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PHERMSAK PHIMJONG : STUDY OF FACTORS AFFECTING
REACTION TIME OF MOTORCYCLE RIDERS. THESIS ADVISOR

: ASSOC. PROF. PORNSIRI JONGKOL, Ph.D., 145 PP.

REACTION TIME/HELMET VISOR/VISIBILITY/MOTORCYCLE RIDER/

FACTORIAL DESIGN/EXPERIMENT RESEARCH/SURVEY RESEARCH

The objectives of this study were: 1) to study use of helmets by motorcycle
riders and 2) to point out the significant factors that affect reaction time of those using
helmets. The data for this research was collected from 437 motorcycle riders in
Nakhon Ratchasima using a set of questionnaires. Results from the questionnaires
revealed that most motorcycle riders had the knowledge about helmets and the law
imposed on the use of a helmet. Most helmets had the certified sign by Thai Industrial
Standards Institute with a clear visor. Popular colors were black and light brown.
Also, the experiment was carried out to investigate the factors affecting response time
of twenty-four male and twenty-four female motorcycle riders using the factorial
design. The factors in such experiment were the following: 1) age group of people for
the experiment, 2)time period of the experiment, and 3) colors of the visor.
Dependent variables were reaction time. The results showed that age group of both
males and females taking the experiment had a significant effect on time taken to
respond to light because the age group of 18-39 years old responded faster than the
age group of 40-60 years old. Time period of the experiment of both males and
females had a significant effect on time taken to respond to light because during the

afternoon period at 12.00-13.00, motorcycle riders would respond faster than during



the night period at 19.00-20.00. Colors of the visor had a significant effect on
response time for both males and females because a clear visor led to fastest response,
followed by light brown and orange respectively. Males responded to red light

stimulates faster than females at all ages and the time of testing.
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Normal Probability Plot of the Residuals
(response is Average)
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H,: (Tf),= 0 nnfwedi, k
H,: (tP),# 0 osadeufigantiamuns i, k
6) A IUMINATOU (B) azdveauHunuay (C)
H, : (OP),= 0 nnf1vedj, k
H,: (Of3), # 0 a&hqﬁaﬂﬁqwﬁaﬁwm ik

NIANINATDUDNTNATIN 3 1228

7) FN0YVDIHYNNAAL (A) F1na1luminadeoy (B) uazdvesurunuan (C)
H, : (TOP),= 0 nnf1vedi,j, k
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URAZAMUIUAINN ) LW@‘V]‘i]8u'llllhlﬂ31$Wﬂ31ullﬂﬁﬂﬁﬂuﬂﬂqﬂ aataadluasen 4.33

M135199 4.33 FoyanIINAREURTBA1IA 5 A1 NABIY

¥39019 | ¥393A1 | AuNUIHAN | 3aIMs
Yijk. | Yij. | Yi.. | Y...
(A) (B) (o) ADUAUDI
0.4218
lar 0.8748
0.4530
. Y 0.5512
nanalu Gy 1.1148 | 3.1072
0.5636
0.5590
%1 1.1176
- 0.5586
18-39 1) 6.4132
0.4950
lar 1.0104
0.5154
o v 0.5698
1€ au 1.1540 | 3.3060
0.5842
0.5570
% 1.1416
0.5846
0.5448
lar 1.1164
0.5716
. v 0.5836
ey au 1.1910 | 3.4638
0.6074
0.5634
1 1.1564
- 0.5930
40-60 1/ 7.0848
0.5820
lar 1.1426
0.5606
B Y 0.6636
161 au 13332 | 3.6210
0.6696
0.5868
% 1.1452
0.5584 13.4980
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33901¢ (A) Ta GEY %
18-39 1 1.8852 2.2688 2.2592
40-60 1) 2.259 2.5242 2.3016

AT 4.35 MIMUIU B x C (Y.jk.) lNeiae

%3917a1 (B) lar & 1
A 1.9912 2.3058 2.2740
16 2.1530 2.4872 2.2868

A15199 4.36 MIMUIU B (Y.j..) INABIY

%¥3913a1 (B)

CARELT 1€

6.5710 6.9270

A15199 4.37 MIAIUIN C (Y.k) (tWAK8

FuruivaN (C)

la au %
4.1442 4.7930 4.5608
C=Y"..../aben —13.498°/2x2x3x2  =7.591500167

St =2 2 2t 2u Yu-C = (0.42187+0.4530°+...+0.5584°) - 7.591500167
=7.65773176 - 7.591500167

=10.066231593
1 a .2 i 2 2
SS, =— XY’ -C =—(6.4132"+7.0848") - 7.591500167
ben 12

=7.610293773 - 7.591500167

=0.018793606
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1 1
88, =— XY, -Cc = ;(6.57102+6.92702) -7.591500167
=7.596780833 - 7.591500167 = 0.005280666

1 c 2 1 2 2 2
SS.=— Zk Y ,-C =7(4.1442"+4.7930"+4.5608") - 7.591500167
abn o 8

=7.61851741 - 7.591500167
=0.027017243
SS,, :CinZ';‘ 2. Y, -S8,-55,-C = é(3.10722+3.30602+3.46382+3.62102) -SS,-SS,-C
=7.615646547 - 0.018793606 - 0.005280666 - 7.591500167
=0.00007210767
1

==(1.88527+2.2688"+2.2592°+2.2590"+2.5242°+2.30167) - SS, - SS..- C
4

=7.64436158 - 0.018793606 - 0.027017243 - 7.591500167
=0.007050564
! b 2
SSpe = a_n Zj ZE Y i SS;-8S.-C

