTBUMNUHNOUTVITUNUNINDY 0.05722 1AL 0.06103 AINA1IAY Tagdali

1T o £ g ] dyl Aa 9 9 a [
919U 0.0000 FUTUMTUIFINANNEINTaIuNTeenusiaaa laslssounlnauanaieain
a 9 Y A ' A Y a A Y A~ Y 9
1500 TIa09 1as 1¥so UM NUUA AT UTOUNMFUAB IU LAZTDUNMNHHUBDUITDIA UM
Tuvaz@erfuanuuana1eszrieauadsveInnua o lumssonusilaslgsouning

[ =y Y Aa A [ 9 Aa F)) 9 [ Y = = U Y]
URUETUIOUMBUALTIUNUITDUNINUHUDUITDITUNUNIND 0.00381 LasUATWININY 0.9523



46

o'/ A 9 9 d'd 1 a 9 a ~ a1
HuneniseonuselaglssouinnuuruasusoumsHalseuIAIANNEIN1T0 TUN1T00NIT 9

N v Y A Yy 9
llll@I1\‘lﬁ]1ﬂfﬂif]f]ﬂLLi\1IﬂElslclﬁfNWl'WliJWiJfJUﬁﬂﬂﬁuLWW

M15199 4.11 HAR1NTENINAINAEY0IANNEINT0 TUNTOONLTINDTOUTIAUANHULA 9

9 < a R a
%WﬂﬂﬁllﬂaQﬂl@gﬁlﬂﬂ@ﬂﬂWiﬂN‘ﬁiﬁN%Wﬂ

59 Aunde | wadsynInmunae | il (P-value)
souinAfianldUinnuss 2.47925 0.05722 0.0000
seatlndAmuruas riiadeu 2.53647
sounAfiamldUianuss 2.47925 0.06103 0.0000
soalndiunueusesdui 2.54028
soalnAmuuruasuaiiaGen 2.53647 0.00381 0.9523
soalndiunueusesdui 2.54028

4) A #an1slTeuMeuANUUANAITEHINAURAYUDINITOONUTITDA
9 & o a ~ = " W A1 A
VYIHYNNAADUFUT WNA BN UNAK A TUAIT19N 4.12 WUNTAUNIAD 0.38573 tazia1i

N 0.0000 ansoagl laTumaenonagmavgsinnuanso lumsesnussadaa1any

M3NN 4.12 HAAINTENINAURABVDIAINAINITO IUNITODNUTIVDUNAT 1SN VINAN Y3

9 I AaR A
namalasveyaiuaemInusIINA

N Anae NAANTLHINAUNDY AN (P-value)
WA 2.71153 0.38573 0.0000
WA QY 2.32580

= 1 A a 1A 9 Y
5UN 4.5 LFAAIAUNDYVOINAVD LTI MBY TOUN LAZINS mﬂmmﬂawaya

3 a R A £ (% 1 I o o v A 1 [
WUaeNTNUFITHBIA FINTINAINA1TUNITMHUATZAVTIVe MM VI FUUDILAAL WAL
Aa o v A & ~ "9
anuulsilsiu Tasinsananszaviladenianiuuinuniga 31nnsmnuggnnadel
a a [ 9 1A = A 1A 9 dy o
15 00nusIane lunAveusIa U IAUINNINNAVYDINITBONITIAG TasNmdumi gy
o ] 1 1A a o 9 Y Qd‘d Q'
N30T 0NUTa MAnI1MBulnd tazvaziiniseonusaldseuiilnaninisiy
9 9 A 1 a 9 a A Y A Y
NUOUTOIFUNASINYUNUAT NI MBS ou lvamavaIvIso lunseenusan 1ndines

@ & 9 = 1 9 9 aa (= 4 a 9 d‘SJ
DU ‘ﬁN[lﬂWﬁﬂﬂ?WﬂWii“ﬁﬁ@\‘lL‘ﬂWﬂﬂWﬂulﬂJiJQ“lJﬂﬁﬂlLﬁﬂJi@\‘]LﬂW Gluﬂlﬂmﬂﬁjgﬂﬂﬂﬁ@ﬂw\lﬁ‘]ﬂﬂ



47
Hanwainsolun1seonuseanIggANadouINAN Y 11NNITTUNANEIN VT NHUE
a wva @ 1 a J a J J < Y @ !
msUfiaauveswinauvuddlumenseanasaaan lasv szmulaminauauds
a va < < 4 P 1 @ a o A
megeausalianuiusaiulszion 4 delddndimiinauwand Taeniianoz
a va @ Y < ' =2 A 1 QsJ‘ o w Y <3
Ugianuludnyazmsdusaidunnninsae esnnawnsauusnedridmansodu
Y 9 o 9Jq 9 ' 9 o @ = Y
auni Ml lyusannveunvudes luvaziinseenuss 1agHaIININITNAAD 14LIHY
a 9 a = 9 9 (K] 9 AA 9 a va a
NI UMFHAGeY tazvyouseddumalugnusoumilnanlylunisidgiaausss
d‘ 9 1 ] L= = d‘ 9 ] =y Y a A K% Y
nah ladsing winauaudadianuiane lvieg ldumudsusounaiaGsunrngnusoaui
Und msgildeunsaaneinmsihaiesuinaduiuasnszfuvagaulinau dawald

a va 3 < Y = a A d?
mmsa1Jg‘lJ@1Q”|uHJummu%emmﬂszﬁﬂﬁmwnWﬂﬂm

(!g = T A
- NAVDILLTY mMeu
=
z 2.7
=
& 26
= o
S 25 0
= -9 —
=
jad 2.4 1
=2
% 2.3
S 1. s e a9 2
& RGN TERE:AY duilnd P
€
@
= 50491 el
(&=
=
g 27
-
v 2.6
=2
1= 9
«Ué 2.5 —
@
S 244
. o)
S 23]
_E T T T T T
in@ UHULATY NUBUTOI WA INFINEI

A 1 A a 1A 9 9y
5UN 4.5 n51AIRAYUVOINAVDILLTI BU TOUM LLﬂ%LWﬁﬂ”IﬂﬂﬁLL']JaQGIJ@Ha

U

| a R a
WuaemINusIsUTIA



48

yenmnfiHam AT EiANual I umaei 4.8 SaduniAsoszn i
uraavednNNulsdsiuldun SuATNTeNTE I NAVEIUTINUNIEY SUATAIE1TLTHIINA
VoIsIRTOUR 1Az S UATATINTEHIRRYEIIS IR UME LAz INA ATHadeRAIANEIITD
lunseenussadnesaiiiod iy (p < 0.05) 1nnssuasAseIgUi 4.6 naaaliifui

=) a

NoUATNI 81Tz NININAVDITINUMBUGRnNAdoUTINITODNUTIADA Idaga luniAve

33

Y v
N300NUTIAUMBRN TN taziouaTN3 815z nINNAYEILTINUTOUMAYNNATe

awnsoeenusaan ldunigaluiavesnisesnussaulagldseailnaniugiuuruasy

3.0

50991
—o— 1né
=25 | —B— ({11 3V
YUOUTBY

a

o
TN

Y a A
TOUMVUALTYD
?J‘mJlﬂﬁ Lﬁ‘ulﬁm ﬂﬂlﬁ uw'mflf%'u WiHgUIeY Y ﬁlﬁjq
& 3.0
T /' —
PN P _ om N NAUDAULTY
= NAYDILI 2 = —e— ° ~ F25 | —@—  uieds
) —B—  u599Y
@
e 2.0
% [ § 3.0
s —a — —a ~N A
o S mey
A
Mo S S I
\ —B= g
2.0
"
=
I~
N

a R

2.0

INe

ANNAYADMITNYFITUHIAVDIANUAINITO

710 4.6 nsmlduAIATTEHINTAYEMT UMY Nrvewsaiuseuihnmsuasdeya

Y

S a a
Wuaemsnusssuwa



49

44  Uszumszau
4.41  WamsUsziuMIZ UV INUNNHUUAUNABIE
AM5UTLTUNTZNIUVINTA UV UFUNAT ST HAUDINAITATUIUA
= A A I 4 1 = 1
anuasalumseonusadalumeulnan 15 1Wesisuaven1sIAIgIga (15% MVE) 191

{ | @ Y aa o o 1 (awa
Joyavesdgnnadeuaudn 11iudsil dgnnadevaiuseuiinanlddmsvanldlfiiaan

k4
v W

vavazihmseonuseds ldannuansaluniseenussdagegaming 5.95 Alansu Ay

a ua

1 =3 A aA I 4 1 9 A [
awseaslumeunan 15 L‘]_]’E]i!“]51!9]"1]’0\1?1"ILLiQq\if!ﬂ“'l]illgﬁ’Jlliﬂ\ilﬂ”lﬂﬂﬁ‘ﬂﬁ’lﬂiﬁﬂ{‘]ﬂ@]ﬂWu

v
a

A 'y A o ] ] ~ Yy ¥ aa
UMY 0.89 N lansy Yeyavesdgnnaaeuaun 11 IMggnnadeudiusounlnani
1 a Y a ~ o = d! Y =
prwEFNso UM AT oYM INTo0NITIAY Feaz lamanuansalumseontsiagaga
[ Y a Y] Y] qgj 1 = 1A P < 3 4 1 1
MR 11,50 A lansy auiuawssdalumauilnan 15 nlosigudvesnussgagavazaiyld
9 aa A ] a 9 a A T W a [ Y 9 A
sounn)nanuuruasuso UG sUNNY 1.73 N laniu Toyav03dgnNAdoUAUN 25
Y ] ad A Yy v o = Y
Apnnadevaauseuinlnainmurueusesdumunziimseonussaez lasianuanisa
=i (Y a [ [ Qg: 1 = = z:d' S I 4
lumsesnussdagagaminy 25.90 Alanin asiuawsadslumeulnan 15 nlesisudves
AMSIgIgAYNE AN UUNAN N OUS 0 d AN 3.89 A TanTu MWEIAY AudA
1ua15199 4.13
A =l = 1 S 3 4 1 =
WenlFeumeua 15 esiFudveInInuaINITnlun1IeenlsInIgaIga
[ a o 1 a 1y { A { < 4 { 1 [ S I 4
Tumgulaanuasudeaniu 0.85 0 lansy NnavENIAWAAUN WUIAT 15 1o iFua
Y
YoIARNNATOUINAFIONNAUTAIFINIINT UTIANTU AITUANUNTNYDINITZNIUVUEA
[ = Qd’ 1 Y [ 1 = " Aa o w o d' 1
msanelumsulnanaiuldseumguanyuzais 9 39 hinuddvesminau Tashinss
=\ d?} 1A a % R 1 - 4 [
doamuansogeulumu 0.89 Alansy Fuiluar 15 eosidudvesannuansolums
= 1 A a Y Qd’ 1 a wvAa a o 1 tﬂ'
panusaad Iumauilndavaz auseamilnanainlalfinauasavazinnsesnus ustiio
=1 = 1 Jd I3 o 1 =4 A Aa o 1
nfSeueuan 15 nlesiguavesmanuamnsalumsesnussasgagalumauilndnuaiusg
=\ a o A a ~ < A d‘i ~ Y1 Y o =
@oaniu 1.53 Alansy inaluvazfisadusunaoun sz landganaaeusiuiu 7 au lia
= A Ao ' o & a 2
anuawsolunsesnusaadlumaulnadininanuriinveaniszay sunavu luvay
1 Y Qd‘ 9 1 a oA a S 9 ) =
anldsouminanlganldlginanusie uaziggnnadeus uin 9 au UAIANINTINIID
lumssonuisdinianuniinveinseuluvazaruldsouiidnanimsiiuun ey
9 a A Y 9/
FRUMYUABUUATHUDUTOIAUIN
nnmsiasanmnuase lumseenussdslumsulnavesdgnnado
{ [R~{ [ ] g’ Y] a [
mAeiamsnoenuselagege nudududiiglslng Tasiieng 30 T viwiin 95 Alaniy
Y

