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CAPABILITY/COGNITIVE/CONSTRUCTION SAFETY/CONSTRUCTION

WORKERS’ BEHAVIORS/TASK DEMAND

The main causes of construction accident are mostly involved with unsafe
behaviors of worker. Using a cognitive perspective can elucidate the mechanism of
human error and how unsafe behaviors are produced. This research developed two
construction accident models which based on cognitive principle. The first model
called Construction Safety Equilibrium Model (CSEM), this model applies the
conceptualization of the traffic accident process by which collisions occur. The
second model has been developed by non-linear modeling methods which namely
Construction Workers Behaviors Model (CWBM).

During the development process of CSEM, factor determination and weight of
each factor have been identified through Delphi and AHP processes. The developed
model has been verified by 100 cases of accident. The results showed that the
conceptualization of the process by which collisions occur when task demands exceed
capability unable to be applied on construction accident. Nonethel ess, determinants of
developed model have potential to explain the mechanism of on-site unsafe behaviors
but in the form of non-linear relationship.

23 task demand and 12 capability determinants have been proposed in

CWBM. These 35 determinants influence workers’ behaviors and the likelihood of



accident. The two models utilizing Logistic Regression (LR) and Artificial Neural
Network (ANN) techniques were developed as accident prediction models and the
forecasting efficiency among these two models was investigated. A total of 120
empirical cases of accident/incident were used to verify the proposed models. The
final result showed that the ANN-based model with 35-17-2 network has been
selected as an accident prediction model with 90% of accuracy. The final results
revealed that CWBM that utilized ANN technique should be placed as an accident

predictor for high-rise construction project.
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C = Capability

TD = Task Demand

CSEM = Construction Safety Equilibrium Model
CWBM = Construction Workers’ Behaviors Model
AHP = Analytical Hierarchy Process

LR = Logistic Regression

ANN = Artificial Neural Network

IQR = Interquartile Range

RMSE = Root Mean Square Error

TP = True Positive

TN = True Negative

FN = False Negative

FP = False Positive

PM = Project Manager

SO = Safety Officer

HRO = Human Resource Officer

HM = Headman

WK = Worker



= o W
1.1 7]3J1!!ﬁ$ﬂ31uﬁ1ﬂ€uuﬁllﬂ\‘]ﬂiyﬁ"l
' ) v 0 = Yy A
\111.!1’]’6]’!?(31\‘11J'igﬂfJ‘Uhl‘]Jﬂ’JElﬂﬁg‘U'JuﬂTi“VH\i'Iu“VlWaWﬂ?i'ﬁWElﬂﬁZU’Juﬂ'li ABDIUNTT
o = Y o ¥ 1 "o FY
‘IJ'H"UL‘lJﬁEJ‘HUl‘ﬂ45]'liJ"’llf)ﬂ']‘ﬁuﬂLLﬁ$ﬂ’]111ﬁf)\iﬂ1'isll’€l\uma$1ﬂiﬁﬂ'li NWﬂﬂﬂ?UHﬁﬂTWLHﬂﬁ@ﬁJiu
o 1 Y v A d' 1 [ [ Q' 9 d' a d? a A
ﬂ'lﬁ“l/l']\‘ﬂl.!\ﬂuﬂ’f’)ﬁi'NﬂﬁﬂJﬂWilﬂﬁﬂul!ﬂﬁﬂ’ﬂﬂ%ﬂﬂﬂWﬁ“L!@'Illﬁﬂ1WﬁﬁLL3@ﬁ@Nﬂlﬂﬂﬂlu%iﬂﬂﬂ
9 A A a 4%’ ] dyl o Y a A qs/l = dgl 9
Y msvﬂaauuﬂaqmﬂﬂﬁuumammwa1/11114Tamﬁiuﬂmﬂﬂqummuuquu INVBYD
aa o IS U o y o o
ﬁﬂ@]ﬂ?iﬂ33E‘T‘]J6“@]518W§6L%Hﬂ386ulﬁ6\1ﬂ1ﬂﬂ"li‘VlN"l‘LHHLL‘L!ﬂG]13Jﬂ’J”I§J§“LlLL§QLLﬂ$']J§$LﬂV]

nan151 2558 vesd1inauseaudenn (Social Security Office [SSOJ, 2015) WU

]
v A

' Y I AN o A AaAa @ 1 o
QﬁﬁWﬁﬂiiﬂJﬂﬂﬁiNLﬂUQﬂﬁ1ﬁﬂi'ill‘ﬂlli’)@lﬁﬂﬁlﬁﬂﬂf’miﬂﬂﬂﬁﬂigﬁﬁ@u@]i"m@g‘luﬂuﬂﬂ‘ﬂ

k4 Y
v a

3 50991NQATIMNITUMTVUAWAZMIANAWEEARidTIA 87 518 1N IudideFInndy
590 518 @l sTNAANSFOITNVINTOYAVDINTUADANTINY (Burcau of Labor Statistics
491 Y I ] 1Y ' I v @ Y A o 9

[BLS], 2015) Fldwiudigaamnssuaenarniusuaudoludiumsismudilszan

@ ) d;’dday Y A Aa o yddaq’,‘a”

suaswnnmMainududeiiadtoseadidedins1uau 738 510 1InveadideFInndy

@ < o 1 1191’ o A 4 1

4,693 570 11AZAAAYMTVIAIVIINMTIUVBIAUNURBAS W UTURNF W UBgAaDAA
= 9 =1 [ o [ 1 9 1 Aaa

(SSO, 2015; BLS, 2015) daugazimawamnazlivilyennuilaeadsluaneadie uaada

wAa 1 Y S v 1 @ Y Ao a d? o Y a = 09;’ an
Qﬂﬂlﬁﬂiuﬂuﬂ@ﬁﬁ\iﬂtﬂvmﬁﬂ’d\‘liﬂﬂl&ﬂ ’Q‘U@lmﬂ‘l/lﬂﬂﬂﬂlﬂ@ﬂlu“I/lﬂ‘l"ilﬂﬂﬂﬁ@(i}l}&ﬁ&l‘l/l\i“b’?@l

< 1 1 v A 1 1 { a 4 1
NMSUIAUADI1INY Msguidensnddu aasavuarldiiearsg inadiulusznitens

D

@

vAa = Y 2 1 Y A a a 1 ) us/'
ﬂigﬁﬂﬂﬂﬁmfﬂ’ﬂﬂﬂﬁﬂ Iﬂﬂ‘ﬂi%llTﬂlﬂﬁ1@31ﬂ11%%181’1lﬂﬂﬂm%1ﬂQUﬂlﬁﬂﬁluﬂuﬂ@ﬁiNuu
= 9 a o 4 A A . . .
ey 1ddszana 4% veawdasausiuiasiuveslanmei@en (International Labor Organization
[ILO], 2005)

9

uoNIINHYOYANNNINADAUTINUYOIANTFOINTMEITZY M S TeTIna1en5An
~ usz' = Yy A Aa o Y a Aa 3
NNNGITUTIAMIFEFINTIUIY 553 3189 INAABFIANIHUA 4,693 318 (BLS, 2015) 1u
1 9 3 A ~ I A
gaaHNIsunaaINiumslszaugiiamg lasmsanainngailugluuumsilszavgiiame
A Y A Aa 1 :j ~ . o = o .
‘nmwa“lmﬁam&maﬂmqmanﬂ (Huang and Hinze, 2003) Tuiueuneinu Haslam, Hide,
Gibb, Gyi, Pavitt, Atkinson, and Duff (2005) na1ni1gaamnssumsneadeluansy

v =) [ S A
DIUIVNTUTSAUNMNILTIVIN



9113911911143 2002/2003 0gNTEAV 31 % 91NTATINTABFINVINAITNINIUVDINN

gaamnIsN laeaungnanvesmsidedinnnauneainluildnanianmquinnmsan

=

1NN 46 % AOAAADINUITUIIGVDY Hsu, Sun, Chuang, Juang, and Chang (2008) N31891U

2

1 A o 1 9 3 & A o A A {
31?]1«1\111”’”’”\11“1“@1“ﬂ@ﬁ513@1ﬂ13q@lﬂu‘ﬁu\‘]sluﬁﬂ'lucl/nfn\j']uqnuﬂ’:l'luLﬁﬂ\j@l\iﬂﬁﬂmﬂq

q

Uszmaldaniu Tasdsruauaundedia 1uszri19nsHaunInn 150 auaedl 11U
o 1 a I o [ A Aa o 3 9 [ ]

gananaatudadiu 1 lu 4 veamaderIaonnmisiinunauavelszmaldniu  diu
adamslszauduasieimanmsannniigaluisemea Ineiu wuanludl 2015 Tulives

aa =

1 k4 k4
@oFIanmsaniigane 81 5189 1neoadidedinnriua 590 518 (SSO, 2015) AITIUNS

e

[ J Y

9 Y o ' 2 & A o & A A
Hﬂluullaz‘l‘}’iﬂ’lnlﬁWﬂﬂJﬂ‘]JﬂﬁiJIﬂiQﬂTiﬂi’]ﬁi"lﬂi’)Tﬂ"liQQﬂﬂlﬂﬂli@ﬂmlﬂuﬂﬂﬁi‘wmim”l

g q
4

o co & o v Aqy o A ' y A ¥
ninensuyroiwilunsnensnannldlunmsauiiumsnedsiuie 14 Insans
5 3 Ao vy o < =
dszauanudusaaunthvineide]d ad1915AaunannsAn1U99 Haslam et al. (2005)
Vo o A o a vAa J Qa}/ a @ 1
wunilenduauvandanvesmsinagiama lununeaiiaiunanndiauaunedad e
1< [ av ' Aa
iundn 9u390v09 Health and Safety Executives [HSE] (2002) ldagiwaiimganssuves
3 I [ a wvAa [ qgj Ao .
auuiuugumananueInnaguAMAD 80% HazuINNINIUIIUITEVN Kaila (2011)
4 ] v
WU 80-95% wpsgiiaiaudlowInNgAnssuazmsnszin lilasase dredoya
aanandeh ldinannuauldanganssuvesauanuluszriemsiau Iaenganssums
b4 1 [ 1
AuvesauuiulianyuengaAnssumM It OudeInegliam Ao 191NULTINAALIN
F4 1 1
dhenSmisuazanugaa vz vesAIAUIUEY uazuInnIiraranauaulds1aie

a I A

@ A a o Y3 d?’ ! 0 Y va Y
‘IJ‘i‘UL“]JaEJuWiWIﬂii11ﬂ15ﬂ1ﬂ1u1ﬂli’3ﬂlu‘ﬂuﬁ\1Wﬁ‘lflﬂ?i‘Lﬂﬂf)‘ﬂ@ll“ﬁ@“l NABDIVANANINATULLTI

E} q

9 9
Ja a R 1

[ 1 A Ay [ o Y3 d? A o Yya 9
aasuverhenanidean1ss 19n31MIMu iy aaumsaiiinavuauiihliinede
o Y o ' o a o Y Y w Y o ' o
Jaudaduserinannyutaeadouarmsnaa vaz Iaena ludvevaudadenanlussesdu

a 4 a 3 [
umsud lvTagduseamsnaadlundn (Reason, 1990)
$19D9UIT8Y04 Rasmussen (1997) N I@tiuduoyUIIa09NgANTTUMITNUYD
B a = a qul = a 9 9 a A ~ @
ALUFIEINIaeTuwdImsiauauiuininganssuin lndve uivadse@nssmneeusy
1 Y
1@ammiin (Boundary of Functionally Acceptable Performance) TﬂﬂWQ@ﬂiiNﬁﬂﬂﬁW?ﬁulﬂﬂ
[ Y o % <3 1% 1 a
NUTINAFUTDIAT TAILITINAAUAILTANABUIINAAUIIANI8UTHIT (Management
A A Ay A a a o ' a 9y Iy
Pressures) 1HI309MINAANADINTINNLTEANTMNANTINNY LavaziReIfUALIUNADINS
{ & o I A ]
T¥nnugaane ldiooNqa (Tendency for Least Effort) davilidumsimumiszauliun

AUNUIUN TAITLHINMTIINUAUNIUIENIDIUAUNIFDINUND NI A1U1T0 Neos ]

A a < 1 1 A 1 Y A a Y Y ~
mmqmamzmammmiummwvl”lammiﬂi]zﬂaﬂwaaﬂmmimﬂ%mm‘wumﬂwuaamm



'
[ =

o Ay VS Y A v 1 a a A o 9 Y A
paansnlanadrenumsnaouind ligueuvalszaniamneeuiv ldawmihnlag
Y wa A < Ay @ J < 1 9) Y 9 a A
oaTuiid e lsnamundwveuwadinang luaunsadounduind anudawaianioe

< a 42‘ v A
WMANICNAVUNUN (Rasmussen, 1997)

Y Y

NANN1IUDY Rasmussen ﬂ’u’aguuﬁugmmammmiuwmﬂmm1 (Cognitive System
. . £ Y o @ v v A A Aq Y
Engineering: CSE) #aldanuddgiuanyuzmmzyesszuuau miosdlonls nalnuesan

a A ' v A a o <3| Y
pazusunvesnundiwadenisanauls wganssunmisiiau uazanwnidullldves
Y Aa Y ' A a dg’ 79 YA Aa
VOHANAIANADATUANINANINAIAI) TAAYY (Fuller, 2005) N135152gnA1HIAINTTUNNT

Y H H
Pyanlumssanmsanuiasadeiivedluauniianudesgaaz ddududousu auens
! o a 4 1 1
11 MUNEINVFYNN U RGeS taznuugaamnisunll daulugaamnisunediig
g o J [ [ ' (% {
UU Saurin, Formoso, and Cambraia (2008) "l,é’fmmiﬂizqﬂmi%’waﬂmimﬂanuazmmqwaﬁ

9 Y
mavuannanssuanulasaneluyuyesvesdmnssunnsilyganounaldunzii Tome

a 9 o [ J Y Aa o dy @ [
lumsfeAuszuumstamsanuaeasslununeaiunivanmsnugiumudlavdnves
=~ A £ Y A ' a Y o o g
Aenssunnsilynr ¥9ldun anundandu mMFoud tazauaseniin (Flexibility,
Learning, and Awareness)

! P Yy  a = A o ' o Yt
uneaddsznenlddrennssuiivarnnaronazisiuaunin dawasinliil
) 1 a d‘ Y Y 1Aa va d? Y =
nszvrumshanlusaazfanssuie liauan ladidawmnnau e waveanisanun
J < ' ] I { v o o
yo4Anderson  (2010) F1viviuar hifianuniuld1diaefingdosduniedonuziiiniu
v v
Yavafelununeadnazdw130AT0UAQUNNNTZUIUNMTHTBNNTUADUMTHINUTAUIY

A o P~

v = v Y o o o
L‘ll']ul“lJLﬂEJ'JsUfJ\i ﬂuﬁWH@l@ﬂiUN@ﬂ‘ll“Vlﬂﬂ'J']iJ!.ﬁTENTHﬂWTVIN']uT@EJ@]’JEU'ENLEIHL’ENLLﬁg‘lJiWﬁ%']ﬂ

q

4
Auasesninngdeotsdunazfmuziiinnuilasanenieg tazunniuszUUNMTHIOU
1 9 AN o m 9y o o Y 9 a wua o 3 2K o
noadwnlanyue lildmuldauanude sl jiaawnszuaumsmsiiaugnduaou 39
Idauauiisasz lumsaadulalunsUgiiaaiu (Mitropoulos et al., 2009) ildfigoeinald
v A A o A Aa A 9 Y A [ .
aunudaduluneduasnnangavosauosnelagnimadounidunuunadn (Saurin et
£ 9 E&Y 1 o Y =2 A a 9 Y a A A
al., 2008) Famelagniumsaiainai iaunudsinganssuinlnaveualseansning
gouiu ldmunihiuaziavednieldveuuavesnuAanain (Emror Margin) Aaoaial
Y o o o " Y o & A °
mseenngiotiauuazuTeueanulasanslununeanaiwiuisinisnivua
“NnAnssuNtasAfe” (Mitropoulos, Abdelhamid, and Howell, 2005) tite Ifiauauiinganssu
A Aa A ~ o 9 9 ~ [l < v A a d? =X
Nvgeennnveuvallszansanneeusu ldmumin eg1elsnauusanasuiinayunding
[ Y Y =3 [ U [N ] a d'd 1Y Y =
panauauuld lUdsveulwadsnaeguay nazmsiimsiannnsdiuma TuTadns

4

' v o o ' Y Aok o q ¥ =
ﬂﬂﬁﬁTQLLagﬂ”ﬁW@lu1ﬂ31uﬂ31llﬂaﬂﬂﬂﬂlu@TUﬂﬂﬁﬁ”l\ﬂ/]ﬂsl]u (Everett, 1999) ‘Vn(l‘ﬂﬂLN”Iull



9

I ~ a o A v A o AR 9 Y
msdsulasunganssumsmaumerarsennulasansniauavuuaz weren Ing
a A ~ (% 9 9 A [} Y 1 A a d? 9 (%
youtalszdniamieeusuldamwmihndngune Usingnissiasnaninaiiundeny
PEIPN d? aov 9 va ~ 1 =S [
Usingmsainmnavyuluanuidensnugiiamegnnsnges anuduna lulaganuiasany
@ 1 [ [ 4 [ { [
Tugrunmirug lagniannaasanaaaiunieaiuraansvesnnulasansnaianiell
(Fuller, 2005)
9 S Ao y A A A Yy o
1139919 VUNIDUUTUNANHUSTNINULIAQOUNATDUNAADAIAIAAYNUNIT
asuutlasanimiadenluaunea’a wuUs1aed Task Demand-Capability Interface: TCI
H Y
Y09 Fuller (2005) latauendnmsinagliamiquuiesnuuiinsninagliamguiumaninin

o o o 1 s
ﬂ’J"IiJE‘T?JWHTJ’i$W"J"Iﬂﬂ'J"Illﬁgljﬂﬂﬂ1§5Ui’JQ\‘]"lu (Task Demand) uazmsﬂszqﬂ@mmmmm

=

(Applied Capability) lumisaruauerumiruziive liiaunisedislasans we'lsiaiu

Y ° ' Yo A Yo Ag MY 1Y A
ADNNITUDIITUAININAIIUTTIUITDUDINULY Z\}"U‘]Jﬂlﬂﬁ]%ﬁ"lll"lﬁﬂﬂ’J‘]Jﬂllﬁﬂ”luﬂTiﬂ!llﬂ LUADIN

Y

1 <3 1 o a & [
ﬂ'TI?Ji?]}f’Nﬂ"liﬂl’f]\‘]\111!@1\1ﬂfﬂﬂfl"lllfﬁll15ﬂﬂ"ﬂ8ﬁ\iWﬂWTiﬁ!ﬂﬂﬂ"ﬁqmﬂlaﬂﬂiiﬂ'ﬁ]ﬂﬂﬂ“ﬁﬂ@”ﬁ]ﬂzﬂﬂl

i1 4
1 A a =K

Y a a & A = 4 v v = 3
‘lﬁlﬂﬂﬂ”ﬁﬂ31/]36“@\181u‘Wﬂn’iuglﬂﬂﬂluﬁj'ﬂ@]ﬂﬂglﬂﬁ?ﬂﬂ1ﬁﬂ!f‘)fﬂ NOULVTUTITDITUANDNINAUVUUN

k4
o

¥ 3 ~ o I Y o Ao A Y A
18 o9 lsfiawTunmsnegSnsimsargueorumiiuz 19 Iddusuilunddvazdosinig
o Y A a & Y ) A Ao 1w Aq Y
MansainNuAeInsvesnunazinaiu ldsdugnAsaieniugnuanuawsanldlums
VVVOIUNVZ TN
Mitropoulos and Cupido (2009) ldtinaueunyuiiassanuiasadsluanuneaiah
v W 4 J Y A ~ oﬂj Y o ~
pAAIANUANTUT Tz nINANUARINTVoIN MU Taithvanenas 13 Auanuaiuised
o 1 o o % 1 g [ o
Uszgnaldlusznineamsninu Tasuuuiiaosninaninug L uurann1veUs1ae
Task Demand-Capability Interface: TCI ¥94 Fuller (2005) 73 oudy laviinsnaasaldauly
nguALIIU InTIMIneds 19 Insanaenthuine ded uau 2 NN FuaaIdadnenInueIn1s
o o 1 1 Qsll L .. <
i liszgnaldluauneadie tagannna1niy Mitropuolos and Namboodiri (2011) 'l
a 9 a a a’/‘ 1Y a = 9 d‘ A
U520 UANMUADINTUDINUYDININTIUAANINAIAALNINTTUMNABUNI A Iae]HAToI0
a b I~ 4 { @ a
U520 NUA09MTV0I91U (Task Demand Assessment: TDA) Fuiluasosiionleialsua
= a ' F I J 9 o [ aa
ANuIAgaveanInTIuunead wuaztlulse Temiludumstamsanuilasass msziia
A Y} ' ) A o A A ' v ° v
Younnuasarzgnlianuauleneuinunniednasnietsinmai lagniuaueliny
< [ 1 3 a A °
MU (Le Coze, 2015) ugingnd lsnaumsisziivilsuannuaivise lumsiiauvesnuau
Y
indalildgnilszitiulunuisedinan
9 [

{ J < ' a 3 [
AIYNANAN N ﬁﬂanm%néfu Lmﬂﬂﬁ’mmmqmﬂﬁmamuqmuuﬁaﬂymxg%ﬁ

' Y v
Tndanuaea08190a TuAnasAT2e2aIN1THIINY S3TUILULI1a09NAIAITANIITUD



] 1 o i o a o 1
ﬁ'ﬁuﬂﬁ%ﬂ@'ﬂ@ﬂ\i‘] GU'E']\‘]\ﬂuuagﬂ'ﬂllﬁﬁﬂiﬂcluﬂ']ﬁ/l'N'luﬁﬁ\iNﬁﬂ11ﬁlﬂﬂﬁﬂ1uﬂ15ﬂ!ﬂﬂﬂa13
& [ a a :/l 1 9y 9 = a A d?’ 9
"‘IN‘]Juﬂ'ﬂﬂfﬂ‘i“llf)\ﬂﬁ?ﬂ'iillWVIﬁ‘]Jﬂluﬂlﬂuuﬁ'm'l'if]“]f')flclﬂl'ﬂL“ll'li%ﬂ\?Wi]ﬁﬂiﬂJ‘Vl‘]J'i']ﬂ@]ellu"lﬂ
5 oA a 1 Y = v o = A
SITLERRE Llﬁgﬂ151’l\1'luﬂf)ﬁ§'l\‘lllﬁﬂ1wLwﬂaE]llGUENﬂ']'i“VI"I\ﬂ‘L!L‘]_Iﬂﬂullﬂﬁ\‘lllﬂﬁ'mlﬂﬂullﬁll
Y o 1 o A [ 1 o Y =
Ellf]ﬂ'lﬁuﬂ‘llf)\‘llmﬁﬁjﬂﬁ\‘]ﬂ'liLL@Z@TE‘I'I‘Wﬂ'lﬁT]"IQ'IuVILTJuLL‘U‘UWﬂ'JGI EJf]iJ“VIﬂWﬂ’NiJLﬁENGluﬂTi
BZ t:' 9 [ :’I =2 9 = Y a A

ﬂizauqmmmﬂaﬂuuﬂmmu"lﬂma PNUUIIAITADINNITIANTITIUINIIITUYANAT IO

Y ¥ Y Y Ay Yo a A4 3
LlﬁQQ'Iuﬂ'E]ﬁi'NjﬁlﬂiJ'lzﬁﬂJﬂUﬂ'J'lllﬁ'l?J'liﬂLl,agﬂ’.]'liJ@]'E]\‘lﬂ'li‘]J@\N'luVIvlﬂﬁﬂl}Jﬂ%ﬂU RTRISIAT

[ A a L2 9y A ao dyd 9y ~ @
ﬂ'liﬁﬂE]@li'lﬂ'J'liJL’fffJ\‘lbl‘Llﬂ?ilﬂﬂ@qﬂ@tﬁi{]ﬁﬂiﬂﬂ'lﬂﬂﬁfﬂ Iﬂﬂ&lu\‘ﬂu’lﬂﬂui]ﬂllﬂWEJ'lfJ'liJTIiWWﬂlu'l
A A A 1 9/9/dl a oA A A 9 o [V ' k)
Lﬂi'ﬁ]\ﬁJE]LWE]"]f’JEJ(lﬁI?J‘VI1J;]UGN1L!‘VllﬂEJ’J‘lJ’ENﬂiJﬂ1ii]ﬂﬂ"lill,i\N"Iuiuiﬂiﬂﬂ'liﬂ'ﬂﬁiﬁﬂ'lﬂ'ﬁq\i
9
o a va 1 o o o Il
lﬁ}ﬁ'liJ'ﬁﬂVI'ILﬂEJTﬂﬂ1ﬁ1uﬂ"ﬁLﬂﬂQU@]Lﬁﬂﬂl@Qﬂuﬂiullﬁﬂgﬂu W%)’E]N‘I/Nflﬁlﬂuﬂ'lﬁ"lﬂﬂﬁﬁﬂﬁ
o a @ 9 v = a A

EJ‘VI‘ﬁ1Hﬂ'liiJﬁ‘Vi"liﬁ]ﬂﬂ"lill,i\NTL!llﬂﬂEJNLﬂiJ'IzEﬂJLLﬂmJ‘iJi%ﬁVITJﬂ"IW Tﬂﬂﬂﬁ'lﬁi]'lﬂﬂ'lﬁﬂﬁzﬁ‘ﬂ

Q

Y Y v
atiamia Taensouanuaaddeluasel amnsouaad laaanIng 1.1

Q q

A a aw
g‘]J‘VI 1.1 NIDUANUANIIY

k4
I o o o a EZN a o
ﬂ'liﬁﬂkl'Iﬁl‘l]uﬂ'liW@Jlu‘llLll‘Ui]'IE‘]E]\WI'IM'IEJﬂ'IiLﬂﬂQTJmWﬂi]'IﬂWE]ﬁﬂiillﬂ'li‘Vl'N'l‘L!"lJ@\‘i

Pl Y

1 9
auuneadweIn1sge Taslinundraeeignianniuuiue 2 uuudiaes Neaes



Y 1

LLU‘UﬁTfﬂ’ENfJg“]Ju‘ﬁuﬁWusllﬂﬂﬁﬁﬂﬂWi?ﬁﬁﬂﬁﬁNﬂ‘WﬁﬂfQi}ﬂ Gd]ﬁﬁWﬂJWiﬂﬂﬁUWﬂWﬁﬂﬂWiﬂ?TNﬂﬂ

1 A a o 9 1A

GUEN‘ﬂlNTL!ﬂ@uﬂﬁ]gllﬁﬂ\iﬂﬂﬂuflugﬂmﬂﬂwQ@]ﬂﬁillﬂWiVlN'lullﬂlﬂu@ﬂ'Nﬂ
uuudaesd 1 unusiaesauaanulasaioluaiuneaiie (Construction Safety

9 ] v
eger . o < @ o A

Equilibrium Model: CSEM) lunyudriasstiilumsiaumuuiriasauneneannsosziiv

izﬁumm&'mmimmmuuaz ﬁgﬁﬂﬂ’ﬂﬂﬁ'liﬂﬁflsluﬂTiﬁ'NTWUfJ\iﬂuﬂuLLé}’JﬁWﬂﬁﬁﬂJﬂﬁﬁ1

]
=

a Y dli o a 1A A Y 09.: [ d' a dgl d‘i
mﬁamﬂizmu"lﬂ L‘W’EJTI”I“L!"IEJﬂﬁLﬂﬂ/]'llll,ﬂﬂ@‘ﬂ@mﬂ WIDUMITTAUNANTISNUNISINAVUIND

Qe

AusEaugIiae
HUU$1a090 2 HuUTIAeINgANTIUMTHINUUBIALIIUABE 319 (Construction
1< 1 v 4 ) o A
Workers’ Behaviors Model: CWBM) 1ilumsiainaoiiosniniuuiiaesdan 1 (CSEM) Tag
o o A dyd Y ) dy o [l 9
Tunyudraesdaf 2 hilumswanwuudtaesuuiugiuunuiiaeshilsiduase (Non-
4
Linear Based Modeling) lasthvuneveanuuiiaesiidesansasiuiensina/liia

atiamia voenuunoaig1d

Q q

U

d
12 Jaglszasamsioe
@ J Ay QsJ’ dy Y
Jagiszasanuidsluasatlszneudie
d’ 7 o a A 1 Y d‘ 9
1.2.1. LW@W?‘NU']LL’U‘Uﬂ']ﬁ@\?ﬂWﬂﬂﬂQ‘UﬁLWﬂGluﬂ’luﬂ@ﬁi?ﬂf)’lﬂ’]ﬁq@ﬂ ﬂﬁgﬂﬂﬂuh]ﬂ'lﬂ
] k4
Padeneguunug uvesnanmsIenssuyniilyan
1.2.2. ievaunuuiimesmanagliameg luaunedd wormsganamwisatiuiens

v £4 Y
NAQUAMANTOTZAUNANTZNUNILANTULUNUFIUYOIHANNTIAINTTUNNT TRy

13 DITVIUMIIY
A A o Y a 9 o A o a v A ~
L‘W’mfl‘Vlﬂmﬂﬂmiﬁﬂ\um‘uma@mmuﬁﬂmmﬂmimﬂ’qumﬁﬂwiaWﬁﬂ‘iz“ﬂmﬂﬂz
F4 F4 9
Lﬂﬂﬁuf°f‘1Jﬂuﬁuﬂaﬁ%ﬂuﬁzﬁawmiﬁNm ﬂiz‘uaumm%aﬁluﬂﬁ'ﬁﬁﬁmm@@ﬂmu
o A 9 d?} v dy
LL‘U‘Uinam‘wgﬂﬁﬂwumﬂ’aulﬂu
o U v Y
1.3.1 mJ‘Ui)1aEN’sm@ammﬂaﬂﬂﬂﬂumuﬂaﬁin
IS o o @ '
L‘lJumiwmum‘u‘Umamfmﬂammﬂaaﬂﬂﬂiumuﬂaﬁgn (CSEM) Uu
¥
@ a Aa o a va I
ﬁuﬁmﬂj’eN1/iaﬂﬂ”lﬁ’m’misuw‘ﬂﬁﬂﬂgmumazwaﬂmimﬂq‘umwﬂuuﬁjamuu Tﬂmﬂu

Y v
msanuriladenaziiminvesilidendsyaeuluunudiansdanaidlenszuiums Delphi



. . 1 Y 1 { [ 1 I~
I8¢ Analytical Hierarchy Process: AHP nqufl06190 14 1umsAnuiiioazideasinarnilu

ngudiFermyanulasaseludruauneddvernsge S1wau 9 5o iedeunindoya
v Y v
MertviladonaziminvesiladendinadonuAean1svesuLazAINaINIs0 1uns
o A % @ g’ @ v W 1 4 ) o Ay v o a Y
o e latladeuaziihmiinvesiladsasnanuds dwuudiaein 1d llimsdszidiuszay
ANABINTVOINUIAZSZAUANNA NS0 TumThauvesnuuinelssaugiame Tu
v
FENI9MIMIIU AU 100 gmsel udimsaugadNedeInIurannIsaNgan Iy
o ' 9 £y & = = Y Y A a L A @

YasadeluaiuneadandeunulSeuiioususzdunansenuimaduiodunisnadou

¥ y 0 Ay Yo £ o o 1 Ag Y
anwasaldauldvesuudiaesi Idiaundy  nuusiassdenaniidumsianuu
Y v 9
g AN FNTUS LU DIFUATITENINTEAUANUA N TIRATUYEIANNABINITYDINTUIAY
anuasnlumsimnudulemalumanagiiamg

132 nuudiaeanginssumsinauvesnuuneaile

I 1 o a o 1

WumsiauuuuiiaesngAnssumstiauvesauauneds e (CWBM) U
Y
= Y]

a Ay < v o d 1 %
Wugwvesnanmidmnssunnitlaan Taedlumsdnuanuduiussenisilitedunny

g

dpamsvosniuuazduanuansalumsiinunumana/ limagiame luanuneaing

9
= [

k4
I@]EILL‘U‘U%TMNWQ@ﬂi'iiJﬂﬁﬁ'\\ﬂu"U’fNﬂu\ﬂuﬂ@ﬁ%}NuulﬁlQﬂWGMlﬂﬂuﬁuﬂWuL!‘UU%']Q’E’J\‘]!LU“]J
liilndunse cﬁﬂéﬁﬁﬂ"lﬁ’ﬁwmua'l% 2 1dun3s Logistic Regression: LR 118275 Artificial Neural
o @ ~ = a A o d' Y ad o 1
Network: ANN “I/ﬂﬂTiW@lHWmeﬂiﬂ‘UmEl'lJﬂi%ﬁ‘ﬂ‘ﬁﬂ1Wﬂl@ﬂllﬂﬂﬂ1ﬁﬂﬁﬂ1ﬂﬂ1ﬂ 2 399N

PPN wAa 1A wAa a o 4
vumgmssinnagiamaas linagiamessesiuan 120 imanisal

a v
14 VUUANITIVE
A Y a @ o oazl ~ 9 = QsJ‘ dyd =\
e liinamswannuuudiaeedomunszuIun1sn21913 msfnuiasadivadl
s 9 q Y =2 1 < 1 Y [ dy
voulwamsinudeyan ldlumsanm Tasamnsoniseenilunguuesieyansil
1
141 ngulassmstthnang
awv ! a3 '
et lUimsinudeyalulasimsneadiseinisge Taee1n1sge

= A Y 1 A Y qy A o 1 2 o
HUYDN ’EﬂﬂTﬁﬂuﬂﬂalmqﬂgﬁjﬂlﬂnl%'ﬁﬂﬂ V]?Jﬂ:]”l?ijI\WNLW] 23 Lll@isllu]ll] ﬂTﬁ')ﬂﬂ')”lllﬁIQ"U@Q

a A 9

4 Y 1
oIl iannszauiuauineasudeiumai audetiya/angunnunmiuas Sesnrunau

91A1T N.A. 2544



<3| ' Yy Ao ' 9 ' 9 a c?;’ @
Wulasamaneasndegaielanszuiumsneaing #a15w1iaIATINTY0INIATY
v Y
uazmaensy Taviinalasamsegluwangamniazilsuama ez uesn agsmninia
[ =S A
aziueonimeuniloveaszmealng
: v g y
142 nguAuMUAzreIIYaNNlasai
[ 1 Y qaj a @ a =
Wuauaululasemsneaine1nsge Tunasonaz nae doaa ing §
o | qul R Y 1 ] I ' 1 A ' A o
Ao 519187 591fu Hraman 5191 Hraen $1991UUIATEITNT AADAIUNTTUNS
g Yo v A Yo ' o
AUALNUVRIRT VN ANHT AT UIINgs Tu TATan13 1Y
va Y o ' v ¢ v -
uantavesdiyersiynulasadslulasanisneaiieernrsgaiuaedl
4 o 1 [l o I
Uszaumsaimsiaululasimsneainermsgeediades 10 U Hlususesnisiiu vl
Y Y A [ o v A = A @ a ' =<
(A mihnanulasanylumsiinm) sAUIMINKTILAVVTHT HazMIUMIHNBLTNAIY
Yavaselumsiiauhidesnii 20 42 Tus
[ a v ¢
143 anvazMINAQUMaAaNIal
a <3 9 a A o wvAa Aa K
Wosanudeyanmanaglianig lunnanyuemylszavugiamaninaunly

1 T | { | a v @
Tasamsneadwermsge ludnzidu anviniige nndu audu ermsnsedenoad ey
=3
ﬂ

v
a

Tagdevosraununieanld TagdsvoInszunnyiovu Iagdaosniiuniens Ingdeves
Y

Q a

o A v o (9 [ A a3
fa/ana/muund Hananudeunseduiavesseu T deanse v uil Snadsveanszibu

Q

Whan dudadslinuvioasnil aaoaruingdavesseiia
a 4 va A d s a d? A ' 9
Wnsamgmsainslszavginmgnidlumignisaimnayuniely 3 meunouni

o Ao <Y ' g Y =~ o a wa wa
’Ju‘V]ﬁNﬂTHﬂlEjﬂi%ﬁ‘U!ﬂﬁﬂ ﬁiuﬂuﬂuﬂiﬂﬂlﬂyjmﬂﬂ?ﬂﬂﬂ"liﬂgllG]\‘ﬂuiﬂﬂﬂi"lﬁinﬂQUmTW]‘
Y

7

Y Yy = A AN Yo Yo a [ 1 Y Aa @
uuaﬂa"mGh/imauaamamuﬂmumuﬁuwelmuwswauclmuﬂauwumumiﬁmmym

MUY

a o va i o a IS 1 1
Ansanlwranisaidszavgidamend Iiinanisuiaiiuaesanisaudenga
a va @ @ I 7 1
YA wiedguneruia wiesnuad uinumgmsaiflinsudanglulasanig i

A oA Y A Aa A Y ) 9
W%ﬁﬂﬂl’ﬁ@]‘ﬂWiﬂ!ﬂ@m\‘lLﬁﬂ“ﬁﬂﬂlu@i%Wﬂﬂ@ﬂfni“ll’é)iJ”aﬂWﬂ@‘ﬂﬁgﬁ‘Ul‘ﬂﬂIﬂﬂﬂiﬂ

15 Uszlaminmanazlasy

P 1 Yo aw 3 dy Y
1J'i$IEIGHL!‘VIﬂW]’Zﬂﬂgulﬂi‘ﬂ‘mﬂQWH'mﬂsluﬂ'i\‘luﬂﬁgﬂf]“]Jﬂ’JEJ



1.5.1 laupusrassmsinagiamgluauneadwermsganlsznov ludreiladionu

Y
= Y]

Wugunannisisnssunniiloygr Feagdounganssunishiauiudaswesauau
1 9
ARA3I
kY o A o a A A [ ~ a d?
1.5.2 laupudrassiiansatinemsnagifmguioszaunansenunazmaiuan
NHANTTUMITTNUVBIAUNUADETS

o a wAa ~ 9 I A =} ] sld' Aa va Y
153 wnusrassmanagiiamgi ldeunsailuniosiiosrodnliaciuaiums
USHIITaNMIusInuneadenea v amnIaussaziansussnu 1@ edrurnz aunas

uilszaniamlasinannmsiszavgiiame

1.6  91UN591909

Anderson, J. (2010). Critique of the UK health and safety legislation with international
comparisons. Liverpool: University of Liverpool.

Bureau of Labor Statistics. (2015). Census of fatal occupational injuries (CFOI) — Current
and Revised Data [Online]. Available: https://www.bls.gov/iif/oshwc/cfoi/cfch0014.pdf

Everett, J. (1999). Overexertion Injuries in Construction. Journal of Construction Engineering
and Management. 125(2): 109-114.

Fuller, R. (2005). Towards a general theory of driver behaviour. Accident Analysis &
Prevention. 37(3): 461-472.

Haslam, R. A., Hide, S. A., Gibb, A. G. F., Gyi, D. E., Pavitt, T., Atkinson, S., and Duff, A. R.
(2005). Contributing factors in construction accidents. Applied Ergonomics. 36(4): 401-
415.

Health and Safety Executive. (2002). Strategies to promote safe behaviour as part of a health and
safety management system. Contract Research Report 430/2002. Suffolk (UK):
Sudbury.