1
==(1.9912"+2.3058°+2.2740"+2.1530"+2.4872°+2.2868") - SS,, - SS. - C
4

= 7.62592354 - 0.005280666 - 0.027017243 - 7.591500167
=0.002125464
1 b 5
SSABC = ; Z? Zj Zli Y ijk. ~ SSA - SSB - SSC - SSAB - SSAC - SSBC -C
1 2 2 2 1 2 2 2 2 2 2
==(0.8748°+1.1148°+1.1176"+1.0104"+1.1540°+1.1416 +1.1164™+1.1910°+1.1564+1.1426
2
+1.3332°+1.1452%) - SS, - SS,, - SS. - SS,, - SS,. - SS,. - C
= 7.65474476 - 0.018793606 - 0.005280666 - 0.027017243 - 0.00007210767 - 0.007050564
- 0.002125464 - 7.591500167

= 0.00290494233
SSpmr = SSpout ~ SSa =SS5 - SS¢ =SS, = SSc - SSpc - SS e
0.066231593 - 0.018793606 - 0.005280666 - 0.027017243 - 0.00007210767

0.007050564 - 0.002125464 - 0.00290494233

=0.0029870

" Ao y 1 X < a s ~
anmualamartl aunsaaglilumsidimazianunlsdsiuluased 4.38
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BC 2 0.002126 0.001063 42694 | 0.040%
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AUAANAIA
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TGEREY
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Interaction Plot (data means) for Average
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5) MafFeuneunan19THINAIMAgUoILAas sEAUveITeNInananLIal Iy
4
mMInouaued 1agldI5nAd (Tukey’s HSD test)
a 4 { 1 ]
1mMsaaznaundsdiiuluaiseil 438 wuiiweguesdgnnadeo (A)
yunmlumsnagoy (B) tazdvosurunua (C) Inanoniarlumsnouauosaond
9 1 A v o w Aa a @ < =< 1 A =
nszAuedlNsd Ay (U asauuAgiunan) YuvuedinuRdeveInalssyinsliaiy
) v Y
uanaa Tdannlszannsdu o ualunsunaunasveslszannslavandaiall daiudarilyd
9 ~ A 1 1 = 1 o o 1 1
AoudTouNouNeIAMULANAINUBIANRAIVD AR TTAUTITILAZUAAZ LHAIA Y
A, o I a, . { A @ o @
uilsismIaeldisyad suiluinileiteuuinlugiudmsumsuSouifeunyg uuoy
= a a A = I ] o ] o 1 = T W an
Merad Vlszansmuguienlseumsuiluneguasuiunguaiegalvnamny Ineds
J o =Y 4 ] a, [
YA INININATOUNINNIITOU 9 1HU IBAULAY (Duncan’s multiple rang test) Hag
Aoyl (Scheffe) uazfuztﬁmmﬂmﬂmzﬁ’ummammﬂﬁauﬂizmﬂﬁ 1 (O 1dann
xR A a .': | as A =) Y4
sdiaNuAanaIT AN 9 (Use Ines giieml o ogsen, 2551)
= 1 1 1 ti' 1 2 % li'd 1 1
HaNMISeuMeuHan19TEHAINANRAYDAaZ SEAVUDITITeNTNanDA 1IN
I o Y
Tumsaovdauss (uaas 13 lumanuan ) Wuasl
(1) $21901U0IAYNNATOU (A) WUNAWIA1 UM TADUAUBIADLAINTZAUVDITI

o o

mqsﬁy’md 18-391) Lgmﬂdwf‘i’wﬁwmqé’md 40-60 1 081308 1ARY (P-value = 0.0001) TABYHI
mqsﬁy’md 18-39 1 fiaurm lunsne uauesrendInszR U ABITY 053443 Tl dIugae
mq@%&u@i 40-60 1l fidmrmrlunsaeuauesReuAINTE IR ABINTY 0.59040 3117 (uANA1Y
AUMIND 0.05597 IUTN)

) ¥rnarlumianagaeu (B) wuama lumsaouauenonaInizquUsdsI9Ial
Tumsnaaey ¥190a1951 a1 12.00-13.00 U. LANANALFINEY 19871 19.00-20.00 . DE1IT
oAy (P-value = 0.0186) TﬂmhqnmﬂaN’S’uﬁﬂ'maﬂummauau'é)wimmﬂizssj'umﬁﬂ
WY 054758 Jundi daugrananduiisuiarlunmsaeuauesdeudanszdumasmiiiy
0.57725 31N (LANANNAUNINDY 0.02967 IUTIN)

(3) @vourunuau (C) wunamarlumsneuauosnsnaInszAuYod lauanag
nnaduuaz dxed1eiiod 1Aty (P-value = 0.0001 1ag 0.0042 AwaIAY) TaoAanaalluns
AoUAUDIRABVDIHUA UL @MY 0.51803 Sunf A lumseeaUBURAIUB I
Suandduminy 0.59913 urdi nazananlunsaeuaueunasveHUS AN FY IR
0.57010 311 (@ lauand19nnaduminy 0.08110 I vazdlauanaranndsuniiy
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URAZAMUIUAINN ) LW@‘V]‘i]8u'llllhlﬂ31$Wﬂ31ullﬂﬁﬂﬁﬂuﬂﬂqﬂ aataaslunsen 4.40