1 a I ' < 1 o w ]
HASAIUGY 175 1BUALNAT L‘]JT!N‘V]Nq‘ilﬂTWﬁ"IQﬂTfJu"llx‘lui\‘]"inJIiﬂﬂizfl]”l@]'JLLﬁglliJLﬂﬂﬂizﬁiJ

G



50

v A

CZR a wa o ° I { 1
gramanmsUfiaau luvagderdudgnnageuiamisooenus ladmgailudniizli

u U

< =\ = 09} o a o 1 Aa &y
1an To1g 25 simiin 49 ATansu uazdruga 165 IxuAuas Fdgnnadouinedseay
A A v a wa = [} a Y a v KX o Yy
guamaaudnvazdfianu ems liauieusnam a1 tazuinuwas 3 1ddgnnaaeu
FUR%
ponusa latioy
d‘ o 1 =< =
Q15197 4.14 LAAIHANITAIUIUAIANNAINITD IUNITEeNUIT IR TunEU

gy A A s 2 o = y VA A A
NYBDIN 15 !1]@5!“]51!(5]611f]\?!li\iﬂ\?qqq@m@\?@gﬂﬂﬂﬁ@ULWﬁsﬁWﬂ W‘U’Juu@lﬂﬁﬂ‘ﬂlﬂﬂ‘ﬂ
1 - 4 1 = A 9 dil [ 1 =
A1 15 Lﬂ@i!%u@]m@ﬂﬂ”lﬂfﬂilﬁnJWﬁﬂGluﬂﬁlﬁ'ﬂ@ﬂLﬁQﬂﬂ'&:‘f\ia:ﬂluvnﬂul%T!ﬂﬂﬂﬂUﬂTLlﬁﬂ!ﬁﬂﬂmTu

]
v =

N A A < A A 3 o Y}
0.85 ﬂIﬂﬂill mﬂﬂiummzmmmumaaum 115 LTJBSLCD"L!@]GU@\‘]Ejgﬂﬂﬂﬁﬂﬁl‘lﬁlﬁ%”lﬂnﬂﬂu

IS ' =S

9 Y
fimgeniusudeanu aniuanuminuesnmszauaudunssielumguiugowazainld

9

souUNe 3 puanvazd linuhdwesninau Tasdgnnageuauiannsasenuseldios
= A 9 dy 1 Y Qd‘ 1 a vAa a 1" v
gasnsoesnussaslumguiitewazainldseuiilnanauldlinaueiamny 8.75
a o v J J J 1w a [ '
Alansu At 15 ulesiguavesaianuainisalunisesnusuniny 1310 Tansy dau

vy A Y, " A oy K .
E\!Qﬂ‘ﬂﬂﬁﬂﬂﬂumﬂTNTiﬂ@@ﬂlliﬂllﬂlnf]QﬂﬁTJJ"Iiﬂ@@ﬂLLﬁQﬂQ1UV]18uL%1Lﬂ@QLLa$ﬁ']llblﬁ

[ a

Y Aa a v a A = ' o ' s I o
TOIUNMNUUNULITTUIDUNTIFUALTIUFILNIND 35.85 ﬂTﬂﬂill 1 ISLﬂﬂimﬂéﬁﬂlﬂﬂ

4 Ed
£% o

Aanuasalumsesnusumny 5.38 Alansy auivazildamsadeamuansoged
= a [ d’ 1A o (Y a oA Y 09/’ =S =)
89 131 aTansw Nag linusiaslumsdgidauvesminan sndunlTeuiioy
J J I J 1 = 1A 9 dy @ 1 =

i 15 eosidruavesmanuausalunmsoonusinagega lumoumigesiua s udsanIy

9 o

a [ { a { [ A 4 § 1 1
1.53 Alansy e luvazisoduEuaaoun nundgnnadousiuiu 2 au IA1anuaIusn
luniseenussdindanuniinayesnisza Funalusnzdinldsounnanldarnld
Ufiiacuase vazlidgnnaaou 1 au ia1nua s lun1sesnussd1nianuminves
1 Y Qd’d Q' 1 a 9 a =y d‘ [
mazauluvazauldsouiilnaniinsmuuduasusoumsiaion Tuvazinszanll
uihdawedgnnadevvazauldseumnimsmuvuousesduiivaziiniseontsidg

A 9 dy A 9 Y [ v A a d?’ a Y 9
Tumeuinged 199 INMUBUTBITUINFIBTUUTINATANNATU DT IV TUNIVULONIT

= v v o q YUY D £
PNUINWANUNAN “Vnalﬁtﬂgﬂ‘l’]ﬂﬂ'ﬂ‘ﬂ’sﬁllﬁﬂ@@ﬂl!i\iulﬂu1ﬂ5llu



51

Q13199 4.13 taasramsmuIamaNuaIsalumsoonussna lumsulnan 15%

= 9 1 I a o
YDIIINIGIGAVDIAYANATDUNARY (M deTlun Tansw)

dgn | Aenwennsalumseenusagega | 15% v99A1ANuaINT0 lun15oenis
nAToL YOIRYNNATOUINA Y AUIAVOIGYNNATOLINAY 1Y

(N=25)| soumind | seahnd | seahind | seahynd | seewhilnd | seewin/nd

fawld |iuduasy iunveuses] fawld | iuudueasy iiurueuses
Ufiaauese| seadwiia | dush  [UfiRawese) sewhwile | duh

5oy 5oy

1 5.95 6.20 6.65 0.89 0.93 1.00
2 6.20 6.95 7.05 0.93 1.04 1.06
3 6.45 7.90 7.15 0.97 1.19 1.07
4 7.65 7.95 7.25 1.15 1.19 1.09
5 8.10 8.50 7.50 1.22 1.28 1.13
6 8.80 8.85 8.90 1.32 1.33 1.34
7 9.40 9.05 9.20 1.41 1.36 1.38
8 10.50 9.35 9.85 1.58 1.40 1.48
9 10.80 9.85 10.15 1.62 1.48 1.52
10 10.90 10.30 10.35 1.64 1.55 1.55
11 11.00 11.50 10.85 1.65 1.73 1.63
12 11.40 11.65 10.95 171 1.75 1.64
13 11.70 11.65 11.50 1.76 1.75 1.73
14 12.10 11.70 11.90 1.82 1.76 1.79
15 12.20 12.25 12.25 1.83 1.84 1.84
16 12.30 12.35 13.25 1.85 1.85 1.99
17 12.40 12.65 13.60 1.86 1.90 2.04
18 12.50 12.70 13.60 1.88 1.91 2.04
19 12.75 15.55 14.40 1.91 2.33 2.16
20 14.15 15.85 14.80 2.12 2.38 2.22
21 15.10 17.15 16.00 2.27 2.57 2.40
22 15.15 18.05 20.40 2.27 2.71 3.06
23 16.10 18.10 22.50 2.42 2.72 3.38
24 18.40 19.50 24.50 2.76 2.93 3.68
25 23.35 26.30 25.90 3.50 3.95 3.89
Aunde|  11.81 12.47 12.82 1.77 1.87 1.92
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v Y I
AN 4.14 uaaaRamImuaaiaNuausa lunsesnusiaa lumsuwiugean 15%

= 9 1 I a o
YDIIINIGIGAVDIAYANATDUNARY (M deTlun Tansw)

dgn | Aenwennsalumseenusagega | 15% v99A1ANuaINT0 lun15oenis
nAToL YOIRYNNATOUINA Y AUIAVOIGYNNATOLINAY 1Y

(N=25)| soumind | seahnd | seahind | seahynd | seewhilnd | seewin/nd

fawld |iuduasy iunveuses] fawld | iuudueasy iiurueuses
Ufiaauese| seadwiia | dush  [UfiRawese) sewhwile | duh

5oy 5oy

1 8.75 9.30 12.80 1.31 1.40 1.92
2 8.80 12.65 13.70 1.32 1.90 2.06
3 12.80 12.85 13.85 1.92 1.93 2.08
4 13.35 13.15 14.15 2.00 1.97 2.12
5 14.80 14.85 14.30 2.22 2.23 2.15
6 14.85 15.35 16.05 2.23 2.30 2.41
7 15.20 15.85 16.10 2.28 2.38 242
8 15.45 16.55 16.30 2.32 2.48 2.45
9 16.95 17.30 16.60 2.54 2.60 2.49
10 17.30 17.65 18.25 2.60 2.65 2.74
11 17.90 18.00 18.45 2.69 2.70 2.77
12 18.10 18.30 19.40 272 2.75 291
13 18.50 18.85 19.55 2.78 2.83 2.93
14 18.55 18.90 19.60 278 2.84 2.94
15 18.90 20.10 19.85 2.84 3.02 2.98
16 19.40 20.45 20.00 291 3.07 3.00
17 20.80 20.75 20.00 3.12 3.11 3.00
18 21.15 21.25 22.25 3.17 3.19 3.34
19 21.60 21.30 22.50 3.24 3.20 3.38
20 21.85 22.00 23.20 3.28 3.30 3.48
21 23.00 26.15 24.45 3.45 3.92 3.67
22 25.65 26.90 26.00 3.85 4.04 3.90
23 26.95 28.80 28.25 4.04 432 424
24 27.20 32.20 30.45 4.08 4.83 4.57
25 30.20 35.85 32.30 4.53 5.38 4.85
Aunde|  18.72 19.81 19.93 2.81 2.97 2.99
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Q13199 4.15 taasramsmuIamaNuasalumsoonusssulumsuilnan 15%

@ ] I a o
YOIUTIAUFIGAUDIRYNNATOUNAIE (i aTun Tansu)

dgn | Aenwennsalumseenusagega | 15% v99A1ANuaINT0 lun15oenis
nAToL YOIRYNNATOUINA Y AUIAVOIFYNNATOLINAY Y

(N=25)| soumind | seahnd | seahind | seahynd | seewhilnd | seewin/nd

fawld |iuduasy iunveuses] fawld | iuudueasy iiurueuses
Ufiaauese| seadwiia | dush  [UfiRawese) sewhwile | duh