Hsu, D. I, Sun, Y. M., Chuang, K. H., Juang, Y. J., and Chang, F. L. (2008). Effect of elevation
change on work fatigue and physiological symptoms for high-rise building construction

workers. Safety Science. 46(5): 833-843.



10

Huang, X., and Hinze, J. (2003). Analysis of construction worker fall accidents. Journal of
Construction Engineering and Management. 129(3): 262-271.

International Labor Organization. (2005). Facts on safety work [Online]. Available:
http://www.ilo.org/wcmspS/groups/public/—dgreports/—
dcomm/documents/publication/wecms_067574.pdf

Kaila, H. L. (2011). Organizational cases on behaviour-based safety (BBS) in India. The
International Journal of Human Resource Management. 22(10): 2135-2146.

Le Coze, J. C. (2015). Reflecting on Jens Rasmussen’s legacy. A strong program for a hard
problem. Safety Science. 71(0): 123-141.

Mitropoulos, P., Abdelhamid, T., and Howell, G. (2005). Systems model of construction accident
causation. Journal of Construction Engineering and Management. 131(7): 816-825.

Mitropoulos, P., and Cupido, G. (2009). The role of production and teamwork practices in
construction safety: A cognitive model and an empirical case study. Journal of Safety
Research. 40(4): 265-275.

Mitropoulos, P., and Namboodiri, M. (2011). New Method for Measuring the Safety Risk of
Construction Activities: Task Demand Assessment. Journal of Construction
Engineering and Management. 137(1): 30-38.

Rasmussen, J. (1997). Risk management in a dynamic society: a modelling problem. Safety
Science. 27(2): 183-213.

Reason, J. T. (1990). Human error. NewYork: Cambridge University Press.

Saurin, T. A., Formoso, C. T., and Cambraia, F. B. (2008). An analysis of construction safety best
practices from a cognitive systems engineering perspective. Safety Science. 46(8): 1169-
1183.

Social Security Office. (2015). Record of occupational injuries classified by severity and type
of firm on year 2015 [Online]. Available:

http://www.sso.go.th/wpr/uploads/uploadlmages/file/ AnnualReportBook2558.pdf



a
UNN 2
‘]JQ o d av Aa Y
INAUITIUNIINUASIIHIVYNINYIVOI

dycg' ) a v av awv @ awv Y
TuunidlumsivauenernuIdaumsnuisennulasass 13teanuilasans
luaunedad e nuudiassgiamalunudeadis wgAnssumsiIuveIALIUnNDES S

a v o w 9/31 o @ o A q v 9
yuwesvoannsiyan nszurumsaailedonaz Tihmminilade vazunuiiaei lulnduas

[

9y Y o w a A A Ao =2 uszl dy
ﬂlﬂﬁi;ﬂuazmamﬂmmwm’g YNAIUNN ﬁmuuﬁuaiumﬁmmmm

Aa v

o\ W U
2.1 Tanmsnveannilasany
$1999MIANYIUDA Rasmussen (1997) A1N1300UI¥IIIIAUINTUBINUITBNINY
@ I~ [ 1 4 4 L4 1 { I
anudasanelaiiu 3 929 Taggrausmdu ldinguglusesnginus Tusrsiasuiu
4 a d ] { 091’ 1 o a a
M3ANE INT0IANUAANAIAVOINYBE AIUFNADINUUOGUURANNNMITIAINTTUNNT
Y
Haan Tasiliseazidoaneaelii
d
2.1.1  ngungnaei (Normative Theory)
= A & o A Aax ~ A wva
nou lusesnginaiumseTueasnisnausnsl e anunweieiey
[ A A o o A Y 1ava =
Hostugiiamaneslufnszurumsiinunaznganuilasadenlflgiaan nisdnun
1 dy I [ Y vAa Aa ~ A A 9
lugrsiifludanpuzmsaumanvauesgiamia lasiasan ldiszuuineldos uaz
) @ @ 4 HEN ¥
UNAUoANNANRUTUDITUNAUAZNANTNUNAATY (Levenson,  2004)  (Lundberg,
o I @ [} I o o @
Rollenhagen, and Hollnagel, 2009) ftiwusiassiivhaulovareda litesdu uuydasedrdu
aQ . . . A A o o QS’I ] = a
N151NA (Sequential Model) U®3 Heinrich (1959) ‘mzummqmﬂumﬂmumumy;;]Tmﬂu

d! ! v d‘ a dgl Q'I QQJI a o d' 1 g
(The Domino Theory) G]f\ii%ﬂ??@ﬂ@]!ﬁ@]‘ﬂlﬂﬂ‘lluIﬂEJTI’Jll‘]JuuLﬂﬂﬂJ"ﬁ]"lﬂﬂ”liﬂigﬂ”l‘ﬂvlllﬂaﬂﬂﬂﬂ

a

]
=) ~

d‘i = d‘i (% d' ] 1Y 1 @ [ A
Llﬂzmi’EN?J’E]Lﬂ56\15]ﬂ31/]llilﬂﬂﬂﬂﬂEJ“I’i5@ﬁﬂ1Wﬂ1ﬂﬂTﬂﬂ1Wﬂ]lNﬂﬂﬂﬂﬂﬂ ﬂ”li"lli]ﬂq‘ﬂ@]ﬁ/iﬂ
3 1 o v o 1 o w a o vAa
@ﬂﬂ]‘lﬂﬂlﬂENLLﬂu"I{Iﬁ]i]EJﬂ\‘IﬂaTJ@@ﬂﬁnﬂﬂi%‘]J’Juﬂ”lia”lﬂﬂﬂiilﬂﬂ LLUU%T@@QQU@LW@UH

Y
o a vAa
ﬁugmmmmqmim (Event Based Accident Model) U84 Levenson (2004) ”lﬁ’aﬁumqumwﬂu
7 S A o I ' £ A va
E‘IJEUENWWJﬂ'l'iﬂ!VlWaWﬂﬁﬂ'lEJLWCﬂﬂ'I'iﬂlﬁ@LHENﬂl‘liﬂl‘ﬂuwﬁWGB'NWN\‘]ﬂfJULﬂﬂQUGILWﬂ Iﬂﬁl
4 1 9’o [ vAa PN 4 1 1 us/' o a
LW@JﬂWiﬂ!L‘Hﬁﬂﬁ%WﬂﬂLﬂW1$QﬂﬂﬂWiﬂiﬁLﬂﬂﬁUﬂﬂuﬁﬂnﬂWHH LUVINABDITESUIAINYN

1 4
. . . a 1 A C
(Epidemiological Model) &4 ldWnsanhgiiamaiuiliu



12

(% A o w 1 4 o @ o Y
HALIINNISUTTIUAUVDUHAMTHINTd A UADITDINUYA199 a2 Tasuunsiaeatiiings

o 9 9y A [ v A A 1 a vAa Y=t
Llugu"l’ﬁﬁ%iiﬂ‘iﬂﬁi%‘]“VIﬁ']iJ'liﬂ%ﬂﬂ']igﬂ{ﬂ%El‘Wﬁﬁ1ﬂﬁﬁ18ﬂhﬂﬁ@ﬂﬂ15lﬂﬂ@ﬂ@llﬁﬂ NS AIARY

q

9/

Jd v o W o W Y 1 (%
dszTesirrelumssadiauanudringoulvuaisinanuauleneunasdndie gate

a

Y
HUVBIA0INITAIAONAIY (Energy Transfer Model) 4UVT1009HNNIITNIITAUIQTAME

Y
a XK 1

1 @ A [ Ay ' Y o A ! Y
LﬂﬂﬂlumﬂﬂﬁZ‘NﬂE)WEN\TTLW]UliJL‘IJ‘L!‘V]G]fNﬂTiGl,l.l‘HaWEJgﬂLL‘U‘Ui%ﬁ’JNGIUﬂHLlﬂVlﬂQIﬂ‘iﬂﬁiN

]
ISl

4
o @ 0 J @ a va
neouue Tasunvuirtaesludnuuziiiinsuuziinagns lunistlesdiunsinagiiamialu
Y A g @ T | @ Y @
anpaziumwizdd Tudnzdumsilesiumsazauveandsnu mineremandsasinig
Yaaddesndsin  mneeuuennioadetwnetlosiuszninnduaenudisundaiu

= o o Aa 2 a9
@]aﬂﬂllﬂiIUﬂQﬂ1ﬁﬂﬂ“ﬁ']JWﬁﬂﬂ11!1/]Lﬂﬂﬂlutﬂu(ﬂu

[

E4 Y
anuneruilosnugiamgoinnmsiiaulugieiiaenisuiudiniseonuuuns

'
LY 1 A

0 D] a ° A Y| Yas Ao A
NINUUATNTITDDNNHVDUIAVANC LW’E)ﬂ"J‘]Jﬂ?JWQG]ﬂiﬁJﬂﬁ‘V]NTL!LW’E)Glﬁ]lﬂ’f]‘ﬁﬂﬁ%ﬂ‘i/]fIﬂ

Y
“One Best Way” uoniniidaiimsnaunyana ldianudungmmzaa souldanmswers

o Y a ua Y o o 9 o A A Y o v v J o
#ngalinnsUfiaamngietaunseudunisad Inylunsanddungietinudainaid i

]
a ua o

1 4
I lugranadenaniimsinl ianshaunnniurazimsdaaennszuiunsiuia
9

A A A o Y a A a & P ' Y A Y 4
e ionuiadoranaiaiiiadu 1ad1e “Error-prone” WiuT1sunsudoranaialiiiugud

“Zero Defects” (Rasmussen 1997)

Y

2.1.2 maﬁﬂwmﬂmamuyﬁ (Human Error)

Y a J a A & @ dy Y =
ToHANa1AvUINYILazNgAnssuuduasteTasmaulll gno1da

1 v 13 { @ v @ a -4
AoudetosIniudumigiauiavesgiiame (Heinrich, 1959) HanNN15ToRANAIAUYDINYHE

4

A Aa d?} = a v a wvAa d' o dg’ 1 A 9Y Aa dyd
HINAVUIINNITADHIIVYNITINAYUALH A NYNWAIUIVUADN Tﬂﬂﬂf]kl@]ﬂ]@ﬂﬂwa”lﬂullﬂﬁ

yudunuuiasanganssumstinuiedlugduuumsidesuneenanngdetisnunszy 1l
7

I ax A o =® 1 dyd o AW vq ¥ A
Wuasmsnangalumsiion msanulusediiouoiaei ldldanuaulalubos
a a { I~ [ qul ] Y] [ 1 v
YoAana1nveanyuduaznganssuniluduasieineguaiedd aunsaianguld 4 nqu
Wﬁﬂ”] (Lehto and Salvendy, 1991) (i) me‘haquﬁﬂsm (Behavior Models) u‘um‘hamﬂﬁju

dy' 9J 3 d‘i a a ] a A % a 1
Lllql\iL‘L!‘L!‘lulmlqlNLiﬂQ‘ﬁiilﬂﬂﬁiUﬂ"ﬁLﬂﬂ (b U ﬂ’J”IiJ‘]JS%Wf]G] NI NAUAN) HagNYNUD

v
1 S 1 o

4 1 o A @ A Y g wva
ADIUNTU (BU LLTINAAU HIDANUNIIANUDY) 1/]ﬁ‘\?Waﬂ11ﬁlﬂua1lﬁﬂﬂlﬂﬂ?}‘ﬂﬁlﬁﬂ Tﬂﬂ‘lu

u

v
S 1

1 1 4 Qg.ll I U W 1 a Aa 4
ﬂ”lﬁﬁﬂbl158‘].!'J”ILN?;!?J"IJ@QET‘EHUﬂ1§muulﬂuﬂﬁ]ﬁlﬁllﬂu‘ﬂ“If’Jthluﬂ”li’E]‘ﬁ']ﬂfl%ﬂNﬂWﬂTﬂ"Uﬂ\ﬁJH‘lﬁlﬂ
o v A I'4 .. g’

(i) LL‘U‘U%m@Qﬂi$U3uﬂ1iﬂﬂﬁu1ﬂﬂlm§J1§H8 (Human Decision Process Models) Imsiud

[ i o @ P a a A o Y] 1
Tudyumeiunuam UM sainmmIz Ui uIensnagliang TaguiuilaeiaIna1?

v
a o 3

4 [l v Y v
vujstsziau Tdadhwueids Buaydagilszasdvesnuiuiludsdrdylunmsesune



13

H E4 v
WOANTIUNOUATIE taznguuoUTIaesiatidirielumseFulenssuianudsaves

o oy s .
ﬂmm%ﬂﬁ’aﬂ (iii) LL'U‘Uﬁ]1@1’f]Qﬂigﬂ’JUﬂWiﬁQﬁ@%ﬂyaﬂlﬂﬂﬁJl&l‘HEl (Human Information

=

. TS { o ]

Processing Models) d113aued lanilumslasundlasmsdededoyavosuaazauluvmeh
a va = dy ] A 9 1 [ 1 [} I Y R
Ufiaau Taetinugmuunanmsindeyavegndesiiulunatesas ludnaiuanuidn

o o v A a ua: v 1 {
M35 A msdadule tazmsaeuaues TasdoAanaiatiufonadnsINNITNONIUA
a dgl 1 1 o 1 dyo Y a d A @ ~
maduluudazse Tasuuuiasanariidm ldsaunsodsedivilssaumsainTonswensa
1¥lumsiloanugiiamgla Gv) nuuiiaesmsumialszinnvesdoAanaln (Error Taxonomy

a -4 qul [ ‘3’,
Models) doAanatnvesuysdiuamnsadwun & lunateyuues dwesluyuvesszuuiiu
v Y A A ~ A a o A o 9y & I
nwundedanarafomadeuvu lnndszansammaiaundimuald Fserwmdunanion
A A dgl Ao w a oA [l o 1 Y Aa
mysumuimavuluszupinaulgianued Tununiiaesmsuilsznnvesdoranain
0911 = d o [ v o Ja 1 @ v o o a Y a
wuiidse Temidmsumsmanuduiusnuanaenuvesiladedmsumsesuie doranaia
YDINYHE
v
a d @ a o w
MsANEITOAANAIAYDINYHITUNSIDIWAILANNYANTTUAIINITR VAT UNAVD
Y a = o ' v = A v Y a o
doranain lagmsanyiainanilsznenlddaremsanyunerduderdanaia n15an1s
yY a d’ tﬂy d' [ 1 [ .
VoHANAIA 1300 13ANe Ao 116151 (Resident Pathogens) (Reason 1990)
A [ Yy Aa 09/} = A Y o o A SIQSJJ
msinanmsdeRanalatiunyenInsdesunusenainngietienunszy 13y
o a A 9 d‘d 9 d' [ d' 091} d‘ 9
awsoh ldUgialdluszuoniilassadendanunaimisoszyiunouigndes lu
) Y 1 = 1 @ 1 qazl 19 1A a 1 9 ~
nszvaumsiiaulallueded uaszuudnantiulilyaulsnavesauneadsiannso
g { = . d & I~
Fulasunszurumsihnunioms lasesdienieginsainieg 18 suiumseinluns

=

Y o v Y a wa 3 9 1 Y A w o 9
izum"lﬂiwmmmmmﬂguwmmuﬁau’az'15mﬂmmmm1muaﬂ‘ymmu%u LHasy
A o 09.: o
anmmnaasunidunain (Howell, Ballard, Abdelhamid, and Mitropoulos, 2002) Hu341i114
I Y o w o @ Y A Y ' Y
LﬂuﬂlﬂﬂWﬂﬂiuﬂWiUWWaﬂﬂﬁ"UﬂWﬂWﬁWﬂﬁJﬂ%iu@WHﬂ@ﬁﬁN
2.1.3 eJﬁ’JﬂiiN‘l/!‘Vl%ﬂﬂlquﬂ (Cognitive Engineering)
[} ~ dyd = = dy [ a a
114"113\‘1‘1/] 3 u&ﬂuﬂ1ﬁﬁﬂﬂ11ﬂﬂuwu§1uﬂuﬂaﬂﬂ”li“llf‘)\iﬂﬂ‘ﬁﬂiyﬂlu”l AFINTIN
a uszl o W 4 a 4
5$‘U1J‘1ﬁ!1/l‘ﬁ“]1:|illuillu”l (Cognitive systems engineering: CSE) uu‘lﬁ}ﬂ’ﬂllﬁ”lﬂilﬂuﬁﬂﬂﬂ”li’JLﬂiw‘Vi
ponuUY tazlimsdsziiudms sz uuNlmsHauRaIUTZHININgANTTUN TN AN
a v v 9 . . 1 Y ~
NMAUNAUADYNNYULDY (Complex Sociotechnical Systems) HAZINRUUNNITo0NUUUIZUUNN
g J [ . < { [ {
maTuladiolszgndlidinuau (Vicente, 2006) Wuszuniamwnsndsvalasuauniug
9 Y] A 9 2 o
Ll'ﬁ$ﬁﬂ']WLL’J@ﬁE)iJﬁ@U@]’J!W@i“ﬁiuﬂWi’)NlmuLm$Llﬂulsllﬂig‘]J'JUﬂTiVINWH (Hollnagel and

a @ [ < '
Woods, 1999) Tag CSE 921518 NHUZU0958 VU (1111'J’]ﬁ]glﬂlv!ﬁﬁuﬂigﬂ@ﬂﬂl@\ﬂ1u



14

i
=

INT99H0A19Y LAz UTUNVDIIY) Nloninanemsdadule nganssunsiiau Tdouds
I a Aa a
anudluld 18 TumsinadoRanainsonuduvia)  (Rasmussen, 1997) CSE #1915841
] ~ ] @ 9 us/' ~ 1 9 4 AR ) Y a o
drulsznounadududounivuanated luanimuinaeuveeeans N Innansnse i

o ua./’ a':/‘ [ (IR~ (= v o Q' d’ 9
woeuywpd lunszuaums CSE 1 wypdiu hilndunaiiosdidmuadaidioonluszuu
1 3 [ I~ Yy a d’ % d’ 9 = td' 9
miungsziudduaaithuineflsunaeu’ld Taeweremasnithvinefiauesdosnisuas
v 2 d4 g 2
Aur luaanineIvoun11iY (Rasmussen, 1997)
an a dy Y 1Y vAa A
ABmsuniilganilldnerowilesiugiiama lasnisiunueusovesauaiulu
~ o = a 9 1 [ 9 o A A dgl 9 [
msnvelSulasunganssyldedrunuzauiuanimnadeunishiaunnaiy wiouny
o 3 o w o w { o 1 [
wenewi Itauauansavesiulaiinavesaueataziaiinavesaniuihiauiedlu
Y
seavla (Flach, Tanabe, Monta, Vicente, and Rasmussen, 1998) 41012141 11!343J3J6Q‘1]@Q5$1J‘]_I

a

1 Y a qgj [l 1 3 =\ 1 Y g 09.: 1 ]
Wﬂﬁﬂﬂluiy”lig']_p1 maNﬂwmﬂuu"lilclﬂﬂ,ﬂmwm!,mmmaummmmmqyammu ualumsus

q

a

Y [ [ v
vonilaymluszuun1siiau (Dekker, 2014) aviuenazidinladeranaialdiusides
~ A U a J o o Y
ANsaNIzNoIn NMsFon Toauessz unseninmssziiu Tasuybdnunisnsziineld
anbauzuedu nTeilen lduaganmmsdfianuld1d (Mitropoulos et al., 2009)
9 Iq 9 Y [
Hollnagel, Woods, and Leveson, (2007) laiszgnald CSE lumsiamsanuilasans
TAga319naNNISYPIIAINTINAIINYNTANEGU  (Resilience  Engineering)  dutiu 11
ANMUAINNTDVONTZ VDN INITADGNUNITIUNIY MadFounias uazanunaduaieg
b4 v 1 [
wonnniidelianudinglumsszyuazmasandnsuzne1nzinaIngaiefa1uTo
o 1 1 o w @ 1 1 o
Mmsmeuszuu langiasinannulasaneuds Tasdiuluguainislszgnaly CSE
Y Y z d‘ 9 v a oA d‘d d’ = d’
lunumsdansanuiasansiuazinervesnunsUianunianudsegauaziszuun
v @ ] 1 a 4 =
AauFUFou 001UFUNUBINMALIY TUFUN N TuAdes waggaamnisull Tawnil (Hollnagel
2 Ao ' ' g o o ¢
et al, 2007) wazidundungladlugaemassunoaswiudeeansalasulseTowinn
[ o 1 4 @ i g @ ] v W 1
wanmsasnarauilesnnanyauzauniduuuuwaia Awgien uazadududouveany
A
1A339M15 (Saurin, Formoso, and Cambraia, 2008) 410N3111 CSE daliunimaszaugaluns
o & ] F A 9 a va ~ Y
P9NUUVIEUUNITHINUN Fegrelddenazdrlonszurumsd§idaungnies (Best
. Y A Y o ’q ¥ ' v .
Practices) 91NQAT1MNTTUAIUOUY nanimlszgnaldlugaaivnisunoaiy (Lillrank,
1995)
4
N IAUMTVRINUITeANUABANIT 3 FIHUNMIaTMIANNlasansluau

[

v 1 k4 v Y
Aead e Taei ldIdinlszgnd 18 luilgiinivegludiaunmseei 1 uRfveguunan

a ua

= P 9 ~ a va [ Y o o 1 Y
noufngnasingadiuluimsdfiaawnganuiasaseuazeonngdetisnuaie 1HlHia



15

A <] ao awv { @ @ 3 1 u’/‘ a
AT Ll@lﬁu'lﬁ\'ilﬂiﬂﬂﬁﬂ?')@llﬂﬂ?ﬁ\i"lu'Jﬁ]fl!ﬁfl')ﬂ‘ﬂﬂ'ﬂllﬂﬁ@ﬂﬂﬁlﬂ\‘] 3 FPIWUULTUNIINNTISY

a Ao 9 =S d 1 a ~ a ova A o’z’ 3 a
‘Wi]@]ﬂﬁill“nﬂlﬁiﬂWﬁiﬂﬂicﬁﬂﬂﬁaﬂalﬂm“ﬂ ﬁ")uWi]ﬁﬂiﬁiJWﬂu\ﬂu‘l]{]Uﬂﬂﬁx‘l“] UUNYNBTUIY
YL A Y a an/

{ s s
Glugﬂmmm‘igﬁmmuaaﬂmﬂﬂgmmmﬁizu”hmﬂﬂmmwﬂwmﬂ (Error) GIJENMHH‘HHH!@Q 114

E]

HYagulimseeusudanmsunsvateieanannisadtuuuiiaesdunniyanluau

g

a s 2 v o o Y <3| 9 o A 9

IenmaasnrainvaleFRanauiin lvnatedunuinielumsaswuuudnassndz o
a d‘ a d? a d' d‘ o Y 4! [ a 1Y 1 qg.;l d' [ [

‘Wi]ﬁﬂiilmlﬂﬂ"uu%’iﬂﬁ"lm\iﬂu]lﬂmﬂTViuﬂll’J %Qﬁﬁﬂﬂ”ﬁﬂﬂ‘ﬁﬂﬂjﬂﬁﬂﬂﬂﬁ”ﬂﬂﬂLﬂfJ'J‘WLlﬂ‘]Jﬂ"Ii

v o o 4 a 4 a
Usudveaywd llamitou lvnaz anminadouiineyusse (Rasmussen, 1997)

U

a U U Y
22 adeanuidasasalununeaing
A Ya o 1 ~ Y = a o A A 9 o a
ugIdeviaree) Munlvianvaulamnwiddelusesaurguesgiiame aunuiia
v @ 4 { A 1 a v o
giiamg Hadedednininadomsinagiianig MIANEIMANTZNUYBINTIIINIATNITAIIN
@ a J @ 1 a
Yasadeuldau aaeaaumsinnziaamanuilasanslundazilszimaniogiinig Tag
a v d' 1 = = 2 1 dy
e liineazideaasae i

Y ' £
naMstuAnManaglame 1,082 aseimadulusznangl 1994 waz 1995 Vo9

H Y
=3

UszimAawsgoIu3n1 Hinze, Pedersen, and Fredley (1998) 1@9anguaunguesgiiamiginaiy

q

v
=1

I 1 1 1 { [ 1 o va
poniilu 20 nqu Taeduas1dd1ennszurun I8 ldlunsAnpidenaniildidilegiiamen
vad 2

a & = N | = ' wa
mavulafgay Insseyauginadunngalunaazgluunvesnsissaugiiame lu
"y Y o Ao & o A o v :
nuneadn neunutidrelunmsdenuiasmsanuilasansfiinz audndie aIu Toole
o ' va v ' 4 ]
(2002) laanguannguosgiamgluaiuneasield 8 nqulaeldniulusesnnuduiuly
MINoUNNIEANNSUAAYD UV ILAazyAnanlduneatoslunaaza g danano
v a v < v
UALYF 11UV Haslam, Hide, Gibb, Gyi, Pavitt, Atkinson, and Duf (2005) Wuunanun
° A A o o av o <
UUAUDNINTINVOIAINAUNY HazAuz1V951991UN15I90R1TVIANYDY Loughborough

{ o A g a B2 '
University and UMIST (2003) @ ladnwilosequiluaungldinagiameluauneada lu
= [ 1 I Aav 1 yd'd ] 2R A A
M3AnEIAINa1 T UNITINOLVUMSTUNUINGY (Focus Group) angniidiuladiuden

U

1 o a a < { o Y
‘ﬁa1ﬂ1’?ﬂWEJG];L!\1TL!ﬂf]ﬁ%}'NIﬂEJ‘V]1ﬂ1i@ﬂﬂiWﬂ!Lﬁmﬁuﬁ]ﬂ'ﬂNﬂﬂ!ﬁulﬁﬁl?ﬂﬂﬁﬂﬁﬂﬂlﬂ\iﬂi‘gWWﬂ'ﬁ

a A 1 ) a laa A { o a A 4
e lusiuneaie uazimsastvdevdasnionswanildinagy dmalu 100 ian1sel

Q q

Jd =

a 3| { 1 1 1
dszmuaiullldveswafrgamuivesnaazmamsal Fawuwnni 1 w3 ves
¢ o N o A Y= S A A ¢ o A o
Lﬁﬂﬂﬁﬂlﬂﬁﬂuﬂuﬁﬂﬂﬂ'w‘lﬂﬁﬁNﬁiﬁﬂﬂﬂlulﬁﬁl‘]ﬂ@] wag 2 1u 3 VDUHANTUMINUANANYNIN

A o Y a ] 09)1 A @ @ a A J
“VI?NWaﬂ11ﬂlﬂﬂﬂ1§ﬂ1@&%ﬂﬂlu§ulliﬁ ﬂuﬁﬂ‘ﬂlﬂu‘ﬂﬁ]ﬁ]ﬂ'ﬁﬁﬂGluﬂ']ilﬂﬂfgﬂﬂlﬁﬁ] 100 wian19al



16

4 4 v
wuldun: Tadenadunnauanuuazinauaiulagmnizod WeIngaAnssuNsiauLay
[y v 9 A 9 [ I ] =\ 9
anuamsovesauny  Javedanunneadn hitwaduanuliazeraseuiosves
! 9 Y 9 @ dy A o U W FY %
Tasamsneasaasilyrmeaiudalasamsuasnunnsiau Jedeneaunsvaauyes
4 4 o 1 o
gunsal (3aulUdsginssitlosduauyana: PPE) fhsentsdunnumungautazaninues
@ v Aq Y 1 Y =R axn @ o @ v o 1 o @ A
Taquannldlumsnedsis saul)ddEmsussyiuvvesiaquanaena uaziledeluses
[ { { a va qgll yw ) o o W 3
mstaminnudssiiuaunglunsinaglidug Weildsldduauenuuirassdrduiuue
ANV TAMABNAIY dIUN5ANYIVEY Reese and Eidson (2006) lAdanguunsamg
4
CZ 1 I 1 o 1
Wugmvesgiama luauneadweondu 2 ngundny launaunanasazawrgn1don
. 9 Y o A EZ A A Y o
Huang and Hinze (2003) l@3szyausuilavesmslszaugiiamaiinerdesnunisan
a [ a Y nazl = = v AAaa a 1 2 [ 1
nnngaluansyosmanseuniulSeumeniladeniansnanenislszaugliamegainan
[ Y A Yo o oA a oA sld' ~
vanee dlsznolUarsaun lasvuennie Sl iiaau ergdndseaume nam
a a 4 { A a 1 qul
INALKA mzi’famwmmmwya wazniay laln3ndu Derr, Forst, Chen, and Conroy (2001)
Y o a A o [} = a vAa A A A
lashimsinngidTannms lusas 10 vesmanagiamaniiauiguiainmsananigelu
1 1 Y = ] a A I a 1o @
uaaznuIanuvesnUnedd naaeau ldsluuaaznvnssuiauladunay tazwunilede
Y ' A I o Ao 1 A a va
AMUNgUI2¥INT (Demographic Factor) (Huilateninanonnuidsalumainagliamiaain
mmﬂ%mﬁqq AIUUIVVD9 Kartam and Bouz (1998) 1azUVUDY Kartam, Flood, and
091’ a o J wva 1
Koushki (2000) 1iu'ladnsigdimamsainazanvavosgiamalugaaivnisunedasialu
2 ' A g v Ao qu o An Y Iy
Uszimagna Feszynmsannnigaiuiuaurguaniildauaudedianiouns laniu
3’ [ v =K 9 a va ~ (= Aa a 3 ) Y a 3| ]
drimstunndeyanmisnagiamigin luldszaniamiui ldifadunisdaviiens
Usziiunnuilasassninmsiauediauias
. Y o = o o A 1 o o
Teo, Ling, and Chong (2005) ladmsdAniileiefdewadonnuiasanslunmsiieiu
o a J 1 Ly o A v o d { 1
uazgunIaedsumunlulszmadenlls Tasiragdnilatendanuduiusuiniga 1dun
uloureanulasafoveausEn NTzUIUMINBAS I MIIANTHTINU TATHIITUIDIAWY
ﬂa@ﬂﬁmmzqmmw uazuiﬂmﬂﬁmmqgﬂ% UGB Sawacha, Naoum, and Fong (1999)
o a 4 J [y (% { 1 [ o
1ahimsinsigd 7 nquuesiladondenaneanudasasslunstinumazguainluan

1 Y 1 @ J U W a va 3 [ Y
nodainveslszmadinguuaznunilitedwesdnsuazilsedumsdfiaauiniuilde

=).

dawanomsnaglamauInAiga Langford, Rowlinson, and Sawacha (2000) ldszy 5 a3

nannaIwadeAuzaaveIaLIMNeInUANNlasads TumMIMOuLazNIsIamIgua I

v
o Y

v o gl iy g .
Tagldiudinnudesmsaduanuduius ndunsluyaaainsilidiunerdesiuaunnau

A A ) o Aa 1 ) 1 qu [ k4 A 1
LW@V]ﬁ]%ﬁiWﬂﬁﬂTWﬂTiﬂTQTHﬂﬂiuQﬁﬁTﬁﬂiﬁuﬂﬂﬁi"l\1 wnnNuuileveesnnsndinane



17

Y
Uszdaninmanulasadeiulsznouale Nauadvesduimsszaugeaeanulasane
(Levitt, 1975) SAUTITUDIANT (Molenaar, Brown, Caile, and Smith, 2002) U358101FIATN
Uaoans (Mohamed, 2002) 3 5msUfiiad1vodn1uauTATING (Levitt and Samelson, 1993)

tazMIvyuNsuyanans lu 13013 (Hinze, 1978)

S 9

Duff, Robertson, Phillips, and Cooper (1994) 1M1sAREINIATAITNIADAND N1

]
=

msauasumsasuamgAnssumsiauvesauanuneaislulszmasinguiienae

R-

ililgmsiananulasadslumsiinumazguaiw nunmsineusuanuilasafoiing
1 a o ] Ly 1 d' Ja d' 9 3 = 1 1Y 4
aonganssumaiian inninuamsh 1435 msnszpdhvnendeunslimameunswadn s
Aa £ & @ aax Ay ¥ a2 = . .
MnevuiululIsmsn ldnadnii nsdnyives Barber ( 2003, quoted in Sousa, Almeida, and
. ' a o @ = 9Jq ¥ =2 Y 3 <
Dias 2014) WUNVMIAYDIUTHNUAIZAUMIANEIVEIR lMIHneusuaNasadeiuilu

[ { o o v a va { o ] 4
Hatefidragaodnsimanagiiamg vauziduaug Tueamsdnousuuazlszaumsninig

9 @

v
ﬁnmmmﬂuqmfiuwuaw"luﬁmmmmquﬁa@ Jaselskis, Anderson, and Russell (1996) &

[

1 ] Y
seymmslszguisesnnuilasansnuduins Insans tazsulszanansesnnulasanoiu

CZ 1

AU a9U Liska, R. W., Goodle, D., & Sen, R.

Q q

9
W
[ o Aa v o Jou a
Huiladenianuduiusnudnsiniam
(1993) ldsinaue 5 wasmannwasadeniilszansan 1aun nsnwumulaswayns
o [ (% = [ % d’ (% o
Nuruudmivanulasans msdnuazuduiesnnulasadelumsiiau usegels
Q 4 4 4 C’ )
aunulasanis 11ATN1515991AT0IANIDANDIDAUAZTITIANARA HAZUIATNITAVAIU
< wa
1AM 30l QUALe
Tam, Zeng, and Deng (2004) laszyaautlszneniildinanssanmsndesquninlu
A o o 1 9 = 9 g’
Fesnuasanglumsiinumazguamlugaavnssunoadnveslszmaiu Taeiud
1 b4
Tusesmsnannuasgrinvesilymmsluduimsszaugaazdianmsaunoadis anw i
1< @ @ 4 @ .
wulalumsdaassninerns uagmsnamsineusuiosnuilaoaie Fang, Xie, Huang,
and Li (2004) laszy s fhidendnimldinaiimsdinansneinsluFesnnuiasadouas
1 9 ~ 1 S 1 A [
guammuedlasemineddnludszmaiu Tagnuiinmsvamsiidiuiiusesnnuilasasis
09: IS o A o o ! . [
nazguniimiuiladeniinnudigyfiqa Aksorn and Hadikusumo (2008) 14521y 16 Yade
a o [ o < 4 [
AngadmiumsdszauanuduialuGesnisanuunuaiuanulasaseuazgquainlu
Tasamsneasvestszmalng wodmsadvayuanguinms mslinsineusunas
= 1< o v Aa o w A . 9
msany1vesnuauiuiledeniinnudfyige Hassanein and Hanna (2008) @52y
o w ) [ o Yy 9 [ = =
anudrnyvesnisiinisiuruanudasasouazguniniillidwdeuduSowiou

&

szansnmmszninuianiauiums lulszmadoluaznauiuns lulszmeaanigomin



18

TaginsanlwnasinnuilasasonazguaIn Lai, Liv, and Ling 2011) 18smsufSeuiion
m3ldussanluSesnnuaeaseslumsinuias mssansgunimvesgaannssuediig
TulszmadeaTlsuazszmaansgowsns Tasszyanuuanaeivanuidelusosms
AALADAALIIY HAZMIAAEDNNIY (1FU MITANTUUNA 01gHTpllszaunITainisiiay
AMTUMIVOUHNIBI)

v Y
nnmsAnyuIteaulasadsluauneasaidumwudualurales iy

v aAa A

lawamursemsdnuilesenioninaneanuiasadelunisiiaumazgunimauaiuly

Y

1 9 ~ A = I 9 1Y) ¢ o
Q@Iﬁ"mﬂiimﬂﬂﬁﬁ\i IﬂﬂMWU§1uﬂﬁﬁﬂH1!1]Llﬂ"lichf!,!,ll‘]JE‘TE’J‘]JE]13JLLEI$ﬂ1§ﬁ$Jﬂ”IHmL‘ﬂu‘Viaﬂ
(m%u Sawacha et al., 1999; Langford et al., 2000; Suraji et al., 2001; Fang et al., 2004; Teo et al.,
2005b; Reese and Eidson, 2006; Aksorn and Hadikusumo, 2008; Choudhry and Fang, 2008)

v <3 1 o 1 awv Qa}/ 1 1Y 1 [
i’]EJNlliﬂGniJﬂ’ﬂllLWIﬂﬁNﬂ‘Ll"Ui‘NNaﬂ1§ﬁﬂyﬂulma$ﬂ157]§]8141&‘W‘]J’J”IE‘THJ"IiE]i]ﬂﬂQIJ:ﬂi]i]EJ
1 dy I 1 [ 9 o ng A 1 v A A 9 @ 1 o A
mamaamﬂu 2 NANHAaNS A3gNU UUAD ﬂqiJEUE’N‘ﬂﬁ]°'l]EJ‘V]LﬂEJ’J"’IJE’NﬂﬂﬂWHLLﬂzﬂquﬂl@ﬂﬂ%%ﬂﬂ

= Y o
NYIUVDINVAUITU

23 wwudiaesgliimgluauneaig

I~ a 9 ] a VA Av A [ [ 1 9
anutuaswdd lugdunntndium audtenenuanulasassluaunedsii

v
v 1 9y

WuseudeniuaznaInNnaty (Zhou, Goh, and Li, 2015) msdnuimslszidiugiiamaluau
1 9 Y 091 =\ 1 [ [ dyw A d' =\ o [ a d' J 09./‘
NOASIBUUIUNIUANTNAILIAITIA HIDIATOINOF 1M UUT I UANUFIUNITU (Sousa et

al, 2014) Taslin51)Souien5e111952AUANMTIINVFINAINUAVNITINNIUNT B

H b4
o = =2

! v W ' ] ' a I J v
MeIMUAIATIMNTIUREES 19 ITdwsonenguuuudassinadusemilu 5 nqu laun

a

uuusaeIaNuae Tasnnsanaudiurianinnn 1dsunarov tuusmesnnulasans
v Y Y

FAIUNUNMTINUAUNTRINY LUV a0aN g NNITUIAUATUADUNITODALLUL
o v aAa a A A Y o Y o
uuvsaesaNulasassnnasanlszansaimvesaniasnisn ka1l ld tazuuudiaoa

Y
anuilasans Tasmsdsziiuvussermeannuiasass Taglisieazdeadaso lil
a = 1 FI d' a d?} 2 o d'
Mg lsmennavuanmsgadonaimsiianulamasvesauaiuly

[ ] v E4
uAazAIMUNINNMINABIgAIUTo I INgliAmgItnaIulueuIteves Baradan and

[

(3 1 Y A o A @
AURWHUINLIN IUNITHIOIUNA1AY

Ra, B

= a J @ A Ao o
Usmen (2006) UN1331AT1ZHIEAUANUTEINTUWY
1 aaad & @ a
luauneadernislaglddoyaanannuTasnsunssuvesdszmadnsgousnig

v Y 1] v
ppudiaesnadau lagniau ey sannssznIaNUEEINMI LAz NI AN



19

@ [ 4 v A o (%
anwutlasassneldnsianisesdns nazdinasanmsiansanuiasasonieldanisng
° 1 a 1 y a 9
urumanalugauazivnssululasamsneaiaonaig
aov P = d' = 9 [
NUINYUDI Kartam (1997) TAtiavendeganadsiimsldaumiasnmsanuiasasne
9 ]
Tageninsaszy I8 luduasumsnarums e IHmaiansnauwuauinga (Critical
1 a d [
Path Method: CPM) ¥ U915913AT1EH @91 Cagno, Di Giulio, and Trucco (2001) IAWAMA
Qs’l am ) o Y o A [ o
TuapuITMsdmIumINunums ldnasmsnnulasanaiolsulsssuuanulaeass
Tumsshaurazgunmlunisiiam Yiand Langford (2006) Tdwauedsnslunmsilsziiv
anuasaselumsiiauuazanudssdegunIniuiumsuRuNIRIUfeaie o
1 1 4
Mmsszyanuidessiinadulutaaz ¥amsiiu
Hadikusumo and Rowlinson (2002) IdWauuniesile lumssieiuauinisnimyes
nszuumIneasuiierslumsszyanuilasaselumstinumazanudssvesguninly