A15199 4.40 FoyANINAROUNDOATIA 5 AT INAND)S

¥3901Y | ¥IIA | auEudHaN | @I
Yijk. | Yij. | Yi.. | Y...
(A) (B) (©) AOUAUDY
0.5414
la 1.0688
0.5274
. y 0.5956
nangiu GEY 1.1840 | 3.3554
0.5884
0.5440
3 1.1026
o 0.5586
18-391 6.8706
0.5546
la 1.0968
0.5422
P . 0.6236
16 GEY 1.2482 | 3.5152
0.6246
0.5882
A 1.1702
0.5820
0.6248
Ta 1.2442
0.6194
. y 0.7274
nane i GEY 1.4472 | 3.9396
0.7198
0.6280
' 1.2482
- 0.6202
40-60 1l 7.9240
0.6340
la 1.2604
0.6264
p y 0.7064
i GEY 1.4348 | 3.9844
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33901¢ (A) lar au "
=
18-39 1) 2.1656 2.4322 2.2728
|
40-60 1/ 2.5046 2.882 2.5374
M3 4.42 MIMUIU B x C (Y.jk.) INAKQ
%3917a1 (B) lar & 1
NGANELY 2.3130 2.6312 2.3508
1€ 2.3572 2.6830 2.4594
A13197 4.43 MIMUIN B (Y.]..) INARD
%¥3913a1 (B)
CARELT 1€
7.2950 7.4996
A15199 4.44 MIAIUIY C (Y.k) L‘Wﬁwnja
= \l U
FuRUNUAN (C)
lar au 8
4.6702 5.3142 4.8102
C=Y"..../aben = 14.7946” / 2x2x3x2  =9.120007882

SS o = Z? ZJb ZE ZF

=9.200795480 - 9.120007882

=0.080787598

ikl ~

1 1
SS,=— XY -C  =—(6.8706'+7.9240") - 9.120007882
ben 12

=9.166243363 - 9.120007882

=0.046235481

C  =(0.5414"+0.5956"+...40.6364°) - 9.120007882
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1 1
SS, =— Zjb Y -C  =—(7.2950'+7.4996") - 9.120007882
acn : 12

=9.121752097 - 9.120007882 = 0.001744214667
1 1
SS.=— X Y, -C  =~(4.6702°+5.3142°+4.8102°) - 9.120007882
abn o 8

=9.148689215 - 9.120007882
=0.028681333

1 1
S8y =~ ) Zjb Y’ -SS,-8S,-C = ;(3.35542+3.51522+3.93962+3.98442) -SS, - SS, - C
=9.16853862 - 0.046235481 - 0001744214667 - 9.120007882

=0.000551042333
1 2
SSyc :b_n Z? ZE Y ~S8,-SS.-C
1
==(2.1656 +2.4322°+2.2728"+2.5046 +2.8820'+2.5374") - SS, - SS.- C
4

=9.19709599 - 0.046235481 - 0.028681333 - 9.120007882

=0.002171294
1 b 5
SSyc = a_n Zj ZE Y - SSy-8S.-C
1
==(2.3130"42.6312°+2.3508"+2.3572"+2.6830°+2.4594") - SS,, - SS. - C
4

=9.15074307 - 0.001744214667 - 0.028681333 - 9.120007882

=0.000309640333
1 b 5
SSABC = ; Z? Zj Zli Y ijk. ~ SSA - SSB - SSC - SSAB - SSAC - SSBC -C
1 2 2 2 2 2 2 2 2 2 2
=(1.0688"+1.1840™+1.1026+1.0968+1.2482°+1.1702°+1.2442"+1.44727+1.2482°+1.2604
2

+1.4348°+1.2892%) - SS, - SS,, - SS. - SS,, - SS,. - SS,. - C

BC ~

= 9.199989140 - 0.046235481 - 0.001744214667 - 0.028681333 - 0.000551042333 -
0.002171294

- 0.000309640333 - 9.120007882

=0.000288252667

SSError = SSTotal - SSA - SSB - SSC- SSAB - SSAC - SSBC - SSABC

0.080787598 - 0.046235481 - 0.001744214667 - 0.028681333 - 0.000551042333 -

0.002171294 - 0.000309640333 - 0.000288252667

0.00080634
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Residuals Versus the Fitted Values
(response is Time)
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v 9 =t = ] 1 9 Y A A
wnuNdeyalianuadesuay lwungluuumsnssnevesdoyaiiviensrslaeilanio
supudr Ing Taedoyainisasznenuugy (uligdunuimivew) ildamnsodszum

Y1 a1 Yy A I a 1T W 1 F) A
Hliﬂ’Nﬂ”Iﬁ’J‘L!@]ﬂﬂ”IQ11ﬂ’J”I11L‘ﬂ‘L!E]ﬂ'i$¢]ﬂﬂuua$ﬂ’nmmiﬂﬁﬁuﬂlﬂﬂﬁiuﬁﬂﬂﬁﬂﬂ'ﬂ

alglj’ﬂlluﬁWflﬂ”li‘l’lﬂfl@\il’m”Iﬂ”liﬁi’]ﬂﬁu’f)\‘]@iﬂllﬁ\iﬂigﬁj}u%”lﬂ@ﬂSNﬁ 4.30-4.31 @090

o o J 1 A A o a 4 Y o dy
HIWIATUIUATNN 9 LW?J‘VIi]zlnul‘ﬂ’llﬂi”lgWﬂ’J”IiJLL‘iJS‘]Ji’JHulﬂﬂQu

C=Y’..../abcdn =28.2926" / 2x2x3x2x2 = 16.67648364

SS 1o = Dt D) 2ot 2t D YV =€ = (0.42187+0.45307+...+0.6364°) - 16.67648364
= 16.85852724 - 16.67648364

=0.182043599

a 2 i

1
SS, ==, Y -C =—(13.2838"+15.0088) - 16.67648364

1.

bedn 24
=16.73847583 - 16.67648364

=0.061992188
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1 1
SSB = — Jb Y i C = _(13.86602+14.42662) - 16.67648364
acdn 24

=16.68303098 - 16.67648364

=0.0065473417

1 c 2 ! 2 2 2
SS.=— Zk Y, -C =—(8.8144"+10.1072"+9.3710") - 16.67648364
abdn . 16