5oy 5oy

1 6.05 7.65 7.35 0.91 1.15 1.10
2 7.25 8.30 7.55 1.09 1.25 1.13
3 7.30 8.35 7.75 1.10 1.25 1.16
4 7.55 8.60 8.25 1.13 1.29 1.24
5 8.30 10.05 8.45 1.25 1.51 1.27
6 8.50 10.20 10.10 1.28 1.53 1.52
7 9.40 10.80 10.35 1.41 1.62 1.55
8 10.45 10.85 10.55 1.57 1.63 1.58
9 10.60 10.90 10.60 1.59 1.64 1.59
10 10.80 11.00 10.75 1.62 1.65 1.61
11 11.25 11.10 10.90 1.69 1.67 1.64
12 11.35 11.85 11.45 1,70 1.78 1.72
13 11.70 12.25 11.50 1.76 1.84 1.73
14 11.90 12.45 12.05 1.79 1.87 1.81
15 12.20 13.35 12.25 1.83 2.00 1.84
16 13.10 13.50 12.25 1.97 2.03 1.84
17 13.55 13.70 12.60 2.03 2.06 1.89
18 13.90 14.00 12.80 2.09 2.10 1.92
19 14.90 14.15 13.50 2.24 2.12 2.03
20 15.45 15.25 13.55 2.32 2.29 2.03
21 16.40 16.40 13.70 2.46 2.46 2.06
22 17.20 17.20 17.90 2.58 2.58 2.69
23 17.30 18.35 19.85 2.60 2.75 2.98
24 17.60 20.30 20.05 2.64 3.05 3.01
25 22.70 27.90 21.80 3.41 4.19 3.27
Aunde| 1227 13.14 12.31 1.84 1.97 1.85
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v Y v
Q13190 4.16 HAAIRANMIAIUIAMANNEINTD TumTeonusaau lumsuiugean 15%

@ ] I a o
YOIUTIAUFIGAUDIRYNNATOUNAIE (i aTun Tansu)

dgn | Aenwennsalumseenusagega | 15% v99A1ANuaINT0 lun15oenis
nAToL YOIRYNNATOUINA Y AUIAVOIGYNNATOLINAY 1Y

(N=25)| soumind | seahnd | seahind | seahynd | seewhilnd | seewin/nd

fawld |iuduasy iunveuses] fawld | iuudueasy iiurueuses
Ufiaauese| seadwiia | dush  [UfiRawese) sewhwile | duh

5oy 5oy

1 13.60 12.95 12.45 2.04 1.94 1.87
2 13.75 15.20 13.25 2.06 2.28 1.99
3 14.30 15.30 14.10 2.15 2.30 2.12
4 14.45 15.50 14.20 2.17 2.33 2.13
5 15.35 15.95 15.85 2.30 2.39 2.38
6 15.45 16.10 16.15 2.32 2.42 242
7 15.60 16.30 17.90 2.34 2.45 2.69
8 16.55 16.75 18.05 2.48 2.51 2.71
9 18.30 17.65 18.30 2.75 2.65 2.75
10 19.00 18.75 18.40 2.85 2.81 2.76
11 19.20 18.85 18.65 2.88 2.83 2.80
12 19.75 19.00 19.25 2.96 2.85 2.89
13 19.95 19.55 19.25 2.99 2.93 2.89
14 20.40 19.55 19.50 3.06 2.93 2.93
15 20.70 19.70 19.60 3.11 2.96 2.94
16 21.25 20.25 21.25 3.19 3.04 3.19
17 21.70 21.70 21.35 3.26 3.26 3.20
18 22.00 22.30 21.40 3.30 3.35 3.21
19 22.40 22.70 24.05 3.36 341 3.61
20 22.60 22.80 24.30 3.39 3.42 3.65
21 23.25 23.50 26.25 3.49 3.53 3.94
22 23.30 26.95 26.40 3.50 4.04 3.96
23 25.35 27.90 28.20 3.80 4.19 423
24 26.35 34.55 28.80 3.95 5.18 432
25 35.50 34.65 32.50 5.33 5.20 4.88
f"hméﬂ 20.00 20.58 20.38 3.00 3.09 3.06




56

442  wamslszEuM sz NUVININNUVUTUNAHQ
A, E ~ ~ a 9
Wesimsnlssuneuiannuainisalumseonusiadavesdgnnaaon
AN QA UINASIE NUNGInadeumangsliiannuaiuisaluniseonusianndinii
Y
mAae Aaiumsesnusalusdnyuznmeszih ldnuiennvansalumslfiianuves
WUNNUNWAN Y
{ 3 ° '
1NM15197 4.17 HumsudaanamsfuIannNuaInge lunsoenusae
! a A { s o {
Tumtulnd WenSeudioun 15 nlesidudveussngegavesdgnnaaenTasiidgnnadou

a wa

awseumnnananldlfianueiwaziinseenusadeiuamsudoaniv 0.85 nlansu

v

A a ~ < A ~ =S
mﬂﬂ“lummxmmwmaau‘w LANURRENIY

Y
PQINATOUNANYITIUIU 5 AU INNIHNA 25 AU Te
= A Ao 1 o M 2
anuansolunsesnusaaslumsulnadininainuniinveaniszaiu Tagnaldud)
@ 1 a [ AR~ 4 o [
wiinau ldanseenusuiue 15 wesidudvesanuawisalunmsesnusegega dmiums
o o'/ 1 d‘ [ 1 ~ Y Qd‘ Q' [ a Y
MU 8 ¥ 1ueaaeiiodany (Konz, 1995) @3uUnIalaInsoun1ln@nnuunuasusoun,
a A o = [V =\ ~ ~ S 3 4 =
FUATHVYAULIINITDDNUIIAT HalFeunenn 15 1leTIFuAV0ITINIGIgAUDI
dgnnadon Bdgnnageusuiu 2 Au HA1ANNEI150 TUNTERNITIAINTIAINHITNYEA
A D] ad A Y v = Ay
Mz Tuvaginsaiuseuminanmynuousesdumvu e InIlAgNNAdo
11U 1 A ANAMANVEINT0 IUNITEoATIAININANUWITAVYINTT U T sueu i
AUSUTIANIY 0.85 N lan5y
=) =1 [ Jd J 1 =
wanMslTeumeual 15 1WesFuAvreIAIANNAINITD IUAITOBNILTIAY
A Aa o 1 = a 9 A a ~ I~ A A ~ [

gagalumepulnanuaiusudoaniu 153 alaniy MnaluvazNsausunasun W
dgnnaaeudiuiu 21 au daanuainsolun1seenusidIn1AuMInYeIn15E Y
Tuvazauldsouinlnanldlul§inausiesnuss uazlidgnnadeusiuiu 17 uag 16 au
Henanuansalumsesnussdinnanurinveamsznuluvas e ldseailnaning
VLAV S U0 RIS sULAZINY YLD UTOIFUIT MUEI9Y INMTFUNAAIANLAINITD
Tumseenussvesdgnnadoumangs nuNawsneenuss laiesndgnnagoumane
A ~ o 1 1 A d ~ g’ v Y dyﬁ} a 1 ]
esInNvadaaIuIuMenanuazinimintes uennnudgnnATeUMAN YA I IHg

= ] a 9 £ o Y a va Y Y
3J@”|ﬂ”|§"lumnﬂmnmﬂnua$m"| fl]\ﬁ/nblﬁﬁWNWiﬂﬂﬂﬂLLﬁﬂﬂ{]UﬁﬂWﬂqﬂu@El



57

Q13199 4.17 taassamsmuIamaNuaIsalumsoonussna lumsulnan 15%

=3 Y a 1 I a o
YDIIIAIGIGAVDINYANATDUNAN AN (MU un Tansu)

dgn | Aenwennsalumseenusagega | 15% v99A1ANNaINT0 lun1500nis
nAToL YOIFYNNATOUINAN Q) AUIAVOIRYNNATOLINAK

(N=25)| soumind | seahnd | seahind | seahynd | seewhilnd | seewin/nd

fawld |iuduasy iunveuses] fawld | iuudueasy iiurueuses
Ufiaauese| seadwiia | dush  [UfiRawese) sewhwile | duh

5oy 5oy

1 435 475 5.40 0.65 0.71 0.81
2 475 5.50 5.65 0.71 0.83 0.85
3 5.10 5.70 6.20 0.77 0.86 0.93
4 5.45 6.05 6.30 0.82 0.91 0.95
5 5.60 6.15 6.40 0.84 0.92 0.96
6 5.70 6.45 6.45 0.86 0.97 0.97
7 5.85 6.45 6.80 0.88 0.97 1.02
8 6.15 6.50 6.80 0.92 0.98 1.02
9 6.30 6.60 7.60 0.95 0.99 1.14
10 6.85 7.05 8.10 1.03 1.06 1.22
11 6.95 7.30 8.80 1.04 1.10 1.32
12 7.10 7.40 8.95 1.07 111 1.34
13 7.60 7.60 9.00 1.14 1.14 1.35
14 8.80 7.70 9.20 1.32 1.16 1.38
15 9.20 7.95 9.40 1.38 1.19 1.41
16 9.25 10.05 9.80 1.39 1.51 1.47
17 9.30 10.15 10.80 1.40 1.52 1.62
18 9.50 10.65 10.90 1.43 1.60 1.64
19 9.70 10.70 11.20 1.46 1.61 1.68
20 9.75 11.45 11.25 1.46 1.72 1.69
21 9.75 11.80 11.30 1.46 1.77 1.70
22 10.65 12.50 11.70 1.60 1.88 1.76
23 11.05 12.70 11.90 1.66 1.91 1.79
24 11.10 13.15 13.05 1.67 1.97 1.96
25 11.40 14.40 16.25 1.71 2.16 2.44
f"hméﬂ 7.89 8.67 9.17 1.18 1.30 1.38
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v Y I
AN319N 4.18 HaaIRamMImuIaANNaIuTa lunsesnusiaa lumsuiugean 15%

=3 Y a 1 I a o
YDIIIAIGIGAVDINYANATDUNAN AN (MU un Tansu)

dgn | Aenwennsalumseenusagega | 15% v99A1ANNaINT0 lun1500nis
nAToL YOIFYNNATOUINAN Q) AUIAVOIRYNNATOLINAK

(N=25)| soumind | seahnd | seahind | seahynd | seewhilnd | seewin/nd

fawld |iuduasy iunveuses] fawld | iuudueasy iiurueuses
Ufiaauese| seadwiia | dush  [UfiRawese) sewhwile | duh

5oy 5oy

1 6.90 7.00 7.85 1.04 1.05 1.18
2 6.95 7.30 8.15 1.04 1.10 1.22
3 7.95 8.05 9.40 1.19 1.21 1.41
4 9.50 8.15 9.45 1.43 1.22 1.42
5 10.20 8.60 9.50 1.53 1.29 1.43
6 10.30 9.10 10.25 1.55 1.37 1.54
7 10.80 9.80 10.45 1.62 1.47 1.57
8 10.90 10.45 10.55 1.64 1.57 1.58
9 11.25 10.60 11.35 1.69 1.59 1.70
10 11.45 11.05 11.40 1.72 1.66 1.71
11 11.90 11.20 11.60 1.79 1.68 1.74
12 12.25 11.60 11.75 1.84 1.74 1.76
13 12.30 11.80 11.85 1.85 1.77 1.78
14 12.40 12.20 11.95 1.86 1.83 1.79
15 12.50 13.45 13.20 1.88 2.02 1.98
16 12.50 14.35 14.10 1.88 2.15 2.12
17 13.45 14.40 14.45 2.02 2.16 2.17
18 13.45 15.00 15.05 2.02 2.25 2.26
19 13.55 15.35 15.55 2.03 2.30 2.33
20 14.25 15.80 16.90 2.14 2.37 2.54
21 14.40 15.80 16.95 2.16 2.37 2.54
22 14.50 16.05 17.45 2.18 2.41 2.62
23 15.90 16.70 17.50 239 2.51 2.63
24 16.70 17.05 18.60 2.51 2.56 2.79
25 20.15 17.20 22.55 3.02 2.58 3.38
Aunde| 1226 12.32 13.11 1.84 1.85 1.97
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Q13199 4.19 taaIHamsmuIamaNVaIsalumsoonusssulumsulnan 15%