J

Y
5EUINTUADUNITOONNUUNDAI1Y Saurin, Formoso, and Guimardes (2004) lalsz@ug
puuIaeInYIaMIMsTamsguaneazanulasanslumsiinu usnnszuiums
ponuuy) tagnmsaruan (lugannszuaumsneaiie) uazduinauena lnnsiidiusulu
Y A Ao =) 1 = a A
s liaunuszyanudsandinsiod lulasanmssan lldsmsszdumsaruguanudes
Tulasamsneaiis
=2 9vq 9 9 @
M3ANYIVEY Hallowell (2008) lalsuuanialumseoniuuuInsad31901msuinsmn
uuvusiassauganulaenaio (Safety Equilibrium Model) tuniiassaenanisznonlidae
] [V ] <3 @ o
M18M599 2 1118 NAB ANNABINITYINU (AABALLTINTLHI) LazMIABLAUDY (AAY
1Y) 4 1 o Y] ] a 4
AVUTIAIUNIN) AU 1UAUNITIUHUNIULATNITIANT NURTUAITIATIZHANY
daeasslumsiinutazanudssdeguninluaagnanssundesduduaululasins
Apa319 T Hallowell and Gambatese (20092, 2009b, 2010) l@1iwuuitassaanaid
29 Y 9 1 ) o 4 d4a 2 ' a Ay
dszgna lgluau ldununeadi Tasszydruruanudssiinatiulundazianssuides
@19 (Safety Risk Demand) tazdlse@ninmvesuiasmsanudaeasen e ld1s
A A a d? dy y a a
lumsaannu@eainadu (Risk Reduction) nszuIumsil lalsziiiuanugunseveswai

a

< 9 va 1 I ~ o A o =
@mmmazmmrﬂu‘1ﬂ1ﬂ1uﬂ1igﬂﬂaumgw@ i’JEJNhliﬂGnll YUSNLUUINDINUUTUDY

q

QU = v

[ o 9 13 A Aa 9 ~ ] 9 d' (=1 a
dnoninlumsii il le uandaimaiimssudurularei lignassluuiaseulueg Insimna
Aa o [} L4 1 1 [ 1 [ 1 Aa Aa
Uduiusszrinszninnasmsnnuilasafoveuaazal (U dsza@nnmvesaing
11981919 Winasedszansmnludnuiasmaiis ldaus iy vSeaiu1asn1sa

J ) v Y [
YasasvuedilFauliud enasmsuednniuie Iy sean gty uanaii 187 1



20

A yao

I (] ~ I 1 c?/‘ A = A
Wuedranalsazdlu) 11011y FINFITENVINNISANYIVOI Hallowell NADNITAAAIVD
v Y
AAUTEN (Risk Reduction) Tuuaaziasmsanulasasoiuliniesn luaumaauna
v ' Y
AUMSIUINANUABINNATY (Safety Risk Demand) AIUNUIVYUDI Tam, Tong, Chiu, and
Fung (2002) Idsinauedzmsdmsumsdaassnsnenaiionnudasadslunmsiiauuas
gua M laslivanmsvudauanudngmuwamslseumeuuulszaninimae
[ d' Y o d? o [ 1 9
nasmsanuilasaded ldnannIudmsugadmnssuneai
119U ldinsAnyuiiassussenanNlasaiy (Safety Climate) 1ag
[ 3 I o yw a a @ 1
vssnmannuiasaseiuldagneniludifialszansnmanulasaselulnsamsneass
o a R ] [V
Tasussemannuilasassaimsofionn 1d3uiluns3ua 1N (Snapshot) VoI IAIUTITUAIY
o o % 3 o g o
Uavafit (Safety Culture) vososansgalianmiunuunaia Taoflumsazdounsiviuas
@ a Y J A @ o AqQY 1 1 Y
NAuzaAvegn e luesansnernuunsnmsnnulasadenlyedlulnsainisnedsna (Patel,
and Jha, 2014) Tae1119114398v04 (Fang, Chen, and Wong, 2006) ldiausuuuiiasiiuand
v o v W ' o A v o
ANUFURUTVIUTIIMAANVYasassRvdnyazmNIzyana wuNtenianuduius
aoussemanNdasadedsznoulldre e doiugITauTa STAUMIANEI $1UIU
a [ Yy [ a d’ " 9 A
au¥nluasauasy ANUINUANNYa0ANE NHANTIUMIANGIT MITNTNTABATINTD 1Y
dou uagngAnssunnulasaneainiyana Patel and Jha (2014) laviaiuuuuiiaesianisn
Mneussemannulasaselundas Insanmsnoai1alae1435 Artificial Neural Network
1 [ P d‘d o @ 3 I~ 1 d’d o Y] 1
WMt uazussemanmsinuquaiiudiulszneuniaudidyae
v Y v
ussemaanulasassninauuluInsanis uazuinna1iy Patel and Jha (2016) §al¥n3
UYszuiuvesusseimanutlasanoeiivienganssunmsitnunlasansveaiou
Faaululasensaedsedndle 1ua1u398ve4 Lin, Tang, Miao, Wang, and Wang
(2008)WuNMIAsEHINGIANaase Ay MsANulaeais uazmIdea1sAIu
[ qaj AaAa A 1 @ % 1 I [ 4 Ao
anulasasiiulonsnanosrauussoIMaaNnulasass ad1alsnanaansuesaaveluy
1 ' Y Y '
Feaussemannulasassnuanaatulurgaz I deiunNaT LN MTNUAAZIIUITE
U [ { 1 [y a (% o [ J {
1¥nquuesilivenuanarsiulumsdsedivusseimannulasases 3ai Idwadnin ldnn
awv [ e 1 ) o 1 uszl [V yd
udevant ldeauisoun 1l 14 Taedi2 1118 tazuinniiuusseniaanuilasansiilu
[y} 4 ] Y [
msAnwszavesans lildldanuaulalusedudyana

ninmsanywuuiaesgiamaimunlununeadis nuhiimsveanuaulaly

a
1
= )

A g A A ) v < % dyw A g A 9y A
Lii’)\‘]ﬂ'ﬁwwuuﬂiﬂ\iNﬂﬂTTV]ﬁJWﬂQ‘U@]L‘VW]‘“]Nlﬂu@:ﬂf?ﬂu1W§@Lﬂulﬂ5@\1L!ﬁﬂ\1ﬂ15l!ﬁ]\il@ﬂu1u



21

Qe

=

av @ @ [~ { o a
QWH?%&%WHﬂ?WNﬂﬂ@ﬂﬂﬂ asiurutumsaniinig ﬁJﬂ'J'iGl‘Viﬂ'J'liJﬁWﬂﬂJm@ﬂLﬂﬁﬂﬁN@ﬂ“ﬁﬂﬂiu

< [ @

ﬂﬁﬂ']u%lﬂx‘]ﬂﬁTJLWfJ‘ﬂﬂ 2IAUANTD919 Tuaud Eﬂﬁlﬁ Qﬁ@gi

24 WHANIINMINNUYDIAUNUNDAF
3 o VY A ¥ 1Y o A v
Auaussuran luaun ’f]ﬁ'i’l\?ﬂ‘b"]flﬁlﬁiﬂi\‘]ﬂ']ﬁﬂ’f]ﬁi’l\‘]ﬂ'uuufﬂullﬂﬁ]u‘l]ﬁgﬁﬂ

v E4
a <K

0o 3 1 9 [~ YA 1 Y 1 = L2 ~ 1
mmmm LA AUNIUNBE3 198U UHNY mu”lﬂmumﬂﬂﬂmﬁGluqmmqmﬂmmglmmaz

] Y = A o 1 Y

I 1
n¥q dung ld1iniseanuiaeans latnmsyadumsdnyunfdiauauneaiuiuedis
17N ieANEWANT L NUVBIRNBIIZIRIZAIvBALU fuauasast TuuRe a1

=\ a o o YA @ 1 [V A Aa A <3 3 a
Hauitenatead lagudunaunananvean1sidedianio 1Al u dunaN1IN
v k4
nganssumstaui lidasanovesanain (Choudhry and Fang, 2008) UazuINANITNU
. . S o Y 9 1 Aa ~ 1 @
Hinze (1996) ez Mitropoulos et al. (2009) ﬂENGl‘ﬁm’a‘ﬁuuﬁlgu’NWi]GlﬂiﬁﬂJﬂlliJﬂa@ﬂml
1 dyd o vAa [ 9 3| A ~ v W 1 Aa A
matiilunguadiayvesgiamg luTasanisnoaing uaziluTeangoniuAUNNANTIUN
Y
lidasasumartiennuegniolugiianiga1nn151i191u (Lingard and Rowlinson, 1998;
o T A { @ a ) [ o w a
Mohamed et al., 2009) §1Hupd1989NABelinITMFTAMIFIgndIMTUMIITANYANTTUNS
o A ] [ a o 9 1 o =K 9 vAa o [}
i lidaeaseeenly vienuisensewdunuini luauaudde fiaaaA
Yaoass (Teo et al, 2005; Choudhry and Fang, 2008) uwaz#iied1elsisideainise
UszAviszaompanssumsiaungndelinegluasimsnead1e]a (Teo ctal., 2005)
@ 1 Ao o { 1 a o { ] 1% 05/1 I
Med191uIsedwunAdunUIINganssunstui hidaeadoiwiuauma
YosgUiaia luaunoas1e A108191%U Abdelhamid and Everett (2000) 1d/iin1sfnu1yuuod
[ A Ao w 1 I Y o a ]
MssuiANuFseInuOLIaznUd Mg daed 3 Usziau Tdun animnisiauily
Yaoans MIneuduevsauIUasanInMIRIun lilasans taznganssun lidaease
a { CZ { a 3 o o ..
POIAUNU AINNUDINATTINUUANATAATUTIUIU 500 1¥AN1581 1A8 Suraji et al.
<] J a ua 1 [l 1 1 ] 3
001) 1dwelHdunmsdiaaui bimngaumaznszuaumsnoad e iz auiin
I o A 1 o w 091’ I
Wuguananvesgiamaluaiuneaie (29.9% uag 88.0% AWa1AY) tazna 2 Uszau
(% 1 Qle =\ A @ a o A ] o Ay o 1 @ 4
aanantiuimayenleelasasadunganssumshinui hidasass lunulseainadala
) o { 4 a { [l 1 o
nauenuuiassigudnanuunganssud iz avuewaazyana TasiSenuuuiiaog
FaNaINUUUIIA0IV0INA-ATAITABVAUBY (Constraints-Response’ Model) 1A8in1sai
v A a a EZR < 1 1 o A . @
Padenosuemanagiiamigesniu 2 ngu 1dun edeNogdn (Proximal Factors) ttazilade
{ . o v A <3 A A 1 wa [ <
Mogila1e (Distal Factors) lasiladeNiogdunnodendinalasaseaegiiame lidaziilu

¢ A /A A ¢ wa ! o A o da A .
ﬁﬂ’]uﬂ’]ﬁﬂ!ﬁﬁ@ﬂﬂ']Wﬂ’ﬁﬂ!Gluwuﬂlﬁ9]ﬂ’]imq AL e ﬁ?u{l%%ﬂﬂﬂgﬂaWﬂHUﬂﬂ@!Wﬂmcﬁﬂu@g



22

£ I o 1 A a o Y a Jd  wa (] A A
GIN’m%nJumLmueummuﬂmmiuﬂﬂmﬂﬂmfﬂmﬁmq‘umws{] YU Nﬂuhleusumnm Nf)uhlsu
1 Y A a 1 9 v A & 9
GUfN‘ﬂ']GlGIf%'IEJ NIONTADVAUBDINNINU §IU Toole (2002) Ulﬂ'iglc! 8 mmﬂwaﬂmﬂuﬂummm
va P2 c?;’ A a wa a (A A I ama a wa
Q’Uﬁ!ﬂiﬂlla51’7“\16],1!1!1!ﬂﬂ@ﬂ']3ﬂ§]1J15]\1THLﬂuﬂ'NﬂnJWWijTUT]ﬁgu?WLﬂuj‘ﬁﬂﬂﬂﬁﬂa U

Jd A

1599 100 119N130iUAMe 1A Haslam et al. (2005) luaunoadwuoslszmasengy

1 o @ 1 a {1 o 3 ua:
WU 70% Vo9gliamaaenaiyaisudunninauaiutaz vy Mirdunanie 49% 1iu

a a o { 1 [ @ . I 4
Lﬂﬂﬁ]"lﬂ‘Wi]G]ﬂiSllﬂ"IEVIN”IuﬁllﬁJﬂﬂ’E]ﬂﬂEJ"UE’Nﬂ‘lNTHH‘HL’EN Bohm and Harris (2010) ll?f’gmiww

v 4

Ed k4
7

daulnginetuiunnnuganssui bidaeatevosaudusnussnniiue
Aav Y o = vAa [ ~ 1
vt ladinmsanidunavesgiamg ludnaz Amwizwizesas Il lundag
a A 1 Ao o a 4
FiAUeIN15UTEAUYIANA 15U $1UAT8VD9 Chi, Yang, and Chen (2009) Ak Insans1es
d A Aa A o o 1 A Aa
mansaldediatiosninszuy liihsiuau 255 wmamsalnaznumadeFiannszuuy
[ 1 o I [ a $ [l o Aav
Irihdananmusadwuneenily 3 dayaznganssui lidasassvesauanu uIteves
o a 4
Lipscomb, Dale, Kaskutas, Sherman=Voellinger, and Evanoff (2008) "lﬁ’mmi AUATIEHNITAN
H ] ] @ ] ] ] 1 4 [
nnigevesauaiutaznyd 519 1ddnRa Taedulng luaanldginseiflesiunisan
[ 4 < a
Lombardi, Verma, Brennan, and Perry (2009) ”lé‘fmm@m@mmmmwmnmmmmﬂmm
' Y U o A o ] A A A ' o o <
neadeny 3 fhdendwaildaunuwaenuie lidenalulaginsaitlosiumsuiaiy
VSN 49U Arboleda and Abraham (2004) ladnm1luarunaszuuvenas ldenilsren
a A ] [ qgj I @ va A a d? 1% 1
wpAnssuh bidaeaneimiluauvananvesgiamanmnaiuluanuding
Ay A Y A v Qa: A a ) A 1 o
vraAselimsaunuinnniulusesnganssumsiinun lddasans Tagszy
1 < [ a o A A dde Aa o a A
NszauanudasansuaznganssuMIMOUNEe LTINS naN19NNAUL AR 1UI509A1Y
YasassueanuaIuneaig (Loosemore, 1998; Leung, Chan, and Yuen, 2010; Hung,
) ' ' Y
Smith-Jackson, and Winchester, 2011) taztionvzi)dounauzadvedufiaciuiu Tam,
7 o { o a . .
Fung and Chan (2001) lddszgnaldunusiaesnmsnlasunlasinugad (Atitude-Changing
Il Y
Model) FIHNUFIUUUNGBHMNTIATURAIGT (Reinforcement Theory) 119113384049 Conchie,
YR A [} 1 Y v v v U
Taylor, and Charlton (2011) ladgnzinisnelangelunelvvesauaudediisduiigany?
<3 1% J qg.: = v o I 9 o A o [
Usziuaananiulinnuduiusaenmsitugiirlusesninuaoass @u Larsson, Pousette,

and Tomer (2008) Aununa lninaadl¥ifiuiusseInaNna3aing (Psychological Climate)

A
@ 1 ] 1 a @ T I @ a
uuﬁﬂNaﬂfnx‘]ll"Iﬂ@]i’]Wi]@]ﬂiﬁJﬂ'ﬂﬁJﬂaﬂﬂﬂﬂ "liJ'JTilglﬂ‘l!Tlﬂugﬂ@ G]ﬂ’f]ﬂi]UﬂW{Pj’JNGli]

£4
~

9 A ] o 9 a ~ 1 [ I~ [
QWﬂEIJ?JN”ﬁW]WWH?JWS'JEJZYUUETHU“@'NWQ@ﬂﬁiiJ‘ﬂuliJ‘l]ﬁﬂﬂﬂEJUL‘l]uﬁHﬁﬁ]ﬁﬁﬂcll‘!fn'i

=

Y
naguaig luauneads Taenganssuraiihbs ldawsamsud ladngamsoviaiu



23

9
o

4 A v
pon 11/ 1Ape19@UB (Zhou et al. 2015) aetiwsideslianudngNuniudndmsuaua
Y dy Y] [ 1 9
nandfi lumssanmsanulasassluanuneaii
] a Ay v Ay Yo Y] ' ' L% v
nalnmsadnganssui bitasasefidesldasumsthlvedianesui msldyunes
4
o a 1% 1 a a a 4 a
Yoarannswnilyyniuamisosolneiuiona lninaderanainvesuyuduazesue
a a 1 [ ] I 1
nalnmsinangdanssui lidaeaselaidued198 (Fang, Zhao, and Zhang, 2016) lae
Y
nszuruminndiyanil hildinsaudngdnssudiuynnaiiswnodiaufen uadaiom
o A = Y £ o I Y o a ~
Hansenuvediladedus meuendnale Faiudumsasteun1siiauTag Nanau

noaivdounsaeglunaaz uvesnmstiam

2.5 NNENGIIEN‘V!%’I%ﬁEUutUﬂ (Cognitive Perspective)
v 9 dyd 0 a o A us/' 1 Y I '
Tuadeitlumstinaueynuesveoanniygyrusudaanisuaaalvifiug,

9

@ { a A <
PYyagmiuamwnsadumaungiuieswesgiiamg laonaaldimulugduuy

777

a

HUVIABINNTD

a 4

qaj [ cf/‘ I~ a [~ 1 o a
VUADUNTSUIUNITIAAUDINUHY ﬁZN%WﬂuuHJ1!fﬂ'i’t’]“ﬁ‘UWﬂclﬁ}!,ﬁuﬁWﬂThliJﬂig‘U'JUﬂTiWW‘ﬁ

q

v
AaAA o (2

[ L a
Yyandsfunuimludiaunldnuuzwada nazuaainisdszgnd IueanszuiunIswnd
Y
Haygiialunuesnsuaznuneadne
° a o (Y] d
251 wpudaesnnifyandmdudonanaravosuiype (Cognitive Models for
Human Error)
Yy a 4 us/' [~ J @ a va
VOHANA1AUDINYLE (Human Error) Huilussdllsenavvdnlumsinagiiamenas
v ¥ <4 ' Yo A A = X
lagnldanuauluiuediannlasdivenegluaisauiiinau@esge (Mitropoulos et al.,
yJ Aa o A v A a A Y ~ ]

2005) deAanatnvesuybInonITAnduliianatanionsaadulen limuzan lu
n3zUIUMsNNEileyan (Chi, Han, and Kim 2012; Hinze, Huang, and Terry 2005) 1in13fns1
yJ Aa 4 A Aa @ [ a 09/’ A 09)1 [ ] =)
srUUToRANA AV E LA @INneIN U UI T DUy i uundaua lueaall a.e.

1960 (JUAUL (Fang et al, 2016) Reason (1990) lduugiiri faudfiimsianguves

9y 1
v A

a 4 ' 1 1Y 1 [ Y ' Y
%’ON@]W@"IWIJ’EN&JHHEJ@’OTHJ"Iﬂ’f)uslgljﬂﬁa”lﬂﬁfﬂﬂ uAlnes 3 szﬂummuﬂi%’iumi%ﬂﬂqmu

4 [l a3

v Y 1
Tasmssangu Taena lvznerewasdioinerdudeAanainveswybdog 3 od19nfe ozl
A 1 o A 1 dy Y A o Yya 9 a -4
m"lwu LLﬂ%’t’)EJNHli Tagf191uN N “BEJN"LT’ uﬂzﬂuwma"lfmm%mmamwmmmwyEJ
v 3 v AR A A 9 1 9 Y Aa 4
uazﬂuﬂmzmmaﬂmqﬂmﬁwammuummzmmmawamwamsummgya Tag Reason
Yo a A ] o I~ a Y a
(1990) "lﬂi]"ILLuﬂWi]ﬁﬂiiiJ‘ﬂthﬂaﬂﬂﬂﬂ (Unsafe Acts) a1y 3 vHAVITONANAA (Error)

A qg/, . =) A a . = a
A9 NITHAIWAIA (Slips) NITHAIAY (Lapse) NITLQDNKNA (Mistakes) UaLdnN 1 FUAVDINIT



24

az1iA (Violations) AIN NN 2.1 TAgMNIINUBIANUUANA1INIIAIN IUToangAnssun

1 @ as/‘ @ 1 a 1 d o '3 .
litasaseriuamisosanguld lasnarsainiunisnsziinasla (ntended Action) W30

=

o { 1 qaj . . % o <3 1 a
mM3nsgi 1N 1u'1AA919 (Unintended Action) #shldueuviunguuestofanain (Error) 7
1 a . . Y o d?} a A 1 [ o’z’ a A
HANAI99INNITAZINA (Violation) laFanuuniu Tasnganssui bitaoadens 4 wiiad

Y
ANunIeaae T

[
=1

Y Y
) nswasnaia (Slips) Aensnsziinludelalaesiinau luerlalaun
= 9
RERNLR
A A o An 1o = Y v
2) Msvaday (Lapse) Aoninszin luaala Taslinnudumaldaiuanunsa
o 4 9
v
Y
3) M3laenia (Mistakes) Aomstaonined1anleTaglilatwauaziiang

v A =i v
VDN ummmmmmn"h

a . . A qg// a A oa.zl U Y a =
4) M3aziua (Violations) AonN13ae laziansendlone l¥inannudevie

wiiadaranam

{Basic Error T'vpes)

: |

| | Tioro]

| T | ANH e la
P msudmmasips) M)

(Attention Failures)

mansziii liflanala

(Unintended Action)

|—o—} N131a4a3 (Lapse)

AU MHAAIUANINTITT

|
|
|
|
|
| (Memory Failures)

wgAnssui hivasady

|

|

| M = & s oar
! MIDONHAVHNIUTIUNUBVIAY
! mdeniia (Rule-based Mistakes)

| } a &
I (Mistakes) ﬂmﬁﬂﬂﬂﬁuuﬂuimmmi

. I !
o oD |
ﬂlﬁi’l‘jﬁi‘llﬁﬁ‘lﬂiﬁl : | (Knowledge-based Mistakes)

(Unsafe Acts)

)

(Intended Action)

" n1saztia (vielations)
msaztiia e ,,
—Pp manelihan o

(Violations)
(Acts of Sabotage)

A 1 a a A a A 1 @ 4
NN 2.1 ﬂ'JnJLmﬂﬂ'NVINﬂ@]ﬁﬂﬂTGlULiﬂQWi]@]ﬂﬁﬁﬁJVluliJﬂﬁﬁ]ﬂﬂﬂ (ﬂigqmﬂﬁﬂﬂ Reason, 1990)

Y
[ J [l 1% a [ [ o
luyuuesdenanieguuranmsvesnguguniilyan linziluanunsidives

o o

A a

4
VY BY (Human Memory) A1 aule (Attention) HAZMTITINAUTNINZIAY (Calling Conditions)
o 1 dy Y Y < 1 Yy o A A A
Tﬂﬁmaﬂmimmu'lﬂgﬂﬁlﬁmm’duﬁli]Lﬂuaﬁmiﬂﬂmﬂ@3%81Hﬁ18@ﬁﬁ1ﬁﬂiiuﬂ UANULT YN

] a a Ay = A A [l o a ~ 1 o =X F2
FUFU UAANAYT UTaall M395195 HI0UIMNBILS !L‘]J‘U%Tﬁf)\ﬁ’!Wﬁﬂi‘gi}lﬂﬂuﬂﬂﬂ%‘lﬂu%‘ﬂﬂ



25

9 9

o 4 a a L&Y Y] I Aaov Aa A
gniiudueiiooduedorananvesuysdawaiwiudun uaz lunuidennaisinine
3@4 v A AYY (A va A A = a SAA w I [V
watmsauan Idiau e Nz Anyinszurunsanveswybdniianyuziilunuunaia
v IA Y o A A a ] 1 A 2K am A
HunfeMsasuuuIaeuieoNasaeiuIgdIulsznou1I NN LazDTI8I8DIITNIIN

Y
dausznoumariiiiiusiuiued1als (Flower and Hayes 1981) Juiafimisiuaue
o a A 9 a a d? Y Aa S =
puvudraeanniygyuielslunsesuisnisinavuvestonanainveanyydnuiaulal
@ = o a ~ 9y a Y a A a d? ' 9 =\
naedn tagsmnuuaesnsilyanlsesuederanarnninayuluaunedss Tagl
4
eazideantae 1T
srvpuuuiiaesveranalnlnenala) (The Generic Error Modelling System: GEMS)
1Y { { o R a {
a0 2.2 Miuauelae Reason (1990) FuilwdIasevesszuunniilygrnldlums
Y Aa 4 o 9 v 9y Aa J
asnaoudonanatnvenysd lagnallldszyanuuanaisuesdoranainvoanyud
I @ 9 1 Y a A a dg’ dy o .
ponilu 3 anvuz ldun: deranarafinatiuuuiugIuALE U (Skill-based  Errors)
Y A A A dg} dy Y o o Y a A a dg’ dil
VONANAIATNAVUUUNUFIUNYTVD19AY (Rule-based Errors) HAzUDHANAIANNATU UMWY
1 4 4
§1UAW3 (Knowledge-based Errors) TagdoAana1ainaduuuiug1unudIuig (Skill-
dym 1 A o w a va [ vAa A aAad A o A
based Errors) thina lugaiausidasdfuifauuunda Tuda (hilad@ui) daulaeds
4 o o 1 ;g a 1 1 1 a {
Uszaumsaimsiinuimunvesuaazay uiluauwaug Aduneegudl drudoranaiai
Y Y v
MOVUDUNUFIUNYT197D (Rule-based Errors) dziialugisiamsidiaslfiacuuouiiaa
< a wva a @ s A a va % I {
Taoiflumsd§iaaulagdsaunannisuazngnaindeslfiaaiw sernduaundes
Aa va df c?/’ ) c; 1 Y a A A dg’ dy 9
dgiaiduuieasauiensn ldaduave daudodanataiinaduuuiugiuaiiug
a ] 4 o w a oA ad 1
(Knowledge-based Errors) tha lugasiiamsidiasifiacunnuiiaaaui uazldanuauls

< { 4 < a wa s ] ] 1
Tuauaui eswinidumsdfianulugawmsainlui limedsinguiedszavinou



Knowledge-based

Goals

l

Behavior - o
Symbols Identi- Decision,
= fication choice of » Planning
task
Rule-based
Behavior
Sjens | Recog- Associa- Stored
E nition tion » rules
state/task for tasks
Skill-based
Behavior s
Peaml; ( Signs ) Automlated
formation »| Sensorimotor
patterns

RER

Sensory input

P

Signals  Actions



27

v a wa
idumal §iia
(Execution Path) =
dszifiuihwane
.......................... N dumayns e (Goal Evaluation)
(Cognition Path) Y 7
msAnNu
(Interpretation) | :
v w
M3TLY \ MsHenuY
(Identification) (Task Definition)
=1 5
5 -
MITAUNA

--@ (Observation)

il

(Procedure Formulation)

+ -

avy

|

|

|

|

Y . : !
VINIHNUANIZTUIUNTT : :
|

|

|

|

|

|
|
|
I a wAa
| MINIZAU M3lgiia PR
N e < e e PR
: (Activation) (Execution)

|
e _____FY B Y _______ |

y 2
EFUNNIUBT

(Iteration Path)

A 2.3 uuuraeauuutiu e (Step Ladder Model: SLM) (U52gndia1n Petkov, 2015)

dauluaunouadis Fang et al. (2016) laWaumuuinesnniiyaveanganssu

m3iaui litasadsvesntaiuneaiie (Cognitive Model of Construction Workers® Unsafe

Behavior: CM-CWUB) sanind 2.4 Taslunuudiass cM-cwuB dsznou lddrenszuiums

D

=\

a ~ v A Y a Y o ~ @ A Y a @

Wiy inauanulsdedeunsynmauanudsanidnenimiine lvinasuasielu
1 % g a o § { { o a
Tasamsnead sellumsldyuuesvesnszuiumsnniilyguiefnaasnalniiiliing
9 a J a U o d‘ ] [ a dgl Y L] Y
JoranarnveauypinazesIwMInsziin lilasadsuesnuauiadulaedialsing lu
4 v
nuviraesdenanlszneulidreglunudiduin 5 9uldun n1slddeya (Obtaining
Information) N9 leglliclilﬁlgl}’e]j;lja (Understanding Information) 13 5 ‘Uq%: (Perceiving Responses) N3
1ADNNITABUAUDA (Selecting Response) 11azN15111A (Taking Action) MINUAAANUANINA7
! 3 ) Y a a = 1 @ o 9/ [ Y a wva

Tungazduaowhmldimanganssui hidasads lumsirnunaziegaildinagiameg

a 9

A 4 . Yy o 9Jq Y o a .. .
W30MANTal Near Miss §390 14 19m1e1mvenudumanilyan (Cognitive Failure)

a Y o

Glu\i'IUfi’E)ﬁ%)']Q’jW LﬁﬂﬂL!\‘ﬂl.lé]}’é]\‘ILWHﬂJWHWﬂ‘Uﬂ’NiJL?fEI\‘lﬁflﬁﬂﬁlﬂ']W AUINUAITICTIUITD

9



28

Uszngasrednlasasaiionauideigiamansomanisal Near Miss fofaiu g usiies
ﬁgﬁﬂmmé’mwaﬂuﬂixmumﬁw‘w%ﬁ’]mumuwam@iazeifumwfm@fu auauag lianse
UszerunadiS s enniannuamandeusennindmineanuaeaseing 1318 luns
Fedana1amudt msldudadeya (Obtaining Information) uwaznIsIdeNMIABUAUSY

[

& o A o o A A A Yy & oy o
(Selecting Responses) Lﬂumuﬁﬂu%ﬁ’] iUiJ’lﬂﬂ'J']sUuﬁfJu‘W!ﬁaﬂlu@Q%1ﬂﬂ’l'§1ﬂﬂ’l°ﬁ\‘]ﬂl@3§jﬁuu

D.

imsnaunadeyaninmsdungMnerdestuanudssan Tulasamsneasielasaives
1 qul A qu‘ Av o 1 9 Iq =
aunued dauluduaoumsdonmsnevausatulunuivedinanldlszgnalsngu]

WnAnssuN 14921913 (Theory of Planned Behaviour) d@1isuwniladondenaiiliauaiu

G

v o 1

A ~ a ] Y 1 . . o &
oniazluiasied e ludasans tazwuimsagals (Motivation) vesauamluamez iy
anlszidumaidenmsneudussvesnuIuIzlfiadeeels
aw A 9 Y I ' ° a o

Tuaavendumn lauaasldmuiuuuiaesniilygnivawnsosaasnalons
a 9 a o Y I Qg: a J o Y
aderanainveany s laguaaslmriulugduundusounszuiumsaaveauysd il
AT IIIANNAZAINADNMTAT1ATEaNIFIe TumsTanisanulasaseluyuue

a Y I 1 =\
YoanszuIumMsyniayan lailueded

nazuIum NGy
{Cognition Process)

msladeie
(Obtaining Information)

Il

mawinladieya

(Understanding Information)

Il

|
! |
! |
! |
J |
! |
! |
! |
! |
] |
! |
! |
! |
! I
! |
! 1
! |
! |
! |
| o

! masuj |
| |
! I
! |
! |
! I
! |
! |
! |
! |
! |
! I
! |
! |
! |
! |
! |
|

| |

(Perceiving Responses)

Il

-
NIABdNNI TN UAHDS

(Selection Response)

Il

mslgia

(Taking Action)

i 2.4 uuusiaesunsilyavesnganssumstinui lilasasovesaununeaing

(CM-CWUB) (1/524n@910 Fang et al., 2016)



29

252  msahanpudiaesdinsudnuniludnvaznaln (Safety Modeling in
Dynamic Society)
{ g [ [ % o a $
Tuanmiduwaiavesdennlugailigiuirldinanisnlasundania
1 < a [V [ Y @ o o
maluTadodsinga magnzmsuisduiugaazdalanimusanaqusoudaiilddnam
[ v a A Y ==X A v W Y 1awva
oI InluauANVasatuuuuAuANNIIuEaluTeINsAIUANLaz A D THUTiaawng
[ 1 Y a A a'/ a A =1 = 1
anulaeanen1e ldandsz@ninmas wasmsuvuauauguiiiou luieanednae 1l
Aeansranmsninmsuesmmiuanaseen lldmsunszurumsadiuwuudiaseny
Uaoaio (Rasmussen 1997) 91N3109IUITUIULINVDIFNANGIVOINUNITINAGUAMAUUIA
[ 4 [
Tvgiduniszyaunguosmanauiuaneaananiu iy ldinerduanuiudyves
Y Aa o % Aa 4 A A 9 2 9 o
PONANAIAURNIZAWANUINADINTEUVVBIDIANTNAVAA AN Indgliamanielansanadu
MeINUANVABINITVDIY T2 ANTMNATUAUNUDIITULSI 1Az UTTOIMANTNITHUITURY
GAUITGR
HUVF1A09UINETIUNITRIIY (The Functional Abstraction Model) lagn
) A Y 9 =2 a Ay P Y a A o A
dnaueiveldidr ladangAnssuiiugwesuyudsene Iiinana Inidunaoumsudasoon
CY dy Y a a
mGQﬂuawuiuﬂﬂﬂuuu (Rasmussen 1997) 18 Rasmussen (1997) llﬂ’e]‘ﬁ‘]J”lEJWi]G]ﬂiiﬂJﬂl’fN
A 9 Y a a ~ o Y Y A .
aunuineein lndveuvalseanimmnegeusy ldamnrn (Boundary of Functionally
Acceptable Performance) Aa0AIa1 1ABIAANINIAANNAAAUTDIAIU Ao 11nF8VTHIT
{ A A A ° Y ]
(Management Pressure) N@od4nsoziinyszaniainlumsiion vazvaz@erduauaun
v Yo o Yy A =2 o qYa i e
apams lsmaennugaa e 1iiesNga (Least Effort) 93711Hinanseanununiunuag
1 1 1Y a o I
AUNUIBI AUNUNGIWAUITIURANUDINNNGATIZ LAY 2R eINUADT15 Taena Tan
Y P Ay vd Y o P v a a A o Y
wenemaIunuAuNUYesL 1 wan ldnadenumsidnlndvenalse@ninmisoniu'la
9 A o wa o A o Ay v
i lasdaluda  wiasnisanuilasasenio lusunsuanuiasadsais fildgn
° Y A Y a A o ' o Qo ' Y
dnnldmeneowaivauaunuliingdnssuilasanes uansziunds ldamsadiunu
o us/' 2 dy Y o Y = a A a A A [ Y
usenasueaesd uilla sldauauingdnssuiaeveuvadseaninmneeusula
(Acceptable Performance) li/ogluvouianiuianain (Error Margin) $98012269na123]

a 7

5 P a vy A a a . A
ﬂ')’]illﬂuulﬂllﬂﬂﬂglﬂﬂf}‘ﬂﬂlﬁﬂﬂa@ﬂwﬁ'] Llﬁﬂ']lllf]Glﬂﬂu\i']ullcl"lﬂﬁﬂiﬁuﬂ'ﬂ@ﬂu@ﬂlﬁu@

< 1 o A o

a A ~ (% 9 Y A Y a A @ ~
GU’E]‘UWﬂﬂﬁ%ﬁﬂﬁﬂWWﬂﬂ@ﬂJﬁUhlﬂgniJ‘ﬂNWﬂﬂﬂ%ﬁ'\‘lwﬁﬂ'ﬂﬁlﬂﬂ@ﬂ HANUN aaugadluning

2.5



30

wounlssngamionsy ldnumi

VOUARATILHANA

(Boundary of Functionally Acceptable

AR YzineNge TUATHIMAR

Performance) ) ) :
(Least Effort) (Boundary to Economic

wmzﬂﬂ'nuﬁﬁwaw

(Error Margin)

madudiuaTlaoadt AnuaIInvesuifuls 14

(Salety Campaigns) {Brownian Movements)

woupnszauioousylild

Acceptable Performance
tAoepiaible Pertumance) Boundary to Unacceptable

Work Load)

{Management Pressure)

$ ) a o 4
NN 2.5 LL‘]J‘Umai’NWi]@Iﬂ‘JiiJﬂ"li‘Vl”lﬂuiﬂﬂ Rasmussen (‘]J%Qﬂ@ﬁﬂﬂ Rasmussen, 1997)

9 Y
NANNIIAINAIIVDY Rasmussen ﬁuaguuﬁugmmammﬂﬁuw‘w‘ﬁfﬂmmw (Cognitive

e

=

System Engineering: CSE) #aldanudngnugduunvesszuumsiiauniioninadons

o

v Aa a o I Sld' Y a Y a Y
daduly ngdanssumsiiau vazanudulydldnd Iiinadedanaranas Auduman
(Rasmussen, Pejtersen, and Goodstein, 1994) dausiana lnildlu cSE aglumsianisaiu

[ 13

Yasafenlszuumsiaufaausudon tazinnudeege 130 AU INAGIU FUAIN 11

4 = L] dslawd'

A  a A oo o Yy & my Y a =
HIAUAAYITNIDIAN ’e)EJN]'liﬂﬂ ﬁ’]‘ViﬁUQTu‘ﬂ@ﬁﬁTQuu]'I,ﬂNW’Jﬂﬂﬂqﬂ@ﬂﬂ§18ﬂﬂiﬂﬂ1ﬁiuﬂ15

G

a o

J o o 1
ﬂi$Qﬂ@Wﬂﬂﬂ15ﬂJﬂQ CSE uazgﬁsjmmummuumamwqmﬂﬁumsmqmmm Rasmussen 9¢
[ Ao & Jd Aa 1 9 Y 1 =
NUHATYITUITY “INE‘T”I‘JJ'Iiﬂ@]i’]‘]JT“’l]‘1/]EJTJ5Uﬂﬂlﬂﬂ\i”luﬂi’)ﬁiﬁllmﬂlmmﬂﬂ

1UIV8UB9 Howell, Ballard, Abdelhamid, and Mitropoulos (2002) laendoald

A g

1< ) a @ | o @
Rasmussen 1Hufihimsfadumssanisanudssluanimnadounmshinundunuunaia
[ <3| { aw Ay o J
uaz 1a14nann15ue9 Rasmussen (Juiugiulumstnuite Taslunsdnuiisedena 18
) 1 o 1 9 < @ A A
Wuauensuii Taulumshnuvesauauneaiivesmilu 3 Tau danni 2.6 as (1) Tau
@ A& a o’z’ 1 A 1% Y o o
Uaoans (Safe Zone) NFINgAnIuAUIIUTIULYluvoUUANgnIzy 1A TRengdotisaunnu
Y { L { g ; PN ¢
Uaeane (2) Toudodunste (Hazard Zone) N¥alinnuilulfvgimamamsal lanaeanan
uazgame (3) Tsugadon1snauan (Loss of Control Zone) WaanmsAny1 lauuzihlding
@ A Y dg’ ]
anuneenlumsversvouvavesIsuiasass (Toui 1) TdunTumIumsHUMS

o 1 A o A u’/‘ Ay o 1 Jq Y o 1 9
W ludulswdesdnsie (Toun 2) Wu uiseasnanlalianudinyaoudiannlae