=16.72904876 - 16.67648364

=0.052565122

1 1
SS,=— Zf Y’ -C =—(13.4980"+14.7946") - 16.67648364
aben o 24

=16.71150805 - 16.67648364

=0.035024408

1 1
SS,u=— 2 2 Y, -SS,-8S,-C =—(6.46266.8212"+7.4034'+7.6054")
cdn - 12
-SS, - SS, - C
= 16.74553408 - 0.061992188 - 0.0065473417 - 16.67648364

= 0.000510907
) IO XURGNRPNRP RS
= 2(4.05082+4.70102+4.53202+4.76362+5.40622+4.83902) -SS, -SS.-C
= 1679777626 - 0.061992188 - 0.052565122 - 16.67648364

=0.006735305

1 1
SS,,=— 2t 2 Y’ -8S,-SS,-C =—(6.4132'+6.8706 +7.0848"+7.9240°) - SS, - S, - C
ben o 12
= 16.77653714 - 0.061992188 - 0.035024408 - 16.67648364

=0.0030369007
1 b 5
SSpe = ; Zj ZE Y gk SS;-88.-C
1
= =(4.3042'+4.9370"+4.6248"+4.5102"+5.1702"+4.7462") - SS,, - SS.. - C
8

=16.73602103 - 0.0065473417 - 0.052565122 - 16.67648364

=0.0004249213
LNV (2
SSyp = ; Zj Zl Y il SSy -SS,-C
1
=—(6.5710"+7.2950"+6.9270"+7.4996") - SS, - SS_ - C

12
=16.71853293 - 0.0065473417 - 0.035024408 - 16.67648364 =0.0004775403
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1 d 2
SS¢p = ; Zli Zl Y 4 7SSc-8S,-C
1
==(4.1442"+4.6702"+4.7930°+5.3142"+4.5608"+4.8102") - SS,. - SS,, - C
8

=16.76720663 - 0.052565122 - 0.035024408 - 16.67648364
=0.003133455

1 b 2
SSpc = ; Zla Zj Zli Y k.. SS, =S85 -88. - 88,5788, 8S,.-C
1
—(1.9436+2.2988°+2.2202°+2.1072°+2.4022°+2.3118°+2.3606 +2.6382°+2.4046 +2.4030
4

+2.7680°+2.43447) - SS, - SS,, - SS_ - SS,, - SS,. - SS,. - C

AC ~ OOBC

= 16.80594887 - 0.061992188 - 0.0065473417 - 0.052565122 - 0.000510907 -
0.006735305 - 0.0004249213 - 16.67648364

= 0.000689445
! b §d 2
SS e = C_n Z? Zj Zl Y il SS, - SS3-88,-88,5-88,,-88;,,-C
1
==(3.10727+3.3554’+3.3060"+3.5152"+3.4638°+3.9396 +3.6210°+3.98447) - SS, - SS_ - SS,
6

-SS,5-SS,,-SS,,-C

AB ~ ©PAD T POBD

= 16.78418517 - 0.061992188 - 0.0065473417 - 0.035024408 - 0.000510907 -
0.0030369007 - 0.0004775403 - 16.67648364

=0.000112241
1 d 5
SSACD = ; Z? ZE Zl Y ikl SSA - SSc % SSD 1 SSAC - SSAD - SSCD -C
1
—(1.8852°+2.1656 +2.2688 +2.4322°+2.2592°+2.2728°+2.2590°+2.5046 +2.5242°+2.8820°
4

+2.3016+2.5374°) - SS, - SS. - SS; - SS,. - SS,p = SS¢p - C

AC = PPADp T PV cp T

= 16.84145757 - 0.061992188 - 0.052565122 - 0.035024408 - 0.006735305 -
0.0030369007 - 0.003133455 - 16.67648364

=0.0024865513

Syp == Ty T T V55, 55,55, - 55,55, 55,
=i(1.991224—2.31302+2.30582+2.63122+2.27402+2.35082+2.15302+2.35722+2.48722+2.68302
+2.2868"+2.45947) - SS, - SS.. - SS, - SS,. - SS

SS.,-C

BD ~ X°cD

= 16.77666661 - 0.0065473417 - 0.052565122 - 0.035024408 - 0.0004249213 -
0.0004775403 - 0.003133455 - 16.67648364

=0.0020101817
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! b d 2
SSABCD = ; Zla Zj Zi Zl Y ikl ~ SSA - SSB - SSC - SSD_ SSAB - SSAC - SSAD - SSBC - SSBD -

SScp = SSac - SSann” SSacy” SSacp C

D~ PPABC

1
—=(0.8748°+1.0688 +1.1148°+1.1840°+1.1176 +1.1026 +1.0104°+1.0968 +1.1540°+1.2482°
2

11416 +1.1702°+1.1164°+1.2442°+1.1910°+1.4472°+1.1564°+1.2482°+1.1426 +1.2604°
+1.3332°+1.43487+1.1452°+1.2892%) - SS,, - SS,, - SS. - SS, - SS,; - SS, - SS,, - SS,. -

SSBD - SSCD - SSABC - SSABD_ SSACD_ SSBCD_ C

= 16.8547339 - 0.061992188 - 0.0065473417 - 0.052565122 - 0.035024408

0.000510907 - 0.00673505 - 0.0030369007 - 0.0004249213 - 0.0004775403

0.003133455 - 0.000689445 - 0.000112241 - 0.0024865513 - 0.0020101817
16.67648364
=0.002504007

SS,... =SS, - SS, - SS, - SS.-SS, - SS,s - SS, .- SS,p - SSuc - SSup - SScp = SSanc - SSann”

SS

Error

SS SS

ACD PPBcD” PPABCD

= 0.182043599 - 0.061992188 - 0.0065473417 - 0.052565122 - 0.035024408 -
0.00510907 - 0.006735305 - 0.0030369007 - 0.0004249213 - 0.0004775403 -
0.003133455 - 0.000689445 - 0.000112241 - 0.0024865513 - 0.0020101817