@ a 1 I a o
YOIUTIAUGIGATDIRNNATOUNANAN (ihadun Tansu)

dgn | Aenwennsalumseenusagega | 15% v99A1ANNaINT0 lun1500nis
nAToL YOIFYNNATOUINAN Q) AUIAVOIRYNNATOLINAK

(N=25)| soumind | seahnd | seahind | seahynd | seewhilnd | seewin/nd

fawld |iuduasy iunveuses] fawld | iuudueasy iiurueuses
Ufiaauese| seadwiia | dush  [UfiRawese) sewhwile | duh

5oy 5oy

1 5.10 470 4.00 0.77 0.71 0.60
2 5.30 5.00 4.05 0.80 0.75 0.61
3 5.30 5.40 5.70 0.80 0.81 0.86
4 5.50 5.95 5.75 0.83 0.89 0.86
5 5.50 6.35 6.00 0.83 0.95 0.90
6 5.80 6.50 6.10 0.87 0.98 0.92
7 5.80 6.75 6.20 0.87 1.01 0.93
8 5.95 7.05 6.55 0.89 1.06 0.98
9 5.95 7.70 6.95 0.89 1.16 1.04
10 6.35 8.20 7.00 0.95 1.23 1.05
11 7.00 8.25 8.55 1.05 1.24 1.28
12 7.25 8.25 8.90 1.09 1.24 1.34
13 7.35 8.85 8.95 1.10 1.33 1.34
14 7.75 8.90 8.95 1.16 1.34 1.34
15 8.15 8.95 9.60 1.22 1.34 1.44
16 8.55 9.40 10.45 1.28 1.41 1.57
17 9.15 9.95 10.50 1.37 1.49 1.58
18 9.20 10.00 10.50 1.38 1.50 1.58
19 9.85 10.45 10.50 1.48 1.57 1.58
20 10.50 10.65 10.70 1.58 1.60 1.61
21 10.55 11.05 11.40 1.58 1.66 1.71
22 10.60 11.35 11.55 1.59 1.70 1.73
23 10.90 11.40 12.10 1.64 1.71 1.82
24 11.55 12.30 12.15 1.73 1.85 1.82
25 11.75 14.30 12.50 1.76 2.15 1.88
f"hméﬂ 7.87 8.71 8.62 1.18 1.31 1.29
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1 6.55 7.30 7.20 0.98 1.10 1.08
2 9.50 7.70 7.70 1.43 1.16 1.16
3 10.25 9.55 8.55 1.54 1.43 1.28
4 10.55 10.30 9.25 1.58 1.55 1.39
5 10.90 11.65 10.40 1.64 1.75 1.56
6 10.90 11.95 11.65 1.64 1.79 1.75
7 11.25 12.20 11.85 1.69 1.83 1.78
8 11.35 12.40 12.20 1.70 1.86 1.83
9 11.40 13.00 13.40 1.71 1.95 2.01
10 11.95 13.35 13.85 1.79 2.00 2.08
11 12.20 13.75 13.85 1.83 2.06 2.08
12 12.20 14.40 14.00 1.83 2.16 2.10
13 13.55 15.35 14.35 2.03 2.30 2.15
14 13.85 15.65 14.55 2.08 2.35 2.18
15 14.15 16.00 15.05 2.12 2.40 2.26
16 15.00 16.15 15.15 2.25 242 227
17 15.00 16.15 15.30 2.25 242 2.30
18 15.25 17.30 15.65 2.29 2.60 2.35
19 15.35 17.80 16.00 2.30 2.67 2.40
20 15.40 17.85 17.30 2.31 2.68 2.60
21 16.55 18.25 17.55 2.48 2.74 2.63
22 17.20 19.00 18.00 2.58 2.85 2.70
23 17.60 19.65 19.70 2.64 2.95 2.96
24 17.95 19.95 21.05 2.69 2.99 3.16
25 27.50 24.75 25.85 4.13 3.71 3.88
f"hméﬂ 13.73 14.86 14.38 2.06 2.23 2.16
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3 ; | 2| -~
g 7 2z &£ | g
= = Q = S ) A = ~
= —_ — = =3 ~ — § EY —
£ @ 2| 2| E| 5 |E|.&| B|%
= - ~ » 3 Elce — = = = >
S| - | E| E| 2|2 |=|E |2 ||| ¢|¢
S = = g g e S| s | s | a6 e = =
S & s& g; = = by = e c D = ~
= = g = 3 = = = = = = = =
= e I o o o o & = = o &
Az ® °= T = & [ & & [c= [c= [c [c
1 29 46 165 3 25 19 9.5 6.5 6 21 2.2 7.2
2 29 66 167 1 25 20 10 7.3 6.5 27 2 7
3 24 54 170 2 25 20 9.5 7.5 6.5 22 2.5
4 22 72 166 1 27 22 10.5 7 6.3 26 2.6 8.5
5 27 75 178 1 28 22 10.5 | 7.5 6.1 | 253 | 2.2 7
6 26 57 176 1 26 20 9.3 6.8 6.1 26 2.1 7.2
7 26 58 167 1 24 20 8.9 6.7 6.3 25 2.2 7.2
8 24 54 165 3 26 21 9.6 6.4 6.4 25 2.4 6.5
9 31 55 160 1 25 20 9.2 6.5 6.3 24 2 7.1
10 26 60 180 1 28 22 9.4 6.9 5.8 25 2.2 6.9
11 25 95 170 1 27 22 10.3 7 6.5 28 2.3 7.9
12 22 45 163 1 25 21 9.3 6.6 53 24 2.1 6.4
13 30 89 171 4 27 21 11 7.8 6.8 28 2.7 8.2
14 24 65 180 1 27 21 9.5 6.7 6.5 26 2.3 7.2
15 29 75 175 7 27 21 10 6.6 6.6 25 2.3 7.7
16 32 69 172 5 26 21 10.1 | 6.7 6.6 26 2.6 8.2
17 35 70 173 1 29 23 10.3 | 7.4 5.9 25 2.5 8
18 31 61 165 7 25 20 9.4 6.4 5.6 23 2.2 7.9
19 30 95 175 6 27 21 10.7 | 7.4 7.5 29 2.6 7.9
20 24 63 177 1 28 22 10.3 | 7.4 6 26 2.4 8.6
21 25 49 165 2 23 18 9.2 6.5 5.6 23 2 7
22 30 65 167 1 25 20 9.6 6.6 5.9 24 2.2 7.2
23 25 49 164 5 27 21 9.8 6.7 6.4 24 2 6.6
24 28 73 173 1 26 19 106 | 7.6 6.9 26 2.5 7.9
25 31 62 176 3 26 21 9.7 6.9 6.3 27 2.2 7.6
nAY | 27.40 | 64.88 | 170.4 | 2.44 [26.16(20.72| 9.85 | 6.94 | 6.27 | 2521 | 2.29 | 7.40
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~ 3 ~ —
. E 2| 2| E| E| 3
oy | =] &| 3| &| E|=|.2]|%
Z| S E|El B Sl El S El 8l S S E
1 33 54 165 3 24 18 8.5 6.5 6 22 1.9 6.4
2 20 45 154 1 23 19 8.6 5.8 5.4 22 2.1 6.1
3 33 80 167 1 25 20 9.5 6.8 6.3 26.5 2.1 7
4 21 75 165 1 25 20 9.6 6.4 5.7 25 24 7.6
5 29 47 163 5 25 20 8.3 6.3 5.1 23 1.9 6.9
6 23 44 158 3 24 20 9.1 6.4 5 25 1.9 59
7 22 47 165 1 25 21 8.9 6.2 5.1 21 2.3 6.1
8 30 63 162 1 24 20 9 6.1 5 23 2 6
9 23 47 157 3 24 19 8.2 6.2 4.6 22 2.1 5.6
10 21 65 160 1 24 19 9.3 7 6.4 25 2.1 59
11 26 77 160 4 24 19 9.7 7 6.9 25 2.2 7.4
12 34 60 170 3 25 21 9.1 6.8 5.9 25 2.3 7.5
13 25 48 161 6 24 19 8.6 6.4 5.5 23 2.2 6.8
14 30 47 158 7 24 18 9.3 6.2 5 24 1.9 5.4
15 24 63 160 1 24 18 9.2 6.5 6 26 2.1 6.9
16 23 49 165 5 24 18 93 5.9 5.5 24 1.9 6.9
17 21 76 162 3 25 19 9.6 6.5 6.8 26 2.3 7.1
18 29 53 151 10 23 1.9 9.2 6.6 53 25 1.8 6.8
19 23 46 153 5 21 18 8.9 6.3 5 24 1.9 6.5
20 28 43 158 1 22 17 8.6 59 5.6 22 2 6.9
21 25 65 167 2 24 19 8.9 6 53 23 2.1 6.5
22 37 54 155 3 23 18 8.1 6 5.4 25 2 59
23 31 43 159 12 24 20 8.5 6.3 5.1 23 2 7
24 19 60 168 1 25 20 9.1 7 6.1 26 20 6.3
25 29 56 159 4 22 18 8.7 6.1 5.7 25 1.9 6.7
méﬂ 26.36 [ 56.28 [ 160.8 | 3.48 [23.88 [18.40| 895 | 6.37 | 5.59 [24.02| 2.78 | 6.56
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an wﬁJ‘ﬁ usqﬁﬁﬂﬁ’im%uﬁuméauﬁ mﬂummzﬁim%umﬁauﬁ
1 1.0 0.5
2 1.5 0.6
3 1.0 1.0
4 1.2 0.8
5 1.0 0.8
6 1.3 0.9
7 1.3 0.7
8 1.5 0.8
9 1.1 0.8
10 1.5 1.0
11 1.5 0.8
12 1.8 0.7
13 2.2 1.2
14 2.5 1.0
15 2.0 1.0
16 1.7 1.1
17 1.5 0.7
18 1.7 1.0
19 1.5 0.7
20 1.4 0.8
Lﬂ’a’ﬂ 1.53 0.85
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AnNuEIalumseantsids lumeulna
soatlndafI¥aanldvas| seudlnamuruasy | seuiindiiunueuses
W0 Ufiaauese soumwiiaEeu duh
adait 1 Adait 2 adait 1 Adait 2 adait 1 Adait 2
Peak | Avg. | Peak | Avg. | Peak | Avg. | Peak | Avg. | Peak | Avg. | Peak | Avg.
1 10 9 107 | 98 | 129 | 11.3 | 13.5 | 11.7 | 16,6 | 13.6 | 17.5 | 13.6
2 11.8 | 11.6 | 10.7 | 10.2 | 164 | 159 | 156 | 152 | 14.7 | 143 | 15.1 | 14.5
3 /118103116107 98 | 9.1 | 95| 86 | 7.8 | 7.3 | 82 | 7.7
4 | 125|121 [ 133|127 | 166 | 158 | 165 | 159 | 147 | 13.7 | 13.9 | 13.5
5 | 156 (152|153 | 15 | 205|194 | 203 | 196 | 23 | 223 | 23.8 | 22.7
6 |182[167| 18 | 155|188 | 183 | 184 | 17.9 | 158 | 148 | 153 | 14.8
7 | 113109 | 114 | 107 | 121 | 11.8 | 123 | 11.6 | 165 | 162 | 159 | 158
8 | 137|124 143|126 | 114|101 | 11.5]105| 96 | 89 | 11.7 | 89
9 | 121 [ 113 | 111|107 | 135 | 129 | 134 | 124 | 12.1 | 109 | 12.5 | 10.8
10 | 146|139 | 149 | 144 | 121 | 11.5 | 129 | 11.8 | 12.8 | 109 | 13.1 | 11
11 [ 197 | 18.1]207 | 187 | 20.7 | 17.8 | 19.1 | 165 | 27.6 | 26.5 | 27.2 | 25.3
12 [ 64| 6 | 68| 64|87 | 84|83 | 74821 66] 86| 67
13 15.1 | 145 | 16.7 | 15.8 | 19.1 | 182 | 188 | 179 | 21.8 | 20.7 | 24.8 | 20.1
14 | 126|119 ]127]123| 13 | 12 | 132|127 [ 103 | 10 | 10.7 | 103
15 | 148 | 126|126 | 11.8 | 144 | 123 | 135 | 122 | 10.6 | 93 | 109 | 9.1
16 [ 125119 ] 12 [ 115119 | 113 | 126 | 12 | 12.1]107 | 112 10