31

o Y a =1 ' o 1 = o Y A @
puzirldinanmsdneiidiedi lsveansaildnisszyveuvaveslowassdunse
[ 1 Y [~} Y o 1 A o w Aa vAa 1 Y ~
asnanldaunsoveunu ldFanulusznneiauauiaaljiaau dlsugaie (Tasun

= v A <3 ~ 1 =\ Y o 1 =
3) Iimsaueuuziuiie lsnamwiauaueglulsugydsnisaiuauudiiiedislsisazan
a A a 4 Y = aw = Y
anugadoaziinaduld ldunfige naznaanauITeves Howell et al. (2002) Nsz1yld
] 9 o = A o A Y o o Y a
YUNUINsAnEINMIseyvoUuaved Tadesduanste dsun 2)  Ivddanu Mlnina
MIANYIADITID4111914V09 Abdelhamid, Patel, Howell, and Mitropoulos (2003) 1 l@AA¥1NNS
4 [y o 4 i [
UszgnAe 1M uRn13a3199uFyaa (Signal Detection Theory) tWoNF8lHALILT DS DA
A [ ) Y3 42} = o 1 [ Y o
@eeouas1elun1siu G I13u navesn1sAnEIAINa1IFI8 IR ANOIUE IO WAL
A a Ay A |2 wa "2
Aanwasalunisszyganaziamsgadeola a vasndgiaau tazuinniniu
<3 L o
Adbelhamid, Narang, and Schafer (2011) ﬂllﬁjﬂiszﬂﬂi%ﬂaﬂmi Fuzzy Signal Detection Theory

WhumiuAudnmemulseansnmuesnuau lums sz YU LAY IANEBIAINET

YOUATTTAON N3N SUAN

({Irreversible Loss of Control Boundary:

VDUVADIANT T FUAIY

l'l‘iﬂ’]‘r'l']ﬁlﬁ'jﬂﬁﬁ'lﬁ@]';
TIUHTUUVDINTITENY

(Organizational Boundary to
(Workload Gradient)

Economic Failure)

= .
Twugapdonsniuay || Tsudesduasio || Txulasasi

(Loss of Control Zone)

(Hazard Zunek (Sale Zone)

AMHTNIDIA 19910 vouAyARad I INTZIUAT
(Cost Gradient) (Individual Boundary to Unacceptable
Workload)
m‘mwmmﬁﬁﬁﬂﬁuﬁgImmx:fl""
—— (Boundary of Unconditionally :E)I' b‘:‘{u?b Behavior) P
MINHUVUUDIA VUL

(Increasing Risk]

AR 2.6 uaad 3 Teuvesnnudes (szgndan Howell et al., 2002)



32

U914 IVBUB Mitropoulos, Abdelhamid, and Howell (2005) la¥uausuyuusiass

[ 2 [
anrguosglama luaunoad 19NN NUg IUUULDUS1a99 Rasmussen AINTWN 2.7 LU DT 1004

=

Y o I o A o A U @ o [ A J o A wvAa
N ﬂuuﬁu@Lﬂutlﬂﬂ%’]aﬂQWWWHWIﬂﬂW%Wﬁﬂnﬂ%%ﬂﬂaﬂ 2 EJEIN‘I/IL“lJui;ﬂm!,uﬂGU@QQ‘U@lm

=

2 .3

18uf (1) @mwmIiufisuns e (Hazardious Situations) 11aZNOANTINAITIIOY
U52anTn W (Efficient Work Behaviors) futﬂuﬁammumﬁ@ﬂ%’uﬁ’umm;?}m (Exposure to
the Hazard) ¥nuaUnead s (2) Yefianain (Erors) aznmsaeunasaning (Changes in
Conditions) msﬁNmﬂ?umuﬂumszﬁﬂﬁummm@mm‘f (Incidents) W3oHANTZNUTRATWL

A [ a

v
[ Ay o 1 v I
(Consequences) Gﬁi’)ﬁ\ilﬂﬁﬂﬂ\ﬂﬂ?ﬁ]‘c’Jﬂ\‘]ﬂﬂYJ'LlLlﬂﬂ@ AUANHUSVIITISUUNITANAAUDIITUY

q

Qe

! Y .. . @ v 1 Y a S
NOA TN (Characteristics of the Production System) Yuiluaineselvnaaniunsainiau

1 a wa ng { a va 9 <
ieadomsinagiame azanuaelalumsnazalfiiaanlddnss (Tendency for Competent

Action) vesauudsdunsaranauanauliidlndguovvavesmsgydsnisnigudn
Y 1 = [ 1 a z:' Aa Aa o 9 t:' dg’ A

Ao (3u audiusanaauaindheusms lumsmulszanimstrouldimugadu vieauan

Aea o 2 4 ' o =
UftiRnudatuaewieliauedld1danunsemlidesnga) fNidesgmusiamiso
a Y1 g ' [ 1 v 9 9/ Aav o ' Y
newlaindunquuesiladeaununaznguuesiliveduauau ganeauideainann 1
Y 1 1 v

wiud 2 nuaman lsdesiugiang dalaun msaamamasiuiluaiafa (Reduction of Task
Unpredictability) gazmMIuANNaINIsa lumMsIamsnuderanain (Increase of Error

Management Capabilities)



Production
pressures

Unpredictability
of task &
__ conditions.
fforts to A
control %
ehaviors “"
e

Production

Activity &
Context
characteristics,

= behavmf
ndency endency fo
actu:-n
inducing

- EI"I'Ol'
Errors:;\ /L faC!UTSJ

Incldems chang

]
1
]

]
"
[]
[
]
[
f
]
]
]
]
i
]

_b'

causal relationship

feedback Iﬂﬂp (E,pnsures
= G £ AN conditions{
. S condilonsy Error !
= | manage- ,rr
ment /‘:

Safety
strategy




34

@ [ o v o d 1
(Capability) Tagrirlavianveuusiass TCI ﬁﬁl ﬂ'J’]iJZﬁJWuﬁ3$ﬁ31\1ﬂ31u$§]}@\1ﬂ15m@\1\11u

[ A 1 o A A < A 9 9 1
ﬂ‘llﬂ'ﬂufniﬂﬁﬂ‘VIN1U§$W31Qﬂ15ﬂlﬂﬂlﬂ1uw1ﬂu$ uJE)GlﬂﬂmﬁJ NANUABDINTITVDINTIUUDYNIN

'
= 3

A Yo A YYNY 1Y A A 7=
AUTINITONY EJ'GU‘UGUﬂﬁuJ’]ﬁﬂﬂ'JUﬂiJﬁﬂ’]L!ﬂ'liﬂ!ubllﬂ Lmﬂ'lliJf)lli‘l’]fJgﬁlUﬁﬂ'luﬂ'ﬁmﬂﬂTliJ
Apamsvesaiunun AN otz dawai lminamsgadenisaiuguerumiiuzau
o Y a va d? ~ A g ag 1 Aa =Y d? 3 ¥ o
M ldnagiamadulunga nedminlyaanen lunagiamaiunld wuvdiass TCI

AINANUFAAIAININN 2.8

mmé’fmmwmam AITHETIHITN
(T'ask Demand : 'TD)) (Capability : C)
TD=C ™D =C
A h 4
Magayidg
'E‘IJ‘IJPIH
NI J‘LI'PA'H
v h 4 v

QiiALHe) Tinageme Tinagieme

AINA 2.8 LUVI1a04 Task demand-Capability Interface: TCI (ﬂizqmﬁ'iﬂﬂ Fuller, 2005)

Y]

ANVADINITUOINY Ao TadenianuduNus U UIIHUL DU aN1IZNITITINT

< a A Ayow A o o A 3 I 4 Y
AIMULIY LUASNINTTUDUNHUVUUNTSNT W YVUVITUNINUS ﬂ'ﬂmi’JLﬂuﬁuﬂﬂﬁWﬂﬂﬂWNﬂﬁﬂﬂﬂﬂ

9
A
1 1 Yo A a Yo ] A v I A A 19y 9
dananoithvuevesdiuinazngAnssuveRI Ul 1 M319dea15 e lude 149
a @ Y 1< [} ° Y ~Aq Y <3
amnsunin anudeamsvesaiun i frldanuannsonlslumsauguerumimugn
Tuunesuiu
d‘dd? 1o Yo A 1 = =~ Y 1 I
ANUANITONTUUBIAUTUITOULVDIRTVY (U MIWNHY MsFeuiodruiu
o v A [ A @ [ o 1 9
NINT tazlszaumsamsvud) szauanuaual  uaziladenauyyd (15U AUV
319M8) TagszaUAMUEINYBINITUY (Task  Difficulty)  1aZIZAUNITAIVANTINIIO
U UL ISl sdsunasanainivanInmsvulnaziledenuilsilasuaiy

9 £ 1 1
ﬁﬂWuﬂWiﬂi' iﬂﬂﬂ’j”lﬁuﬂ’ﬂll{glj’f)\i mﬁjmqmuazmmfchwsaﬁuﬁmiﬁqwﬁqﬁuuazﬁu



35

A A o 9 Y = A 1 Y a a @
Lll’é]vlﬁﬂﬂ'li'i‘UEﬂ’ﬂﬂJ@lfNﬂ']iGU’éJQQWlliJﬂﬁl‘iJaEluuﬂaﬁﬁ]%ﬂ'\iWﬁGl‘l’ilﬂﬂﬂﬁlﬂﬁﬂullﬂﬁﬁiu%‘%ﬂﬂ

A A 9 Yo A 1 o Aq ¥ z
mmnimaiaﬁummmmmuazmm"lﬂmmmmmmﬂslﬁﬂumimmgumuwmuz NITUU

A Yo

lumssnszdumsatuay usessuduidividessainamsanudesmsvesnuls
9
20N
13 awv 9 9 dy Y o Yy Iy 1 a2
ppuraesnuItededuil ladhmsnaseslaligdiswmanadeugia loluusdaz
dunensses luguuesvesdumisauduiinsldanusr lunsdumeiiuand iy
ﬂWﬂﬁMﬁ]ﬂﬁI%J‘V]!ﬁlﬂS’JiJﬂﬁ‘Vlﬂﬁﬂ‘]JﬁWﬂﬁﬁiﬁUﬂixﬁ‘uﬂ”lﬂ’l"lﬁJfﬂﬂﬂl’e)N”lﬂ (Task Difficulty)
HAEAIANUTIIVOINIINAQTANA TUNINADA (Statistical Risk of Collision) VoIUAAY
p : 2 4. 2 Ay 4
mgmsal wansnaaesagyl1di1ns@aenn21u159 (Speed of Choice) Hudsigiuylsluns
AIVANTZTAVAINGINYDIIY TAsNIAINEINVDIIIUHGDAITNABINITVBIITUAINE IV USY
@ Aq ¥ v Ao
szauANuanga llawanuawnsan I lumsduaiiues
o dyddy @ a A Y o [
HUD1a0d TCI BUNUFIHVUUNeIveInanwnT iy naziren Teadnnunanns
A
Wi]@]ﬂ’iiwﬂ”liﬁ%ﬂu"’lﬁ)ﬂ Rasmussen Iﬂﬂﬂ’)”lilg])ﬂﬁﬂﬁﬁu@\‘}ﬁu (Task Demand) UUA W5
=1 Y1 I [ 1 a Ay [V 4
anulaintuusaineaauaindienims (Management Pressures) 1999M5U55qIAqsedn
9}&' Y o w 1 1 A . 091’ = Y o
moelatouludosinanisg dauanuamnsofil (Capability) Wwsiaunsodion lanuaim
d'd?} "o @ U @ 9 a
RAAMZYDIAUIIY (Worker’s Effort) NYuagiviladzniameninuaziladeniaaiuvale
254 wpudraeamsiiagidmalunuteadisuunugrundnmsynidya
(Cognitive-based of Construction Accident Model)
o [ 4 o a 4 @
Mitropoulos et al. (2009) llﬁvl1msmmswmmumaammi‘]mumuuﬁammﬂaaﬂm

A yao

Tuswneadeanuuusiass TCT o9 Fuller (1997) Tasuundiaasigide I uerueriuding

[

o a 9 Y a A a 421 1 9 qaz’ I v o Jdo
NAWUUTUYATIUNAD 31D llﬂllﬂ (1) ﬂi]ﬂ'i'ill‘ﬂ!,ﬂﬂﬁllunlu\ﬂuﬂ@ﬁﬁTQHHHJU']J AUNUTOU
' o da
TLHINAUINU (Worker) Y ﬁmumsmﬂlmmimﬂm (Work  Situation) HUNA i’)ﬂWiGlslf
ANUENTa 1UA1TRIU (Capabilities) 11112 aNAVANVADINITVDIIU (Task Demands)
wva 1 9y <3| = A 9
2 QU@LﬁﬂiuQWUﬂ@ﬁﬁWﬁHJHWaiﬂﬁ]’lﬂﬂ’]iqmu!ﬁﬂﬂ'ﬁﬂ?ﬂﬂu (Loss Control) taAUABDINTT
GUE]NTL!mﬂﬂ’hﬂ?ﬂhmmiﬂﬁlumiﬁwmﬂlmﬂmm 3) a%ﬂ’]iﬁ’l\ﬂu (Work Practices) L4a1e
o <3| ' t4 o
ﬂ‘iz‘U’Jumi‘wNmLﬂuﬁu (Team Processes) Gumﬂquﬂmmﬁ%lwﬁmumﬁmﬂummimim
1 9 @ o [ Y a < Y
(531’1'N\Tﬂ'l'lll@]@\'iﬂ']TUEN\1']1!ﬂ‘llﬂ')nJﬁ’]iJ’]ﬁﬂﬁluﬂ'ﬁVI'l\ﬂu) l!agﬁ\iwaiﬁlﬂﬂﬂ'ﬂulﬂuqﬂqﬂ
¥pgUAa  lagaudnanisvesiutazanuaiisalumsiiaulsenon lidae
E4
s10azdeanno 11

1) AMUADINTUDINY (Task Demand)



36

F% o a va 9 o <
ansoszylalasszavvesanvernlunmsdgianulddseaunaduso
4 Ay = A @ A 1 A Y
ﬂ’lﬁlslﬁﬁﬂTJg!Lagﬂ'liﬂ'J‘UﬂNﬂﬂ@\iﬁaﬂlaEl\‘]ﬂ‘]Jﬂ'J’liJlﬁﬂQﬁ%‘]c] IANUADINTITUBDINTIUUIN

] A A I 9 Y a =\
mﬂﬁﬂﬂuﬂ’ﬂmﬂuulﬂvlﬂsllﬂﬂell’ﬂNﬂ‘WZﬂﬂlla$ﬂ1‘iQfglﬁ’ﬁlﬂ15ﬂ’J1Jﬂ3JGII’ENﬂi$1J’JuﬂTi

y
ANUARINTVINY ANAMING
(Task Demand) (Capability)
1oy rhitdunaden || dimginssmio Lawsson: 2o mne il
(Task Factor) (Environmental Factor) | | (Work Behaviour Factor) {Competency) (Human Factor) (Attentior)

{ v ) J
A 2.9 'ﬁTLl‘]Jﬁgﬂf‘)‘]JﬁUf’J\Tﬂ’J"IﬂJgfi’Nﬂ"l'iaU@QQ"lu HazANNE NI USRI (']Ji%EJﬂ@ﬁ]”lﬂ

Mitropoulos et al., 2009)

{ S 1 o W [
vinn i 2.9 Hunquaesileteluduanudesnisvesaulaeutaiu 3
< o o o o A
¥N7A N0 (a) 998909911 (Task Factor) (b) 193w a119adon (Environmental Factor) 1182 (c)
WYANTIUMIIIU (Work Behaviour Factor) 8n@iiag 1914 AT INABINITYOIIUYDINTUIATY
4 Y 1
gnvodlununeddluediudnyuzuesny (viaveuiminien szeznie yulumsen)
v A 9 = a a A z a Y A A
fadedanadon (an tmdesnmassauninunaunsu aolidwssgausnulndifed
Uftiaa) tagilidedunganssumstiau (Maswesu nselauoundesingie)
2) ANeII0 TUMI1119Y (Capability)
< J o A v o 9
Wumsilszgnaanuainsalumsnauiness s unuAINABINITVDIY
4 1o 1 < J o
Taodiuogiy (a) du550UE (Competency) Avziluilszavmsaimsiiamlunian
2 [ = @ o O ' o 9
@y MIANAUBUTNNNHEMININU HaZANNANYTALVUTIVEITNMEY (b) TaTenisdrn
4 { o Y
W8 (Human Factor) Nenunsnaannueinsa lumsinuvesauavadla Tasmwizilede

v 9

9 a d’ 1 1 a A d! = [ [ 9 1 (= 9 a
muw“lwmwa@mmﬁmﬂqmmmm 4 ﬂﬂ%ﬁlﬂ’wﬂuhlﬂlm AITHLIITY AITHAT AITUHIATINA

o w

=< . d’d Y d’ Aa vAa [ d‘
azaNuNIne 19 (c) anueauly (Attention) m”lmmm‘nmmﬂgmuazmmmmaﬂumﬁ

1
o A

o I [ Ao =} 9 A d? 1 A v o
NN mmﬁu“lmﬂumwmmmmm UBUANUADINITUDINTUNUINVUIFULUDADININTU



37

2 egnarugnull anuaullunudiiedsinadesgnuiieiadss 1 dewaiildna
1 A c?/‘ 1q ¥ A AA o Y
aulagonuuazainudoaivanas wazns lildanuaulaluanu@esvesnuniin In
[ 1 F4
srauANuAuAIanaaziiy Tomalumsinagiiamauniu
4 1
1AA1TH 114911398 U89 Mitropoulos and Namboodiri (2011) lasiiinaueniesiie
9 @ a I A @
m’ﬁ3‘umsﬂazmumm@fmmisumqm ( Task Demand Assessment :TDA) Taollu35n1599
A a J 9 a 4 A A 1
anudsslufanssuvesnunediaaz IinTzimaldsunlasveinszuiuns dinane
[ a va 1% 1 I o
dAngammainagliameg nszuirumsasnarniunsszydwiunnudesnisvesaiulaed
4
HUFIUOYUUANHUZVDIADZAINTTULAZANUAINITOVOIAUNIY 1AYTZAVANNADING
H Y
yosnuidszdiu lduaastiniuernlumsdfiaaulilasass unanwiildtinigial
L 1 a {0 v 1 @
Uszgnd s luaunoasialu 2 Aenssufiareiu Tdun :unasn (Roofing Activity) 118291110
a . o oAy Y Y 3 ax o v o a
ADUNIANUU (Concrete Paving) Haa w5 laudasldiviuis TDA duaunsoiadulsnmswan
d’d 1 [ a A 1 qg.: dy Av @ 1 ] 9 o =< a
iwansznuaeAnenmmanaglama uanstiauisedsnarn lulasimsaneinissediv
Y
anuamsalumsthauvesiiaesnangsy
Y
TAgaIUIVENIVD4 Mitropoulos et al. (2009) 8% Mitropoulos and Namboodiri (2011)

a

Tauaasdannuilull1dlumslszgnd lgmguiwniilyanas ) lugamunssuneads ua

q

Y
%

an Aq v =< @ 1 c?/' o [ Av o 1 Jq Y 9
'JﬁﬂTiﬂGlGIfGlUﬂ']iﬁﬂ‘HWﬂ\?ﬂﬁTJuuﬂﬁqﬂlﬂuigﬂﬂ‘ﬂ\iﬁﬂﬂ QTM'J%EJ@\?ﬂﬂTNJi%Qﬂﬁsl‘b'ﬁlu‘ﬂl‘]

Y v Y
wiywvosnanmsynidygunniu iawsafesuiedivilsznevvesuuniiaeaiuil

[ @

o a ~ (] o I Y a wAa 1 1
dunusnunganssu lidasasuazanuilullIdvesnmsiagiiamaedials wazunni

Qe

aov dyw ] o a ~ 1 [ Y~ 9
wuauAdetids liensainaueinainsniuaunganisui lilasassvesauaiu1dsndae

1 < @ ~ . Y o YA o a
9813 15AMUHaNN13N Mitropoulos et al. (2009) latinaue Aidnenmlunisesue

aszuIumsnaetaniglunuseaiawazhliismiuimganssumsiaun lideeass

] a

ua: I~ Ay o Jdo 1 1
Hulﬂuﬂgﬁﬂwu‘ﬁﬂu531’?')1\1ZT’J‘L!‘IJﬁ%ﬂf]‘]JéI}"IuGUfNﬂ')"lllé]}@\‘lﬂTﬁGU’EJQQWH!La$ﬁ1Hﬂ31Nﬁ1N1§E‘I
9 Y Y

o 103: ~ 1 U v @ Y [ J v @ < A o 1 =
Tumsiau LL@I“VNL!?(’JH“]J'D'%ﬂf)‘lJGUEN‘IJ%ﬂEW]Qﬁ’ﬁ)\i9111.!@1\1ﬂﬁTJquNﬂ\‘]L‘l]UVIUWﬁQﬁEJEJQ 137N
1 9 ~ = 1 v A I a =3 a A [
ﬂ'JiquLuull‘ﬂ‘ﬂﬂ"liﬁﬂyWﬁluﬂixﬂ’f)‘]J‘Ui’J\ﬁ]i]i]EJ‘VI1%Wi]"lim1ﬂﬂﬂi%ﬁ3uﬂ1’itﬂﬂ@ﬁm1’iﬁ]ﬂﬂ

1 9 d' ] d’l [ a an Y d!
ﬂuﬁuﬂﬂﬁiN’EJWﬂ"qu\i‘V]i’JQUHWMiWH%@QﬁaﬂﬂTEW%TJ{IﬂJQﬂ Iﬂfl’l‘ﬁﬂ"l'i]’lﬂiﬂ%’ﬂ

drutlszneusananaziinausluindedalyl



38

2.6  nszvumsnatiadsuazlvivinviiniody

1 d"d a = A [ o A g 1
1uﬁ3uulﬂUﬂ1§’E')‘ﬁCUWEJTJQH/?Q]Wﬁell’ENﬂ13la@ﬂﬂﬁgﬂﬂuﬂ1§ﬂﬂﬂﬂﬂﬂ‘ﬂL‘]J‘Llﬁﬂuﬂigﬂﬂ'll

=S (4 =

o A o Y @ A v 915’ o @ 9 <
GlUELUU‘ﬂ']af]Qﬂuuﬁu@ Wﬁﬂuﬂﬂlﬂﬁ]Waﬂﬁ@\'ﬂﬁu'lﬁuﬂellﬂq{lﬂﬂﬂﬂﬂﬂﬂﬂla@ﬂmﬂu“ﬂu

U

aul52noVVRIVLIIABIAINA
2.6.1 NITUIUMS Delphi

. o Y ! o A o A

n321U Delphi gniiwnlylumsmidivilsznevveaunusiasenieiloden

) 9 1
vwilszneuluunuiiaes Tasnisitesesanulasanein lasdiulvadeyanlaeguu

4

A ) a < Y A Aa Y [ a ] 1 I
Wuiiuﬂ”ﬁﬁ"ﬁ'ﬁ]ﬂ’ﬂllﬂmﬁLlLLﬁ$1“]5L‘1/]ﬂ1!ﬂ1/]LﬂEl’JGU?J\1ﬂ°]Jﬂ"I§ imummmmumamqmﬂu

'
[ =

= A 9 @ a . = a o ' 9 o Yy a A
HAN HIUNITINYIVDINUDAAUDIAU (Biases) tdUD ﬂ?"lllN@ﬂ@]ﬂﬂﬂﬁT')ﬂ?i@]ﬂQﬂTiﬁ!ﬂﬂﬂJﬂTi

P 0o 9 Ya v A Y o Lo g
‘].IﬁLLE]%VIﬂ‘I’iLﬂﬂH?JEJT]Q’ﬂ (Hallowell and Gambatese, 2010) U9AUDINTLUINUNIT Delphi HUN

u

aNe

=1

A Y Yy P g o !
’E]ﬂﬁaﬂﬂ”lillﬂi‘ﬂ5’J‘L!‘V]“Vf’fﬂﬂ‘1’iﬂwllﬁ8WEJ"IEJ”IMGL‘H11@]5116116ﬂﬂﬂﬁ@ﬂ@ﬂ”lﬂlﬂﬂ!@ﬂﬂ‘hl‘ﬂiuﬂqm

Y G

Y 1
Tidoya Tasanuiluweniuiignadalaslfuunaouniuildgnesnuuy Ailugan Tu

e D)

IS) [

9
Lmazﬁawmmiﬁﬁ’m%ya (Raheem and Issa, 2016) Tunszuaums Delphi HUNNYLUIKA

a9

1 Y
VDINTEUIUNTOY 4 &1 laun ms ludlamedse (Anonymity) NMINIUG (Iteration) NINIVAY
Yorduouuz  (Controlled Feedback) HAZN1TADUAUDIVOINGN IAONIITUIAINIIADA
42
.. . . . S|
(Statistical Aggregation of Group Response) (Rowe and Wright, 1999) N3¢ UIUNIT Delphi idlu
@ d? A Y v A A 1 o P o an
mnanvuuunelsselumsaadulavsoseiminelugaiumsalnuuuiiasaneana
o 1 I a ua .
Taom T liansofula 16nSed §UA'1A (Wright, Lawrence, and Collopy, 1996) Tag

[ 4 2 v
N52UIUNIS Delphi Minauelumsdnyiideluasstisremulonalunmsniuguenariu
Y ey A 9q 99 v 9 ~q ¥ a wa a o q ¥ 9
s lideawesodlidoya uazdruerdoyanldlumsdfifau s dldazdouanin

[ { g 1 1 % a 3 o a
anuilasaseniuogluaunoadie a Jogiu TaeisnmsfidsznoulUdreddniiusiens

= % 1

) [ < ) o A
ﬁ']ﬁii_lﬂigﬂ'JUﬂﬂlilﬂ‘Ueﬁ@lla meﬂmzﬁéjﬁlfmitgmiﬂ]mﬂaBﬂﬂﬂﬂqﬁ}ﬂﬂﬂﬂﬁﬁmamﬂamu

U U

YY1 A

[ E4 1
auantianie’d Teenguddungmsmariignindade 131195l lasdhswnszuiums

U 9 L1

g v s Ay e v Ay oy Yo a g
LﬂUMﬂHﬁiHﬂNH‘UN Tﬂﬂﬂfj‘llE\!‘Iﬂ‘lﬁliy)ﬂwﬁLﬁa1ugﬂl"lnll11146116Nallﬂﬂﬂuuu51€lﬂ15ﬁulﬁ 2

k4 1 4

souduluTaelduuudounwn lagnasaan’ll

Y a [ = ' . 09: I A A 129 o 1 o

YoAnana 8nod19909NIzUIUNT Delphi  Wunaenish lifidetmuainduan
9 o 9q 9 v 1Y A, , ! < o v & H
dirormyluauzdIidoyadinandedisaumls ednlsamuswindisormaiuais
= Y g A v yy A 2
sanovuansaiunagliflufeonsv e duganszuiums (Arof, 2015) Rowe and

1 A

Wright (1999) laszyfeduavvesdisermylunmzdIddoyalunszuiuns Delphi Wul

0 A 9y I g = < 0 v A = '
UIUTUAUAILANTAN 3 ill!llﬂq\if‘lﬂﬂ 80 AU mmuvgwm%mﬂmmmzﬁu“lmmazﬂmx



39

Y
pazlundazuITetuaiusofnvua ldnnaud Nz YA IIUIVY 1FU $1UIU

v i
=S =

@ [~ @ 1 a
él%ﬂ?cﬁ']iyﬂﬂgﬁ'lﬂ'ﬁﬂ%ﬂﬁ'lhlﬁ mif?llfmﬂumlmuﬁluLmazgumﬂﬁ%mm UagNINUTINITD
9
o A v 3
GU'ENé’ﬂnuuﬁ']ﬂﬂ']iGlUﬂ']iﬂ'JUﬂiJﬂﬁgﬂ'JUﬂ13 (Hallowell and Gambatese, 2010) NTZUUNNN
oy A A Y Y v A A Y Y 1< 1 ~ 1A 1 a’/‘ °
naudyernan 1 lumsdaduieIddeyan luaasnez Inajiinu 'l wu dudt 5 uay

9 U U

Y
o ' 19

v
JUGUNITY 50 AU (Robbins, 1994) H30NANAT1MIWMT IUNTZUIUMT Delphi Huaunsa 1y

U a U 9

FIUIANFATININ 5 D9 9 AUAITBINBIET (Delbecg, Van de Ven, and Gustafson, 1975)

2.6.2 NITUIUNT Analytical Hierarchy Process: AHP

[

Y Y v
TuawAvei 18 1dnszuaums AHP Wwnaelumslmihminiladen ldgnaa
v ° R S 4 Ay P -G
W lunundraesiniuaue Tag AHP TUTATUAUNINN Saaty (2008) ARAUATIINMIIN
[ o =& oy @ 1 dyl = (% o W 1 U v Ao @ o
yosihdglunuuiiass Fubhviinmarisoudaidiszauanudidyvewaaz dodendunus
v 4
AU (Ai Lin Teo and Yean Yng Ling, 2006) MasHianuavoauaazladoiuainsadiuim
v 9 ¥ & = & A ) o A a & ¢ ' v
lanazaztoulfimiudeanuiuasvesszauninuiasassinatululaiauneaie
v
. o v
(Shapira and Goldenberg, 2005) Y8 lA1SaUnanveanszuIUMT AHP HHNADANNAINITO
yoslumsairndovuazyreaanny luassesnuuesmsandulyludiermnauaaz i lu
=) [ 09/’ S 1 a v A = 9 dyw ] o Y
VULALINUUUNTIFIBanAR IUNTEUIUMSTAa U IaDNAY TagnszuIunsH g9ieni 14
a v A 1 Aa & % 4 1
mamsdadularuuandueniuivesnqudndie (Aminbakhsh, Gunduz, and Sonmez, 2013)
d’ Q' a 1 5 u’/‘ n YA o Qs’l o' 91::‘
ian T naniu lunszoaums AHP tiubilatimsszyswaududrve sdiFernoy
A 9 o & Hq A g A o
Mg lunszuaums Tag AHP tndlunszuaumsnlsmemasiusieyanaiiedianis
a ' A A ) v A < ' 9y
sTuUMIAavedmazaienazanusainsaadulaludszduaisg 1a aszuiunms AHP
a 9 1 Y o A' 1 A o v A 1
dugouliuaazynna ldiin1snaaesludou luaieg uazideonassimsaadulalundas
av YA 79 Yax o ad . an [
LU (Saaty, 2002) 119914390 1ATiM3152gna 19795 59W W09 Delphi 1azs AHP uazd
1 ° 4 av 09: a, I 1 o . . .
T¥nguidnungmsnlddeyanuivens 2 38 unguAeny (Moradi, Etebarian, Shirvani, and
Soltani, 2014; Hsu and Chen, 2007) lagluaiuIsen1aau1ainisl¥nszuIuns Delphi
v A g A o v A4 Y =2 g9 o '
lugrusudumeiinisszyiladeifeddos narvalsnszuiums AHP  Tuduaeudou

A A 091 Y] o A F) v A 9y .
L‘W@TI%%“VT"IL!TWL!ﬂﬂlﬂﬂﬂi}ﬁlﬂ‘ﬂllﬂgﬂﬂﬂmﬂﬂﬁﬂui (Da Cruz, Ferreira, and Azevedo, 2013)

27 wwudraedan 4lyiaunsa (Non-Linear Modeling)

4

ieennnuIteiinertesluFosnganssumstinunaznsLUIUMIANUAAUDY

& Ao ~ v o Y o Y 1A = ! [ 09/1 @
VDIAUITUBINANHUENTAUB VDU LL‘]J‘Uina6Qlﬁum’iﬂmi]]'lmw&lwlﬂﬂﬂ@ﬂllﬂ ANUUUNNIT



40

o q 1 9 =2 ) Y A Y 9 o a av Ay o A
puuiaewuy ilnduasdgmitausdiuuie lidinuusunvesnuitendessuiionas
FromugnonImueInanmsvesuuiaesinaueld lduniga

271 msaanealadadn (Logistic Regression: LR)

[}
@

msoanesladaanilugduuumioanssildiiedudsaniudnlsis

~ 1 14

wnian1Aiiied 2 A1 (Dichotomy) tazdanlsduiluriialan1d (Field, 2009) 1o l3faui

L

Y o

!
Wedvamsadruvuirasuieoinedulsamandidulsduraisn @ aunisnydn

<3 1 a ] ] o a 4 U
ulsnazgnldsumsiarsan Tasdiuluguuuirasanuasiamansszgnlddwndilym
1 a 4 o ] a Jo ' . .. .
WU NITAUATIZHINITIANGN (Cluster Analysis) N1TUATIEHIIMUNNGY (Discriminant Analysis)

. < o o o o
¥30MIDA0PYLDUNYAY (Multiple Regressions) 9613 15010 Sinnuduiusvesdnsin
a @ { @ . a A <3|
1¥lunsesuiedlsauiedlugil 2 @uils (Dichotomy) misnanesladadnaznateily
duaonnurauls (Tung, 1985; Kleinbaum, Klein, and Pryor, 2002)
a o a a 9 a 9 a o A a
M3ansIzinIsaaney lavaan lagnionldauluauidenisdiuszuiaine,
4 d < a .
(Epidemiological Research) e 1% lumsiiudannuidlulylldvesmsinalsn (Kleinbaum at
a, a A ) ° o o o a 4
el. 2002) A5msnanos laddangnuuzihldlddmsumsadunuiaewazimsins iz
9 a A A v 9 <3 1 1A ~ 3 A [ a 1
doyanisszuiaineuiolimsiadeyamanvieniilomanzidunie luilulsadase
4
(Kleinbaum at el., 2002; Sharma, 1996) @IUa1841UIAINTTUIIY Tung (1985) ldrinauenis
a 4 Aa A 4 a ] a [ g’ [ [ g’
Anzrnsoaney lavdaanmelseiudnen1nyeansmnasesinamz luaunsnensti
1 Av 1 3 4 a a 4 o <
Tuvaizdluauisenuneainiulddszgnanisnanes Tadadnimioinoanudu i 141y
manatenwinludynlnsemsneas1s (Dickmann, Girard, and Abdul-Hadi, 1994) a2u
Wong (2004) la¥anuuuiiassmsannes ladadandmsumsiiuielseansmmnsiau
1 Y
Yo uiuneas1991n 31 Seulymsdszdudiduesin minmsnuniuanuisedieduiy
[ :’ Y I X A A 7q 9 a a
Fred Imrudanuiurene lumslszgnalsnunmsaanos Tavdaan
272 mseviwlszaniiien (Artificial Neural Network: ANN)
A A y 2 A A odqYow A A
w3ovrelszammonunsadwvumeuilyanlszdsgnlsoaneinum
P o = A a v o A o A 4
1a5uusaiuaraleninszuudailszamiioAnduunuiiassniuaiiouguesvosnybd
Y 1
(Rumelhart, Widrow, and Lehr, 1994) Taguuusiaounsevislszanniienil Tasnalilsznew
F4 4 F4 4
Tidredudunadoya 1 U (Input Layer) Fusgouogsiuaulidosndn 1 9u (Hidden Layer)
2 o 2 . 2 .- .
pagdFugamotudunaninasiuau 1 Fu (Output Layer) Iaslunaazduil Tnuasiuauun
Y
Usznovnueg luuaaz Inualusugousziinssumstloudoyardnnindunyasuiu 1

a

1 09/’ o <] 1 3‘ o . v W
@uw%wgﬂu'lﬂﬂ'ﬂuu IﬂEIGlUS;]'JIﬁuﬂﬂ%ggﬂﬂmﬁﬂﬂﬂWU'lWUﬂ (Weight) Gll'ﬂ\‘]?‘]')llullagﬁﬂlllelsh



41

Y
Ao luted (Bias) (Omran, Chen, and Jin, 2016) Aniwtinuazar lutedazgniden Tagnisgu
<} @ { @ .. @ a
udansggniiunlasulimuwalunszuiumsindanmsiSeuidoya (Atici, 2011) dane3nu
. . <] o 4 o { ' oy @ [l 1
M3158U3 (Learning  Algorithm) Nazgnilszgnd ldivedSulasuaniminveslaseiied
A ' ' =2 o qy A 1 A 9 &L ' A o Yy A
FOUADTEHIN Iuadh nsovienas wInawsoaamaaamasu lunsiiuie vae
ﬂ@ﬂﬁijﬂ (Goh and Sa’adon 2015)
=\ Aa v Y U a A ] =1 = Y =l d' 1 d'
Hvaneg Qe lauuziumatiamievielseamieniive lan/ssunuinninie
WS ReUAVITMINNADALVVANUANHTONANANITAIUINUVVOUY  0E191FU 110
= = o . . A = Y o A '
WieuneuuunuIMUeIn1sMu1e Ling and Liu (2004) 1@enfazlsuuusiasunsovie
UszamieuunnNuUUIIa09n1T0A008IFUEY 39U Dvir, Ben-David, Sadeh, and Shenhar
Y o P A 1 ~ = a o o ~ 1
2006) lashimsagl13 nFedelszamiieniimsesuienaz nasmstiueiuinnii uag
o YA v o v 9 Y A A ~ A @ A
dareldduazanuduiussziingdoya la lumeimne auiien)Ssuisunumaiia
NIAUADAUVUAUAY @91 Chua, Kog, Loh, and Jaselskis, (1997) l@uuziiinuuiians
A a o a o o & P vy
nFevelszanifeuiuianuanse lumsinenadnsvealasims la laeludesnsen
9 Y k4 Ao A @ 1 o ] v A @ Y
Joyalviasudiu Tasndadiszauanumindroegluszaunsousylaog
an A [l = 9 Jq ¥ ) <3
Anisaseviedszaimiienlagniszgnaldrulszavanuduilunaieg
= Yo A 2 Y a A
gaamnssy Feensouddamininatenainuulan Felsznevulide szuutdnave e
FLUUWAIY (Yadav, Malik, and Chandel, 2014) nM35au1T5a vuus1aesmsleynay ms
v
o 1 o g a J
Murems lvahvesudinazniaay (Samarasinghe 2007) M3 AATILHAITITINT VU O
94U (Chiou, 2006; Wei and Lee, 2007, Mohammadipour and Alavi, 2009) NuUneada (Tam,
Leung, and Liu, 2002; Elhag and Wang, 2007; Jha and Chockalingam, 2009; Tatari, Sargand,
Masada, and Tarawneh, 2013) traz 11911A01) a9AR #1UADA319 (Goh and Chua, 2013; Patel
1 (] < [}
and Jha, 2015; Goh and Sa’adon, 2015; Patel and Jha 2016) uaeea lsnanu @mﬁaumﬁmﬁmm
4 a A [l = 9 a 4 a
anvaulumslszgnamailaniodislszammoninlslunsinsizinganssnyeaauau
1 9 a vAa ~ ] o & 9 1 9 [ [ 9 @ @ 4
nead e lagmwizmslianui lideeands Fequatneudeadududounazanuduus
(I I Y
Tivhazdlunuduasa
%