=0.003793084
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- . . Aol A
nilsilsu o R fasaed fasaed
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%3917 (B) | 0.006547 0.006547 41.42 0.000*
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AC 2 0.006735 0.003368 21.31 0.000*
AD | 0.003037 0.003037 19.21 0.000*
BC 2 0.000425 0.000213 1.34 0.280
BD | 0.000478 0.000478 3.02 0.095
CD 2 0.003134 0.001567 9.91 0.001*
ABC 2 0.000690 0.000345 2.18 0.135
ABD | 0.000112 0.000112 0.71 0.408
ACD 2 0.002487 0.001243 7.87 0.002*
BCD 2 0.002010 0.001005 6.36 0.006*
ABCD 2 0.002504 0.001252 7.92 0.002*
ANUHANAIA
24 0.003793 0.000158 - -
(Error)
TGERE
47 0.182044 - - i
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111: Montgomery, D.C., 2007.
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Probability of accepting the hypothesis
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A1399 9.1 TOYANINAADIIAINTADUAUOIADIAINTZAY (IWAHIY)

1 0.577 0.573 0.571 0.602 0.683 0.598 0.587 0.589 0510 0.601 0.523 0.584
2 0.565 0.562 0.555 0.582 0.676 0.590 0.563 0.585 0.502 0.589 0.519 0.551
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Sample Size | X-bar chart constants |for sigma estimate| R chart constants 8 chart constants
() A2 A3 dz D3 D4 B3 B4
2 1.880 2.659 1.128 0.000 3267 0.000 3267
3 1.023 1.954 1.693 0.000 2.574 0.000 2568
4 0.729 1.628 2.059 0.000 2282 0.000 2266
5 0.577 1.427 2326 0.000 2.114 0.000 2.089
6 0.483 1.287 2534 0.000 2.004 0.030 1.970
7 0.419 1.182 2704 0.076 1.924 0.118 1.882
8 0.373 1.099 2.847 0.136 1.864 0.183 1.815
9 0337 1.032 2970 0.184 1.816 0239 1.761
10 0.308 0.975 3.078 0223 1.777 0.284 1.716
11 02853 0.927 3.173 0256 1.744 0.321 1.679
12 0.266 0.886 3258 0283 1.717 0354 1.646
13 0.249 0.850 3.336 0.307 1.693 0382 1.618
14 235 0.817 3.407 0.328 1.672 0.406 1.594
15 0.223 0.789 3472 0.347 1.653 0.428 1.572
16 0212 0.763 3.532 0.363 1.637 0.448 1.552
17 0.203 0.739 3.588 0.378 1.622 0.466 1.534
18 0.194 0718 3.640 0.391 1.608 0.482 1.518
19 0.187 0.698 3.659 0.403 1.597 0.497 1.503
20 0.180 0.680 3733 0.4153 1.585 0.510 1.490
21 0.173 0.663 3778 0.425 1.575 0.523 1.477
22 0.167 0.647 3.819 0.434 1.566 0.534 1.466
23 0.162 0.633 3.858 0.443 1.557 0.545 1.455
24 0.157 0.619 3.893 0.451 1.548 0.555 1.445
25 0.153 0.606 3.931 0.459 1.541 0.563 1.435

111: Montgomery, D.C., 2007.
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(p) = 0.05
df 2 3 4 5 6 7 8 9 10
1 18.0 27.0 32.8 37.1 404 43.1 454 474 49.1

2 6.08 8.33 980 | 1088 | 1L73 | 1243 | 1303 | 1354 | 1399

3 450 5.91 6.52 7.50 8.04 B.48 B.85 9.18 9.46

4 3.93 5.04 576 £.29 6.71 7.05 7.35 7.60 7.83

5 3.64 460 5.22 5.67 6.03 6.33 6.58 6.80 6.99

6 346 434 490 5.30 5.63 5.90 6.12 6.32 6.49

7 3.34 116 468 5.06 5.36 5.61 5.82 6.00 6.16

8 1.26 104 453 480 5.17 5.40 5.60 5.77 5.92

9 3.20 3.95 441 476 5.02 5.24 5.43 559 5.74

10 3.15 3.88 433 4.65 491 5.12 5.30 5.46 5.60

11 3.11 3.82 426 457 482 5.03 5.20 5.35 5.49

12 3.08 3.77 4.20 451 475 4.95 5.12 5.27 5.39

13 3.06 373 415 445 169 488 5.05 5.19 5.32

14 3.03 370 411 441 464 483 4.99 5.13 5.5

15 3.01 167 408 437 459 4.78 494 5.08 5.20

16 3.00 365 405 433 456 4.74 490 5.03 5.15

17 2.98 3.63 402 430 452 4.70 4.86 4.99 5.11

18 2.97 361 400 428 449 4.67 4.82 4.96 5.07

19 2.96 3.59 3.98 435 447 4.65 479 492 5.04

20 2,95 3,58 1.96 423 445 4.62 477 490 5.01

24 2.92 3.53 3.90 417 437 454 468 481 492

30 .89 3.49 3.85 410 430 4.46 4.60 4.72 482

40 186 344 379 4.04 423 4.39 452 463 473

60 2.83 340 374 3.98 416 431 444 455 465

120 2.80 136 1,68 3.92 410 4.24 436 147 456

0 2.77 331 163 3.86 403 417 429 139 147
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131990 .1 ANAIN HSD (719)