17 11.8 11 123 | 11.8 | 10.5 | 89 | 10.3 | 8.1 144 | 13.1 | 142 | 134
18 9.3 8.5 8.3 77 (102 | 95 [ 104 | 92 | 119 | 10.1 | 123 | 9.6
19 [ 254 235|244 (232|334 263|395 263|272 244|259 | 24.6
20 | 142 | 128 | 134 | 127 | 145 | 12.8 | 13.5 | 12.6 | 12.6 | 11.5 | 124 | 11.5
21 7.9 6.5 7.2 54 7.4 5.9 7.2 6.5 7.9 7.3 7.6 6.8
22 7 6.7 7.5 6.2 8.7 7.9 8.8 8 7.5 7.2 7.7 7.3
23 | 91 | 87 |98 89| 76| 7 | 7569|7369 79| 74
24 | 13 | 126129 12 | 11.8] 108 | 113 | 89 | 132 | 11.9 | 143 | 12:6
25 7 6.5 | 10.1 | 8.8 9.5 85 | 124 | 9.6 | 12.7 | 11.7 | 13.1 | 12.1
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snuansalumsoonussdsuduiides
soatlndafI¥aanldvas| seudlnamuruasy | seuiindiiunueuses
W0 Ufiaauese soumwiiaEeu duh
adait 1 Adait 2 adait 1 Adait 2 adait 1 Adait 2
Peak | Avg. | Peak | Avg. | Peak | Avg. | Peak | Avg. | Peak | Avg. | Peak | Avg.
1 13.2 | 12.6 | 13.7 13 13.9 13 139 | 12.7 | 19.6 | 18.5 | 18.9 18
2 143 | 13.7 | 13.5 13 17 158 | 16.6 | 159 | 151 | 13.9 | 153 | 144
3 19 | 18.1 | 19.6 | 189 [ 224 | 21.6 | 222 | 21 | 21.6 | 19.7 | 20.8 | 19.1
4 223|215 (235222279 | 271|278 | 267 | 25.6 | 247 | 25 | 242
5 1201 192|216 196 | 22.8 [ 222 | 22.6 | 21.8 | 27.1 | 26.1 | 27 | 259
6 18.2 | 17.7 | 182 | 16.9 | 20 19.1 | 194 | 18.7 | 20.1 | 19.3 | 20.6 | 19.8
7 196|188 | 198 | 19 | 19.1 | 188 | 19.7 | 18.9 | 20.1 | 19.8 | 21 | 19.9
8 | 204|179 216|179 | 137 | 124 | 144 | 129 | 152 | 14 | 152 | 146
9 | 154 | 148|163 | 156 | 20.1 | 154 | 164 | 153 | 21.5 | 204 | 21.1 | 19.6
10 21.8 1209 | 214 | 20.7 | 19.8 | 17.8 | 19.5 | 182 | 16.7 | 159 | 17.9 | 16.2
11 [ 315272 (293|272 | 34.8 | 32.6 | 34.1 | 31.8 | 30.3 | 28.1 | 30.1 | 28.4
12 [ 94 9 | 9 | 86 | 141|134 |135|129 141|136/ 15 | 13.8
13 283 | 275 | 28 | 264 | 28 | 264|282 | 259|329 | 30.2 | 32.5 | 30.7
14 227 | 21.5 1 223 | 208 | 20.6 | 20 | 20.7 | 20.2 | 21.2 | 20.8 | 20.5 | 19.2
15 [27.1]257|276| 256|334 |292 | 287|284 |241| 23 | 232215
16 [223 ] 188|187 | 183|194 | 185 | 19 | 18.1 | 24.6 | 18.1 | 26.7 | 18.8
17 | 249 | 23 |242| 23 |229| 21 | 21 |215|255| 246|232 | 21.8
18 16.8 | 149 | 155 | 148 | 183 | 16,6 | 175 | 16,5 | 17.4 | 16.2 | 183 | 164
19 | 32 301 32 |303|408 356|378 361 332317352329
20 | 163 | 154 | 162 | 155 | 16.1 | 151 | 154 | 146 | 18.7 | 164 | 17.6 | 158
21 10.1 | 8.6 | 10.8 | 89 | 10.8 | 9.5 | 11.5 | 9.1 133 | 12.8 | 13.6 | 12.8
22 152 | 14.5 16 15.1 | 18.3 18 18.8 | 173 1199 | 193 | 20.2 | 199
23 | 185 | 18.1 | 18.6 | 18.1 | 183 | 17.6 | 17.6 | 17 | 173 | 168 | 169 | 16.4
24 | 229 | 21.8 [ 21.8 | 214 | 224 | 21.1 | 21.3 | 204 | 24.7 | 22.6 | 239 | 224
25 193 | 174 | 189 | 165|227 | 22 | 202 | 189 | 16.2 | 13.8 | 154 | 13.9
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Annuansalumseenusiaulumeoulng
soatlndafI¥aanldvas| seudlnamuruasy | seuiindiiunueuses
W0 Ufiaauese soumwiiaEeu duh
adait 1 Adait 2 adait 1 Adait 2 adait 1 Adait 2
Peak | Avg. | Peak | Avg. | Peak | Avg. | Peak | Avg. | Peak | Avg. | Peak | Avg.
1 8.4 8.9 7.7 8.1 114 | 11.8 | 11.3 | 11.9 | 10.1 11 10.1 | 10.8
2 | 112 ]1s | 11 [ 119102 | 105 | 10.1 | 117 | 119 | 124 | 12.5 | 12.8
3 /91103 10 | 106|128 | 136 126|134 | 10 |104| 9 | 9.8
4 129|132 126 13 | 14 | 145|122 | 138 | 13 | 133|132 ] 137
5 | 161 (169|166 | 17.5 | 149 | 166 | 159 | 162 | 20.6 | 21.5 | 21.4 | 22.1
6 | 135|141 | 132|137 | 15 | 168|163 | 176 | 13 | 134 | 129 | 137
7 | 132|137 13 | 134]107] 11 | 107 ] 11 | 102|108 | 10.1 | 10.7
8 | 132] 15 |13.6 | 148 | 11 [ 123 ] 118|126 | 11.5 | 123 | 11.3 | 12.2
9 10.2 | 10.6 | 9.7 | 10.6 | 9.6 | 10.1 | 9.6 10 10.5 | 11.3 | 10.9 | 11.6
10 | 156|166 15 | 162|129 | 134 | 126|133 107 | 12 | 11 | 12.1
11 [ 13.1] 175|154 | 177 | 18.8 | 19.7 | 18.6 | 209 | 17.6 | 20 | 18 | 20.1
12 [ 5961 ]58]| 6 |99 |106| 94|98 |77 ]81]| 8 | 84
13 15.5 | 16.9 17 17.7 | 17.3 | 18.6 | 17.1 | 181 | 17.5 | 18.1 | 16.6 | 17.7
14 10.4 11 11.2 | 11.5 | 12.7 | 13.3 | 13.7 | 141 | 99 | 102 | 9.6 | 10.9
15 [ 118 ] 125|112 | 119 | 11.6 | 13.7 | 13.6 | 143 | 12.6 | 133 | 129 | 14.1
16 | 88 | 95| 81|93 |93 | 115|127 13 |97 [11.7] 98 | 113
17 10.7 | 11.5 | 11.9 | 12.3 | 10.1 | 106 | 10.1 | 11.1 | 9.7 | 11.2 12 13.3
18 6.4 7 6.9 7.6 7.5 8.4 7.7 8.2 9 10.1 | 9.8 | 10.6
19 [20.1]21.9] 22 | 235|261 | 286|257 |272 183|199 18.6 | 19.8
20 | 146|162 | 141 | 147 | 148 | 155 | 13.1 | 15 [ 115 | 13 | 12 | 126
21 7.1 8.7 7.4 79 | 105|113 | 9.1 10.5 | 7.7 8 6.8 7.5
22 7.1 7.2 7.8 7.9 8.1 8.6 8.3 8.6 6.7 7.1 7.7 8
23 6 | 71| 68| 74| 68|79 |61 |74/ 79]| 86| 74| 83
24 | 97 | 113 105|114 ] 11 |11.3] 87 | 103 | 87 | 104 | 102 | 108
25 10 109 | 9.7 | 10.7 | 7.9 8.6 7.1 8.1 6.6 6.9 6.3 7.8
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sanuansalumsosnusedulurhiuiidos
soatlndafI¥aanldvas| seudlnamuruasy | seuiindiiunueuses
W0 Ufiaauese soumwiiaEeu duh
adait 1 Adait 2 adait 1 Adait 2 adait 1 Adait 2
Peak | Avg. | Peak | Avg. | Peak | Avg. | Peak | Avg. | Peak | Avg. | Peak | Avg.
1 14.9 | 15.7 14 155 | 14.1 13 13.7 | 129 | 18.9 | 19.5 19 19.7
2 16.4 17 155 | 16.1 | 188 | 19.5 | 19.1 | 19.6 | 17.1 | 17.7 | 17.9 | 18.1
3187202 | 195|206 | 224 |235| 21 | 235|184 | 192 | 187 | 19.3
4 | 247 | 25 [ 244|257 |265|27.1 | 26.1 | 26.8 | 255 | 26.4 | 254 | 26.4
5 | 216 (231|221 | 234|198 (203 | 193|202 | 25 | 259|252 266
6 | 228 (238|222 (228 |21.6(223|21.7|223 (233|249 |23.1 237
7 | 211|221 | 207 | 213 | 216 | 224 | 217 | 23 | 203 | 21.6 | 19.9 | 209
8 | 201227198 221|178 (198|177 | 19.6 | 16.6 | 17.9 | 16.5 | 18.2
9 | 147|152 | 147 | 155 | 149 | 156 | 142 | 148 | 129 | 14.1 | 132 | 14.1
10 189 | 19.9 | 188 | 19.6 | 154 | 163 | 145 | 163 | 164 | 17.5 | 17.1 | 19.3
11 [ 332354335356 294 339|329 352285322281 328
12 [ 128 | 135|13.6| 14 | 147|153 | 144 | 157 | 153 | 158 | 152 | 15.9
13 215 26 | 253|267 |21.8 | 28 | 224|278 | 278 | 289 | 27.8 | 28.7
14 | 214|221 ]19.1 204|176 | 19 | 186 | 19 | 172|188 | 17.8 | 185
15 [ 168|189 | 175 | 19.5 | 20.7 | 22.8 | 18.7 | 20.6 | 25.7 | 27.1 | 25.3 | 29.3
16 [20.6|21.7]201|223}213|226| 22 | 23 |183]207| 20 | 22
17 17.1 | 182 | 16.3 | 184 | 183 | 19.2 | 17.5 | 185 | 17.7 | 20.3 | 20.6 | 22.5
18 | 13.1| 144 | 126 | 142 | 148 | 162 | 13.9 | 144 | 144 | 157 | 15 | 16.6
19 [208|224|17.6| 228|307 | 341 | 33 [352 213|232 226 | 249
20 | 18 | 194 | 18.6 205 | 147 | 16 | 149 | 162 | 185 | 192 | 182 | 19.8
21 12.6 | 13.2 | 12.7 14 146 | 15.6 | 14.6 | 16.3 | 13.1 | 14.1 | 13.8 | 143
22 15.1 | 157 | 149 | 152 | 165 | 17.7 | 16.7 | 17.6 19 19.8 | 17.8 | 18.7
23 1202 | 21 [ 19.1]204 | 189|195 | 19 | 196 | 169 | 187 | 167 | 17.9
24 | 135 | 14 | 139|149 | 18.1 | 19.1 | 17.6 | 184 | 10.6 | 132 | 127 | 133
25 17.5 | 185 | 183 | 195 | 139 | 152 | 17.6 | 183 | 11.2 12 11.8 | 12.9
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M3199 9.5 Aanuamnsn lumsesnussasvesdgnnageumanaa lumgulnd