= Yy A a a A A 1 =
2.7.3 ﬂlﬂﬂ!!ﬁ%ﬂli’)!ﬁﬂlﬂli’)x‘i!ﬂﬂuﬂﬂ]iﬂﬂﬂi’)ﬂiﬁﬁ]ﬂ’ﬂﬂ!!ﬁ%!ﬂii’)ﬂﬂﬂﬂi% antnay

a Aa A A [] = ’q Y =y
L‘VlﬂuﬂﬂWSﬂﬂﬂﬂﬂiaﬁ]ﬁ@]ﬂLLﬂglﬂiﬂmTﬂﬂigﬁTV]L‘ﬂﬂﬁJQﬂﬂi$Qﬂﬁ1%1uﬂ1§ﬁﬂH1

Yy Y 9
v A A 7 o Y

av I A A A A o qa.: Aa o 1 ==
'J%Elﬁluﬂi\iulcl"lﬂlﬂu!ﬂﬁ@QN@T‘I“B'JEIW@JU’ILLUUﬂ1ﬁ@ﬂﬂu’]£ﬁu@ IQEWN 2 INAUAAINAIINUN

Yy A Yy A 1 av <

Yoauazdordolzdudiueg Fefidonldaninisveldiinisentsie Tasueniiuilsvidu

U

Y
fage 11



42

v
ad v A Y

[ ~ 9 1 Y 9 dyl o’z’ v A v A A

’fJElN“VIulﬂﬂﬁTJul’JﬂﬂuﬂUWH’ﬂﬂﬁ 2 Tﬁuuummmmmiumaswanmagam
Y] 1% 9 4 ] T 9 Y I 1 = 1as A [ = A
aﬂ‘Hﬂl%ﬂﬁWNﬁNWH‘ﬁLLUUVlwﬁl‘ﬁlﬁuﬁi\‘]ulﬂlﬂuﬂﬂNﬂ LL§) ’J‘ﬁﬂWiLﬂ'ﬁ’ﬁ']“ll']El“lJ’i%ﬁ']ﬂmﬁliJﬂlﬁllﬂu

I 1 1 4 1 o a 4 c?;‘ { @ a
QﬂulﬁiﬂﬂWiﬁlﬂﬁl@\iiﬂﬂﬂ’N Lﬁ@*ﬁ}ﬂu‘]ﬁﬁ“lfnﬂ']i’llﬂiW%WuulﬁEl’J%@ﬂﬂ‘UWi]GlﬂiiﬂJ“UfNﬂu 41U
RGN (Samarasinghe, 2007; Goh and Sa’adon, 2015)
' 4

Fnuadaaunnawlsuuuauauiudesdiniairvdeunsuanuasuulinaves
9 1 d' o 9 1 ax a A A ] = "y =
may)amuwumﬂmm Lmellmzil‘ﬁﬂ”liﬂﬂﬂ’f)ﬂiﬂi]ﬁ@ﬂllazmiﬂ"lﬂﬂﬂizﬁiﬂmEJ?J]'lllm’)\nlﬂ”li
asvaouluaeu ludanaid (Field, 2009; Sharma, 1996; Goh and Sa’adon, 2015)

Y
Aa Aa A Y] I 1 ' 1 o
FEmsanassladaaniiudusmudulduaiiies 2 A1 (Dichotomy) a3ud AU

Y
v

IS 3 ¥ . A o ax A ~ &
wiunuy Tnunld (Field 2009) vmzidlsmwueaisinievielszamifoniuanso
My y e 9 an o A ) o Y A g
Whulduuuraredinls vazunniniu we 2 5duiianuaunsalumsldausudeyaiiy

N Y 1 A o & A a 9 S A A ~
puuFnun I ldeded nsziundunamuAudnnie nszuIumsnievilszamiion
g ya o 19 v o J @ Y A o 1 o a 7Y
wudide lddesszyanuduiusvesdulsduniodnlsawnoutinisiinsizvdoya
(Elhag and Wang 2007)

Y
a a A @ a @ v o J ' @
Asnsnaneeuvulatdaniudmisneiuieszauanuduiusvesaazans 1d
miloununszuIumsnanoaFudutazudaIna luzfAaoud1ad1oa1e (Tam et al. 2002)

A [ 4 o A [l = ng’ 1 9
yaghanuduiusuesiulslunszuaumsaietiolszamiouiuliawnsoasnaould
£ o Aou J a ~ 9 = = A [ A Y d?
Fagduilunszuaumsnduilulsauazennegdiliteseazidoaniolunsevenaieiu
(Tam et al. 2002; Goh and Sa’adon 2015) UAYpABERINA1Y IdgNNALNUAIBANUAINITD U
M3GouIA10AUIY  (Self-learing) HAZANNEINITOIUMTONANTOYAAIBA DY (Self-

updating)

U T

Y Y o w a 41'
2.8 maagﬂuamemnmmmm YNNIHHNN

a o

Ao o A ° X)) I 3 Ao
nnmInunIulIimissans s MlvgIseansaagidulsziaund
o W 1 a d‘i ] o Ao A a dg’ 1 I <
anudayaomMInITuINosIeNaIuITenazinaduas 11 Tasemsoagililulszau
Y
wana aaae liil
aov aov [ ] I~ ]
1) Fanmsanuiseanulasadeaiuisoutiseen @iy 3 ¥99 (Rasmussen, 1997)
1 4 v o 1 a vAa 1 { { (Y] 4
Taggusnidumsoenngnaatetisnuae ldlfiian sreiasunedrdosiuisosna
a 4 1 { 09.:‘ 1 [} a a o v [
HAND1AUDINYE LazsNNa T uedUNannNIsIAINIsunnsilagn fegunisdans

v v

o ' Yy & A a ¥ ) ) ' A g
ﬂ?WNﬂﬂ@ﬂﬂﬂiuQ1uﬂ@ﬁ§1\3u‘L!ll‘]_liil‘ﬂ1/]1\1@]11!ﬂTiLuu@@ﬂﬂgllagmﬂﬂﬂﬂﬂﬁ”IQ”] L‘W'E)GLW



43

a wa 1 @ [ 1 @ o A (I o 4 o
auul A uanannsasnandalanaansa luume lnindesnndenaninuianm

v A 1 A

Whlsduanulasane tagidrnynevianisysiunazd jianmainauau daunanms

g

Aa 4 o’/’ 79 Y Y o A Y A o 1 1 1
mmNﬂwmﬂﬂlmuuyEluuﬁmﬁﬂ1Jizqﬂﬂﬁlﬂﬂﬂﬂmmwuiz‘uﬂﬂ‘imiNﬂ%ﬂmmm"lwal“v

9

AUUAeE3 19 daunanmIneaunniilygivansogzNounganssunsiiaui

D]

a 4 a < 1 (% {
avuaTsvesauu Idiilued1ed Tavagluaasladeaisiei 2.1

A15199 2.1 A1 NUINeANYasaie (Rasmussen, 1997)

Y (%

¥39h suuwy VoI NANATANHME

1 o v W I a ua
BN 1 @@ﬂﬂalﬂmcﬂ‘f]jﬂﬂﬁﬂﬂ "’lﬂﬂﬂ’ﬂm"fl}ﬂ% uazymuﬂgmmu

1 a 4 I Y A 9 @
I 2 AITHHANDIAUDIN Y HEY 61‘15“1@@1u&1u14ui$uuTﬂiﬁﬁﬂwm%u

%993 wnsilgyan AZNOUNDANTTUMININUDTI

av % 1 Y ~ = Av A 9
2) uATeanulasadslununeaiaimsAneIvenannatslunalsauves
1Y [ ' 9}3 1 = aw A wa Y o Aa
anwuilasass awsavadlungulasuansdnyiive lusesaunguosgiiame duduia
giiamg Haseduesdnshiinanemaiagiifng msAnymansznuveInsthuaInInny

o a o [ 1 a
Yaoassuldaiu aaonsunisinsigdanimanulasanslunaazilszimansoginie
av A Y 1 o~ @ = U o Ada a ' o
am’msmwamwa1ﬂmﬂanuuumiwmmmmﬂmﬂ%aammmwammmﬂaaﬂﬂﬂ‘lumi
o A ] 1 = A 9}3 1 o 1 o 1 dy I v o
NINMUNONNU LLG]Nﬁﬂ”liﬁﬂ“]el”l‘i/l]lﬂHuW']J'ﬂﬁWIHSGﬁ]ﬂﬂ@lﬁﬂﬁ]%ﬂlﬁaiu@ﬂﬂlﬂu 2 NQuHane
Y o e A ' v Ad Y o ! o v AA Y o =
AWNU UUAND ﬂQiJGIJﬂ\iﬂili]EJ‘VI!,ﬂEJ'JGU?’NﬂiJ\ﬂL!LLa8ﬂqNﬂl@ﬂﬂ%ﬁ]ﬂﬂlﬂﬂ’lﬂ]ﬂﬂﬂﬂﬂuﬂ”lu (MnUNn

4 Y
[

Y
1w ao U o 4
2.10) 11”Iﬂﬂiﬂ‘L!‘LNTL!’Jﬁ]Elmﬁ1ﬁ8x‘lﬁﬁu§1uﬂﬁﬁﬂﬂ"II@]ElﬂﬁGlflgf}u‘l_lUﬁi’)ﬂﬂ"lmmgﬁﬂﬁﬁﬂﬂ1ym

Flundn



44

Haduduau

taduimuaunu

ANA 2.10 ANuraINHatsrInuIseanulasase luanunoadi

o v ' Y A =2 a va 1 9
3) tuuiiassgliama lununead UM rneINsUsziiugiame lununeaielag

Y g’ = 1 @ @ dycu A A A o [ a A 1 c?/‘
WUGUNGILAMTHAUIAIT IR HIoIAT 0l d 1S VU suaNUFEsaUn Y aauauly

o

A [ A A o vAa ~ =& I o dyw A 3|
Gluli@\?ﬂ'lﬁwwu'llﬂﬁﬂ\iﬂaﬂ’l'ivnlﬂﬁl'ﬂ‘l]GIH’WI (mnn 2.11) Fae 115 uaIFInvsertlu

E] q

A Yy A ' Y av 9 v
Lﬂiﬁ]ﬂuﬁﬂﬂﬂﬁu%\imauﬁ?\‘l‘l‘iuﬂuﬂl‘!’mElﬂn!ﬂﬂllﬂﬁ@ﬂﬂEl



45

Safety Assessment

Accident

Current Models
rediction Model

Safety Climate

A 2.11 npuiraesgiame lununeadelimsiauunieelodmsulsziiiunnudes ua

PAMIHAIATINad M UMIRIIegITAe

4 v
4) WRANTTUMITIINVeIANIUNed; WTTuTingAnssui lidasaselunsniau
a @ J I @ a A a 1 2 ] [ 1
wganssuasnaduaunananlumsinagiame wgAnssumari luaunsonmiualan
annsaviaivennlU1a nalnmsinanganssui himngaudana1ndeslasumsdnleeds
1 9 9 [ a 1 Y a a a .d' 1
vows msldyuuesvesnanminniilyaramisarielieivenalninanganssunla

aoasielaidluod19d (M 2.12)



46

“% | Mechanical of Unsafe A )

Behavior

-d' [ a ] Y a a a dl 1 (%
NINN 2.12 ﬁaﬂﬂﬁv\ﬂl‘ﬁ'ﬂilJuilJuWﬁ"lll'Iiﬂ6113EJGl‘Vi’E]‘ﬁﬂ"lflﬂﬂllﬂlﬂﬂWi]@]ﬂiiﬂJVI"lﬂJ‘]Jﬂﬁ]ﬂﬂﬂ

A = a o ~ [l @ Y a Jd I
5) l‘JJf)ﬂu@’luiJWi]@lﬂ'ﬁ'illﬂWﬁﬂ'N'lUVlthﬂa’f]ﬂﬂﬁl ﬂlﬁ]WﬂWﬁWﬂﬂJﬂﬂNl}‘lHﬂlﬂu

a

o v A o 9 A L4 =S A 9y
oendseneourannaawanilvinaaiam q/msﬂmimuazmmqq;mﬂmnqw NITEIN
9

Q

D

Y
o % @ a a o
LLUUsﬂ'laf]\iﬂu‘ﬁujj'luﬂﬁﬂﬂ'l'ﬁ‘l’!“nﬁﬂmmﬂuuﬁWﬂ’lﬁﬂllﬁﬂQﬂaulﬂﬂ'l'ilﬂﬂ“lallﬂWﬂWﬂ'lﬂ“llfNilH‘HEJ
Y o A = Y < > a 7 =2
"lmﬂuamm (1NN 2.13) IﬂEll!ﬁﬂ\?cl‘ﬂLﬂuﬁlugﬂLL’U‘]Jsllu@lﬂuﬂigﬂjuﬂ'ﬁﬂﬂﬂl'ﬁ]\‘lﬂk‘lﬂEl N
A
y

Y v 1 9 A @ o
ﬁ"liﬂif]'J'l\‘]hl'JHJLlﬂ3‘5381Uﬂ15ﬁ51\1lﬂ5@\1 ﬂiuﬂWﬁﬂﬂﬂTﬁﬂﬂWNﬂa@ﬂﬂﬂ

HUMAN
+ ERROR

Accident

/ Loss

o

i 2.13 nanmaynsdggnivannsouaasna lnmsiiadeAanaiavesuyud

g 9



47

14
a g

Y Jd o AA o @ o 4
6) nanmsunidaygnivansoneulanddnuniiansazuuunaialuilagiuls
I 1 = ~ ’q 9 o o [ 1 9 A
1Wuod19a ("NN 2.14) ﬂ’lﬁﬂi%Qﬂﬂcl,“lﬁ/iaﬂﬂ’lﬁﬂ\iﬂﬁTJtluQﬂﬁ'lﬁﬂﬁﬁuﬂ@ﬁi’]ﬁﬂuﬁﬂWWﬂWﬁ
o A d v = o Y o 79 9
VI'N']N“VI!‘]JUL!UUWﬂ?ﬁﬂﬂﬂlﬁmW%fﬂJ Tﬂ&lmmmmmfﬂllmmﬁﬂﬁlmwiumiﬂizQﬂﬁ%ﬁm

Y
ﬂ@ﬁ%Wﬁ‘iJuﬁuﬂWuLl‘U‘UEﬁ']ﬁfNWi]?lﬂi'iﬂJﬂTiﬁNWu"llﬂﬂ Ramussen (1997)

|
I
| Dynamic Society
I
|

C

A @ a Iq Y @ Ao @
NN 2.14 ﬁaﬂﬂWﬁﬂﬂﬁﬂmmTﬁWNWﬁﬂﬂigElﬂg‘]ﬁlslfﬁhﬂlﬁ\iﬂﬂﬂuaﬂﬂmzllﬂﬂwajﬁ

9 9 E}

[l Y
7) U180 TCI Y04 Fuller (2005) Fadiiugiuuunanmsyndilyan Tdgnunldlu
MIDTUIIMINAYLA 1UIUITI9T taz¥ou TeanuIUDTIa0INgANTTUMTRINUVDIAUIY
v
U949 Rasmussen (1997)1A8ANUABINITUDIIY (Task Demand: TD) Huamsoanulain
I~ [ 1 a ! { . 3
WuusenaauanieushIs (Management Pressures) @3UANE1M159NN (Capability: C) 11
v 4
ransafen lanunuga eIz uIAUIIU (Worker’s  Effort) (n1WH 2.15a) 1103 11iU
v 2 [
WanmMInagUAMAved Fuller N52Y219UAHMAMATUEDA1UABINITYDINTUNINNIT
A 1 9 Y Y o % a A 1 9
ANMUENTONT (TD>C) Uvzamsolszgnd le lanuranmsinagiamg luauneaiig

(MWAN 2.15b)



48

Waorker Behaviors Vaodel
Ueallie Aeeident Nodel

Hasmussen {1951 |
Fmller 1]

AN 2.15a Msi¥on Te9521190UUT1a09 TCI 404 Fuller (2005) NULLIUSIADINGANTTU

AU UDY Rasmussen (1997)

"|/ Traffic Accident Principle |
[ _ (uller.200) ) ‘l
|
TD>C == Accident
|
| I

{ J @ a EZ 1
AN 2.15b M3dszgnd Isuanmsinagiamauas s luaunead



49

Ao { o 4 o
8) 31UIVYUDI Mitropoulos et al. (2009) AlaFunsizriuuuiasues Fuller (2005)
k2 ) o a o [ o [ 9 =& Y < [
uaruuavenuudiaeayniygyrdimivanuldasadesaunaasig FIUTAITHIH U
a A ] o 1 9 Qa,l a Aa o [ 4 1 [V 9
wqcslﬂﬁu°n'luﬂaaﬂﬂmlmﬂmmﬂ@ﬁinuumﬂmﬂﬂgﬁnwuﬁizmnfﬂmﬂumumm
k4
deamsvesnutazfladeludiuanuainsalunmsiian 1nnaniu “uItednaiiand

< ] g o :1‘
Tmuaivlszneuiiosduveailaden 2 du

— e — e — e c—— — — —

— —— — — — — — — —

‘ Task Fuctor ‘

Environmental Facto ‘Wark Behavier Factor

‘ Campetency ‘ ‘ Human Factin ‘ ‘ Attention ‘

Task Demand Capability

N Mt e Saae

&>

— emm e— — —

Bm

) ‘nsafe
Actions

r :,:..__ﬂ.i -

~ a A ] v Aa Ay o v v 9 9
NINN 2.16 Wi]@]ﬂiﬁiJ‘VlUliJ‘]JaﬂﬂﬂEJLﬂﬂi]Wﬂﬂgﬁﬂwu‘ﬁigﬁﬁﬁﬂi]i]f]ﬂ'luﬂ')'mﬁ@iﬂ'lﬁ]ﬂﬂxﬂu

(Task Demand) fufladoduanuannnsalunstianu (Capability)

—— — — — — —

/



50

r o
Aa A o

= o X
2.9 ganmivauslumsfnynsail
o A A a o c?/‘ dy Y d o <
lupisdnauedanany1Iveluaseil desarvisanoulandaioiylullssiau
Y
fage Tl
a o td‘ [l Y a 1 @ td' ]
1) wpAnssumsinui bidasadeussnuaunaunndiulsznovuesileieiog
zﬂy [ a 1 A 1 d‘ Y Aa d‘ 1 Y a a dl [l
vunugunannsynsilyan uaeg lstediulsgnounuiesendwnalminanganssui'la
v v
Yavafouazdiwans TomalumsinagliaaveInUNIUNDEI 1991AITFI AATULDUS 10N

S dy (% a = o a v c?/‘ dy
1Jmuﬂizﬂauuuwuﬁmwaﬂmﬁwmﬂm}mwmgﬂmmuaalummﬂﬂﬂim

Y
1 2 =<

2) HANMIAAYUAKAM NIV LUTIADY TCI Y94 Fuller (2005) N3z1NQliAMaAaL

A Y ' A ] 9 I Y v
HWANNABINITUBINUNINANANNEINTONT (TD>C) hazdunsnlszgnald lanuns

a A 1 o [ (% 1 a 1 [ o
magliame luauneads madszgndlduanmsasnangninsanididneamlunsiine

1 Ed 1 Y 4

msine/linagiamauazszauransznuNzmavulomagiiame msAnynsstivainaue
v o d 1 1 [ { 1Y a 1
ANNANRUTVOIHAA 19097 1ANUADINITVDINUAANUEINTON (TD-C) fumsiia/ L

agiamgTugluuuanuduius lugiliduass

'
o =1

1 Y
3) ﬂiﬂﬁu‘ﬂﬂﬁnﬁ@ﬂﬂﬂﬂﬁ%ﬁuﬂlulﬁﬂﬂg]}uﬁﬂﬂaTJuliJE‘Tﬁﬂiﬂﬁ”li!”lﬂﬂ”lilﬂﬂ/llillﬂﬂ

U

Y
Ao A v o

griama 14 nupdraesdiivugiuanuduiusuuy lilnduass (Non-linear) szgniinauoin

A @ I Y o ~ o a 1 Aa vAa dy v 9 a
11”ILW’E)‘WC"JJHWGI,Wllﬂu‘ll‘]Jﬁ]"lﬁ?)\i‘ﬂfﬁll150T/]"I‘L!"IElﬂ'lﬁLﬂﬂ/uliJLﬂﬂ@‘U@LW@UUWH?WU%:I%%EJ@HUWT]‘E

lan

210 919N15019949

Abdelhamid, T. S., and Everett, J. G. (2000). Identifying root causes of construction accidents.
Journal of Construction Engineering and Management, 126(1): 52-60.

Abdelhamid, T., Patel, B., Howell, G., and Mitropoulos, P. (2003). Signal detection theory:
enabling work near the edge. Paper presented at the Annual Conference on Lean
Construction.

Adbelhamid, T. S., Narang, P., and Schafer, D. W. (2011). Quantifying workers’ hazard
identification using fuzzy signal detection theory. Training, 12: 14.

Ai Lin Teo, E., and Yean Yng Ling, F. (2006). Developing a model to measure the effectiveness
of safety management systems of construction sites. Building and Environment,

41(11): 1584-1592.



51

Aksorn, T., and Hadikusumo, B. (2008). Critical success factors influencing safety program
performance in Thai construction projects. Safety Science, 46(4): 709-727.

Aminbakhsh, S., Gunduz, M., and Sonmez, R. (2013). Safety risk assessment using analytic
hierarchy process (AHP) during planning and budgeting of construction projects.
Journal of Safety Research, 46: 99-105.

Arboleda, C. A., and Abraham, D. M. (2004). Fatalities in trenching operations—analysis using
models of accident causation. Journal of Construction Engineering and Management,
130(2): 273-280.

Arof, A. M. (2015). The Application of a Combined Delphi-AHP Method in Maritime Transport
Research-A Review. Asian Social Science, 11(23): 73.

Atici, U. (2011). Prediction of the strength of mineral admixture concrete using multivariable
regression analysis and an artificial neural network. Expert Systems with Applications,
38(8): 9609-9618.

Baradan, S., and Usmen, M. A. (2006). Comparative injury and fatality risk analysis of building
trades. Journal of Construction Engineering and Management, 132(5): 533-539.

Barber, H. M. (2003). Characteristics of Construction Safety Trainers, the Challenges they
Experience, How they Meet these Challenges, and the Relationships between
Selected Characteristics of Safety Trainers and Accident Rates Experienced by
their Trainees. (PhD. Thesis), The Florida State University, USA.

Bohm, J., and Harris, D. (2010). Risk perception and risk-taking behavior of construction site
dumper drivers. International Journal of Occupational Safety and Ergonomics,
16(1): 55-67.

Cagno, E., Di Giulio, A., and Trucco, P. (2001). An algorithm for the implementation of safety
improvement programs. Safety Science, 37(1): 59-75.

Chi, C.-F., Yang, C.-C., and Chen, Z.-L. (2009). In-depth accident analysis of electrical fatalities
in the construction industry. International Journal of Industrial Ergonomics, 39(4):
635-644.

Chi, S., Han, S., and Kim, D. Y. (2012). Relationship between unsafe working conditions and

workers’ behavior and impact of working conditions on injury severity in US



52

construction industry. Journal of Construction Engineering and Management, 139(7):
826-838.

Chiou, Y.-C. (2006). An artificial neural network-based expert system for the appraisal of two-car
crash accidents. Accident Analysis & Prevention, 38(4): 777-785.

Choudhry, R. M., and Fang, D. (2008). Why operatives engage in unsafe work behavior:
Investigating factors on construction sites. Safety Science, 46(4): 566-584.

Chua, D. K. H,, Kog, Y. C., Loh, P. K., and Jaselskis, E. J. (1997). Model for construction budget
performance—Neural network approach. Journal of Construction Engineering and
Management. 214.

Conchie, S. M., Taylor, P. J., and Charlton, A. (2011). Trust and distrust in safety leadership:
mirror reflections? Safety Science, 49(8): 1208-1214.

Da Cruz, M. R. P., Ferreira, J. J., and Azevedo, S. G. (2013). Key factors of seaport
competitiveness based on the stakeholder perspective: An Analytic Hierarchy Process
(AHP) model. Maritime Economics & Logistics, 15(4): 416-443.

Dekker, S. (2014). The field guide to understanding'human error'. Santa Clara, California:
Ashgate Publishing Ltd.

Delbecq, A. L., Van de Ven, A. H., and Gustafson, D. H. (1975). Group techniques for
program planning: A guide to nominal group and Delphi processes. IL: Scott,
Foresman Glenview.

Derr, J., Forst, L., Chen, H. Y., and Conroy, L. (2001). Fatal falls in the US construction industry,
1990 to 1999. Journal of occupational and environmental medicine, 43(10): 853-860.

Diekmann, J., Girard, M., and Abdul-Hadi, N. (1994). DPI-disputes potential index: A study
into the predictability of contract disputes Source documents-101: Construction
Industry Institute Publication, University of Texas at Austin, Austin, Tex.

Duff, A., Robertson, I., Phillips, R., and Cooper, M. (1994). Improving safety by the modification
of behaviour. Construction Management and Economics, 12(1): 67-78.

Dvir, D., Ben-David, A., Sadeh, A., and Shenhar, A. J. (2006). Critical managerial factors
affecting defense projects success: A comparison between neural network and regression

analysis. Engineering Applications of Artificial Intelligence, 19(5): 535-543.



53

Elhag, T. M. S., and Wang, Y.-M. (2007). Risk assessment for bridge maintenance projects:
neural networks versus regression techniques. Journal of Computing in Civil
Engineering, 21(6): 402-409.

Fang, D., Chen, Y., and Wong, L. (2006). Safety Climate in Construction Industry: A Case Study
in Hong Kong. Journal of Construction Engineering and Management, 132(6): 573-
584.

Fang, D., Xie, F., Huang, X., and Li, H. (2004). Factor analysis-based studies on construction
workplace safety management in China. International journal of project management,
22(1): 43-49.

Fang, D., Zhao, C., and Zhang, M. (2016). A cognitive model of construction workers’ unsafe
behaviors. Journal of Construction Engineering and Management, 142(9): 04016039.

Field, A. (2009). Discovering statistics using SPSS: Sage publications.

Flach, J. M., Tanabe, F., Monta, K., Vicente, K. J., and Rasmussen, J. (1998). An ecological
approach to interface design. Paper presented at the Proceedings of the Human
Factors and Ergonomics Society Annual Meeting.

Flower, L., and Hayes, J. R. (1981). A cognitive process theory of writing. College Composition
and Communication, 32(4): 365-387.

Fuller, R. (2005). Towards a general theory of driver behaviour. Accident Analysis &
Prevention, 37(3): 461-472.

Goh, Y. M., and Chua, D. (2013). Neural network analysis of construction safety management
systems: a case study in Singapore. Construction Management and Economics, 31(5):
460-470.

Goh, Y. M., and Sa’adon, N. F. B. (2015). Cognitive factors influencing safety behavior at height:
a multi method exploratory study. Journal of Construction Engineering and
Management, 141(6).

Hadikusumo, B., and Rowlinson, S. (2002). Integration of virtually real construction model and
design-for-safety-process database. Automation in Construction, 11(5): 501-509.

Hallowell, M. R. (2008). A formal model for construction safety and health risk

management. (Doctoral dissertation), Oregon State University.



54

Hallowell, M., and Gambatese, J. (2009a). Activity-Based Safety Risk Quantification for
Concrete Formwork Construction. Journal of Construction Engineering and
Management, 135(10): 990-998.

Hallowell, M., and Gambatese, J. (2009b). Construction Safety Risk Mitigation. Journal of
Construction Engineering and Management, 135(12): 1316-1323.

Hallowell, M., and Gambatese, J. (2010a). Population and Initial Validation of a Formal Model
for Construction Safety Risk Management. Journal of Construction Engineering and
Management, 136(9): 981-990.

Hallowell, M., and Gambatese, J. (2010b). Qualitative Research: Application of the Delphi
Method to CEM Research. Journal of Construction Engineering and Management,
136(1): 99-107.

Haslam, R. A., Hide, S. A., Gibb, A. G. F., Gyi, D. E., Pavitt, T., Atkinson, S., and Duff, A. R.
(2005). Contributing factors in construction accidents. Applied Ergonomics, 36(4): 401-
415.

Hassanein, A. A., and Hanna, R. S. (2008). Safety performance in the Egyptian construction
industry. Journal of Construction Engineering and Management, 134(6): 451-455.

Heinrich, H. W. (1959). Industrial Accident Prevention: A Scientific Approach. 4th edition.
NY: McCraw Hill.

Hinze, J. (1978). Turnover, new workers, and safety. Journal of the Construction Division,
104(4): 409-417.

Hinze, J., Huang, X., and Terry, L. (2005). The Nature of Struck-by Accidents. Journal of
Construction Engineering and Management, 131(2): 262-268.

Hinze, J., Pedersen, C., and Fredley, J. (1998). Identifying root causes of construction injuries.
Journal of Construction Engineering and Management, 124(1): 67-71.

Hollnagel, E., and D Woods, D. (1999). Cognitive systems engineering: new wine in new bottles.
International Journal of Human-Computer Studies, 51(2): 339-356.

Hollnagel, E., Woods, D. D., and Leveson, N. (2007). Resilience engineering: Concepts and
precepts. England: Ashgate Publishing, Ltd.

Howell, G. A., Ballard, G., Abdelhamid, T. S., and Mitropoulos, P. (2002). Working near the

edge: a new approach to construction safety. Proceedings IGLC-10.



55

Hsu, P.-F., and Chen, B.-Y. (2007). Developing and implementing a selection model for bedding
chain retail store franchisee using Delphi and fuzzy AHP. Quality & Quantity, 41(2):
275-290.

Huang, X., and Hinze, J. (2003). Analysis of construction worker fall accidents. Journal of
Construction Engineering and Management, 129(3): 262-271.

Hung, Y. H., Smith-Jackson, T., and Winchester, W. (2011). Use of attitude congruence to
identify safety interventions for small residential builders. Construction Management
and Economics, 29(2): 113-130.

Jaselskis, E. J., Anderson, S. D., and Russell, J. S. (1996). Strategies for achieving excellence in
construction safety performance. Journal of Construction Engineering and
Management, 122(1): 61-70.

Jha, K. N., and Chockalingam, C. T. (2009). Prediction of quality performance using artificial
neural networks: Evidence from Indian construction projects. Journal of Advances in
Management Research, 6(1): 70-86.

Kartam, N. A. (1997). Integrating safety and health performance into construction CPM. Journal
of Construction Engineering and Management, 123(2): 121-126.

Kartam, N. A., and Bouz, R. G. (1998). Fatalities and injuries in the Kuwaiti construction
industry. Accident Analysis & Prevention, 30(6): 805-814.

Kartam, N., Flood, 1., and Koushki, P. (2000). Construction safety in Kuwait: issues, procedures,
problems, and recommendations. Safety Science, 36(3): 163-184.

Kleinbaum, D. G., Klein, M., and Pryor, E. (2002). Logistic regression: a self-learning text.
New York, USA: Springer.

Lai, D. N., Liu, M., and Ling, F. Y. (2011). A comparative study on adopting human resource
practices for safety management on construction projects in the United States and
Singapore. International journal of project management, 29(8): 1018-1032.

Langford, D., Rowlinson, S., and Sawacha, E. (2000). Safety behaviour and safety management:
its influence on the attitudes of workers in the UK construction industry. Engineering,

Construction and Architectural Management, 7(2): 133-140.



56

Larsson, S., Pousette, A., and Torner, M. (2008). Psychological climate and safety in the
construction industry-mediated influence on safety behaviour. Safety Science, 46(3):
405-412.

Lehto, M., and Salvendy, G. (1991). Models of accident causation and their application: review
and reappraisal. Journal of Engineering and Technology Management, 8(2): 173-205.

Leung, M.-y., Chan, Y.-S., and Yuen, K.-W. (2010). Impacts of stressors and stress on the injury
incidents of construction workers in Hong Kong. Journal of Construction Engineering
and Management, 136(10): 1093-1103.

Leveson, N. (2004). A new accident model for engineering safer systems. Safety Science. 42(4),
237-270.

Levitt, R. (1975). The effect of top management on safety in construction Technical Report
No. 196. Stanford University, California: The Construction Institute.

Levitt, R. E., and Samelson, N. M. (1993). Construction safety management: John Wiley &
Sons.

Lillrank, P. (1995). The transfer of management innovations from Japan. Organization Studies,
16(6): 971-989.

Lin, S.-H., Tang, W.-J., Miao, J.-Y., Wang, Z.-M., and Wang, P.-X. (2008). Safety climate
measurement at workplace in China: A validity and reliability assessment. Safety
Science, 46(7): 1037-1046.

Ling, F. Y. Y., and Liu, M. (2004). Using neural network to predict performance of design-build
projects in Singapore. Building and Environment, 39(10): 1263-1274.

Lingard, H., and Rowlinson, S. (1998). Behaviour-based safety management in Hong Kong's
construction industry: the results of a field study. Construction Management &
Economics, 16(4): 481-488.

Lipscomb, H. J., Dale, A. M., Kaskutas, V., Sherman-Voellinger, R., and Evanoff, B. (2008).
Challenges in residential fall prevention: Insight from apprentice carpenters. American
journal of industrial medicine, 51(1): 60-68.

Liska, R. W., Goodle, D., and Sen, R. (1993). Zero accident techniques Source Document 86.

Austin, Texas: Construction Industry Institute.



57

Lombardi, D. A., Verma, S. K., Brennan, M. J., and Perry, M. J. (2009). Factors influencing
worker use of personal protective eyewear. Accident Analysis & Prevention, 41(4):
755-762.

Loosemore, M. (1998). Psychology of accident prevention in the construction industry. Journal
of Management in Engineering, 14(3): 50-56.

Loughborough University and UMIST. (2003). Causal factors in construction accidents RR
156. Sudbury, Suffolk, UK: HSE Books.

Lundberg, J., Rollenhagen, C., and Hollnagel, E. (2009). What-You-Look-For-Is-What-You-
Find-The consequences of underlying accident models in eight accident investigation
manuals. Safety Science, 47(10): 1297-1311.

Mitropoulos, P., Abdelhamid, T., and Howell, G. (2005). Systems Model of Construction
Accident Causation. Journal of Construction Engineering and Management, 131(7):
816-825.

Mitropoulos, P., and Namboodiri, M. (2011). New Method for Measuring the Safety Risk of
Construction Activities: Task Demand Assessment. Journal of Construction
Engineering and Management, 137(1): 30-38.

Mitropoulos, P., Cupido, G., and Namboodiri, M. (2009). Cognitive Approach to Construction
Safety: Task Demand-Capability Model. Journal of Construction Engineering and
Management, 135(9): 881-889.

Mohamed, S. (2002). Safety climate in construction site environments. Journal of Construction
Engineering and Management, 128(5): 375-384.

Mohamed, S., Ali, T. H., and Tam, W. (2009). National culture and safe work behaviour of
construction workers in Pakistan. Safety Science, 47(1): 29-35.

Mohammadipour, A. H., and Alavi, S. H. (2009). The optimization of the geometric cross-section
dimensions of raised pedestrian crosswalks: A case study in Qazvin. Accident Analysis
& Prevention, 41(2): 314-326.

Molenaar, K., Brown, H., Caile, S., and Smith, R. (2002). Corporate culture. Professional Safety,

47(7): 18-27.



58

Moradi, A., Etebarian, A., Shirvani, A., & Soltani, I. (2014). Development of a fuzzy model for
Iranian marine casualties management. Journal of Fuzzy Set Valued Analysis, 14: 1-
17.

Narang, P., and Abdelhamid, T. (2006). Quantifying workers’ hazard identification ability using
fuzzy signal detection theory. Paper presented at the Annual Conference of the
International Group for Lean Construction (IGLC-14), Santiago, Chile. Proceedings,
Universidade Catolica do Chile.

Omran, B. A., Chen, Q., and Jin, R. (2016). Comparison of Data Mining Techniques for
Predicting Compressive Strength of Environmentally Friendly Concrete. Journal of
Computing in Civil Engineering, 30(6).

Patel, D. A., and Jha, K. N. (2015). Neural network approach for safety climate prediction.
Journal of Management in Engineering, 31(6): 05014027.

Patel, D. A., and Jha, K. N. (2016). Evaluation of construction projects based on the safe work
behavior of co-employees through a neural network model. Safety Science, 89: 240-248

Patel, D., and Jha, K. (2014). Neural network approach for safety climate prediction. Journal of
Management in Engineering, 31(6): 05014027.

Petkov, G. (2015). Symptom-based context evaluation of human performance and convergence of
HEAP into its HPLV. Paper presented at the Proceedings, ESREL 2015 Conference,
7-10 September, 2015, Zurich, Switzerland.

Raheem, A. A., and Issa, R. R. (2016). Safety implementation framework for Pakistani
construction industry. Safety Science, 82: 301-314.

Rasmussen, J. (1987). Information processing and human-machine interaction. An approach
to cognitive engineering. Amsterdam, Netherland: Elsevier.

Rasmussen, J. (1997). Risk management in a dynamic society: a modelling problem. Safety
Science. 27(2): 183-213.

Rasmussen, J., Pejtersen, A. M., and Goodstein, L. P. (1994). Cognitive systems engineering.
the University of Michigan:Wiley.

Reason, J. T. (1990). Human error. New York: Cambridge University Press.

Reese, C. D., and Eidson, J. V. (2006). Handbook of OSHA construction safety and health:

CRC Press.



59

Robbins, S. P. (1994). Management. 4th edition. Englewood Cliffs: N.J Prentice Hall.

Rowe, G., and Wright, G. (1999). The Delphi technique as a forecasting tool: issues and analysis.
International journal of forecasting, 15(4): 353-375.

Rumelhart, D. E., Widrow, B., and Lehr, M. A. (1994). The basic ideas in neural networks.
Communications of the ACM, 37(3): 87-93.

Saaty, T. L. (2002). How to make and justify a decision: The Analytic Hierarchy Process. System
Research and Information Technologies, 1: 95-108.

Saaty, T. L. (2008). Decision making with the analytic hierarchy process. International Journal
of Services Sciences, 1(1): 83-98.

Samarasinghe, S. (2007). Neural networks for applied sciences and engineering. Boca Raton:
Taylor & Francis.

Saurin, T. A., Formoso, C. T., and Cambraia, F. B. (2008). An analysis of construction safety best
practices from a cognitive systems engineering perspective. Safety Science, 46(8): 1169-
1183.

Saurin, T. A., Formoso, C. T., and Guimardes, L. B. M. (2004). Safety and production: an
integrated planning and control model. Construction Management and Economics,
22(2): 159-169.

Sawacha, E., Naoum, S., and Fong, D. (1999). Factors affecting safety performance on
construction sites. International journal of project management, 17(5): 309-315.

Shapira, A., and Goldenberg, M. (2005). AHP-based equipment selection model for construction
projects. Journal of Construction Engineering and Management, 131(12): 1263-1273.

Sharma, S. S. (1996). Applied multivariate techniques. New York: John Wiley & Sons.

Somchainuck, O., Taneerananon, P., and Jaritngam, S. (2012). An in-depth investigation of
roadside crashes on Thai National Highways. Engineering Journal, 17(2): 63-74.

Sousa, V., Almeida, N. M., and Dias, L. A. (2014). Risk-based management of occupational
safety and health in the construction industry — Part 1: Background knowledge. Safety
Science, 66(Supplement C): 75-86.

Suraji, A., Duff, A. R., and Peckitt, S. J. (2001). Development of causal model of construction
accident causation. Journal of Construction Engineering and Management, 127(4):

337-344.