117

) = 0.01
df 2 3 4 5 6 7 ] 9 10
1 900 | 135 164 186 202 216 227 237 246
2 13.90 | 19.02 | 2256 | 2537 | 2776 | 2986 | 3173 | 3341 | M9
3 B.26 | 1062 | 1217 | 1332 | 1424 | 1500 | 1565 | 1621 | 1671
4 6.51 B.12 9.17 996 | 1058 | 1L10 | 1154 | 1192 | 12.26
5 5.70 6.98 7.80 8.42 8.91 9.32 9.67 9.97 | 10.24
6 5.24 6.33 7.03 7.56 7.97 B.32 861 8.87 9.10
7 495 5.92 6.54 7.00 7.37 7.68 7.94 8.17 8.37
8 475 5.64 6.20 6.62 6.96 7.24 747 7.68 7.86
9 460 5.43 5.96 6.35 £.66 6.91 7.13 7.33 7.49
10 448 5.27 5.77 6.14 £.43 6.67 6.87 7.05 7.21
11 439 5.15 5.62 5.97 £.25 6.48 6.67 6.84 £.99
12 432 5.05 5.50 584 6.10 6.32 6.51 6.67 £.81
13 426 4.96 5.40 5.73 5.98 6.19 637 6.53 6.67
14 411 489 5.32 5.63 5.88 6.08 6.26 641 6.54
15 417 | 484 5.25 5.56 5.80 5.99 6.16 6.31 6.44
16 413 4.79 5.19 5.49 5.72 5.92 6.08 6.22 6.35
17 410 4.74 5.14 5.43 5.66 5.85 6.01 6.15 6.27
18 407 | 470 5.09 538 5.60 5.79 5.94 6.08 6.20
19 405 467 5.05 5.33 5.55 5.73 5.89 6.02 .14
20 402 164 5.02 5.29 5.51 5.69 5.84 5.97 6.09
M 3.96 455 491 5.17 5.37 5.54 5,69 5.81 5.92
30 3.89 4.45 4.80 5.05 5.24 5.40 5.54 5.65 5.76
40 3.82 4.37 470 493 5.11 5.26 539 5.50 5.60
60 3.76 428 4.59 482 499 5.13 5.25 5.36 5.45
120 3.70 4.20 4.50 471 487 5.01 5.12 5.21 5.30
a0 3.64 412 440 460 476 488 499 5.08 5.16

N1 www.stat.wisc.edu/courses/st571 -ane/tables/tableQ.pdf.
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N3N 1 MINATOUNAININDVAUDIVOIULYTINTENUEUAINAF 18
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One-way ANOVA: Average versus A

Source DF 88 S F P
A 1 A.01879 9.M18790 B_.72 6.887
Error 22 BA.847hYy B_AB216

Total 23 B.86623

S = @.84644 R-Sq = 28.38% R-Sq{adj) = 25.12%

Pooled S5tDev

Pooled 5tDev = B.84644

Tukey Simultaneous Tests

Response Uariable fAverage

All Pairwise Comparisons among Levels of A
A =1 subtracted from:

Difference SE of Adjusted
A of Means Difference T-Ualue P-Ualue
2 8.85597 a.e1152 4 _8%56 a.88m

Level H Hean stbey 4+ o
1 12 0.53443 0.85249 (- ®———————— 3
2 12 0.59848 0.83946
- PR —
a.518 a.548

Individual 9%% CIs For Hean Based on

N e
(-===-- *omommee )
e e
8.578 8.6068

SERLYING: A = $I0YVOIRYINATOU UszNoURY 2 53AU A
: 2 A
1 = %29918A31 18-39 1)

2 = %D IYAIA 40-60 1
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One-way ANOVA: Average versus B

Source DF 55 MS F P
B 1 0.88528 a.@68528 1.91 B.181
Error 22 0.86895 A8.00277

Total 23 B.086623

S = 8.85264 R-Sq = 7.97% R-Sq(adj) = 3.79%

Pooled 5tDev

Pooled S5tDeuv = B.852464

Tukey Simultaneous Tests

Response UVariable Average

All Pairwise Comparisons among Levels of B
B =1 subtracted from:

Difference SE of Adjusted
B of Heans Difference T-Ualue P-Ualue
2 8.829647 a.a1152 2.574 B.8186

Individual 95% CIs For Mean Based on

Level H Hean sthey ————4-———————- o o -
1 12 9.54758 B.85482 (- Hm—— )
2 12 8.57725 8.85835 (- ¥
—_————————————— Fm————————— Fm————————— ———
a.525 a.55a a.575 a.onn

CoINE: B = 590 Tumsnaaen Uszneunie 2 seau Ao
1 = %39NA193% 1981 12.00-13.00 .

2 = ¥2U8U 19871 19.00-20.00 U.
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One-way ANOVA: Average versus C

Source DF 35 MS F P
[ 2 A.82782 8.M1351 7.23 0.884
Error 21 0.83921 @8.880187

Total 23 B.86623

§ = B8.84321 R-Sq = 48.79% R-Sq{adj) = 35.15%

Individual 95%% CIs For Mean Based on
Pooled StDev

Level H Hean stbev - o o o +-
1 8 0.51883 0.85796 (-——————- ¥—————— 3
2 8 0.59913 0.0448Y4 {(————- ¥ ————— 3
3 8 0.57018 0.81522 {(————- ¥ 3
———————— - — — — 3 —
6.520 8.560 0.600 0.640

Pooled 5tDev = 8.84321

Tukey Simultaneous Tests

Response Uariable Average

All Pairwise Comparisons among Levels of C
C =1 subtracted from:

Difference SE of Adjusted
G of Heans Difference T-Ualue P-Ualue
2 g.a8118 a1 L_7hb a_eam
3 a.a5288 a.e1u11 3.690 a.aay2

G = 2 subtracted from:

Difference SE of Adjusted
G of Heans Difference T-Ualue P-Ualue
3 -8.82982 a.81411 -2.8506 B.1261