AnNuEIalumseantsids lumeulna
soatlndafI¥aanldvas| seudlnamuruasy | seuiindiiunueuses
W Ufiaauese soumwiiaEeu duh

adait 1 Adait 2 adait 1 Adait 2 adait 1 Adait 2
Peak | Avg. | Peak | Avg. | Peak | Avg. | Peak | Avg. | Peak | Avg. | Peak | Avg.
1 12 | 112 | 126 | 11.6 | 147 | 143 | 159 | 145 | 17 | 163 | 17 | 162
2 4.9 4 5 4.7 7.9 7.6 7.2 7 7.6 7.3 7.3 6.3
30108103 | 115 | 11 | 13 | 127 ] 145|136 | 122 | 11.7 | 11.6 | 109
4 10296 [102] 94 | 11.8]106 | 11 | 107 | 11.1 | 103 | 123 | 11.5
5 104 | 8.6 | 10.6 9 10.5 | 10.2 | 104 | 10.1 | 9.7 9.5 9.2 8.9
6 | 119|111 118|111 79 | 75|87 |73 | 72| 75|73 |77
7 | 7269|7768 |75]69]|75]|61| 8 |68]|68]61
8 | 97|94 |96 | 92 131 ]123]121 113|133 127|139 | 134
9 6.7 6 6.3 54 6.8 6.2 7 5.9 6.2 5.8 7.1 6.8
10 | 77 | 73 ] 73] 69 |131] 126|135 | 128|138 | 122|119 | 11.6
11 [ 129|115 ] 112|106 | 11.2 | 105 | 11.9 | 109 | 11.7 | 10.8 | 12.4 | 10.8
12 [105]101] 99 | 94 | 11.8 | 114 | 11.8 [ 11.5] 12 | 11.5| 11.4 | 10.9
13 6.1 5.8 6.7 5.1 8.6 ¥ 8.3 7.5 1109 | 10.1 | 10.1 | 9.5

14 6.8 5.6 6.5 5.6 6.6 6 5.6 54 7.2 5.3 8.4 6
15 | 10 | 96 | 92|99 | 120|121 | 136|129 | 12.1 | 112 | 134 | 12.2
16 | 72 | 64|57 |53]69 | 61|66 62]82]75]66] 6.1

17 6 4.7 54 4.8 9.4 7.6 9.3 8.3 9.9 9 11.1 9
18 8.1 7.4 8.5 7.8 7.2 6.6 7 6.6 7.3 5.7 7.2 6.7

19 [ 81 ] 7 | 77|69 |77 | 74|89 | 8 [105] 98] 99| 9
20 | 71| 66|64 6 | 5 | 4455|516 |56]55]52
21 9.7 9 10 9.5 | 10.5 10 11 10.1 | 11.5 | 10.8 | 12.6 | 11.7
22 109 | 10.6 | 9.2 8.8 7.3 6.8 7.8 7.3 8.6 8.3 8.2 7.9

23 | 66|63 62| 6 | 7 |66]|65)|63|76|68]64] 6
24 | 96 |94 (93] 9 | 56]|54]61 56| 9 |88]92]88
25 5.2 49 5.8 5.3 6.9 6.7 6.6 6.2 9.7 9 9.9 8.9
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v Y
M3 9.6 Manvasnlunseenusatvesdgnnadeumar g lumsuiuges

snuansalumsoonussdsuduiide
soatlndafI¥aanldvas| seudlnamuruasy | seuiindiiunueuses
W Ufiaauese soumwiiaEeu duh
adait 1 Adait 2 adait 1 Adait 2 adait 1 Adait 2

Peak | Avg. | Peak | Avg. | Peak | Avg. | Peak | Avg. | Peak | Avg. | Peak | Avg.
1 13.8 | 13.2 | 14.1 | 13.7 | 199 17 19.6 | 17.1 | 17.2 | 16.8 18 17
2 8.6 7.8 8.9 8.1 8.9 8.5 8.5 7.8 8.5 7.7 9.1 8.6
3 14 | 137138132 17 | 166|162 | 15 | 141|131 | 15 | 133
4 |102| 98 [115]108 | 11.6] 109 | 114 | 103 | 125 | 11.5 | 122 | 11.3
5 | 11s | 11 | 115|115 | 119 [ 115 | 114 | 109 | 128 | 123 | 122 | 11.6
6 13.1 | 12.7 | 13.7 | 12.3 | 83 8 8.6 8.1 10.3 | 9.9 9.9 9.1
7 | 96| 91 105|099 86|69 |82]77|94| 8 | 88| 77
8 12 102 | 12 | 11.6 [ 195|174 | 175 | 17 | 193] 19 | 192 | 182
9 7.5 7.1 7.4 6.8 7.9 7.3 7.3 6.7 8.4 8 11.5 | 10.9
10 | 13 | 11.6 | 132 | 122 | 152 | 145 | 149 | 143 | 155 | 143 | 153 | 14.6
11 [ 208 ] 197|223 206|165 | 145 | 16.1 | 142 | 253 | 22.8 | 23.9 | 22.3
12 | 133|148 | 145|142 | 164 | 147 | 158 | 153 | 153 | 149 | 162 | 15.2
13 | 134|122 ] 138 | 128 | 1201 | 112|119 [ 109 | 16 | 14 | 15 | 142
14 | 138|121 ] 15 | 127 | 137 | 126 | 154 | 11.8 | 13.2 | 11.6 | 13.6 | 12.1
15 | 142 ] 142|149 | 143|169 | 163 | 167 | 153 | 189 | 17.8 | 18.1 | 17.1
16 | 135127133 | 11.8 | 143 | 134 | 16.7 | 135 [ 122 | 108 | 11.4 | 10.3
17 172 | 16.3 | 164 | 155 | 17.7 | 165 | 18.1 | 169 | 184 | 17.3 | 185 | 16.6
18 138 | 134 | 144 | 13.7 | 124 | 11.7 | 127 | 119 | 10.8 | 10.3 | 11.1 | 10.6
19 [ 117 ]103 | 117|101 | 17.1 | 158 | 17.9 | 163 | 182 | 17.1 | 18.8 | 17.9
20 | 168 | 14.1 | 156 | 147 | 13 | 11.9 | 12.1 | 11.3 | 10.8 | 104 | 112 | 10.1
21 17 16.7 | 174 | 16.7 | 18.6 | 157 | 16.8 15 17.2 | 15.8 | 16.5 | 15.3
22 11.6 | 11.3 | 10.7 | 10.3 | 10.5 | 10.1 | 11.3 | 10.8 | 123 | 11.4 | 12.8 | 12.1
23 | 132127129 ]119] 86 | 83 | 95 | 89 | 10 | 93 | 102 95
24 | 121 | 114 [ 119 | 11.5] 101 | 98 | 102 | 9.8 | 129 | 12.1 | 11.7 | 11.1
25 7.9 7.2 7.3 6.6 9.8 9.3 9.4 89 | 114 | 11.1 13 11.6
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M3199 9.7 sanuamnsn lumsesnussauvesdgnnadoumsmaa lumoulng

Annuansalumseenusiaulumeoulng
soatlndafI¥aanldvas| seudlnamuruasy | seuiindiiunueuses
N Ufiaauese soumwiiaEeu duh
adait 1 Adait 2 adait 1 Adait 2 adait 1 Adait 2

Peak | Avg. | Peak | Avg. | Peak | Avg. | Peak | Avg. | Peak | Avg. | Peak | Avg.