60

Tam, C. M., Leung, A. W. T., and Liu, D. K. (2002). Nonlinear models for predicting hoisting
times of tower cranes. Journal of Computing in Civil Engineering, 16(1): 76-81.

Tam, C., Fung IV, I. W., and Chan, A. P. (2001). Study of attitude changes in people after the
implementation of a new safety management system: the supervision plan. Construction
Management & Economics, 19(4): 393-403.

Tam, C., Tong, T. K., Chiu, G. C., and Fung, I. W. (2002). Non-structural fuzzy decision support
system for evaluation of construction safety management system. International journal
of project management, 20(4): 303-313.

Tam, C., Zeng, S., & Deng, Z. (2004). Identifying elements of poor construction safety
management in China. Safety Science, 42(7): 569-586.

Tatari, O., Sargand, S. M., Masada, T., and Tarawneh, B. (2013). Neural network approach to
condition assessment of highway culverts: case study in Ohio. Journal of
Infrastructure Systems, 19(4): 409-414.

Teo, E. A. L., Ling, F. Y. Y., and Chong, A. F. W. (2005). Framework for project managers to
manage construction safety. International journal of project management, 23(4): 329-
341.

Toole, T. M. (2002). Construction site safety roles. Journal of Construction Engineering and
Management, 128(3): 203-210.

Tung, Y.-K. (1985). Channel scouring potential using logistic analysis. Journal of Hydraulic
Engineering, 111(2): 194-205.

Vicente, K. J. (2006). Cognitive engineering: a theoretical framework and three case studies.
International Journal of Industrial and Systems Engineering, 1(1): 168-181.

Wei, C.-H., and Lee, Y. (2007). Sequential forecast of incident duration using Artificial Neural
Network models. Accident Analysis & Prevention, 39(5): 944-954.

Wong, C. H. (2004). Contractor performance prediction model for the united kingdom
construction contractor: study of logistic regression approach. Journal of Construction
Engineering and Management, 130(5): 691-698.

Wright, G., Lawrence, M. J., and Collopy, F. (1996). The role and validity of judgment in

forecasting. International journal of forecasting, 12(1): 1-8.



61

Yadav, A. K., Malik, H., and Chandel, S. S. (2014). Selection of most relevant input parameters
using WEKA for artificial neural network based solar radiation prediction models.
Renewable and Sustainable Energy Reviews, 31: 509-519.

Yi, K.-J., and Langford, D. (2006). Scheduling-based risk estimation and safety planning for
construction projects. Journal of Construction Engineering and Management, 132(6):
626-635.

Zhou, Z., Goh, Y. M., and Li, Q. (2015). Overview and analysis of safety management studies in

the construction industry. Safety Science, 72(Supplement C): 337-350.



VNN 3

suudrassanganulasasaluaiuneaiis

v

.

Tuuni 3 1 Humsiavenuuiinesaugannulasasoluauneadeiiiauiuu
wﬁﬂmiﬁyugmmawé’fﬂwm%‘ﬂtyigwﬁ’uwé"ﬂﬂmﬁﬂqﬁﬁmﬂuuﬁamuu ATBUNITWAIU
uuudraesdsnanamsontsesmiiu 3 dau ldun miﬁuﬁuawﬁﬂmiﬁugmmm
puudiaes msAndvlsznevewuuiIans waznsnaasslFunuuiiaes eazden

1 1 a v Y o 1 dy
Glu!ma%ﬁ')uf]ﬁ‘iﬂﬂ@'lhﬂ’ﬁl@@\W]’E’J%JH

U |
3.1 unfange
k4 Ed v
aunananvyesgiameluiuneaiaiwiaiunivinnganssunisiiaiui lu
[ S @ o a o [ a
Yasasevesnuanuilunan msldyuuesvesnanmsynidyanamisasigeiuienaln
9y A 4 a a a A ] [ 1A [
Joranarnveuybduazosuiena lnmsnanganssun lilasanoiluedisd Tagwanns
a 09.: [ a o I 9 a wva 09: a
wnsdygriunomganssumsirnuuazanuidulddlumsfagifmeiunain

v o d ' @ o 1 I
mmﬁuwumwanmmﬁmmimmqmmmmmmsaiums‘mqmmmﬂmm ualseia

i
S 1

] o 1 ~ a
ﬂu’lﬁuclﬁ]ﬂﬁ@ﬂ’m']llﬁ\?ﬁ')lﬂji$ﬂﬁ]ﬂﬂllﬁﬁ]ﬁﬁﬂl@\iﬂﬂ?ﬂé]jﬂQﬂTi"Uf]ﬂﬁWuLlﬁ%ﬂ'J’]iJﬁ’liJ’lﬁﬂiuﬂ’lﬁ
1 Y
ﬁ’l\'i']uell'ﬁ']\'iﬂux‘ﬂl‘lﬂ@ﬁ%?ﬂ“ﬁﬂﬁﬁﬂﬁﬂ@?‘lﬂﬂﬂﬁ FUNITN NI ﬁﬂuﬂigﬂ@ULWaWﬁ%gﬁﬂJ'ﬁﬂ%')ﬂ
o a wvAa A Y] ~ a d? Y A [ = dyro'
HueTemalumsiiagiiame nieszaunansgnungmnaiuldniold msanuiifums
v k4
Wnauenuusassauganmlasantslununead e DURANMIRUTIUVDINANNNE
@ @ a vAa 9 ° [ @ cy @ o v A g
'{Iiyiy1ﬂ1]ﬁﬁﬂﬂ15lﬂﬂQU@ILﬁﬂUUﬂ@Qﬂuu nmsaailavenazitvinvesiedemiu

1 o . ) o { o o
dauilsznevvesuuiiassIaeldnszuiuns Delphi wag AHP huundrassiawysel I

L4 a

Y va t4 Ay ¥ Y I 1 @ a
fnﬁ“l/lﬂa’ﬂ\‘]slslf\ﬂusljuu’iﬂﬂ']ﬁﬂ!@Uﬂlﬁﬁ%5\1 100 mgn1Il Waﬂllﬂllﬁﬂqﬂlﬁlwu31ﬁaﬂﬂ']ﬁlﬂﬂ

Q q
b4

TamauuiouunszyNUAMana oA NUABINTUBINTUNINAIANNEINITOVDA

aq a a
Yo A 09)1 1 o 9o a va ' 9 P4 o o A g
Z!GU‘UGUEl'luw'l'ﬁuguuvlwﬁ']iJWiﬂlﬂiﬂﬁlG]fﬂ‘Uﬂ’l'i!ﬂﬂq’]JﬁlWﬂGluQWUﬂ@ﬁﬁ'Nllﬂ uailodenilu

1 Y 4

drusznovvesuuuiiaesiinugruuunanmsnnidygiulidnenmlunisesuie
a o { a 4 'ng Y v W J [ Y ' [ a

WpAnITUMINIUveIAUIUiNadY tanstianuduiusvesilateainanunisna

B2 qaj (] 1< [T o {
351 m@mu“lumﬂzgﬂummﬁuwuﬁmmﬁ’umd LL‘]J‘]Jﬁ]"Iﬁ’EN‘ﬁﬁﬁJTSﬂ

q



64

[ @ J Il 1 @ a @
paasnuduiuslugd luilsiduass Non-linear)  A231aTUMIsHIITANTURITHAILN

Y
nuusiaosludude ll

32 Unin
Dy dd v e , - 4 4 A
NUNEAF 1 U UNNSIVBINUNTLUIUM TR ULAZNINTTUNHAINHAIIHIN NT
A 4 A A a J v qg/l 1 Y
nlasuualadlaruanudosns Qeu'ly wieusunluudaz Iasans 11ANINTY NUABAIN
v A o d‘ 3 [ Y] 9 o = d'
dauannnsniaunuanvaznala Iasaniwadeylunisiiavinasuuilaslee
d! d‘ [ 1 dyo Y A ua: d? o
aaeaal Famanlasuuilasasnaniniin lemalumssgavgiamaivunau taziim
@ aa < o ' 9 Y d? 9 .
Aravdnavesmsviaunmtaulugasivnssunedd e ldgedullare (Social
v v
Security Office [SSO], 2015; Bureau of Labor Statistics [BLS], 2015) YINNINTY Qﬁfv’llﬁﬂ‘ﬁ
a 4 [ 1 o a 1 1 a ] A 1 1 z
mavudsdawailfinannugadodosame Fauaznindduaaenaum l9i1enaniens
9 = 9
HAZNINOBNDNAIY

W 1991791138 Uea Haslam, Hide, Gibb, Gyi, Pavitt, Atkinson, and Duff (2005)

1 o o o A o Y a va 1 9 v A W 1 Y a o =
wuNdavenan wﬂwqummaiumuﬂamnuuﬂamﬂmmgm danalinan1nIung

WOANTTUVDIAUIIY D Yz N 1TIA U Health and Safety Executives [HSE] (2002) &4'laag1l
' a oszl | @ @ a va 1 g 1
dnimganssuvesauuiiiuiledenand 80% vesmsiagiamglunaazais diu

o v v 9
v

NAadNEN 1a91nUITEUDI Kaila (2011) §9MU1 80-95% wod0iiarannaduiiumIaInng

Q q

9
a va v A

o d' ] [ 1 ] Y d'o [

nszii bitdasanevosauay Tagduluguarnuauinsiaalfianuiuinssznums
anwansavesauedlumsilesiunioniugumsinagiamaigunuaues tagtium

1< ) a . o { o Aa va o 1 o
Idnaedumssniiinsdsadinanudsslumstrinuind lduazdiadi lddasassTae

nm 9 . . . . I A aa
111 maun (Lichtenstein, Slovic, Fischhoff, Layman, and Combs, 1978) wazitusesnan
AUIULNTUS DI aeunganIsuNTHIIUYeIAULEIHDINIINLTINAAUIINNITHAR
A A o 9 = a a 42} ] d v dyo Y a I Y o 9 o
ez ldnuldszansamunniu seaorumsaiansaz i linadudevand iy
' a = 3 9 I Y a a g o

senInmIkaauazaulasane ¥aluszezdumsun lungnudilym Tasdamsnaadunan
(Reason, 1990)

9 = = A Y o o A A a

$1909M3ANB1VDY Rasmussen (1997) N lAvnaustuuiaonofuengAnssung
o = ] Y A a A o WY 9 A
Bamvesaunuinsndn lndveuwalseaninmnesusu ldawmiii (Boundary of

k4

Functionally Acceptable Performance) lAgWHANIINAINAMIUUINANINUTINAAUTOIAY 1aY

v W I o 1 a y a 1
HSINAAUAITNNADUTINAAUIINAIOVT1IT (Management Pressures) 1UITOINITHAATN

Y A Aa A ° 1 = @ 3 Y 9 Y 9
ARaMIsNszansnInmsiiau umlmmﬂEl’muﬂmmﬂﬂmmiﬁl“lfﬂanJ’QGIﬁmﬂﬁu’ﬂﬂ

{ & o I A [ -4 o [
Ne@ (Tendency for Least Effort) &1 1¥iilumsmuniszauldunauauiuiui Tassgring



65

4 1 1

MIMUALOUITUNINA LTI UN NIz A WTD NeRelFA1NgAd IMEYRIAUIIY

1 a I 1 a 1 1 A a { o S <} @
Tuvmgitheuimisnneesduasua ldnonuanldiosnga naauin lanadieuns

A A v 1 A A ~ o 9 ¥y A [V va A <3 Ay

wasud Tl guovailszd@niawiivonsuldamwmihn laedn Tuiia e lsnarwndu

@ ! < 1 9 o P4 a A OZ <] a dg’ o A
YouwaaIna1n liawsndoundunild anuranalaniegiamanozinaduiud

(Rasmussen, 1997)

Y E4
Y 1 =

NanNN13904 Rasmussen HUBHUUNUFIUYBIIAINTTUNNTyay1 (Cognitive System

. . £ q 9 o A A dgy
Engineering: CSE) #1HANUA AN VAN ULINNIZVDITTUVNY 1T 0N 19 ﬂa"l,ﬂmawm

o

a A ' v A a o <3| Y a
Llagﬂﬁﬂﬂﬂlﬂﬂ\jnluﬂﬁqwaﬁ@ﬂ"ﬁ@ﬂﬁujﬁ] NHANTTUNTITNINIU L!agﬂjqulﬂullﬂllﬂGLUﬂTﬂﬂﬂ

JoAANAIAAADAIUAIINANINAIAIY (Fuller,  2005) nann1syns daygjaduin

Yy Y

Aa A o o Y] = @ 4 1 [

ﬂizfm‘ﬁmwmmmimqmuuﬁuagﬂuﬂgauwu‘ﬁizmwmmmuazaﬂymzmaﬁzumm
2 a (=

(Mitropoulos and Cupido, 2009) naugwnsayan luiisaadwnsoesinenganssumstianu

g g

Y ) '
voaudaz ANy uadiesuiesin lUfawansznuous nnihdedanadeonneusndnaie

]
[

(Fang, Zhao, and Zhang, 2016) ui11na Inl41u cSE eglumsiamsnnuilasaseniiszuy

A =

msmuiaauFugou taziinNudoIge 1Fu 1UeINAIY YA NuIndsT oAl

IS [

1 I o o ! Y 7 YA ga Ay Y a = J v
9819 150a dmsuauneasiaiul1didisen ldendsredaTemalumsidszgndnannsves
CSE  HagiQguiuuAINIUUIIa0IngaAnIsunIs1191uue9 Rasmussen  0gNUHAIEAY 13
. 9 ) o { o
Mitropoulos, Abdelhamid, and Howell (2005) "lﬁmmu’amJmmmﬁxﬂuiwmmmmmm

CZR 1 9 9 g’ A 9 Y va & Y 1 a
guiamgluaunedaie Taewiud 2 vuaneiee l4desnugiiama s ldun msaamsmaau
A'liA1AAA (Reduction of Task Unpredictability) dagmsinanuaimisalumssanmsny

JonaANaIA (Increase of Error Management Capabilities) AIUNUIIUDY Narang and
Abdelhamid (2006) ttag  Abdelhamid, Patel, Howell, and Mitropoulos (2003) 1adnu1ng

4 v W y {1 Y
Uszgn@oMaBn13A32199 Ud QI8 (Signal Detection Theory) oM e 1RAUIUTDYA

Y

{ @ o < 4 & o J o 1 @
Lﬁﬂd’e‘]umwﬂlumimﬂualmi’ﬁu G?\?Wﬁﬂl’f]\?ﬂ’lﬁﬁﬂ‘]&l’l?’Nﬂa']'JEN%'JEJiﬁﬂHQ’IUﬁ']NWﬁﬂW@JNW

[
=1

= a = Y A (A wa
ﬂ’J”IiJZ‘T”IlI”IiﬂGLL!ﬂﬁi8']4E]Qi]ﬂ‘V]i]3Lﬂﬂﬂﬁ@;illulﬂflblﬂclusllm%%ﬂgﬂﬁiﬂu

a

1 9 = A & 1 9 v 9 =] 1 Y
qmﬂaﬁinuaﬂymzmﬂuimmmﬂauﬂnwa’nﬂmmmm Tﬂﬂm%m’miwmam

N a

latioaszlunmsdadule e vz NPiAam (Mitropoulos, Cupido, and Namboodiri, 2009)

3 o 1 a 1 Y A 9 u’d’ < ~
ﬂizmummamumumim1q1u1ugmazﬂi}ﬂsm“lmmﬂaﬁsnmzuhhumﬂummmi

Y v
A o

o dy Y A To & 9 a va Qs’l o Y A [ A A Y
LLH%‘H“U@Q@]HV]UlﬂJﬂTlﬂu@@QﬂgU@@TaJnﬂellu@f‘)u 1/]111’71]Wu%ﬁ1ﬁ5UﬂuQ1uLW@mﬂ$1ﬂ

a A A o 9 9y A J @ .
Wfﬂnlﬁmqvn\uaﬂﬂ‘V]L‘Vi1“3ﬁll1Uﬂ151ﬂ1\1TL!ﬂTEJGlﬁﬁﬂ”IWLL'Jﬂa@‘JJVHﬂUL!UUWE‘]’J@ (Saurin et al.,



66

A a P = a ) P A a = o

2008) NMINNATDIUNTULIYIU “VIﬂ‘Viﬂl.!\‘ﬂl!iJWQ@]ﬂ‘iim“llﬂﬂﬁﬁllﬂ‘uLﬂl@]ﬂigﬁﬂ‘ﬁﬂWW‘ﬂElf)llﬁ‘]J
Tdaumihivazsinauluveuwavesnnuianannaoanal (Error Margin)
o A v Ay v o Y

ﬂaﬂ’NiJ‘IJﬁ’E)ﬂﬂFJ‘HifJﬂJW\‘iﬂ']iﬂ’Nll‘ﬂa@ﬂﬂﬁlﬁN‘] ﬂhlﬂQﬂHWNWGl‘HGluQﬁﬁ']ﬁﬂﬁiiJ

1 9 3 1 [ v W Y = a o A [ A A o

NI NUU Iﬂﬁlﬁ’)lﬂﬁi‘gllaﬁwmmuUﬁﬂﬂlﬁﬂuﬂullwqg}ﬂﬁﬁuﬂ']ﬁ‘Vl']\ﬂl.!“I/l‘iJﬁ’t]ﬂﬂEl NN
Y ua: 1 ] a a A o A Y A

Gl“l’i’ﬂl!\i']uuuf]gulﬂﬁ?i%‘]ﬂ@ﬂﬁ]'lﬂﬂl’ﬁ']‘UHlﬂ‘l]‘i%ﬁﬂ‘ﬁﬂWWﬂElf)lli‘UUlﬂGﬂiJﬁu']‘Vl (Mitropoulos,

1 < ] { A -4 =X v W 1
Abdelhamid, and Howell, 2005) 06191508 usanaauinadundensnanauldnuau iy

v v

Y 1 l a o [ J
YO UIARINA1IBgAABAIAT IBMIngnaa Tudnyuziiz deduldinsidaunganu

@ 9 09; Y a wa o ' v v A A 9 ¥ a v W
daeane uaziiud 1inmsdfiaamngdenanlaanssniamon ildauauilasunuaiw
A ] Jya dy vAa S o a dg’ A
1784 (Exposure to Hazards) LWIﬂTfJiG]’J‘ﬁﬂWﬁLL‘]J']Ju QUAINANIIAIUNAVUHBDYLUDIVINNITVUIA

v A [ A 09.:’ a va 1 u’zl A
mmgﬁmmmﬂaeﬂmuaz/me ﬂTﬁGU”Iﬂﬂ’ﬂ?Jﬁ\iGlilcluﬂ"liﬂg]‘]JﬁGnil UINNIITUU NITNUNIT

o

[ di = 1 9 = v A o g
W luGseanalulagnsneasauazimna 1uTaganulaoan N Wal VU (Everett, 1999) 91

1 Ed
LY=L [ =

Y =\ 1Y Y] =3 1 9 9 a d' d‘ dgl
TauanuinsdsudrnumaTuTadiavudinanalemMsyareaengdnssuitdesnusn
0o q ¥ o =~ a A v v a a A v Y ¥y A o
MIdauaundalinganssuntnlndveualszdnianneeusu lamuntiindnasa

o a1 Ay o 3y Y .y v 4 o g ° Y
Usingmssiasnani ldgndunamiu laluanuidenisdiunmseses Fuiunaeudiowlan

o = v A o dy = 1 Y [ o Y]
MmlumaTulaganuilasadeniannyuluauasnsddluamusalinadnsauilaoasie
aunaanIa1314 (Fuller, 2005)

y ol N\ vy 4 4 4
A1393195VUNIDUUN VI d AN AT ANNLIAdBNNAADUNAAD AIAT (Somchainuck,
Taneerananon, and Jaritngam, 2012) Aa1eAumsulasuulasanimneadenluanuneads
11131804 Task Demand-Capability Interface: TCI 84 Fuller (2005) Al@uananm3ina

wAa 1 PN wAa qa: a % ] 4 1

gUAMAUURDInULIIMININAYTAMATUAANIIINANUTURUFTEHINANUABINITVN
4

91U (Task Demand) . 1agn13132gnAn11ua 18130 (Applied  Capability) Tun1inauqu

d‘ Y Aa (] Y] d‘ d‘ 9 c" ' 9

e muziie liaunsedalasane e lsinuasin1sv09u@INIANNAINTDVOIE

v A Yo Adg MY 1Y A v ' 3

U FTVANTINNTOAIVANADIUNTE 1A UADINANVADINITVDINTUFINTIANUAINITON

1 o Y a = d! ) Y a a 481 A =
dawah ldinamsgaudenisniugudsersildinansdenzveseruminuzinaiunioo1a

9
a K

S 1 Ay Y A Y < A o
LWQﬂTimﬂfl”Nﬂulm”lNTi@ﬂiUNﬁ‘ﬂlﬂﬂﬂluﬂllﬂ ?)EJTQUliﬂ@]111114ﬂ”|§1/]i]$5ﬂ1&]1ﬂ15ﬂ31]ﬂ11

o v P4

o Yo & Ave A a 7 P A 1 Y
EJ11!WTWuziﬂllﬂuuﬂTLﬂuﬂﬁdmﬂm@’EJ\T‘JJﬂTiﬂ”I@]ﬂ”Iﬁillﬂ'.]nJ@]ﬂQﬂ”lﬁ"U@ﬂQ”lu%%Lﬂﬂf’llullﬂﬂfﬂﬂ

Y A Ao K% aq Y o A 1
ﬂﬂ@]@\jﬁ/‘l@ﬂﬁ]'llﬂﬂl]ﬂfnllﬁ]lniﬂﬂi%iuﬂ1imum@ﬂ1ﬂlﬁﬂ1$ﬁm

£l U

[

Y Y ]
uuudiaes TGl UlNugIuvuyunesvesnanyniilygwazdusou Toaud iy
Y
WANNIINGANTIUNITHIIUYDI Rasmussen  1AIAIIUADINITYDINTY (Task Demand) 1

= Y1 I o v a A Y
ﬁ”lll"lSﬂ@]ﬂ'J"IiJllﬂ’J”IL‘]JHLﬁQﬂﬂﬂuiﬂﬂI?JWEJ‘]JTH"I? (Management Pressures) NAOINITUIIY



67

Y]

J v A Y o w 1 1 Aa . ua; = 9
Jaguszasamelditouludedriaaeg dauanuannsodd (Capability) iuansndioy 14
1 Y
AUANGATINZUYBIAUIIU (Worker’s Effort) Fetiuagnuiladenianmeninuazlaveniean
ala
< o @ I o '
anudlu T 1dlumsimanms Ter umlszgnd g lunuanulasassnunediiela
Y . . Y Y o [ J o
gnuaasliiviuTag Mitropuolos and Cupido (2009) Tagduaslasimsduasizriuuusiaos
[ VA Aa o @ d o 1 9 [ 4
anuiasadsuuylninuaal fduiusiuszninanuaoansvesnuiumslszyna
{ ' o o o 1 ] 1
anuamsaniivesanaiulusgnitenisiiau vuuitaesdenain lduansldimiug
v o d 1 @ o o a a
anuduiusszrInanudesmsvesauiuanuansn lumshnuildinangAnssums
o ' ] g v A wa & Lo q Yy '
MauvesauanuazdamaaennuiullIdvesmanagiame aaluyuuesihlnaunun
1 k4 v

wpAnssumsiun bidaeasevesnuauiniiyasuduinnnaudnsazuennudeants
o ng 3 A = SA o '
YoIUazANY a0 lunsiiaug nseiu Usaidunihaulalumsdnuinfaediniun
oz lsfediulsznouiuiasavesanudesnisvosnuuazanuainnsalunsiiauued

1 E4
ﬂuﬁ‘lf!ﬂ’f]ﬁ%}"lﬂ’ﬂ"lﬂﬁq\iGt]?ﬂﬁﬂﬂﬁ@li’]Wi]@ﬂiiﬂJﬂﬁﬁN?l! nazdIulsznoumaIlaInIs 0%

a

o A A @ ~ a dg} Y A ]
e lemalunmsinaetiama ”Vi’ii’)33ﬂ‘]JNﬂﬂi%Tl‘]J‘Vﬁ]%LﬂWUullﬂﬂii’Jllll

£} q

A 1 ]

1 F4 1
NANUITENFIUI P s mumganssuauauiuez idnyuzn lndanuides

o 9
’EJEIN@G]IMNG]IWJ{I%ﬂfJ“I/]LﬁfJ?"lglj@Qﬂ‘Uﬂ’J'IiJg]J’ENﬂ'l'iéll’tlx‘]ﬂullﬁ%ﬂ’Nil?ﬂiJ']‘ifliHﬂﬁﬁNﬂ! PNUU

[ Y]

o A o d?’ 1 Y ) Y % 1 dyd' 1 Y a a o
LL‘U‘U%T@fN‘V]‘WGMHT’UHGIMNﬂ'JiGlﬂﬂ'ﬂiJﬁWﬂﬂlﬂ‘]J’].]ﬁ]ﬁ]fJLT‘iﬁWuVlﬂ@iﬂlﬂﬂ‘WﬂﬁﬂiiNﬂ1Tﬂ1\ﬂuﬁlu

9

Y A 3 o 1 o ] Y o o J ) o
ANMNLIAAONNT UNAIAIFUAINUNO AT !lﬂﬂ%1a93ﬂ31uﬂﬁ@ﬂﬂfJ\?’]UﬂE]ﬁﬁW\ﬂuﬂﬂﬂUuﬂ

2 Aa a d‘ 1 ] 9 ddy Id'Qd o"d! " Yq ¥
lifidszansamiuinue Tasdauluaudalidugiuegnisnginuaiasa bilddanuanls

a v W A o Y a < Y Y a
Lﬂﬂﬂﬂﬂﬁﬂ]&lﬂ!%ﬂl@\i\‘ﬂulLﬁ$ﬂ’ﬂiJ?Hllh'ﬂﬂuﬁu%ﬂﬂﬁlﬂﬂﬂ’ﬂmﬂu‘lﬂulWU’EN“U@NﬂWﬁ1ﬂ!La$

Y
Msnagtatig A9y ANABINSVBIIUIAzANNE s TuMTTnuvesuudIgn i

E] q

[ A

o % I~ A Y a ~ (] @ 1 z Y] 9
ﬂ’?ﬂll?ﬂﬂi‘lJ!“L.lﬁ)\iﬂWﬂNuLﬂuﬂﬂLﬁMﬁuﬂl@ﬂWQ@ﬂiiuﬂhlﬂﬂﬁﬂﬂﬂﬂ wazunniuiledeluaiu

g

o IS [ [l o
ﬂ’ﬂilg]jﬂﬂfﬂ'iEIJfJ\1\‘ﬂu!!ﬁ8ﬂ'Nllﬁ']3JTiﬂsluﬂTi‘V]'NTHﬂu1%$ﬁﬁﬂﬂfﬂwﬁluﬂ1§ﬂnﬂiuﬂ'ﬁﬂ'ILHEJ

4
=<

v [ ! a g @ o
Tomalunsdszaugiiame nieszaunansenuiszmaiuld msgaziuiaglszasnlu

= o e P o o o ' Yy Ao
ﬂTiﬁﬂHTﬂﬁQuﬁNﬂjgﬂ@Uﬂ:}ﬂ 1) ﬂTiWQ’Jﬂ!TLL’]JTJi]1aﬂﬂﬁuﬂaﬂ31uﬂa@ﬂﬂ81UQ1uﬂﬂﬁiTQVIN

a

Y
wanmsiugiveguunanuniilygiduranmsinagiamquuiesoun 2) n13szy

E]

dilszneundwguesiledenilszneveglunudiaesitineaue uaz 3) msdnymansii

0 A o ] a
umﬁnamwmmuﬂﬂmaaﬂmmmq



68

3.3 ASOUMSHAUULIIABY
= c?/‘ dy I o o [ 1 Y
Tumsanwiasaifumswaninuuiiaosauganiiudasansluaiunodiig
v Y
(Construction Safety Equilibrium Model: CSEM) Nii#iannisiugiuuunanuniilyaiiy
o a A 1 o o @ 1 I 1
nanmanagliamauuietouy Taouinseuminamunuuiiaesninaneemiu 3 aiu
Y
1&un msvnauenanmstiugIUUes  CSEM msanu1aIulseneuues CSEM tagns
NAao11491 CSEM fan1na 3.1
] ~ I o = Y] [V tﬂy o A Y o 1
daui Liilumsivauemeoanuranmsiugiuveauuiiaes CSEM 7 laviuauei
=1 ] o 1 Y] c’d’ Y o o 1 dy 9
Hranmsinauedels vanmnamnlsiannuuudiiaes CSEM nazaiuilsznouilsiduved
~ 9 Av A1 = dy Y YA o
CSEM #1 laninaddeidiuuuazmannmsanyudesdu Tagdideoa

1 ~ IS = 1 o | =3 [
aaun 2 Wumsanu1aIvlszneuveauuiaes CSEM Tﬂﬂ!ﬂUﬂ15ﬁﬂH1ﬂ15ﬂﬂ

]
v A

[ o A o { 4 { ¥ 1< [ o
Padevniladen laiuaue Midesduien lailademiudiulsznoulununiiaes CSEM
1 Y a . v qszl = 9 09; o U v A v A Y
PE1UNIITHIUNIZUINUNT Delphi nazanndtiu Imslmihminvesiladengnaa@enid

Y 1 ]
1 TaenszuIums AHP 8nae Tagluina 2 nszuaumslddideranalusesnnuiasanely
1 Y

QUM FI 119U 9 Thudeiu udTainaueradnsn IdeInnsz NN 2

r oA g ] a 5 ° v gAYy Y o o

dii 3 Wumanaasaldaueia Tagdlumaihwadnsn ldanmsiannuuuiiaes

{ 4 { @ g’ o U @ o a
CSEM Nawysainuunilsznenlilaseiladeuaziiniinvesilede lilimsnaaseldausia

o vAa 1 9J .d' a dgl Aa o 4 a‘ = =3 a A

Tugmsalgiiaig lununeasanMaTusId 18IV 100 Mgn1sal ednuDlsza@ngnmn
wouuuiaesi Iainaueniidneninlumstiuemsinagiamauioseaunansznuiag
a d? Y A 1
madiu lanse T

A

o o { o Y d o

Wewa Iy ustasiaunseuniuavet 13ud azaruisaneulanddiow

Y
fage lil;

v k2

(1) oz lsfediulszneuuvseuewUDT 1009 CSEM UUNUTIUUDIHANNITUNS

Myan
A PR A A 4 o o 1 [ 9

) iiie'ladmilszneunNauyssivewuusiaes CSEM 11A152AUA1NABINITV0Y

Nuuazszauanuansa lumshnunlsaiv ldudimsauaanunan CSEM aga1unsn

o a 1A wAa A Y] ~ a dgl 9
“VlTLHElﬂ1i!ﬂﬂ/hlllLﬂﬂQUﬂlﬁﬂﬁiﬂﬁgﬂUNaﬂﬁgﬂﬂﬂ‘ﬂmﬂﬂﬂlul‘l}ﬂ



69

& w P . ! - -
HUTHRHANM T HGIHVR CSEM finmaiuilszneu CSEM manaaadlianu CSEM

® nauzdifong
b - ® 1 YUADUD I

® HANNTUD CSEM ® 752U7UN5 Delphi - .
. . ® N15UATIZNIE
® HAMANNUDI CSEM ® N321UIUATT AHP —
, £ ooy i ® paila
L ﬁ'"!uﬂ‘i&:ﬂﬂ‘lllﬂlﬂd@nl‘ﬂﬂi CSEM L Nﬁ'lf’lul'ﬂ 1]
8 i5UHA
® 31lua )

AN 3.1 PTOUMINAUIULIIa0Y CSEM

34 winmsiuguvenuiaesaugannnlaenitlumsteans
nuudaesauganwasaselunisneas1s (Construction Safety Equilibrium Model

. CSEM) fiuerued] ifumsdunstziinisfinuives Rasmussen (1997) iofuienisianives

auuitimganssuilndveniatlss Ansawiseusyldmumihinuiu gumdnmsves

Arnnssunniilya Auvdnmsinagiamauuiesouuvein1sdneilae Fuller  (2005)

E] a

o { o 9’r:s’ o a a ° < ]
puusrassntnaueiidluunuiiaesneFuenganssumsiuvesauiuseyaaai
Y = A Y o Y
ansalsunlasu llaweu lydedinavesnnudosmsvesnunazanuansaluns
o ' J { o o ° Y J | o { a
mauluuaazaoiunsel vagiddguuudtaesdanaruiuunusiaeanuennsnaIsu
< 4 Y l I a 1 Y] [
UsziauluFesnu tazaunueenannuediuiludaszudd Wewa ldvdnnsmssugan i
Y] A < 1A % a A o
mingaunuauugiamane luma tazdnsiidsz@nsamlumsiau
341 wianmsveanuudassanganNiasasuluanuneaing

o I o 1

nuU1a0 CSEM 11un13 18092 10@u9aIzHINUnIAINA0INITUIIIU
(Task Demand: TD) 1azA1Na@ 13130 14N15H19U (Capability: C) YOIAUNIUABA S (AN
3.2) nanmsn giamgez limeamnanudesmsvesauminuanuasa lumsiinu

1 o Y a o 3 A [P=
dawarldinaan1izauga (Equilibrium Condition) Tumsshaumigtiv uazae lidi Tenalu

Y

managliamadinuausalumsiauinunninnudesnisuesaiu dawanilding
112501 798AAN N (Productivity Improvement Condition) ¥94NINITUAINGTY AIUNTAN
' o 1 o o
ANNABINTVBINUNINANANNAIITe TuMTHnuzdawalimsdiauluaaiunisel

(% 1 1 { . .. % I a A
AInNa110g 1uTN1IZY0IANTE (Risk Condition) Fatiamdu 1l 1dlunmsinagiamauas



70

] 9
onagliamaiu vwwdwwai ldinarnansenuvatoszay Tagszaunansgnuaguilsiuny

FTAUANMULANANTLHINAT TD N1 C

VI UUAVDINTT

qUIAENIAIVAN i

(Boundary of loss .-~

control)

ALAUHANIZNU ”
/ ANUADINT AUTIHITE
. (Impact Level)

5 4.3 21

R

o .
YU =  lumsmau
(l'ask Demand : TD) (Capability : C)

™ =>C D =C TD<C
AAITANIEE ANNZANAD annzdSudgamaann
(Risk Condition) (Equilibrium Condition)  (Productivity Improvement Condition)

Ad 3.2 nupiraesaugannuiasaseluanuneaiieszrinennudesnsvesau uaz

ANuas lumsiiau

Task Demand — Capability = f(Impact Level) 3.1

a d 1 d‘ 9 d‘ [} d‘ a d? d'
3Lﬂ518Wﬂ1ﬂﬁ@]1\1ﬂ1ﬂ!Wﬂﬁ?ﬁ$ﬂUNﬁﬂﬁ%“ﬂ‘u (Impact Level) NNAYU AIUAUNITN

Ya o @ Y [ A 9 A 9
(3.1 Iﬂﬁllﬂ’)%ﬂﬁ]&ﬁl&@ﬁ%ﬂﬂﬂﬁﬂi%ﬂﬂGﬂiJ‘ViTﬁ%ﬂ‘U A9 UDYINTA UDY 1una1e 110 wag vIn
~ [} o ) A 9 = a I 1T A ~ v A A
nga Tagogluglvesdd Tnamannunaesgyds @aluyanau) Tagivaniosanii
v v

% v

Ed
auuaazauawsaae Iy lusiny Malivuegd uanuamse lumsihnuuaasay Al

e

A [ Y

o o {1 o & [ o [ { a
mygapded Tuamshnuimiunlyamnasnu gidesainaueszaunansznuiinaiy

U

1S

Tugdmsgadora Tuamsitiou vazulasanduyaaitu demsnn 3.1 FIdennsan

' '
= v A

a 4 o @ { I G [ 1 1
Naﬂizw‘umﬂﬂﬁuiugﬂmmmuﬁéfawqmmuaszamegammummmmmimmuﬂ
Yo 1 qul ra = 9 d‘i [ I = v v Jda
ﬂmm"lmummu Tﬂa"l:uwmsmwwaqmﬂma“lumuau@] llll’ﬂi]mﬂu ANUTYVIYADNTNYT U

= 9 2 9 a = 9 A o
ALY IYATULIAN f"I’JnJLZ‘TEJ‘VHEJﬂ”IMI’E]ﬂ"IﬁVINﬁﬁﬂi] ANUTYHIYATUFDLT Y ADAIUAIY



71

fevemedonaun e nuuu$1a89 CSEM ﬁymﬂuﬂamﬁmgmm’jmmmmm&’mmﬁ

Y8991U(Task Demand: TD) LazANUE1N150 1UAIRIIU (Capability: C) VOIAUNIUADEAS S

wiu mszaziumansenuTains s Asime s usudanuad undn Sefiansan

Sunfuiauaudemeganuilolszaueiiameg iy AuRTiAIs 1 300 D/ e
y

C2R Yy 9 @ @ Qall @ A =< ' @ Y A
ﬂigﬁﬂ'@‘ﬂﬂlﬁﬂllaﬂﬂ@\iﬁgﬂ\ﬂu 1 U ﬂ\?lﬂf‘lixﬂcﬂWaﬂlﬂﬂmu%39§1u3$ﬂﬂu@ﬂﬂq@ (0-

30001N)

] [ Y
M13199 3.1 1A IATEAVNANITTND (Impact Level Scale) Ninauorioedu

ATD-C JTAUNANITNY (UIN)

0.01-020  vieadga (0—300%)

0.21-0.40 ou (301 - 1,000)

0.41 - 1.50 1una19 (1,001 - 10,000)

1.51-1.75 410 (10,001 - 1,000,000)

1.76-2.00  1n#iga (11NN 1,000,000)

* 300 U/ Hudasansdud1venuau

v v v
ﬂiiﬁﬁﬂ?'mé]jﬂ\‘]ﬂTﬁGIJfNﬂull'lﬂﬂ'ﬂﬂ'ﬂiJﬁnﬂiﬂGluﬂTiﬁNWuﬁuﬁﬁﬁiﬂﬂﬁﬂﬁ']uﬁhlﬁ}gﬂ
@ 1 a { a ua o v 1 1
1I’E]‘U1’i'1l'lilﬂ\1ﬂaTJfﬂﬂLﬂuﬂ'ﬂllﬁTNWiﬂﬂJ@QﬂHQWUﬁﬂQﬂJ@NWN uazmﬁlﬁ’ﬁmumimﬂman’ag
P~ 2 a 1 a wa A A 1 a va c?/‘
Tugnzuesnnudes 1!I’E]ﬂ']ﬁiuﬂWﬁLﬂﬂ!Lﬁ%qﬂlﬂﬂQUﬂL‘ﬂ@} Glummw”lnquumw;uu W

I s a wva = a a A o ' = A A
Lﬂuamumsm‘ﬂﬂmmﬂg‘ummTﬂauﬂixﬁmﬂm‘vmmazegiuamazmmmmmﬂmu

a

Tomavgilszaugiiamia lanaoanal uaninanudosmsvesetu binuanuawnsalums

q

o a 3,’ I T A a va A ' A Y
NIU ﬂi]ﬂiilluuﬂh],llllT?Jﬂ1?]’1/]i]mﬂﬂqumﬁﬂm@ﬂiﬂﬂ@gi'l!ﬁﬂTJg‘VIﬂ’J‘]Jﬂll]lﬂ (Controlled

vy

Condition) LLE]%ﬂiﬁﬁﬂ’ﬂllﬁ’f]ﬂﬂ"liﬂl@ﬂﬂ”Iu‘l?!}@ﬂﬂ’hﬂ’l"mﬁ”mﬁﬂiuﬂ1iﬁ1ﬂ1u§ﬂ‘ﬁlﬂEJﬁx‘N”I“Ll