1 [ 9 @
FERNING: C = TuowruNUay Usznauaiy 33591 ﬁ’f]
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One-way ANOVA- Average versus A

Source DF 85 [ F P
A 1 A.84624 B.84624 2944 0_008
Error 22 B.83455 @.80157

Total 23 0.68BA79

S = 0.83963 R-Sq = 57.23% R-Sq(adj) = 55.29%

Individual 95% CIs For Mean Based on
Pooled S5tDev

Level H Mean sthey -———#-————————— Fo— Fo— o
1 12 8.57255 0.83260 (-————— ®————— 3
2 12 0.66833 0.84559 (- ®————— 3
———t————————— t———————— t———————— +—————
a8.568 8.595 a8.638 8.665

Pooled 5tDev = B.83963

Tukey Simultaneous Tests

Response Uariable Average

All Pairwise Comparisons among Levels of A
A =1 subtracted from:

Difference SE of Adjusted
A of Means Difference T-Ualue P-Ualue
2 B.0B778 B.0886816 14 .59 0.0888

SENLYING: A = $I90YVOIRYINATOU UsznouRIe 2 53AU A
: 2 A
1 = %29918A31 18-39 1)

2 = %D IYAIA 40-60 1
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One-way ANOVA: Average versus B

Source DF 55 ME F P
B 1 8.08174 B8.08174 B8.49 B8.493
Error 22 8.87984 0.88359

Total 23 0.880679

S = 8.05994% R-Sq = 2.16% R-Sq{adj) = @.00%

Individual 95% CIs For Hean Based on
Pooled 5tDev

Level H Mean 5tDhev = - - -

1 12 B.608792 B.B6447 (———- *——— ]

2 12 B.62497 @.85504 (———- *——— ]
- - - +————-
a.575 a.6con 8.625 a.650

Pooled 5tDev = @8.08599)4

Tukey Simultaneous Tests

Response Uariable fAverage

All Pairwise Comparisons among Levels of B
B =1 subtracted from:

Difference SE of Adjusted
B of Means Difference T-Ualue P-Ualue
2 a.e1785 B.0886016 2.834 8.8186

soeva: B = 52anarluninaaey Uszneunie 2 seau Ao
1 = %290A1974 1281 12.00-13.00 .

2 = $2U8U 1987 19.00-20.00 U.
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One-way ANOVA: Average versus C

Source DF 55 s F P
[H 2 0.82868 0.801434 S5.78 6.8010
Error 21 8.85211 0.060248

Total 23 0.068879

S = 8.04981 R-Sq = 35.56% R-Sq{adj) = 29.36%

Pooled S5tDev

Pooled StDev = B.84981

Tukey Simultaneous Tests

Response Uariable Average

All Pairwise Comparisons among Levels of C
C =1 subtracted from:

Difference SE of Adjusted
G of Heans Difference T-Ualue P-Ualue
2 g.@8058 8.887369 18.92% a.aa6a
3 a.81758 8.887369 2.37% a.8694

C = 2 subtracted from:

Difference SE of Adjusted
G of Means Difference T-Ualue P-Ualue
3 -0.86300 6.867369 -8.550 8.00008

Individual 9%% CIs For HMean Based on

Level H HMean stbey -———#-————————- o o o=
1 8 0.58378 0.84685 (--——————- E———————— J
2 8 0.66428 0.86171 (-~ ®———————— 3
3 8 0.68128 0.083892 (-~ E———————— J
—_———tt————————— F————————— F————————— ————
8.568 8.688 8.648 a8.688

1 [ 9 @
FERNING: C = TuowruNUay Usznauaiy 33591 ﬁ’f]

1=7a1

2N
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Assessment of Working Posture in Frozen-Cooked-
Chicken Handling Task
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Abstract—Frozen-cooked-chicken industry plays an important
role on ec ic develop in Thailand. This industry
requires workers to perform manual materials handling task
which can lead to work-related musculoskeletal disorders
(WMSDs). The objective of this study was to assess working
posture associated with discomfort of workers in production
lines. Nine workers performed their task by pushing heavy
trolley and scooping frozen-cook-chicken in the trolley and
placing on the workbench. The questionnaire was used to obtain
discomfort level placed on different body parts of the workers.
Eight workers reported discomfort placed on upper and lower
back area. The OWAS (Ovako Work Assessment System) was
also used to assess worker postures on back, arm and legs. The
results from this study can be used to improve work method of
the workers.

Keywords-working  posture;  work-related  musculoskeletal
disorders (WMSDs); frozen-cooked-chicken handling task.

I.  INTRODUCTION

Frozen-cooked-chicken industry is one of the most
important businesses in Thailand. It was reported that the
value of frozen-cooked chicken export was 57,114.43 Million
Baths. Furthermore, the demand in this type of food has been
substantially increased. This type of industry involves several
steps of basic operations such as chicken cutting, deep frying,
packing and handling. Therefore, it still needs human to
perform repetitive task associated with strenuous working
posture and movement. Furthermore, when combining with a
heavy physical workload, it can lead to work-related
musculoskeletal disorders (WMSDs).

WMSDs are recognized as a major cause of worker
disability and absenteeism in many occupational groups [1]. A
large number of inflammatory and degenerative conditions
influencing muscles, tendons, ligaments, joints, peripheral
nerves and blood vessels are found in these disorders. WMSDs
have primarily impact the low back, neck, and upper limb [2].
Based on Thai Social Security Office, work-related injuries
common to construction workers and food industry worker
were musculoskeletal disorders caused by materials handling
task. Physical risk factors of WMSDS included posture,
manual handling high peak load, static load, vibration,
repetitive work, contact stress, speed of movement [3].