1 54 6.5 4.5 5.1 4.8 8.5 4.5 7.9 8.6 9.4 8.6 9.8
2 5.5 5.9 4.8 5.1 5.2 5.8 4 5 3.8 4.2 32 39
3 |94 101 10 [109] 11 |121]11.8] 125|112 12 | 119 | 123
4 10 | 103|104 | 109 [ 102 | 107 | 10.1 | 106 | 7.5 | 82 | 82 | 89
5 7.6 8 7.9 8.3 9.5 9.8 95 | 102 | 9.8 | 10.7 | 104 | 10.7
6 108 | 11.4 | 11.2 | 11.7 | 9.2 9.5 8.7 93 | 102|105 | 99 | 105
7 | 52| 57 |47 |53 |37 | 47|48 | 53| 47| 56| 46|59
8 | 94 102 89 | 95 [ 134 14 | 142|146 | 107 | 11.7 | 108 | 11.4
9 | 49 | 52|46 | 5 | 6 | 64| 53|66 |52|55]|58]65
10 98 | 10.2 | 10.1 | 10.9 | 8.5 9.1 8.3 8.7 8.7 9 8.1 8.8
11 [ 114 ] 12 [ 106 | 115 | 112 | 11.6 | 109 | 112 | 114 | 124 | 114 | 12.6
12 [ 87 ] 9 | 84|93 108|111 104 11 |106] 109|112 | 11.9
13 4.7 5.2 4.2 5.4 8 8.4 8.9 9.5 9.3 10.4 10 10.6
14 6 7.2 6.4 7.3 7.3 8.7 7.5 9 7.1 9.1 7.9 8.8
15 | 85 ] 91 | 88|93 104115109 112117124 11 | 11.8
16 | 63|74 | 74| 81|48 | 58|53 |61 |38]51] 48] 63
17 4.9 5.2 4.2 54 5.6 6.6 6 6.9 3.5 3.9 33 4.1
18 7 7.5 6.9 7.2 7 7.8 7.3 7.6 6.2 6.5 6.6 7.4
19 [ 51 )62 |49 | 57|48 |65 |57 | 62|47 | 63| 48 | 59
20 | 58 | 64 | 56|63 |66 73|59 68]|56]|66] 54158
21 10 10.8 10 11 10.1 | 10.6 | 9.8 | 10.3 | 94 10 10.2 | 10.9
22 5.8 6.4 6.8 7.6 7.6 8.3 7.9 8.2 8.6 9.1 8.3 8.8
23 | 51 |57 |57 | 59| 47|49 | 41| 45|63 |66 61 65
24 8 |84 |84 (87|94 99|96 10 |105]108] 98 | 102
25 5.8 6 5.5 5.9 7.9 8.1 8.1 8.4 6.5 7.6 6 6.4
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sanuansalumsosnusedulurhiuiidos
soatlndafI¥aanldvas| seudlnamuruasy | seuiindiiunueuses
N Ufiaauese soumwiiaEeu duh
adait 1 Adait 2 adait 1 Adait 2 adait 1 Adait 2

Peak | Avg. | Peak | Avg. | Peak | Avg. | Peak | Avg. | Peak | Avg. | Peak | Avg.
1 9 103|112 124|106 | 113 | 11.8 | 12.6 | 108 | 12.1 | 10 | 11.2
2 88 | 10.1 | 92 | 104 | 8.5 9.4 9.2 9.7 7.9 8.6 7.7 8.5
3 1109|114 | 108|114 178|189 | 185|191 | 17.1 | 18 | 156 | 18
4 119|123 [ 116|121 | 127|136 | 11.6 | 124 | 88 | 9.1 | 88 | 94
5 | 98 [106 102|112 | 119 | 125 | 114 | 123 | 13.6 | 142 | 12.7 | 13,5
6 | 142|152 | 145|156 | 113 [ 11.9 | 11.8 | 125 | 12 | 133 | 11.9 | 13,5
7 | 86|92 |91 |98 63| 7 |68]|76]| 6373|6781
8 | 133] 14 | 123137192 (202 | 187|197 | 14.1 | 152 | 13.8 | 16.1
9 5.7 6.2 6.3 6.9 7.1 7.9 6.9 7.5 6.3 7.3 6.4 7.1
10 | 126 14 | 133 | 143 | 124 | 13.1 | 12.6 | 13.6 | 147 | 155 | 13.8 | 14.6
11 266273 | 25 | 277|168 | 17.6 | 165 | 18.1 | 23.6 | 259 | 242 | 25.8
12 | 12 [ 134131 ] 137151 | 157 | 161 | 166 | 13 | 13.5] 13 | 14.2
13 | 111|123 ] 106 | 11.6 | 10.1 | 103 | 9.9 | 103 | 13.9 | 152 | 145 | 15.1
14 152 | 17.1 | 159 | 17.3 | 139 | 163 | 142 | 15.7 | 12.6 14 13.6 | 15.1
15 [ 17.1 | 18.1 | 157 | 17.1 | 21.8 | 242 | 22.4 | 253 | 19.9 | 21.4 | 19.4 | 20.7
16 | 115133 | 16 | 172 14 | 152 | 145 | 155 | 14.1 | 149 | 149 | 15.7
17 13.5 | 14.6 14 154 | 17.5 | 199 | 17.6 | 194 | 12.7 | 13.5 | 11.8 | 14.5
18 11.7 | 11.8 | 11.3 | 12.6 | 12.8 | 13.5 | 12.7 14 157 | 17.1 | 171 18
19 [ 95 [101]101| 11 | 162|172 |163 | 174 | 11.8 | 12.1 | 112 | 123
20 | 173|179 [ 17.1] 18 | 183 | 18.8 | 163 | 17.7 | 13.1 | 173 | 167 | 173
21 149 | 16.1 | 15.5 17 173 | 18.1 | 169 | 17.5 | 15.1 | 16.2 15 15.8
22 139 | 144 | 149 | 15.6 16 16.5 13 14.8 19 19.9 | 18.3 | 19.5
23 | 104|108 ] 96 | 11 | 112|116 | 113 | 11.7 [ 109 [ 112] 92 | 96
24 | 101 | 106 | 11.6 | 119 | 154 | 16 | 154 | 163 | 13.5 | 14.1 | 13.6 | 146
25 14.5 | 15.5 14 152 | 139 | 144 | 139 | 144 | 104 | 109 | 123 | 12.8
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Abstract

Productivity improvement is necessary as a major strategy to remain competitive in a global market.
Utilization of transportation operator was studied in a hard disk drive manufacturer. The problem found was an
inappropriate number of transportation operators. The objectives of this study were to determine the optimal
number of transportation operators in hard disk drive manufacturing processes and to measure static push and
pull strengths of transportation operators. To solve a problem of optimal number of operators, work study was
conducted. Work elements of transportation operation were identified. Traveling distances were measured using
a measuring tape, whereas transportation time was measured using stopwatches. Then, standard time was
determined. Finally, the minimum number of transportation operators was calculated using the standard time.
The number of operators could be decreased 3 operators per shift or 6 operators per day. This results in 37.5%

productivity improvement. Pull and push strengths were measured using a static strength measurement system.
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There were 39 subjects in this study (21 males and 18 females). Pull and push strengths were exerted at the

handle height of the wagon. The mean, standard deviation, and percentiles of strength data were computed.

The results showed that the highest pull and push strengths of male were 16.23 and 15.40 kg, respectively,

whereas those of females were 10.97 and 8.37 kg, respectively. The lowest pull and push strengths of male

were 4.73 and 4.23 kg, respectively, whereas those of females were 3.40 and 3.60 kg, respectively. It was

concluded that work measurement was an important tool used to increase productivity of transportation

operation.

Keywords :

Strength, Human Strength, Maximum Voluntary Exertion
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Analysis and Optimal Allocation of Transportation Operators in Production Line
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ABSTRACT

Productivity improvement is necessary as a major strategy to remain competitive in a global
market. Utilization of transportation operators was studied in a hard disk drive manufacturer. The
problem found was an inappropriate number of transportation operators that had affected the idle time
of operators. The objective of this study was to determine the optimal number of transportation
operators in hard disk drive manufacturing processes. To solve such a problem, work study was
conducted. Work elements of transportation operation were identified. Travelling distance was
measured using a measuring tape, whereas transportation time was recorded using stopwatches.
Then, standard time was determined. Finally, the minimum number of transportation operators was
calculated using the standard time. The number of operators could be decreased 3 operators per shift
or 6 operators per day. This results in 37.5% productivity improvement. It was concluded that work
measurement was an important tool used for increasing productivity of transportation operation.

KEYWORDS: Work Measurement, Work Study, Transportation Operation, Allowance, Standard Time
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Abstract

The objective of this study was to measure static pull and push strengths of hard disk drives transportation
operators. Data collected were physical characteristics of operators, workload of operators, and pul and push
strengths of operators. Physical characteristics were measured using a scale and an anthropometer set,
whereas workload of operators was measured using a spring scale. Pull and push strengths were measured
using a static strength measurement system. There were 39 subjects in this study (21 males and 18 females).
Pull and push strength exertions were measured at the handle height of the wagon. The mean, standard
deviation, and percentiles of strength data were computed. The results showed that the highest pul and push
strengths of male were 16.23 and 15.40 kg, respectively, whereas those of females were 10.97 and 8.37 kg,
respectively. The lowest pull and push strengths of male were 4.73 and 4.23 kg, respectively, whereas those of

females were 3.40 and 3.60 kg, respectively.

Keywords: Static Strength, Human Strength, Maximum Voluntary Exertion
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Abstract - Cash checkstand serves as the point of sale in
grocery stores. Cashiers perform their tasks in the
checkstands for prolonged period. Repetitive use of the
same muscles, exerting forces with the body, and working in
awkward postures are factors contributing to injury. This
study was conducted to assess discomfort and risk of
working postures in the checkstand cahsiers. Body
dimensions were measured using anthropometer. Subjective
discomfort was evaluated using questionnaire, whereas the
risk of working posture was obtained using REBA
technique. Twelve cashiers participated in this study. The
results showed that 67% of subjects had discomfort in back
area. Furthermore, 50% of subjects had discomfort in neck,
thigh, knee, and foot area. The score obtained from REBA
was 11 indicating high level of risk and therefore, improving
working posture was needed.

Keywords - Physical characteristics, Checkstand,
Working posture, REBA

I INTRODUCTION

In Thailand. small and medium enterprises (SMEs)
have been of importance for decades since the number of
SMEs accounts for 90% of total enterprises. One of the
emerging enterprise nowadays is in the field of retailing.
Grocery store is the most popular kind of retail business.
The number of grocery stores increases at least 10% per
year during year 2004-2007. Grocery stores need workers
to perform several manual tasks. Checkstand cashiers are
required to perform their tasks within checkstands for
long working period. Physical demand of the tasks
included scanning and bagging. bin handling. keyboard
and cash box operations. and standing posture [1]. It was
reported that a cashier may scan 40 items or more per
minute and spend up to 50% of their customer time either
handling or scanning groceries [2]. Epidemiological
studies show a high prevalence of discomfort and
musculoskeletal disorder in upper extremities in grocery
store checkers [3].[4]. Furthermore, back pain was
reported as the most common problem, where 77% of
cashier reported pain and muscle fatigue at the end of
working shift [5]. Therefore, the content of checkstand
and work design should be received a great deal of
attention to alleviate work-related injuries [6].

Several research works have studied the design of
checkstand and provided guidelines that have been
implemented in new grocery checkstands. Some of these

design guidelines have shown lower worker discomfort
such as checkstands that face the customer. placing the
scanner and scale in front of the cashier. installation of
side/vertical scanners. minimizing cashier movement of
groceries pre- and post-scanning with the use of conveyor,
and placing the visual display (item price) within the
normal line of sight of the cashier [7].[1]. The checkstand
design parameters or dimensions potentially affecting
posture while working included work height. stature,
normal and maximum reaches, lateral clearance. angle of
vision and eye height [1]. Weight of the products is
another risk factor which develops back pain. It was
found that intermediate and heavy products caused greater
amplitude of trunk flexion movements [8]. In addition.
asymmetric trunk rotation movements while handling
products and large number of repetitions are factors that
may increase the risk of injuries.