(% J 1< A J A (A wa ' = @
@NﬂﬁTJHJLNTHVN"IEJﬂ’J”Iﬂ’J"IﬂJﬁ’?ll”liﬂ‘ll@ﬂﬂuﬂ"luﬂﬂg]ﬂﬁﬂ”lu ﬁdNﬁﬂQTﬂﬂWﬁﬂJﬂﬂﬂﬁﬂi'ﬂﬂzﬂ

9
YR A

HAANN (Productivity) veInszuIUIOIUGInanIdaTudn Tasdnsnnuilasassluns
HauegaIe
[ ¢ A (Y ° (v 1 Y
3.4.2 vanaailFlumsiannuuudiaesangannulaeasaluanuneaiig
nuusraesduganulasadsluniunead wngiteindue InsWauiuy

v
nannuasae 1l



72

(1 ﬁmammm@fmmﬁlamu HazANNA T IuMIiianued o ase

a va

A a { o 1 ] a a
TagWnsanauusunvesunauudeslfialdduiogac hidesdedausunnisdn
anvasanslunsiiay udnihaseaunnudsansvesnuLazATEAUANNAINITOVD

A a v o ] o o ' v =
aununlszdiu ldinauaaduldmngauaunanauaannuilasaseluauneadie Fams
a [ 1 v 9 o 9 d' a d? 1 a [
wonsanlugduuudenanszviavedaudaninayussniamnan tazanulasanyluns
o v d' a &Y 1 Yo Y o @ d‘ a
M Tagihgifulemamamsaidinanazgnunily laglianudidyluisesnisnan
nou

A U 9 a 4%1 dd‘ 9 1
@) i lununedsunaurulunsainAIuABINITVDIIUNINNT
AU 1159 1T RINUUAZUTLAUHNANTENUUANANIN UAUAINAAIITLHI19AT TD 71 C

I o [ I Y o 9 o uszl " Y ~ = A

TasdIdoaueszaunansznuoomiuiiszaualenuawatosiga lldanniga  uaz

v v

a A a 42’ I o " Ya [ v Ia A
Ansanmansznuiinadunuanuauuran lulanasanransz nuaensnddu nenu
a A = = ] = o Y a d
qadsdus TagnfTeumeuiunsgadenainisinanu (Lost Work Day) uadsziivilu
YaMAINEATIAI
° [ J Y A o3| o a
3) wuuiraesauganNulasanslununeaenaue WuLUVIIADUF
a { { a [ o a 3 @
YsuaiagnunsoaztouniwiunswinniniuuouiiasuFnunin snnuilasaisnio
an A Y 1 A ~ @ A 1 A d?
UAveIn NIz n IiANUaY lvedaIABIIIA AU TR AUNTANY (NI NG
U & Y o U v Y
343 awilszneuesaiuvemuuiiassanganulasasulununeaing
[ 2
Tupuusasamivavetlszaen lildreduilsznon 2 dundnq ldua TD
a 1 3 Aa vAa 9 o o A A =
wag C, TD enwsodeduanuenlumslgiaaulilscauanudisulonasanng
S o ! I A4 o o A
dhvmnedlundn dau ¢ Wumsussersneaduanuamnsavesauaulumssuiionnu
9 A Yo a 9 v Y
Avamsvosnui ldsuiasey TD 1sznovliUdrennudssnmsnianeninazanudons
N1anNFilyay ( Physical Demands and Cognitive Demands) G’?qwé’ﬂﬁulﬁ’ﬂuqm"lﬂdﬁmaz
| I 1 1o o o @
anudess lag TD @wnsousnoendu 3 ngqu 1dun Jadoau (Task Factors) ilade
2
AMNLIAdOU (Environmental Factors) waziladeusunNve Iy (Work Setting Factors) HagNg
1w 1 @ [ [ 09: U W 1 ) o qu‘
3 nquasnandagnnszneas hihiluilededoss Bnianua 23 fave drudmsy C duanso
Y <3| ' Y 9y Y o Y 4
vavoniiu 4 nquuans laun adsaussoug (Competence Factors) H1938@ 111118 (Human
Factors) flavsanuaulalumsiinu (Attention Factors) uazﬂﬁaﬂmmmm (Foreman

4 o o o VA < o
Factors) #4114 4 {ladgnaniartingnnszaieaailu 12 fladsdes



A [ tﬂy Y A o Y Y
A15197 3.2 YaverlosauUN I UT UOATHYBIANNABINITUDINIY

TDI  ANUESUFUSDUUDIY
TD2  MIVUAIIAR
U d‘
TD3  M5UseamuuAVNIUIUY
L A o
TD4  WHNIUMIHIY
D5 Yaguanildlumsifiaau
fodua11 (Task . P R
TD6  1A3eadny/ginsainlslumsigiaau
Factors) ; ;
A A Aq Y a vAa
TD7 Ao lylumsdgiiaay
TDS  N150ONLLL
an 1 vy
TD9  3FMsNOdII
TDI0  ANMAUIAMUNENIAINTTU*
TDI1  ANUINIARIUABININUDIIU*
TD12  @nIWeInIA
TDI3  anEIAAdNNIMENINUDI 1ATINT
U %
Padsamnunaon | ISR -
TD14  ANNAeIA/ATLILITOUI08 LAz UL
(Environment .\ PR
= A A o a = ==\ %
TDI5  HOWIUNMOUUTHIMNUNRSINY
Factors)
D16  adaanslulasanis
TDI7 WANSZNUADYNFULALTUIAADIH
TDIS  MI5159UDIY
F) [
D19  anudvIaveIngauilasanslulasinis
tadauiunve sy N
TD20  MImnuungurienIfe?
(Work Setting oL .
TD21  M5NAF IuamsiauaeIu*
Factors)
TD22  MISUOUNNIGIU*
™23  mslasuudanimsiiaulasnunau*

Ay v = &y Yo o
*Waﬂhlﬂﬂ"lﬂﬂ']‘iﬁﬂ‘]&ﬂmﬁ]\iﬁuiﬂwj?ﬁ]fl

73

us/' U @ 3 @ L4 Av A
1435 adeillduinnsdunsizyinaveaa1uIsenm 1Ll (Haslam et al., 2005;

Mitropoulos and Cupido, 2009; Loughborough University and UMIST, 2003) LagHan1381339



74

Fo Yo o o L2 v YA ¥ Yy s &
WosauTlaggide Taglunszuiumsdisindesduiiu nqudnisinIndeyalunsall

Q

9
1 %

Usznou ldrediFernnuasadsluanuneadisormsgasiuau 9 viu 19 9 Mudidumis
I Y Y A [V v Aa = Y Y A @ ] a =\ 4
Wuwhwmihianulasassszauindnuazdminianutasaseszauusvg Juseaumsal
o A F) @ v o A = A = I 9 )
msinunedesiuanulasanedigan 6 Tuazgegan 23 I manudoyamsdisin
A v o ' yq ¥ 3 v £ P o a A
iesduainan ldlFuvuasvornlumsifudeyadalszneulddredinwlarniladn
gouaineInuadeinanenudean1svesy (TD) uazanuawsalumshau (©
1 k) £ [ 1 Ya o Y o o A Y o 4
YoIAUNUNDEI 19015 g Felunyvaeunwdina give ldinaueileden lddunsizd
=® Aawv A Y Yy A " o 1 Y a ) I
vinmsany1Iseniunud I 14 F ey nduaananlalszneumsiasandie Taoilu
Yadua1u TD $1uau 17 Yade vaziladediu € 1w 9 Hade Tuasah 3.2 wazasens.a
Y ]
lauaasnguiladenaziloionaiuain ldves TD uaz ¢ Taolifladediu TD §1uau 6 Tade uaz
[ o o o A g { o 4 1 [ { 09./’ I {
PYadedu ¢ o 3 hdenduman ldnnmsdrsrndesdu druildeimasiiuiunanld
NIMIFUATILHNAVBINMIANHIITENAIUIN
nguuesiladeaiu (Task Factors) Usznonlildrsguanbuzyosnui ldsuuounine
Y
Tagilsznevldreiladedesdenaliil
[ [ I a
ANUATVFUFOUVD 91U (Task Complexity: TD1) 1unisesuieldainaiwy
FUFOUVDIIULAZ TZAVANNF I YVDIAUTURIZINTUAATO D
1 o o o
M5UUA T (Transportation of Material: TD2) Aonisuudeidganalasn
<3 [ [ A (A wa = 9 [ A A A @ ) @ 9
nuiag ldwanlfiaaulasnerdesnumiedioniesnsdmiumsvudie
M31)52 A UNUAVNUDUY (Work  Coordination:  TD3) 03118 14d4n13
1 4
Yszauaumunarathedus Tluaniug wudesszauauduan i viedsza §13
v I H g
msvdszeuaulunaisrhes uiiuniuauienuu s
Y I
Wun1un311911 (Required Working Space: TD4) U35818'1A91nvHIAU04
dy A o A 9 9 o Y a A Gl =~ [ tigl’ A o
wunmsiaunansad 115 lunmshan1ds denSeuReuiuvmanuinsiinu
S o Ay
TuAndeans

[ o A Y a va . . U v 1 dyd
’mﬂwaﬂﬂiﬂumiﬂgumm (Type of Main Material: TD5) fladegoaiine

a

[ [

a Aq ¥ a va £ = 1 o Y o ' '
%Hﬂﬂlﬂﬂ?ﬁﬂﬁaﬂﬂi%iuﬂ"ﬁﬂj‘]‘ﬂﬁﬂu «NmmmuNammmmmiamam% AIDYINLTU

a

A A o g Y o o o Y a o Y = ~
ﬂauﬂmmﬂ15"l,wammGl%“lumsmiumumsuusmﬂ,wmﬂmimqm"lﬂmmwsmmi"h/ia‘n

L; A = ~ v = CZ Q'J
Gnl,ll’f)l,ﬂiﬂULWﬂUﬂUﬂ@uﬂi@ﬂmﬁMU@]‘ﬂ’ﬂﬂ



75

A [ tﬂy Y A o 4 o
A15197 3.3 Paveesduntivtausaiuanuaunsa lunsiiau

J o { o
cl  dsgaumasitazanud g luanunm

tadeaussous ” T
c2  msdneusuluaunt

(Competence Factors) ; »
C3 ANINTWNMYLAZAITILLUNLLT

C4  MITFVIMNUVRIEIYAN

C5 ﬂ’ﬂllélﬁl’t]\‘lilNﬂWEl

v d
o1 unype (Human .
C6  ANUKIANIAYDITA T

Factors) ;
c7  anuane lavaziauaa luanuinm
=\ J o v J o
C8  MENUYBIFUIRUS UM
Y
tadsanuaulolums co  anuasllumsiiau

#1974 (Attention Factors) C10 a2y lildszum

Padeaivguau CIl  AYNERNIDVRIAAILANIL*
(Foreman Factors) C12  anmuasa lumIToa1s NuveIRnIUANIIL*

Ay v = &y Yo o
*Waﬂulﬂﬁﬂﬂﬂﬁﬁﬂ‘]eﬂ!ﬂf]\iﬁuiﬂﬂlﬂ’ﬁ]tl

4 @ <A a ua %
1n3099n3/91n3ain 14 lun151§17A0M (Machines/Equipment: TD6) Taailade
[ dyc'e' 9y y A [ @ A s A a o
goviiluanudssmslumsldniosdnsminmiognsaimudulumsiinu
n3oaien 19 1unsURiaa (Tools: TD7) adrenuilvdedesnouniin Tag
v 1 dyd d'ﬂl d' A A d' ] o a' 9 9 d' A Q' dg’ 3
Yadvdesiinonmsnaeenisnesdionmmiesaolunisiieu ssde]masostiomud wmils
IA d? A ~ o o ™
QungaenIuileeunumsiau a1y
N1500NUVY (Building Design:  TD8) 111809311 U1¥0UVBIATAYN
ponuuuIN IS 1M URo a3 19 E T DA INAADAUIINIIVDITULALNITNT WYL TATING
5M3nea319 (Construction Methods: TD9) Lirfiauanuuinlglunisneaii
. 09/’ ~ ' ' 1 2K an ' 9 Aq Yy
21M I UNdINaAeAINeIN18UDIH 1asIn 1UDTmsnead1enldate auauay
o Y 1 ad d'g)
aunsaihnulahennluiimsiquine
ANMUITUIAAINNENIAINTTU (Engineering Tolerances: TD10) Iasilodudoy

dy = @ ' A a Y Y 1 1 A 1 csy
ui]zu5isnstsnmmm:mmmmaaumauiw"lﬂmmamm Tﬂﬂmmmmmﬂaaumam

E4
)

[ 4 aand a 1 '
’f]"ﬁ]?]ﬂ(lugﬂ"ll@ﬂigEJgﬂﬂ”lﬂLﬂﬁ@u ﬂluWﬂﬁ%ﬂﬂJ@ﬂlliglj AUXNUAINITDTINAADAINYINUDINIU



76

AN NIIAAUAMNINYDITY (Finishing-Work Quality: TD11) ApIzaAl
o ] < L. = v YY1
aunmvesnuamiagnssu/auiasvauugal (Finishing-work) Neonin1degluuiasgiu
Tagna 1 nTegenimasguainan
nguvosileteaninuindon (Environmental Factors) 9NDIEAAINIIAADUUDS
v 4
Tasamsnauauljianued Tasanmnadeumarinoudanainvateuaz dawasnonu
ADINITUDIU

ANNOINIA (Weather Conditions: TD12) fodnineimavmznlfiaau

E4
A 1 1

A o Y 9 =2 ' @ ] dy A9 J
ammemani ldauauddn ldauied sy au du anudu viedou anmaiiidinase
aNuendelumsiiaesuny

AMNLIAGDUNWNENINUDI TATING (Physical Site Conditions: TD13) ¥4
Usgnoulddae ideq uaeadng m3szuieoma o vzl §iRau seauvesanImaanani
mingauih Itaunuiimsgnsuniumstiau

ANuaze/diseiliouiSouioo wag g1 U1a(Site Tidiness, Cleanliness and

. . U @ 1 < A = = =~ 3 '
Sanitation: TD14) adedesiioFursdianuazein Nsziey aunwanuilueglu Tasanis
1 9 a 9 [ 9 1 dy A [ = 1 < [l
Aodd Az MIUTMImugUanye d1amwvariuenie hifoane/limnzaundnado
Y
anvenyeanuua Temalumainaderanaialunmsiinuunau

= A Ao a dy A A [ .. & d

UIUBUNNINUUTIUNUNAYINY (Work Obstacle Conditions: TD15) §9n
A d‘ d’ o dy d‘ =) [ o Y 9 9y d' o
ADNSTUNIUAINUBUY Nulununmenu M Ivavauassvanuaulaluaunm

zﬂy d' =S [ d' Y o @ d’ Yo Aa 1 09; I~ o Y
luiui@erduununmsldanudingmmz auiaulasuiasoumniunaznasnan1d
a 2
NULANVNVY
v oA . U v 1 dy =2
adaanslulnsanis (Site Welfare: TD16) InoiladegosUiuiananiny
=\ @ v A ] g} A Yy g’ A o 1 o £
INEINDVDINITIANIAITANIT I IATINITIFU 119N 119911 NWNTLHINNITRINU F9
v A 1 da’ o Y =\ tﬂ' dy 1 o
adaamsmaidazm lvauanuianuaayy nszlsnsznlslumsiiau
Naﬂizmm;wvmmzﬁmmé'am (Societal and Environmental Impact
= ¥ ¥ A 2 v o
Awareness: TD17) ningdamsaedlinnuaulylusesursunazdunadon Tagauauiiv
Y ° Y a A Y @ v Yy A A 1awa
apamuinaransznudodunadeutazdinusoud W Iiteenga & vaiznliaanu

] A A 3 1 a 9 9 = £ o Y a Y =

Tagmmized19ga Insamsnased lunsnalndgursuinuseu dairlimansioaseuly

Uszifiuanee 14



77

1 [ a . g o
nguuesilateuTuUNvedIU (Work Setting Factors) Suilugiluuvvesnisiiny
A a o o L 1 =& [l ] Aa A 9 [V

Wiolfduius lunguananudedinanodszaninimvesau Tasdsznou lidreiladedon
9
aeao 17l

4 '
13139971 (Work Pacing: TD18) Juagnuszezinaiimasdmsumsiiay

Yy < Jd 9 = 19 A d? 1 <} 9y Y @ 1 <]
Glﬁlﬁﬁﬂﬁﬂﬂuiﬂ! ﬂ11ﬂiﬂﬂ15uﬂ’]1ma’]“ﬁ’]lﬂﬂﬂlu Llwulﬁ\i\i']l:lﬂﬁlggﬂﬁl1“11%@1“!&33@1“@\1ﬂa13ﬂ

1 k4
= =2

S o A
et uaunenUIURUn

anuuInvengaulasanelulnsinis (Safety Rules Strictness: D19)

Y 9
=

v 1 1w Y v 14
thiedosiivuodiumstnuldnganuiasadsaisg Tulasens auaugnaululeiau
9 a va Y J 1 (A va o Y Y Qa: ' v A Y
dealgiianwnguazaiasmsaana ldilgiaaliiduouasiendenueazfou dng

v o

1 ldy n 9 1 9 ~ Yo % v
AN L‘Viﬂ”lullil]lﬂﬂﬂ v lFnuedruduaa qm‘nﬂmm”lmumuwmsﬂuimQmimﬂan

U
Ed

3 < a =
Anaeuaunenyy
) | 1 A o A . 2 o A
M3 UNGUNHITONUAYY (Crew Size: TD20) HUIHIITIUIUAUNIUN
d'ﬁ) 1 Y o (= o Y @ 1 I ~ dgl
muzaundoams luudazay fdmnuauau hidisane i linudsnariduanunenau
' Y
M33108%2 1915 M19IUAD U (Restricted Working Hours: TD21) Ydvgoail
9 =3 [] d‘ Y (Aaowva 1 9 Y A o @ o o
ondnaanuasa lFlianululasinisnedine Munsdass luansiiau
1 Y (% 1 d? o Y <3 o d'o [
dawaliudananenyu msizaunuiznsuinulnassauysamelunaining
fINa1?
N1TUOUYINI¥I1U (Number of Commanders: TD22) wmﬂﬁqﬁmamammuéﬁ
v v [
Mmmsueurwenuiauauluugazase salauvsunIsUasaugi I auuTA
duaulumsilgiinau
madasundaisnsniaulasdunau (Abrupt  Changes of Working
Y v
Method: D23) Tasiladedosiioranesmaasuuailulsnisiinuedrsluaananse

%

=
UN

%

= as ) 1 <3 dyo Y c?/‘ d?
wla manlasunladismanauedsadiimlvaniveniu
nquuediladeaussaUL (Competence Factors) AEINUNUTUITIOUL 3NN TUAD
4 ¥ @ o = '
auau Felsznov ldrelszaumssimsihian msineusy nazanmsinmeauaIy
t4 o { o .
Uszaumssitazanudrngluauni (Work Experience: C1) 155018019
@ t4 o A A Y v AN Yo & '
52AVY09 52 A UNITAINITHINIUYDIAUNIUNINEITOIN DU TRT DU DHUFIdIHa
TagasanuaNuaIsa lumMshauveInuau
= A o L. = o = A
M3HneUInluaNN Job Training: C2) HWEDITLAUMIHNDUIUNTD

1 Y Y
MIANEIVIAUNUTIT N TaM I ausTozvo I LAY



78

[ <3 .. S
ANINITABUAZANVULYAULTI (Health Conditions: C3) NITUIDINAY
3 ' 3 a o w A S A ] A
UYL U939 MaRule 1 Tsalsedidd msduueanegeanse lyamsania
1 [y, o J 1 1
nguueeiladeAuuyBd (Human Factors) Tasudaseanlu 5 a1u laun n1sisesy
a J v 1% 4
ANAT ANUKIATIA ANNNaWe 1Y uazuyuIduWUS
Y
M URINIUVEIAIyARA (Hasty Behavior: C4) ilatedesiioTuieia
a (=1 1T A A A o Y o =~
WHANIIUMTITITVURIYAAE NMTtTssunIedaotan lianuamisolumsiiauiing
nlasunalasld
Y ' . Yy =X A v ' 2 A
ANA1VD9319MY (Fatigue: C5) 19D9MTINTIBEA1UDITIANFINHANIN
a A ] A A <4 U k4 a Y A
anndalanseslameng1eueonts 11U e UNT Ui Tasanudieiana laannisn
AUIUNINUBNNAAANDN UK AT

Y

a a o 7w {
AN gANInUeala (Frustration: C6) Tagduiiusnuanuidniignsuniu

Y

a A o Y a Jd A a a Y v A A A
e nFei lviinae1sualide ﬂuﬂ"l‘l!fﬂll"IiﬂLﬂﬂﬂ??llﬂ\j‘ﬂ‘ﬂﬂﬂ]lﬂﬂﬁclulﬁﬂﬂﬂiu NIvLI O

S A

\ ) ¥ a o A o < v
AIUATI DIUL @Qiﬁﬁﬂﬂ?ﬂﬂﬂiﬁ]‘ﬂ\‘]ﬁ@ﬂﬁ@ﬂ ﬂ’ﬂllﬁ"lll15?3iuﬂTS‘V]N"Iuﬂﬁ”liﬂiﬂﬂﬂﬂﬂulﬂ

=< o a A o . . o dyﬁl ==
ANufane lavagnauaaluaungii (Job Satisfaction: C7) Iaeiladeiid199a

9 v
A a K 7 =

anwianuazANEuATINATUAUOUNTH Faawiawe lanaziauaaas Iuiiams oy
A o 9
wivaanNuamIn lumstiaula
= J o [ o o . . .
mmmgyaﬁuwuﬂumimqm (Working Relationship: C8) U5TO10D9
A 1 a 1 ] A [l A 1 9 3| A 9 o 1 (%
ADIUENITFOUAD/AAADAVINOUT IV 11199910 1UND AT 1T U UNADINNUIINAY
A I o = d o o S Y A =
AuUd W UIIUINLIN MIBuYBIduRUTNAYelHnITdseaunIuIIuTunaszl
Uszansan
1 1% ) R o o dw z
nauvesiladoanuanlalunsiiau (Attention Factors) 39duiusiuauadle
uag lilszmmassauau Tasanuaulainemsldanudngynuauanueilldvesauau
1 AN Yo £ g @ Ao o o
Ao lasuuennine Fudlunsnenshlisinauazamwnsoaaanuamnsn lumsiauves
AU
2 . A 2
ANuAalalunsiiau (Work  Attention: €9) misgaudsndiudalalums
o o 9y 1 A Y A Y
Mamusaih ldauaulilganzanudsdldiiesananuaiuisoanas arsliany
g [ ~ Yo Aa 1 = o Aa a3 Y qul ] )
aulaymslidenuiiauesldsuiasousdruder s lasivala lumuioeiulinasi
GIANER
] A < A = @
A1 Ti1l5z01m (Safety Awareness: C10) tijo lsnaufiauauiinnuaseniin

4 a va o a va o <
luFesmsdfiamwnganuasansluvazlfiianu anuawsolumsdraunans



79

Q' dg’ 9 9 = L% [ = v KR o d' a d? 9 d’
melullﬂ ﬂmm@lmwmiiwmmmazVNmz‘Huﬂmauﬁiwmﬂmﬂﬂmullﬂﬁaam’sam
1 U v 9 [ @ J o 4
ﬂqmlmﬂﬂim@ﬂ’mﬂmm (Foreman Factors) IﬂﬂﬁuWNﬁﬂUﬂi%ﬁUﬂ’]ﬁﬂ!ﬂWﬁ
o 4 4 I
‘mﬂmuazmmﬁmﬁaﬁlumiﬁamiﬂumméjﬂmﬂmm Lﬁm%mﬁjﬂﬁﬂﬂud1uLﬂuuﬂﬂaﬂu
v
o W o Y ISa A
mﬂt}ﬂumﬁﬁuumgummmmmﬂum’gﬂﬁu AYUUAIUFAIVUITDUDIAN uﬂTLlﬂfJﬁ]‘ﬂ‘ﬁWﬁll’m’]ﬂ
fasedniuaguaudlomiounu
Y
ﬂ’JWﬂJﬁWﬂJ”Iiﬂ"’U’ENé)ﬂ’J‘UﬂMQ”Iu (Foreman’s Work Experience: C11) fladedoail
A4 9y o ¢ o ] ] A @
LﬂfJ"Jf’Uﬂﬂﬂﬂﬂigﬁﬂﬂ13mﬂ1ﬁ1ﬂ1\ﬂuﬂl@\1Z\ljﬂ’ﬂ_lﬂ11\111/! Ejﬂ’mﬂmmmuﬂizﬁumimuaxmm

J =

o Yo o A 1 o1 vq ¥ v g oA Ay a

Frungawsaliduuzimiodesnennud liungninldifueded  ssdaruguarnd
s A o ] A J A A 2 v
Uszaumsainnseih ldauauiilugniinfinnuamisonniudie

mmam15aiumaﬁamsmmé’mmmm (Foreman’s  Communication

. = d'sl = A [ = Y 1 =]

Ability:  C12) wwedamsngarvguaiuiianuainsalumsdedisnogniiu ldediedl

Uszansam msdemsnaamsomlimilelamndrdei lasey T ldgnidhleedradann

4! [V | dyd o @ dg} = d' 9 v A o 1 Qd‘ o 1 9
G]N‘ﬂi]i]ﬂﬂ@ElullﬂﬂllﬁWﬂﬂJlﬂﬂellullﬂ@ﬂL?J’E)G]ENi‘UiIE’)mJﬂuQ11!@]1%‘]51@1/]%11/]1%11!‘?1@?{51@

] ) U Y
3.5 muﬂﬁznamlmsmumamﬁuqammﬂaaﬂffﬂiumiﬂaa‘na
= [ o I = [ [ o o A
MsanpIaIulsenevveuuIIaed CSEM laaidlunisanyinisaailadeainileden
) 4 4 { [ :j v o [ e 1 o
Tainaus 13deadien lailadenaziiminilaseniludiulszneulunuusiass CSEM
v v 1
98190939 1AGH1UN T2 UIUNT Delphi 1oz AHP 119 2 n3zuIums 19giFe3g luFosnu
Yavasoluauneas1991A15g9 §119U 9 M1 (Delbecq, Van de Ven, and Gustafson, 1975) &9
I [ 091’ . . . . .
Lﬂuﬂgmﬁmﬂum 2 NILVIUNT (Moradi, Etebarian, Shirvani, and Soltani, 2014; Hsu and Chen,
' v 4
2007; Da Cruz, Ferreira, and Azevedo, 2013) 5189a21889AN2 A1TF81910) 190180ATUADUNI 2
] o'd' Y 1 v Y o dy
NIZUIUMS HagHaawsf laog luiadoda il
3.5.1 ﬂmzw:'ﬁfmmmu (Sooksil and Benjaoran, 2015a)
9a o Y= [ 31 o [ .
Arve 1ddnwilede naziihiinvesiladelae ns2U91n15 Delphi 11z AHP

! vy & 2 vaA A ¥ Pz
53N1W%@Haiuﬂﬂﬁﬂﬂﬂﬁgﬁﬁluﬂ15 L‘]Jugwmwmmm’amg ngﬂizﬁﬁﬂ"ﬁﬂﬂu

eX2e

Tasngu

A
n
Y
auaudasassluaiuneadvermsgeedluszaudiuignisnuiige guauiiaves
k4

1 4
Airormnyiuiseannsoagy ladail

- ﬁﬂﬂiWﬂﬁﬁﬁoHLﬂﬁﬂizﬁﬂF?I}’EJO”IH’JEJﬂ"IiTﬂiﬂﬂﬁﬂl’fNiJ?ﬁ‘Vl HAZNITUMITUTHIS

U

mnauduasuanulasassuazeuielumsiinu @szmalne)



80

[

d’ d‘d o 1 (% 9 [ a o =
- @ATNUAUNUITEAVAIANMTANNYaRaN8UBIUTEN uasd1us 191

U

dAumiadmihanuilasaseszaudiugns

9
IS4

@ =2 Yy A =) = = a
- i$ﬂ‘]Jﬂﬁﬁﬂ‘HWGU’ENQLG]SEJ’J‘HWUULL‘]J?NRI Iawalsuaas awnssaanIn

o9 99

d! w = =S 9 a = 3
HagHiTeIzAUMIANYIsEMAtoas IMINTUY
= d o 9 Y] 1 9 @ a =
- Jlsraumsainaumuanuiasansluaiunea319sununy 1403
1 ] I y Y] o [
- wilasnentlususeaudu 3. adwmhnanuilasasslumsiinu) sy
a ~ ~ A [ a
I tazivnsenily 91.52AUUSHII
Y] A = v o o A
- numaeds Tueswlunsdneusudruanudasaneslunisiiaumy
1,700 %2 T34

I a [ o 1 o a o
-wilasedluinensdruanuilasasslunmsiinuneadelszausn uay
I3 a 9Yq Y Y 1 ] Av a2 Y
aesnuiluInens lalianuduniisnumeusnusEndnay

Sld' = v A = @ [
- !,L‘]Jﬂ@L%EJ’J‘]HQJLGUEJ‘L!“I’Tuﬂﬁﬂﬂllm!,u?]‘ﬂNﬂWﬁ]ﬂﬂTiﬂ 1udaeansluau

u

o

' o a o ' [ @ ' [ '
noainlszdwsivn tazdesesmdluamznssunmsiaihgiennuilasassluauneade
YoINTNATAANT LAZANATOUTINY

352 nszuumsaailedelagmnaiin Delphi

@

N32UIUNS Delphi ¥I838ytazastadoviledeninisdinyainiladongn

o
o 09; o 9 1 @ H 1 v o w I~
duaueiunailadeludiu TD vazd ¢ drudladen luiiedaan

g

92NAALBNIINIIN
QBJ} dy 14 o Y A Y [ I » o A 1
nszuaums Tuduaoufivuuaeuni lagminnlaneldussgiaglszasdndailoden lul
o v 3 v ¢ 9 A S YR
anudingeon limeldanuiluenduivesamzfiFeiny lunszuiumsdrsiedingn
0911 Y 1 v o W [ Y o v Ay Yo 9
i dermnggnonldszauanudidguunuiasia 5 szavveiledenidiuaue 13y
{ | @ ' {
iWesdu Taswlannuninenngduuuvesniw liiilugauvuvesdaay 1oun deoiga fos
{ [ v o w $ @ J 1 Y
1huna1s wn nazinniiga Tifhuai 1, 2, 3,4 uaz s awd e Fwveuwanenanseliia
o Y= ] Y 3 1A A 9 ' S
szauanuianvesdaovunuaeuninIdiiluedisd Tuaousuduvewdazseunisdisde
oA Y o 8 | Yo A S Yq Yy
Aotiloiu (MasInnszuIuMssounsnduse) ganiunemadudlideyasinvewans

A A =) o A YA o A Aq vy o oszl Y
GIBTJZ‘Tui’)ﬂuiﬂﬂ‘ﬂN”IH?JWLUJ‘U‘V]%J?JT]”I?Lﬂﬂ!Nﬂ%ﬂLLﬂﬁj%ﬁﬂUﬂiﬂﬁJ Lwaﬂwmaummuuu‘h

] '
S 1 A

Usunlasuud lvdneuluseundunvesnueaiie Idsuniudeyanmsiwvesngulusey

v
9 =~ o a

Aounth nszuIumsdsulgedeyatidinsduiiunsas lUisesq lusevae ) nazawise

9 a A A a o 1 o 4 .
'ﬁﬁ}ﬂﬂi%‘ﬂ?ﬂfﬂﬁllﬂIﬂﬁl‘W%Tﬁﬂﬂl\i@uvl“llﬂanﬁﬁlﬁgﬁ'JNﬂ’Jﬂﬁll“l/lﬁ (Interquartile Range: IQR)

'
1 A

<} { 1 ' 1w :/‘ 1 1
UBINQU !N@hlﬁﬂﬁ']l'ﬁﬂ'l IQR ﬂJE)QﬂQiJﬁE)EIﬂ’NH?@LﬂWU 1.50  UUNNIYAINNINYU

Q

Y o Jq Yo A g @ J 9 ay ¥ o 1 o o
Zﬁf’nﬂﬂlﬂ1§'ulﬂ6],'ﬂﬂ']§l’f]‘ﬂWlﬂulﬂﬂﬂuﬂllaﬁ ﬂizU?JUﬂTiﬁmﬁﬂﬂﬂ“lﬂ o vazainanileve

g Q



81

[

I A W . [ 9 1 a I~ v A 1 o
azvl‘iﬂmuﬂmmﬁﬂgm (Median) VDINYUUBYNI 3.00 QﬂWma‘muﬂuﬂm&ﬂuummmﬂm

9

v
= 1

] 9
HaZNANEONIINNTZUIUMT dIuiladedunliniseg1u (Median) YOINGUALA 3.00 9N

a < o Ao o w A Y A Jq YA U W ldyld o w
W‘ﬂﬁﬂﬂlﬂuﬂﬂ‘ﬂﬁmwﬂ’JﬁJﬁWﬂﬂJ Lu@\iﬁﬂﬂﬁl‘b'fli]‘]51%11@1141&81%1]%ﬂﬂmﬁTu313Jﬂ’JnJﬁ1ﬂfg
9

Y 3 1 Y 1Y) 1 AaAg 1 A 1 o
szauthunanailuedniiosuazlaadeniariinaas leglusedediulsgnevvesunuiiaes
CSEM Tunga

. A @ A g a Yo 1 d”

A5LUIUMT Delphi NUaAIfan I 3.3 Huaunsaeiureladane 11i;
9y ]
-masia 5 szau ldgminniasgduanudivyuesiledeiiugiu TD uaz ¢ 0

Yy o v & v
Taamivaue 1Aiiosdu

Y

C% v

Any a Pz PR Ao ' o 4
- wanoUaUeIN IagnInTIzd Tl nisegiu tazmndoszrinendes na
a y P 4 U J a <
(IQR) Tagdnadamuaumsi (3.1) (3.2) uag (3.3) #HaniaI ey lamarfinazveanamiv (815%)
Yo a Yy vy o A o ' A
gnilszmalasdaniiusiems Iignsulvveyasuniumeauiusenlumdazson (ioneu
z:' Y 1
suauluusazson)

1 1 1 @ 3 1 4 { o Y
- M IQR veunguluudazilederiudedin < 1.5 e ladmeuniiuen
v 14 v Y 1 & 1 qul Y = 3 9 [ =
uivengy a1 luidhusuiiu ndesdimsnudeyaluseuas lion

o v 99 Yy Yo A o Y 1w '
- WA INNQUA ‘1’7"lJfJiJﬁulﬂﬂW]’é]UﬂLﬂu!f)ﬂﬂu‘mm’J ﬂWMﬁElﬂ']usU’éNﬂQiJﬂZQﬂ

U U

H
aA 1w

a % 1 [ A [ 3 o [ d’ ]
WIATTU Iﬂfﬁjﬂﬂﬂiﬂ‘ﬂllﬂWﬂ'\llﬁfljpusll@ﬂﬂtjﬂJiﬂﬂﬂ’NWi@Wﬂﬂ‘U 3.0 Qﬂﬂﬂlﬂuﬂ%ﬂﬂﬂﬂzﬂgiu
d‘ 9 1 d' A o d‘ Y 1 I~ [ d' " YA o
518%@@1@%18 mummangﬂﬂ@’e‘)’e‘]mummmmmiwmmuﬂu’ﬂ%ﬂﬂﬂ'lu"lﬂwmmmmy
A I 1 [
wenvztluaiuilsenovveauuI1aee CSEM
1 @ 1 Ao 1 4 4 o [ Y| Y
ﬂ']iJ‘ﬁﬂﬂTuLLﬁ%ﬂTWﬁﬂi&ﬁﬂNﬂ?ﬂivlfﬂﬁ (IQR) %Qﬂmmumuﬁumimma"lﬂﬁ (Ott
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Y
w = AMUNINIVBITUATNIATU

Andeszrienle ng (Interquartile Range: IQR)

IQR =Q,~Q, (3.2)
Q,, Q, At lay;
Qi = Lgi + (n*0)/4 — cfb)w/fyi (3.3)
Too: i = A3 Inan i*
A o o 1 A 3a o Aa (nlle’_‘l
Lyi = YasrfiaaanunFavessunines md it
[ Y
n = ANUDVBITOYAN LA
p o A A&
cfb = ANuddzauneutuNAIes INd i* 0g
= 31 A J i 1
i = ANudvRIFUALAI0S Ina i* oY
Y
w = AR IO UATAIATU

v

353 nszuIumsiviivniadalasmaiia AHP

9y A v o 1 Y o ' Y Y 1 ]
ﬂmg@L%mmmmuﬂamﬂaamaiuqmﬂamnmmu 9 1411&1@“1!%13’3%114

% & [ { . {
doyalunszurums AHP Fuilugadernunuilidoyalunszuiuns Delphi doyad lanin

Y
o

o an Y a 4 Y 1 =~ ~ 1 @ .
ﬂ15ﬁ133ﬂ1u3ﬁﬂ13 AHP Ulﬂgjﬂ?LﬂiW%ﬁﬁWiJ 3 YUADU Vlﬂl!ﬂ ﬂTﬁL‘]JifJ’ULVIEJ‘Uﬁ’IEIﬂ:ﬂﬂﬁ]EJ (Pair-
Y
wise Comparison) NMIAUIUMITININT98 (Relative Weight Computation) LaZNITATIVA DL
Y Y
ANVAVINGANHA (Consistency Ratio Caleulation) 310821089 1Uaaz TUnDUNAL
& = a ' @ . | . <
suumuﬂmﬂsaum&mm@ﬂ%ﬂa (Pair-wise Companson) L‘ﬂuﬂizﬂ’auﬂ”ﬁuiﬂﬂlﬂﬂ
QS/I % % 1 o w 091’ = = % ~ [ % 0911 21’
VYUY AHP Tﬂﬂﬂﬁlﬁlﬂnﬂ@niuu@ﬂga1ﬂﬂmuﬂ$Qﬂlﬂiﬂ‘ﬂﬁ/]EJ‘Uﬂ“L! Tﬂﬂlﬁﬂﬂﬂﬂﬁ]ﬂ'ﬂﬁiuuu?ﬁﬂ
A 9 a3 A o A = = . .
(Column) t4aglUIUDU (Row) ea 1 utuaIsauuasnsnenlseune (Comparison Matrix)
Y 1 @ o 1A ! ~ Y 1 :j/ = = dy Jq 99 Y
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1-9 MUWINTIAVOI AHP (191 1 = ANNAAYNINY 3 = MiAgn11unaie 5 = diagynun

o W v A o 1 ~ o = ~ Y 1 v o
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3 { < ° g’ @ @ . . .
Tuduaounasutumsaiviuniiminilede (Relative  Weight Computation)

@ o o 4 . a 4
HANNITAIAYUDI Saaty iguﬂWﬂWUlfJLﬂut’Jﬂ!ﬂﬂﬁ (Eigenvector) VoI aI Nl Touney