To solve the problems of health and safety of the workers,
it is necessary to find efficient methods to assess the extent of

Copyright of this paper belongs to the author(s).

risk exposure. Questionnaires and interviews are common
active method to identify the occurrence of symptoms related
to WMSDs among workers. Furthermore, the work factors
associated with WMSDs are also evaluated using
questionnaires [4]. The workers complaints about discomfort
and pain are usually caused by inadequate postures during
work activities. Therefore, working posture evaluation has
been widely used to identify cause of work-related injury and
obtain information for task improvement. The objective of this
study was to assess working postures associated with
discomfort of workers in production lines.

A.  OVAKO Working Posture Analysis System (OWAS)
OWAS is a method used to evaluate postural load during
work [S5]. The OWAS method is based on a simple and
systematic classification of work postures combined with
observations of work tasks. The OWAS method collects simple
observational information on worker postures (4 back, 3 arm, 7
leg) and loads (3 loads) according to a breakdown of work
tasks. OWAS analyzing system is shown below.
1) Back
a) Straight.
b) Forward back ward bending.
¢) Side rotation or bending.
d) Both rotation and bending.
2) Legs
a) Sitting posture.
b) Straight standing.
¢) Standing and bodyweight pressure on one leg.
d) Standing and bending knees.
e) Standing and one bending leg.
f) Sitting on both legs.
g) Movement and walking.
3) Arms
a) Two arms lower than shoulder.
b) One arm upper than shoulder.
¢) Two arms upper/ or on the level of shoulder.

4) Loads
a) Weight <10 kg
b) 10< weight <20 kg
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c) Weight>20 kg
These data are then standardized and the individual
activities are rated into four action categories in order of their
strain (no harmful effect, some harmful effect, distinctly
deleterious effect and extremely deleterious effect) as shown in
Fig 1. The four action codes are defined as follows:

e Action category 1: change not required,
e Action category 2: change required in the near future,

e Action category 3: change required as soon as
possible,

e Action category 4: change required immediately.
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3 — Category 3

4 — Category 4

Figure 1. Four action codes of OWAS.

II. METHOD

A.  Worker Health Exploration

Worker health exploration was carried out to identify tasks
associated with WMSDs. Based on history of health record in
the plant, the supporting workers showed the highest frequency
of medical department visit with the symptoms of body
discomfort. This suggested that the supporting worker was the
subject of this study.

B.  Observation of Handling Task

Prior to study, the task performed by the workers was
observed. For each work cycle, the worker pushed an empty
cart from the cart storage area to the tumblers, moved seasoned
chicken from the tumblers to the cart, pushed the full cart (250-
300 kg) to the chilling room and to the production line, moved
the seasoned chicken to the machine in front of the production
line, then pushed the empty cart to the cart storage area. It was
noticed that the supporting workers performed other tasks
during the day such as moving ingredients from the warehouse
to the production department, cleaning the carts. This was due
to the small numbers of supporting workers.

C. Posture Data Collection Using Video Recorder

One of the workers with highest percentage of pain or
discomfort during work was selected as a subject. Working
postures of the subject were recorded using video recorder.
The benefit of using this equipment was that recall of actual
work situations was made since it could be time consuming for
posture observation.

D. Identifv the Awkward Postures from OWAS Analysis

Results obtained from OWAS analysis were used to
identify the awkward postures. Then, body segments with
discomfort and pain were concluded.

ITI. RESULT AND DISCUSSION

A.  Posture Selection from the Original Video Image

After recording the work method, nine postures were
chosen from the original video image and placed in frames.
Fig 2 shows nine postures selected from the original video and
Table 1 illustrates the activities of these postures.

Figure 2. Nine postures selected from the original video image.

TABLE 1. ACTIVITIES OF THE SUBJECT FOR EACH POSTURE.

Postures Activities
i Subject prepared himself for pulling the cart backwards.
Subject pulled the cart backwards, while the cart started moving.
Subject tumed the cart to the right direction.
Subject stopped the cart.
Subject pushed the cart and leaved the chilling room.
Subject stopped the cart.
Subject pushed the cart to the machine.
Subject put the seasoned chicken into the machine.
Subject pushed the empty cart back to the tumbler

O 00— O e Lo
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B.  OWAS Analysis

Table 2 shows the result obtained from OWAS. It
indicated that posture 1 and 5 had harmful effect on the
musculoskeletal system and corrective actions should be done
as soon as possible. Moreover, posture 9 was assessed as
action category 2. This pointed out some harmful effect on the
musculoskeletal system and corrective actions required in the
near future.

TABLE 2. OWAS ACTION CATEGORY FOR EACH POSTURE.

OWAS Code
Action
Posture
Category
Back  Arm Leg Load
1; 2 1 4 3 3
2, 1 1 2 3 1
3. 1 1 2 3 1
4, 1 1 2 3 1
5. 2 1 7 3 3
6. 1 1 2 1 1
7: 1 1 2 3 1
8. 1 1 2 1 1
9. 2 1 7 2 2

C. Discussion

From OWAS analysis, handling task involved poor
postures and unnecessary activities. To reduce the harmful
effect of these postures, work improvement can be done as
follows.

1) Use of cart handle with proper height can reduce the
extent of back bending found in postures 1 and 5.

The handles should be placed at the elbow height of

the workers.

2) The friction between the wheel and the floor should
be improved in order to decrease force required to
overcome the full cart.

3) The layout of the cart in the chilling room should be
revised. To eliminate unnecessary activities, the cart
should be aligned such a manner that the front of the

cart faces to the gate of the chilling room as shown in
Fig 3.  Therefore, activities 2, 3, and 4 were
eliminated.

JUU
JUY

Present layout Proposed layout

Figure 3. Layout of the chilling room

IV. CONCLUSION
This study presented posture assessment of the supporting
workers during performing handling tasks. The results showed
that this task involved poor postures and corrective actions
were required. Suggestion was made to improve work method
of the workers.
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