The cuwrent study investigated the risk of
musculoskeletal injury associated with working postures
of cashiers in a campus area using the Rapid Entire Body
Assessment (REBA).

II. METHODOLOGY
A. Subjects

With regards to the ease of field research conduction.
it was decided that the most appropriate would be ten
convenient stores in the campus area with a total of
nineteen cashiers.

B. Measurement of Physical Characteristics

Relevant physical characteristics of the subjects were
gathered. They were age. gender. work experience,
weight, body height, functional reach with arm straight.
functional reach with flexed shoulder, elbow to fingertip
distance. and checkstand surface to fingertip height
(Fig. 1). Equipment used to collect these data were a
scale and an anthropometer set.

C. Cashier Interview and Checkstand Survey

From a direct survey. the checkstands used in this
study were designed to be standing workstations, and no
seating was provided. A measuring fape was used to
measure dimensions of checkstands. tools and equipment
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used in cashier tasks.  An interview was conducted to
query response on  perception of  checkstand
appropriateness. Furthermore, the cashiers were required
to identify discomfort placed on nine parts of the body
including neck. shoulder. upper back. elbow. lower back.
wrist/hand. hip/thigh. knee. and ankle/foot (Fig. 2).

C T
Functional Reach, Elbow to Fingertip

Arm Straight Distance
4 \
1
AN
} \(\‘?:‘
L. il nll | ‘Q%
S
Checkstand Surface Functional Reach,
to Fingertip Height, 45 Degree Shoulder
Elbow Formed Right Flexion
Angle

Fig. 1. Relevant body dimensions

Neck

Shoulder
Upper Back
—— Elbow

Fig. 2. Nine body parts

D. Evaluation of Working Posture Using REBA

The REBA method [9] was employed to assess work
activities. A video camera was used to record working
postures while the subjects performed their tasks. The
postures that occurred most frequently were chosen to the
analysis. Using the method of REBA. the movements of
each task were scored according fo certain criteria
provided in group A and B body part diagrams. Group A
body part diagram was used to assess the movement of
trunk, neck and legs. whereas group B body part diagram
was used to assess the movement of upper and lower arms

and writs (Fig. 3 and 4). Then. score C. which was the
summation of score A and B, was integrated with activity
score to obtain REBA score (Tables I. II and III). The
REBA score was used to determine action level (Table
IV). ranging from the level 0 (action is not necessary) to 4
(action 1s necessary now). By following this process for
each task, the movements in most urgent need of action
were defected and improvements were introduced fo
reduce the risk level.

+ 1 if twisted
or side flexed

+ 1 if twisted
or side flexed

Trunk score
1 if bilaterally
weight
bearing/sitting Ty
= = W

®

al
RN
2if unilaterally =~ -},

A
S.
)
weight bearing E"' /Z
or unstable base L&
Leg score

Fig. 3. Group A body parts

Lower arm score,
(angle of the elbow)

";’J/
. /
+1 if ab/adducted |
or raised shonlder ?;" :
-1 if supportad i@« ‘n =

Upper arm score
(in relation to spine)

3 1
@ .- "
= —ar 1) 5
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2 =~ g

Wrist score

Fig. 4. Group B body parts
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TABIET TABLE TV
TABLE A SCORE REBA ACTION LEVELS
Trunk Level . .
Risk Facts Act
Legs 1 2 3 4 5 Action Score Sk ractor cuon
1 1 2 2 3 4 0 1 Negligible | No need for any action
_ 2 2 3 4 5 6 ! Action has probably already been
Neck=1 3 3 4 H 6 7 ! >3 Low taken to get to this level
4 4 5 6 7 3 5 47 Medi Further consideration should be
Tronk edium given as how risk can be lowered
Legs 1 B 3 1 3 3 8-10 High Acu'zn needs to taken vi:lry somil‘
1 1 3 4 3 5 4 11-15 VETy Hlﬂl WOI'. must cease unfil a safer
= solution can be found
Neck =2 2 2 4 5 6 | 7
& 3 3 |5 |6 ] 738
4 4 6 7 3 9
Trunk III. RESULTS
Legs 1 2 3 4 5
1 3 | 415 16 A. Subjecrs
2 3 5 7
Neck=3 — 5 | s : 8 g : :
I 5 T o o Seventeen out of nineteen subjects were females.
- - Most cashiers were 20-25 years of age. The average
stature and weight were 156.53 cm and 56.29 kg.
TaBLET espectively (Table V). They worked in standi '
TABLE B SCORE respectively .(Ta e \f)' They worked in standing posture
alternated with moving around the checkstands. All of
Upper arm them were right-handed.
wrist | 1 2 3 4 5 6
Lower 1 1 1 3 4 6 7 TABLE V
am=1 2 < 2 4 5 7 8 PHYSICAL CHARACTERISTICS
3 2 3 5 5 8 g
Upper arm Physical Characteristics Mean S.D.
Wrist | 1 2 3 4 5 6 Stature (cm) 156.53 7.51
Low, 1 1 2 4 5 7 8 Weight (kg) 56.29 11.65
w:’fz 2 2 | 3|5 68 |9 Functional Reach, Arm Straight (em) 67.16 526
) 3 3 4 5 7 8 8 Elbow to Fingertip Distance (cm) 4253 2.82
Checkstand Surface to Fingertip Height, 11.47 755
Elbow Formed Right Angle (em) . )
TABLE I Functional Reach, Shoulder Flexed 45
TA.BLECSC'OR_E unctional cach, shoulder Flex 5621 543
Degree (em)
Score B
B. Checkstands
1|23 |4|5|6|7|8|9|10/11|12
1111 ]2]3]3 506|777 From the survey, it was found that the checkstands in
slil2lz3lalals 66778 ten convenient stores were different in both design and
dimension (Table VI).  The equipments used in
3 |2(3|3|3|4|5|6|7|7|8|8]8 R
checkstand workstations were printer, laser scanner,
413 |4]4][4|5]6|7|8]8]9]9]9 keyboard. price display. bag hanger. and cash box. Most
slalalals|e|7ls/glolololo cashiers did not show negative opinion regarding
~ . 1o WO
ol 516 ]6]6]7|8|5]5|9]|w0]10|10]10 checkstands used during work.
A
7777|899 |9|w0j0]|11|11]11 TABLE VI
8|s|s8|8|9|1wjof10]10[10|11|11]11 CHECKSTANDS DIMENSIONS
919 (9|9 |10|10)10|11 |11 11 |12}12)12 Grocery stores Height (cm) Wide (cm) Length (cm)
10 101010111111 ]11]12]12]12|12| 12 1 90 61 183
2 89 61 134
|| f1zfz|1z 1212121212 3 78 35 150
4 90 57 120
12|22 212f12|12|12|12|12|12|12|12
5 73 76 184
6 100 62 333
7 90 50 140
8 100 80 180
9 90 51 300
10 90 57 150
Average 89 59 188.3
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C. Cashier Discomfort

It was found that most cashiers reported discomfort
placed on upper back (73.68%). neck (68.42%) and lower
back (68.42%), whereas 21.05% of them reported
discomfort placed on elbow. Furthermore, they also
reported discomfort in shoulder. hip/thigh. knee and
ankle/foot areas. Least percentage of cashiers expressed
discomfort in elbow (Fig. 5).
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%0
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80 4342 6842

37580 5789
4737 4737
3635

30 21035

Percentage of Discomnfort
H

1
o
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=1

Shoulder
Elbow
Wrist/Hand
Upper Back
Lower Back
Hip/Thigh
Knee
Ankle/Foot

Fig. 5. Percentage of cashiers reporting discomfort placed on body parts

4 4 R
Trunk Upper Ams
Table A Table B
3 2x
Meck | 8 7 le—] | Lower Arms
3 + + I
Legs Wrist
0 1
Load/Force Coupling
Score A 8 8 Score B
\ Table C /
Score C 10
Activity 1
Score
11
REBA
Score

Fig. 6. REBA score sheet
D. REBA Score
Using REBA. the most frequent working posture of

the cashiers was assessed (Fig. 6). The scores were
obtained as follows.

Group A diagrams:

e Trunk is flexed more than 60°(4).

e Neck is flexed more than 20° and flexed

sideways (3).
e Legs are weight bearing and flexed more than
60° (3).

Group B diagrams:

e  Upper arms are flexed more than 90° (4).

e Lower arms are flexed less than 60° (2)

o Wrists is flexed/extended more than 60° and

deviated (3).

Score C (10) was the summation of score A and B
and then the activity score (1) was added to score C. The
total REBA score was 11. This refered to a REBA action
level of 4. which indicated a very high risk of injury and
the action was necessary now.

IV. DISCUSSION

The REBA score obtained in this study showed that
the improvement action was necessary. However. it was
confradictory to the opinion of the cashiers. For the
cashiers, improvement of checkstand and relocation of
equipment within the checkstand area were unnecessary
since they were familiar with their checkstands. To seek
the improvements. working postures were further
analyzed. Fig. 7 showed that printer, laser scanner,
keyboard. price display and cash box were placed at the
left side of the cashier. Furthermore. the checkstand was
relatively low. Thus. the cashier had to twist and lean her
body and flex her neck during performing the task. This
resulted m discomfort in neck. upper back. lower back.
hip/thigh. knee and ankle/foot as the cashier reported in
the questionnaire. To solve this problem, the checkstand
height should be increased and the placement of tools
which are frequently used should be moved to the front of
the cashier (Fig. 8).

Fig. 7. Alow checkstand
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Upper Back

Lower Back

Hip/Thigh

Knee

Ankle/Foot

Fig. 8. Discomfort in different body parts

Some checkstands were higher than the cashiers’
elbow height. In Fig. 9. the cashier raised her shoulder
during work. This led to discomfort placed on the
shoulder area of the cashier. Moreover, it was found that
the edge of the checkstand was sharp and pinched the
lower arm of the cashier (Fig. 10). To alleviate this
problem, the platform should be provided and the edge of
the checkstand should be rounded.

Fig. 9. A high checkstand

Shoulder
Elbow

Wrist/Hand

Knee

Ankle/Foot

Fig. 10. Discomfort in different body parts

The problem of toe space was found in some
convenient stores. Fig. 11 showed that toe space was not
provided. Thus. the cashier must stretch out her hands.
This is likely to induce discomfort in the shoulder area. A
checkstand with two different surface levels was found as
shown in Fig. 12. Using this type of checkstand can cause
shoulder discomfort since the cashier flexed her shoulders
to reach the upper surface level of the checkstand. Fig. 13
shows that most equipments were placed at the left side of
the cashier. Since the cashier was right-handed. working
with these equipments required body twisting. A
repetition of such posture may lead eventually to lower
back pain. Thus. the components which need frequent
operations should be placed in front of cashier to reduce
the twisting of the torso [1].

Fig. 11. Checkstand with no toe space

Fig. 12. Checkstand with two different surface levels
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Fig. 13. Placing most equipment on the left hand side of the cashier

V. CONCLUSION

By means of the application of the REBA method, the
postural workload of the cashiers was assessed. The
REBA score obtained showed that the risk factor was very
high and the improvement action Wwas necessary.
Deficiencies of checkstand design and layout were
detected and improvements were consequently pointed
out.
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