<3| @ 3’ o 0o v AN Y v 1A ~ o o
(Comparison Matrix) ETSIAT Lﬂuu1ﬁuﬂﬂ’ﬂﬂﬁ1ﬂi}j‘ﬂulﬂﬂWﬂﬂ']ﬁ%‘UﬂHJﬁﬂﬂlﬂﬂﬂﬂuﬂlﬂﬁéﬂ%%"d

o ! I s A 1 ax g o . J 1 ax
mimmmm%munﬂmm (i) UBINAYITAIYNU LA Saaty (1980) NA1IT Average of

. Qi A A i 1 2} o w o 1 5
Normalized Columns (ANC) 1135 nlnnugadesgs a1 w; Aovhwiinyesiladonoglu Row i

I 1 1 AP ) [ a 4 &g 1 ]
LlagL']Juﬁ?uﬂﬁgﬂﬂﬂﬂlﬂﬂﬂTllﬂlﬂulﬁﬂlﬁﬂﬁ (W) NURIUMTNUNATNY nx n FuduaIunau

MIAUIUAT ANC dIMTU w; UAAIAIAUMST (3.4)

wi = (Xjo1e)/n

dulszneuieglu Row i itag Column j V04

Normalized-column Matrix

(3.4

A1519% 3.4 f19619A1514 Comparison Matrix lagf1314 Comparison Matrix Tagdnada
“Task Demand”
Com Normalized- Row  Eigen
TF EF WF TF EF WF
parison Column sum vector
TF 1.00  1/3 5.00 TF 024 023 038 0.85 0.283
EF 3.00 1.00 7.00 EF 0.71 0.68 0.54 1.93 0.643
WF 1/5 1/7 1.00 WF 0.05 0.10  0.08 0.22 0.074
Column
420 148  13.00 Column sum ~ 1.00 -~ 1.00 1.00 3.00 1.000
sum
Eigenvalue ()\max) = 3.0655
Consistency Index (CI) = 0.0328
Ramdom Index (RI) = 0.5800
Consistency Ratio (CR) = 0.0565

o { <
Tuduaeunay umsasivaeuaNuauMgaura (Consistency Ratio: CR) 1 CR

[ v o [ v ! . .
!ﬂull1@]5')ﬂﬁ“l‘Vi51Jﬂjﬂﬂﬂﬂj]ﬂﬁﬂlﬁﬂﬁuwamﬂﬂﬂ1ﬁﬂu@llﬂ%‘ﬂlﬂ,ﬁﬂrﬂ (Shapira and Simcha,
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Y

qaj 3 9 o A o A A o 9 dy Y qaj
Tuduaeumsmnudoya midorwveiladenugiuimivaue Ao sdung 35
F4 1 Y
Paveiiuldgnosursedvazideaunnmuzdidoya  GFormgmari ldgnowldszau

o W v A A @ [ <} 05/’ J <
anudinguesileieiinerdosTaglduiasia 5 szau nszurumanudoyalunseiildiade

S VY o = <
dumelu 2 sou waaww”lmmmm ATNN 3.5 UATA1T1NN 3.6

A1519% 3.5 namsfailadsaiuniudesn1svesulanenszuIUMS Delphi LaZHAUDY

Y
1ninilave laenszunums AHP

Delphi AHP
el . souUf 1 SOUMN 2 .
nauifody ade WInn
Median IQR Median IQR
TD1 3.75 1.69 4.00 1.50 3%
TD2 3.75 3.13 4.75 0.88 3%
TD3 3.60 1.13 3.86 0.64 2%
TD4 3.13 1.69 3.38 1.27 3%
. TDS 2.88 2.19 3.75 1.00 2%
Hadea1u .
:lﬂ TD6 4.40 0.99 4.06 0.56 2%
(Task Factors)
TD7 4.33 1.35 4.40 0.99 2%
TDS 3.88 1.69 4.38 1.13 5%
TD9 3.88 1.31 4.20 1.00 8%
TD10 3.38 1.94 3.60 0.99 3%
TD11 3.13 1.31 3.60 0.99 2%
TD12 3.60 1.43 3.75 0.88 5%
o v TD13 3.80 1.50 4.08 0.75 6%
ﬁ‘%‘ﬂﬂﬁﬂ1W!!3ﬂﬂﬂN
© TD14 4.60 1.13 4.60 0.99 8%
(Environment c@
TD15 4.60 2.13 4.25 0.88 4%
Factors)
TDI16 3.00 0.90 3.00 0.50 2%

TD17 4.25 2.19 433 1.35 10%
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M1319% 3.5 namsaailadearuaNudesnsvesnulaenszuIUMS Delphi LagHAvDY

Y
ninilave laensLuIums AHP (910)

Delphi AHP
Do 3 soufi 1 souf 2 .
nauifody ade WInn
Median IQR Median IQR
TDI18 4.20 1.00 4.40 0.99 7%
o A TDI19 4.00 0.90 4.40 0.99 6%
Hod8uSUNVeIaIH
o TD20 3.25 1.00 3.25 0.88 3%
(Work Setting ?31
TD21 2.80 1.50 3.00 1.50 4%
Factors)
TD22 3.08 0.75 3.25 0.88 4%
TD23 3.40 1.43 3.94 0.56 6%
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©

PJadenuAiseg11veIngugINgAA18A1NINY 4.40 dauiladenianisegiuveangudinga
= v 9 [ 9 1 (=1 o @ = d o @ A o
11 3 dadrenuldun ca-masssuhauvesdiyana cs-mstiuypdduius lunmsiianu uaz
k2 4
co-nnuadlalumsiinuy Taenseuiladeolmilisegiuveanguining 3.40
k4 F4 Y
dmsuwamsnailadenadin D waz € TunszUIUMT Delphi 114 Neaoq
1 Y 9 3 9 9 o o ! Y °
nquiladelenszuiunisnuveyanngsiuigauilaondsnunedi1Ne1A1TgaiIuIY 2
' 3 1 o 1 y a ] o Y I KR
soumiulumsussgal IQR M 1.5 Tasdnanindenamiulag mlvuaauriuniany
I [ o 1 9 o 1 dy ~ Sldy 9 [ = A ~ 1 1
Wuwenduilunquisngmsmari  wanldfigeandesiuramsAnyinriuing1nin
o ° < < '
Taen liludanszuaums Delphi 15 mauseumainudeyallszunm 2-3 soufifisanoaonts

52:‘]404@51/‘1‘5%1@31} (Raheem and Issa, 2016; Shapira and Simcha, 2009; Ludwig, 1997)

A1519% 3.6 namsaadadeauanueuisalumsiiaulaenszuiums Delphi uagwa

Y
v9911111inilave TaensL U AHP

Delphi AHP
souf 1 90U 2
nanilady ade Media 1Q Media IQ  ¥H¥D
n R n R
o Cl1 3.80 1.00 3.94 J.56 7%
adeanssous L
%\1 C2 4.40 0.99 4.40 J.99 7%
(Competence Factors)
C3 3.67 1.35 3.80 1.00 7%
C4 3.33 1.50 3.40 J.99 7%
. , C5 375 138 394 )56 7%
Hadeenuuiue o
o C6 400 1.63 420 1.00 6%
(Human Factors)
C7 338 127 360  0.99 9%
C8 333 150 340  ).99 7%
daduadrnaulalunis C9 313 119 340 099  11%
113914 (Attention §
C10 400 202 400 1.50 11%
Factors)
Jededarvgquaru o Cll 380 100 386 064 9%
I

(Foreman Factors) Cl12 3.88 1.69 4.10 0.80 12%
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o A 1 9 c?J' 4 = a 2 9
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MIa319DV1299YUN AN Learning Rate Parameter (n) 1ia2f1 Momentum Factor () 149

)

9
Y

ua.: 1 1 ) = 9/::'
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AUz lag Haykin (1994) 482 Elhag and Wang (2007) MAUA 10-Fold Cross-Validation
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v k4
(Input Layer) 3 17 H2souluduson (Hidden Layer) wazil 2 fsouludsudidoyanon

(Output Layer) ¥091A509 10711 1e10

4.5  wNan1sIe
4.5.1 WNAUDINIZTUIUMT LR

A5 199 4.2 MNNADAVDINTZUIUNT Stepwise Logistic Regression

-2 Log Cox & Nagelkerke Class

a

Step Variable Chi-sq. df Sig. ) "
likelihood Snell R R %
1 IN: C10 81.994 1 .000 56.635 560 746 90.0
2 IN: TDI10  95.496 2 .000 43.134 615 .820 94.0
3 IN: TD17  104.364 3 .000 34.265 .648 .864 93.0
4 IN: C2 111.189 4 .000 27.441 671 .895 96.0

PPN NADANTLAY 5%

Ay v = v g o Ay Y an .
Nﬂ‘ﬂllﬂﬁ]"lﬂ@ﬁ%ﬁ/] 4.2 uamTwmuwaaww”lmmmzmumi LR IﬂEJ’J‘ﬁ Stepwise

3 % A (% [ d' 1 o an 09: |3
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910915190 43 uaasnan1slszuamdulszand (B) uazananingIveavea
v 9 Y
uuvUsiaes LR Taems Idnioddnieanansgan 5% awalsng 4 Antuaunsaiiuienisina
guiamg 18 uaz lumsnasnandninauediutlsgnouvesaanils €10: anulidszum
TD10: ANUIANIAAINHANIAINTTY TD17: NANTENUADLUFULALAWIAADY LAY C2: N5
= dl o 1 [ a Aaly Yy 1 (% % o @ an 1T @
Anousuluaiuii) wazmdulszans lalundazauilsuazuaauisdinynieada Aen
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M3 4.3 MaNsz@nFvosaums Logistic Regression

Variable B S.E. Wald df Sig." Exp(B)
Constant -4.377 4.432 975 1 323 .013
C10 -72.144 18128 15.838 1 .000 .000
TDI10 80.461 26.569 9.171 1 002 8.79E+34
TD17 41.487 13.856 8.965 1 .003 1.04E+18
C2 27.336 12.159 5.054 1 025  7.45E+11
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vosnrmundu 18 dnfuluaunmsd @.9) manszansvesaunsladaanazgnueaag
anduiusnsalaounlacly Log of odds Rasunnmanlaeuntasliniamniselud
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Uszam) 31 1 mize ilian Log of odds ¥94m3inagiiamegas @11 TD10 (ANUTNIIA
MUNENIAINTTY) Haz TDI7 (HANTENUADYNTULAZAUIAGON) Waaoailosuldm B i
winuaadldifiuiduig D1 (A uduanundnininssu) ¥se TD17 (Wansznude
PuTUIazFUIAGON) T 1 mise il Log of odds Gummﬁu,ﬁﬂqﬁ’&w@mnfu wazilady
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v E4 v 9
Anousuluauiih) Yu 1 wie 1% Log of odds ¥9Im1siiagliamauInYuisuny ns
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a [ 4 { ) 9] [}
pnUeNavINadNTYRITUNT (4.8) Nldtianminaueluivesaldl
Y

U
9

A Ao % 9 o o o Ay Y ' o
douNUANANLLT 4 62 (W3@NVN'LHWUWVIVlﬂmﬂﬂllﬂagﬁﬂllﬂiﬂ']ﬂﬂ'iglnu AHP) Iﬂﬂ
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gadoya 20 ganu Admsuasinaeuanugndesvesuuiiaesasluaunisi (4.8) mntiu
1 AN Y a a o Ay d? <3 '
unum y ﬂ"lﬂmcluﬁnmi 4.4) ﬂ55@17]‘55]11"1%@\‘1&&1]UﬂWﬁ@Qﬂﬁﬁ']\iGUuﬂﬂggﬂl!ﬁﬂQWWUﬂ’ﬂﬁJ
9 o £ Ay Y an Y 1 v 9
Qﬂ@ﬂQ1Uﬂ1§ﬂ1u18Na Gﬁﬂwaﬂllﬂclu:]‘ﬁﬂﬁliﬂ\‘]ﬂﬂTlQﬂﬂiﬁﬂTﬂ‘luﬁfJﬂlﬂWaﬂlﬂﬂﬂi%ﬂﬁ]uﬂﬁli
o Ay v A Yy o a Ao 0 Ay v o A
m*:]ilﬁammumaam”lﬂiﬂﬂmﬂuﬂ LR Wiﬂll‘ﬂ\‘llﬂiﬂll!ﬂﬂﬁﬂllLLTJ']J%"Iﬂ’E]QVIllﬂﬂ‘]_lﬁ/]ﬂuﬂ
ANN @29

4.5.2 NAUBINIEUIUNT ANN

M5199 4.4 Uszaninmaeanuuiiaes ANN dmsumainagiama luauneada

Correctly Incorrectly Total Precision Root Mean

Network Classified Classified Number of Square
No Yes

Instances Instances Instances Error
35-16-2 92.00% 8.00% 100 0.889 0.957 0.2663
35-17-2 92.00% 8.00% 100 0.889 0.957 0.2657
35-18-2 92.00% 8.00% 100 0.889 0.957 0.2664
35-19-2 92.00% 8.00% 100 0.889 0.957 0.2671
35-20-2 92.00% 8.00% 100 0.889 0.957 0.2669

dszaniamvewuniiass ANN dwmsuldmenisiiuiemsinagiiame luau
1 9 09/’ Y v ~ A A ] 9 = = A ] 1
ﬂﬁlﬁﬁ%iuullﬁﬂ\iulﬂﬂ\wnﬁwﬂ 4.4 LﬁJfJLﬂﬁfJGlﬂEJllﬂgﬂlﬁf)ﬂ I?ijJu UAgNATaUINTDUIY A1 Root
4 Y a A o AY Y o d?
Mean Square Error (RMSE) lagnl#lumsussensdszansamveannuiiaosi Idiamuniu
A Y I 1 o us/' A ] 0o 1 Yy A
IﬂﬁlluﬁWiN‘ﬂ 4.4 uﬁﬂﬂmwummﬁwwuwmm 51nsevedseauaNNdUTINOUUNA Iﬂﬁl
= J J @ ' o 4 Y =2 = 1 o @ J
1IL‘1J’€]ﬁL%’u@ﬂ'ﬁﬁ]ﬂﬂ%jﬂJﬂ'WI@‘Ullﬂgﬂﬂﬂiﬂﬁ 92% LLa%iJﬂ'ﬂiJLLiJu‘iﬂiuﬂWﬁ‘ﬂﬂﬂ'an No e Yes
Y 1w o A oA 3 A ] ~ 9 3 ~
"I,ﬂﬁ/l”lﬂ‘]_l 88.9% LAz 95.7% NNl V]uWﬁuiﬂﬂﬂ@‘ﬂQ 5 Lﬂi’f)"ll18]1/]1@1414%?17]1%’6711]13311!
o a wvAa 1 1A A v 3 1 1
NITMUYINAYUALTI (Yes) 111ﬂﬂ3”|ﬂ1illlllﬂﬂ’q‘]_mlﬁ$‘]‘ (No) BEJN]liﬂ@]"Ill @mﬁﬂmm?amw

A Aa A ~ A o Y] o a A 9 1 A [] =\
%Nﬂizﬁ%‘ﬁﬂﬁﬁmijﬂ‘ﬂﬁﬂﬁ’”l‘Vii‘Uﬂ”li‘i/l”lu"IEJﬂ”IiLﬂﬂQ‘]JmWE]]lﬂLLﬂ ATy 35-17-2 Iﬂﬂllﬂ”l

1
' o =

o A A Yo 1 I Y @ . Ay Y o 1
aMmgatnIny 0.2657 %QﬂﬂﬂqﬂﬂﬂﬂﬂTJﬂﬁﬂﬂﬂa@Qﬂﬂ Witten (2011) w”lmmzu”m
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o a

QsJ‘ ] z S Y v 1 A o o Y Y o
Suihseulusugewiuia lnanuaundsveadiuiuainls veyadi (nput) Hazd1uIu
o 9 [ A o 4 @ Y v A Y
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v 9 o <3| 9 oA A o Ay v
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4.5.3 HAVDINITUVIUNINTIVADVUVVI1D9 (Model Verification)
Y o = g Yo [ @ o Y
PoYATIUIY 20 YAFWENDONNININ 100 YN IFTmMTUMINAU VU009 Toya
1 dycs' Y P — Y o [ 9 o £ 9
20 ﬂgﬂmmmﬂmmﬂmyjammiﬂull’mmmmtmummgﬂmwmuuumamiﬂamww a9ld
1 4
dsudszdivdlszansnmlumsinnevewuuiaesiiauIuunuguis LR (LR-based

o A o dy as 9 A sldy ]
Model) 4@z 1UI1DINWAIIUUNUFIUIT ANN (ANN-based Model) o3y 20 gad 14iiuii

S g ¢ wa Ay W Y g ¢ wa v 2
pantilu 10 ganlumamsaigiamie tag 10 ﬂ;ﬂmhlu'lmﬂumqmimqmmq TagHaansn
lAuansas 15199 45 Tagodlugda1319 Confusion Matrix WU WUDTI@0INWAUIDY
d" an o Ia = 1 o ng 4
WUgIUIT ANN shnemamssina lifiesun 2 11an15ai91NNKua 20 MAn15el (FN+FP)

7 o o a 3 [ s a

TaodounansainuuLs1aod ANN (ANN-based Model) iinnenatiuilumenisainina
Y=Y a 1 o o d v 1 I~ 1A N 1 (%
giiamaIsauanUusaesiie 2 mamsaiasnarndu limagiameg (FN) limilouny

o A o dy an =& o a 4
BUVADINWAUIVUNUTIUID LR (LR-based Model) Faiuonaly 5 WaNIIU (FN+FP)

o’dy o 0 <3| 1A A A [~ a A 1
Tao2Tus mcﬂmimmmuma’e‘Nmmmﬂu"lmﬂ@Qmmmmumzzﬂumﬂqmmﬁ (FN) 19U

14 o

s A 09/} < a B2 A 1 a wa
3 mamsaiimaeuu lagninedlunegiamaunui lumagiiawig (FP)

U

A = = a A o ~ 9 an
NI NN 4.5 ‘1J'ifJ‘iJmEl‘iJ‘]J'58ﬁ‘ﬂ‘ﬁﬂ?W"llENLL“]JUmaE]\‘i“Iﬂul@mﬂ’J‘ﬁ LR i ANN Iﬂﬁmﬂﬁﬂ‘ﬂ

N1 20 m@gminﬂugﬂ Confusion Matrix

Predicted Class Predicted Class
LR Model ANN Model
Yes Yes Yes No
Actual Yes 8 (TP) 2 (FN) Actual Yes 8 (TP) 2 (FN)
Class No 3 (FP) 7 (TN) Class No 0 (FP) 10 (TN)

4 o a a A 09/’ ) { a I~
Wednalsziiulszansmwueany 2 uuuiraenld Tasdszusonuuilu 3

9
9 1

f1330'141A Accuracy, Sensitivity 1A% Specificity MUENATN 4.8, 4.9 AT 4.10 WU

LU0 NNAIUUNYTIUIT LR (LR-based Model)

. (B-I-'?) _
Accuracy = @32t 75%
Sensitivity = — 2 —~ 80%

(8+2)
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()
(3+7)

Specificity = =70%

v Y
HUVUS1A0INNAUILUNYTIUIT ANN (ANN-based Model)

_ (8+10) _
Accuracy = (8+0+2+10) 90%
o (8)
Sensitivity = @+2) 80%
O ¢ 1)) _
Specificity = 0+10) =100%

Taowadnin luansldifiuosiedanuig 3 §1aaldun Accuracy, Sensitivity 118
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Abstract. Most censtruction workers' behaviors are shaped by task objective constraints
and their capability during the operation. This research describes the construction workers’
behaviors are zn interacion between the task demand and the worker capability. The
reltve factors that nfluence constriction workers' behaviors have been determined
though the Delpln process and Analyucal Hiesmchical Process (AHP) The panel
participated in these processes was represented by © safety experts who were specialzed in
high-rise building construction. Results of the analyss showed that 23 task demand factors
and 12 worker capability factors were determined by 2 rounds of the Dzlph process under
the expert’s consensus. The weights of these factors were determined by utilizing the AHP.
The most weighted factor of the task demand was the Societal and Environmental Impact
Awareness Factor The Foreman’s Communication Abilitr Factor was the dominant
weighted tactor ct the capability. 'lhe factors and thew relative weights can gude
practitioners to manage the project resources safely and efficiently.
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1. Inuvducuon

Construction work involves a lot of work processes which are subjected to change accordirg to project-
specific requirements and contexts. The work environment is also changed abruptly as a dynamic cordition.
These changes create many chances of sccidents and the rused statistical number of construction trade
occupational mnjuries [1,7] and thexr consequences are loss of many Lves, property damsges, and a large
amouant of compersations.

Results trom Haslam et al. |[3] research showed that the man causal factors in construchon acodents
were problems arising from workers and bring mto consideration of workers” behaviors while performing
their tasks. [Iealth and Safety Lzecutives [4] research report also concluded that wodker behavior is the
main contributing factor :n apprommately 80% of the accidents. Moreover, the results from Kaila [5] stady
found that 80-95% of all accidents are due to unsafe behawviors anc actions. Workers tend to overestimate
their abilty to control or prevent an accident, and this leads to an under-estimaticn of the risk and behaving
unsafely intentionally [6]. It :s usual that workers have to adjust their behaviors because of the production
pressure for a faster work pace. These circumstances can cause a conflict berween safety and productivity
which in the short term are vsually resolved in favor of production [7].

Accordingly, Rasmussen [8] proposed a descriptive model of work behavior which explains how the
worhers” behaviors tend o nograle dose w the boundary of luncuonally acceplable perfommance. These
behaviors are caused by two primary pressuges: the menagement pressures for ncreased efficiency of
production and the tendency for less effort which is a response to an increased workload. Durmng the
adaptive search the workers have ample opportunities to identify “an effort gradient’ and management will
normally supply an effective ‘cost gradient’. The result will be likely to be a systematic migration toward the
boundary of functionally acceptable performance and, if crossing the boundary is wreversible, an error or
an accident may occur [8].

Rasmussen’s principle is grounded in Cognitive System Engineering (CSE) which is concerned with the
chanactensues of the work sysiem ha, mluenee the decsons, bebavions, and the posslabity of eoors amd
failures. [9] Cogniton emphasizes that werls performance depends en nteracting between the workers and
the charsctenistic of work system [10] Cogmitive thecres can explan not oaly indrridval’'s behaviors but
also the other impact factors from outside envirenment [11]. Most applications of CSE to safety
management are related to lugh-nisk operations in complex systems, suck as anation, heslth care, nuclear
and chemical plants. In the arez of constructon safety, Saunn et al [12] have implemented and examined
site safety practices from the cogninve perspective. They zlso suggested research opportunities for devising
nnovative construction satety management systems which were based on three core ponciples ot Csk,
namely fexibility, learning, and awareness

Construction i a loescly coupled weork system and leaves many degrees of frcedom for the worker
erew [13]. It 1s only a sugpested workflew but 15 not required to follow all the steps which leave scme
spaces for the workforee to corsider an appropriate choice of working decisions urder dynamic sitnations
[12]. These simatons make the warkers’ behaviors migrate closer to the boundary of functionally
acceprable performance and working in the boundary of error margin.

The :mplementation of safety mles and a safety campsign in the coastruction trade is mosy prescribed
“safe behaviors™ to keep workers’ behaviors away from the boundary of functionally acceptzble
performance [14]. Flowever, the applied pressures are stll pushing ‘workers toward that boundary. This
nurntive approach of consiipcton safely focuses b prosenbing sud enforang the salety toles, and
defends workers’ exposure to hazards. Under thus perspective, acadents still occur due o lack of safety
knowledge and/or commitment. Moreover, the development of constmiction technolozy and coastmiction
safety has been improved, [13] thus human adaptation compensates for these safety improvements and tries
to get closer to the boundary of functionally acceptable performance again. This phenomenon has been
observed in traffic research and explans why technological safety improvements have not generated the
expected improvement outcomes in safety [9].

The characteristics cf tzaffic change all the time [16]. This cynamic circomstance is similar to the
changes w constuctuon. With regud w tallic scoidents, e Task Dempand-Capubihity Inverface (TCI)
model [9] provides a new conceptualization of the process by which collisions sccur. At the heart of the
TCI model is the relationsiup between the task demard and the capshility applied to achieve a safe
outcome while driving a vehicle. When tke task demand 15 less than the capability, the dover has a control
of the sitnation. When the task demand 15 greater than the applied capability, the result is loss of control.
This sitvation may result in a crash or may not, if there is a compensatory action by others. Thus, to
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maintain the control, it is necessary that the driver anticipate the task demand and match it with the suitable
capability.

The TCT madel is hased on the cognitive perspective and linked with the Rasmmnssen principle of -he
workers’ bekaviors The task demand can be interpreted as the management pressures that try to succeed
with the goals under limited conditions. Fer capability, it 15 denved to worker's effort gradient which
depends on phyzical and mertal attnbutes.

The feasibility of zpplying the TCI principle in constraction safety research has been demonstrated by
Mitropuolos and Cupido [10] research. They synthesized a new safety model which displayed an interface
between e denand of sk and the capalalily appbed dunng working. The model showed the relatonshogp
between task demands and applied capabilities that shaping the workers” behaviors and then the likelihood
of accidents. From this view, it can be drawn that the unsafe behaviers of construction workers are mitiated
by the attributes of task demand and capability. Hence, a research gap is addressec on the actual
combination of task demand and worker czpability which contribute to unsafe actions and consequent
accadents, and the relationships among these factors.

The previous resesrch has revealed that workers’ behaviors systemically mugrate to the nsk condition all
the tune by attributes ot the task demand and capability. ‘Ihe torthcoming model should be considered tor
the atbibutes that cate e workers” bebaviors o a dynaonic enviaomnent. The exsting constiucton salety
medels scem to be insufficient. They are mostly based on the normative approach which ignores how the
characteristics of the task and the worker capability influence the possibility of errors and accidents. The
task demand and the worker capability are being highlishted as the initial causss of unsafe actions. The
obectives of this paper are to deterrune task demand and capability attributes that influence workers’
behawviors and then to determine the relatve weights of these attributes which contnibute to the likelihood
of an accident in construction trade

2. Materials and Methods
2.1 Framecwork for Model Development

Worker's behaviors tend to getting close to the error margn all the tume. The copritive theory has ability to
descrbe worker's behaviors in the proper way. All the unsafe actions are generalized by two main attnbutes.
The first one 15 management pressure as we know as the Task Demand (TD). The second cne is the
tendency for least effort which namely as Capabiity (C). Whereas TD is defined as the difficulties in
completing the task according to its target. C1s defined as the worker's abiities to handle the task demands.
It would be worthwhile o develop a pracucal model from task demand and capabdity anribures that can
forccast an accident. The combination of medec! cemponents must be investgated along with finding the
relative weight of each component. This procedure 15 detailed in this paper as phase 1 of the research
framework.

The Delphi process has been applied to determine the model componenss or factors. Safety is one of
the subjective research topics whose data collection is mostly relied on opinion survey and group-
branstorming techniques. All substantial mvolving bias must be recognized and minimized [17]. The
advantage of the Delphi process is to decrease the varizbility of the responses and achieve group consensus
about the correct value. Coasensus is built by using a series of (questionnaires admunistered in varous
rounds [18]. Fow key lealures ol the Delpln prucess e unonyudly, itetaton, contiolled feedback, and the
statistical aggregation of group response [19]. The Delphi process is intended for use in judgment end
forecasting situations in which pure model-based statistical methods are neither practical nor possible [20].
The Delphi process which 15 proposed in tus study offers the opportunity to control dominant biases
through anonynuty, and elicit practical data that really reflected on the current constmiction safety simation.
It requires a moderator ard a panel of experts who are qualified and approved. The experts are aronymous
and participated indrvidually in two or more rounds of the structured questoning.

Also, this research implemented AHF which is initiated by 3aa®y’s [21] to find the relative weights of
these model Giclors. These weyghts express a degree of muporiance ol each ficton 1elative w tie others [22].
The overall ndex of these factors can be computed accordingly that will ebjectively and realistically refleet
the level of ongoing safety [23] The major advantage of AHP is its capability to check and reduce the
inconastency of expert udgments. While reducing bias in the decision making process, this method
provides group decision making through the consensus [24].
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Phase 2 of the research is to analyze the relatonships between these factors and the likelihood of an
accident using Multple Lincar Regression (MLR) and Astificial Neural Metwork (ANN) methods. Finally, a
construction workers’ behaviors medel for aceident prediction will be developed as shownin Fag 1.
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Fig. 1. The weseanch Ganework of model development.
2.2, Compaonents of Proposed Model

The proposed model consists of two main parts TD and C. TD includes physical demands and cognitive
demands which push workers into the nsk condition. TD can be divided irto three groups, namely Task
Factors, Environmental Factors, and Work Behawmor Factors. All these groups aze farther broken down
mtc a total of 23 tactors. Por the other part, € can be dimded into four groups, namely Competence
Factors, Human Factors, Atention Factors, and Foreman Factors which are further decomposed into a
total of 12 factoes. All these 35 Gwctors we extracied and doawn oo the existng hlematue m [3, 10, 25], aud
they are also resulted from the pilot sucvey by 9 safety czperts in hugh-rise building construction projects.
The 9 experts involvred with this stage certified as esther professional safetr or admunistrations] safety with a
lowest of 6 to 2 luphest of 23 years of construetion safety expeniences. The pilot survey was conducted
consisting of open-ended questionnaire about what are the relative factors of TD and C. This questionnaire
15 provided the guideline of 17TDs and 9Cs factors which derived from the underlying prior hiteratares.
Figure 2 shows the categery of zll factors of the proposed model which 6TDs and 3Cs factors are resulted
trom the pilot survey.

A group of Task Factors includes characteristics of the assigned task They consist of the following

[aclors.

o Task Complexity (TD1): It desceibes the complesity of the task and the leve! of workers'  skills
requured.

o Transpertanon of Matenal (TD2): It describes the requirement of mowing matenal:s from the
storape location o the working plice and the involvement of machine or equpment for this
transportation,

o Work Coordination (TD3): It describes the coordination among different trades required ir the
task. If more trades are involved, the task becomes more difficult.

o Required Working Space (TD4): It descrbes the adequacy of the available working space compared
to the requurements.

@ Type of Muin Material (TD35): This fictor aceounts for the type of main materials wheeh are used in
the task It can affeet the workability of the task. For instance, low slump concrcte is required for
casting 2 shear wall In this situation, the type of mamn maternals creates a more difficult task when
compared to tvpical specifications.

o Machines/Equipment (TDS): This factor accounts for the requirements of complicated or heavy
machines and/or equipment for the task.

o Tools (TDT7): Similady to the former factor, this factor accounts for the requirements of specials
personal tools tor the task. A task wiuch requures many sperial tools 15 imphed to be more ditheult
than the ordinary.

< DBuilding Design (TD8). The design of the building can account for the difficully of the overall
project and so the task.

o Construction Methods (TD9): Net only the design, the constmction methods vsed can also impact
the difficulty of the task. The worker works uneasily with the unfamiliar methods.

260 ENGINEERING JOURNAL Volume 21 Issue 5, [SSN 0125-3281 (http://www.engjog/)




DOL10.418¢/2).2017.21.5.257

o Engineering Tolerances (TD10): This factor describes the allowable tolerances applied to the task.
The acceptable deviations in measured values, dimensions, or properties of the work caa affect the
difficulty of the task.

o Finshing Work Quality (TD11): It accounts for the acceptable qualities of architectural works and
the finishing-work Whether or not the task requires a higher or lower guality than a typical one.

‘ TASK DEMANTD : TD

N o

CAPARTIITY : C ‘

[
T
([mkFa(tw:\ / { | (( :| | Human Facters | | At ) Mascammen
J \5 Factors j \ Factors J B Factors J \ ) \,_ Factors " \ Factars /I
I I | I I I I
CTish Comglenity _Weatter _IWork Pacng [EWork Experence OEasy e [ = mm——
OTransportation of Conditons DSafety Rules Do Training Behaviour OSafery Experi =
Meterial TPhysical Site Stricmes CWorkar Heslth Fatizue Awareness " Foremns
Wk Conditens OCrew Sian Cnnditions MFrsrrarion s i
Coordination OSite Tidiness, OResmricted O¥ea Abiliny*
CReyume. Cleanimess and Workirg Hoars™ Sanisfacion -
Working Space Sanitation CHumber of C'Working
TTypesfMun || DWork Obstacle Commanders* Pelationship*
Mzterial Candinems T Ak Change
OMachines/ CSite Welfare of Working
Toquipment DSuietl and Method™
OTools Environmentsl
OBaildirg Desizn
CConsmuction Avsarsnasct
Method:
CEnginecring
Tolerances*
LiFmshng-Waork
Quality*

Fiz. 2. Elements of task demand and capability. (*Factors added from the plot survey.)

A group of Environmentsl Factors refers to the site conditons that workers are confronted with.

These cenditions are Tarious and can impact the task demands.

o Weather Conditions (TD12): This factor describes the weather conditions duriny the task
execution. Uncomfortable weather conditions such as windy, rainy, humid, and hot can increase
ihe task dilficulty.

@ Physical Sitc Conditions (TD13): This factor describes the physical sitc conditions including noisc,
hghting and venblation inherent during the task operation. Inappropriate levels of these physical
conditinns ean discomfort warkers

o Site Tidiness, Cleanliness and Sanitation (TD14): This factor describes the quality or conditicn of
being neat in construction site, along with adequate semitation. The poor conditions increase the
difficulty of the task and the potential for errars.

o Work Obstacle Conditions (TD15): This factor accounts for the interference of some other works
nearby which sometimes require workers ™ attention or response and can increase the difficulty of
the task.

o Site Welfare (TD16): This factor accounts for the sufficiency of the welfare provided ca site such

as crinking water, toilets and rest arca. This welfare can help comfort and refresh workers when

needed.

0 Socetal and FErwronmenral Trpact Awarensss (TT)7) This factor deserihes the awareness of
societal and environmental impact en the aeighborhood. The werkers ' attentions are required to
mimimize this impact especially when the project site 1s situated at a sensitive area.

A group of Work Behavior Factors is related to pattern of actions and interzctions of the members that

affects 1ts effectiveness. It consists of these factors.

o Work Pacing (TD18): Thus factor depends on the available time to complete the task If the project
1s delayed, the catch-up plan has to be implemented and the task becomes more diffienlt

C  Safety Rules Strictness (TID19): This factor depends on how safety mles are appled in the site. All
workers must comply with the safery rules and gnidelines, anc should not do anything to endanger
themselves and other persons. If all the safety rules are not enforced strctly and ngosously, the task
would be difficult.
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o Crew Size (TD20): This factor refers to a praper number of workers thart are required to perform
the task. If insufficient workers are assigned, the task becomes difficult.

o Restricted Working Hours (TD21): This factar refers to the period of time that can be spent at the
construction project. The limited number of working hours made the task more difficult because
the workers try to fimish their work within a imited time.

o Number of Commanders (TDZ22): This factor accounts for number of headman who assigns
workers. More than one headman can cause workers confused and the task gets harder to perform.

o Abmpt Changes of Werking Method (TD23): This factor refers to unexpectedly sudden changes in
working method. These changes can also cause task dithculty.

A group of Competence Factors is related to the overll workers” competence which includes work

expenence, job training and health conditions.

o Work E=zperience (Cl: This factor describes the level of work emperience of a worker that s
zelazed to the currert task. It directly affects oa his /her capabdity.

0 Job Truning (C2): This factor desenibes the level of job trunmg or sducatng of a worker through
which his,/her competence caa be developed.

o Heslth Conditions (C3): This facter accounts for workers’ health conditions such as chronie
condition, sickness and substance abuse which can decrease capabulity.

A group of Human Facrors which expresses five key states of mind of workers including haste, fatigue,

frustration, job satsfaction and working relationshup.

0 Hasty Behavior (C4): This factor deseribes the hastiness of workers”  behaviors. The hasty or
shaggnish behamor while operaang the task can vary the capabidity.

o Fatgue (C3): This factor refers to the exuemely tredness, rypically resulung from mental or
physical ezertion or illness. Tatigue can be caused by the exceeding working hours and it continues
for several days.

1 Fmstration (C6)- This factor is related to the feeling of heing npset or annoyed Warkers eomld get
frustrated frem the job or personal matters. If workers get fraostrated with both matters, their
capability can decrease.

o  Job Satisfaction (C7): Thus factor refers to the feeliny and the pleasure derived from job. Job
satisfaction and job attiude can increase or decrease capability.
0  Working Relstionship (CBj: '1lus tactor descrbes the state of bemng connected with the co-worker.

Since construction wotk irvolves several workers, the coordination between co-workers is essential
for betwer performance

A group of Attention Factors is relsted to workers’ attenton and awareness. Attenton is an interest
and carefulress that workers show in their work It 15 2 kouted resousce, and it can be reduced as wockers
perform multiple tasks;

o Work Attention (C9): Loss of attention to work brings worker to the nsk conditon due to

capability being decreased. Work-ng under unconscious conditions is not recommended.

@ Safety Awareness (C10): If workers are aware of all safety practices and measures dunng their work

execution, capabiity can be increased. Keep mglant all the tume 15 recommended.

A group of Foreman Factors is related to the foreman’s work expenience and communication ability.
Foremer., pliyia mam 1ole w suppurt hen aew capability. Subsequently, capubilides ol a worker we
influenced by these factors.

o Foreman’s Work Experience (C11): This factar accounnts for thework experience of the foreman.

An experiznced and competent foreman can effectvely train and guide his/her crew. The more
work experiences the foreman has, the more workers'  capability can be increased.

o Forsman’s Communication Ability (C12): This factor desciibes the abiliy of commuaication of the
foreman which 13 necessary for making a successful interaction with hus crew. The communication
ability alsc ensures that all instructions are well understood. Thus factor is very important 1 case of
the migrated workforces.

2.3. Expert Panel
The panelists participated in the Delphi and AHP consists of 9 construction safety esperts who are high'y

expenencerd on high-rise biilding eanstmiction. Ore af the main ardvantages of the Delphi techrique 1s that
there 1s no requirement for a munimum number of panelsts in the surver. However, it should be adequate

262 ENGINCLERING JOURNAL Volame 21 Tssue 5, ISSN 0125-8281 (hetp:/ /fwrow.engjocg/)




DOL:10.4186 /). 2017.21.5 257

to draw an acceptable conclusion at the ead of the process [26]. Rowe and Wrght [20] indicated that the
size of a Delphi panel has ranged from a low of 3 to a hish of 80 members The specific mumber of
panelists should be dictated by the characteristics of the study such as the number of available experts, the
desired geographic representstion, and the capahilitr of the facilitator [17]. Therefore, the decision-making
gronp probably should not be too hrpe, ie. a mimmum of 5 to a mazimum of about 50 [27], the Delphs
technique work group of 5 to 9 members are sufficient [28]. In addition, there is no minimum number of
experts in the AHP. The AHP is meant to help an individual to organize his thinking and deal with many
dec:sions. The procsss allows him to experiment with different crteria and different judgments [29] Seme
tesearch studies appled a combned Delphu and AHP and nthzed the same panel of experts for both
processes [30, 31]. The Delphi was employed at the przliminary stage in order to shordist and identify the
prominent vaciables. The ATIP was then employed at the subsequent stage to determine the relative weights
of the selected vaniables [32].

Therefore, this study invited 9 experts to paricipate for both processes. Thess experts are not the same
group as recriuted in the pilot survey. The wvalidity of the proposed factors heavily depends on the
gqualifications of this expert panel. The expert qualifications are summarized in Table 1.

Table |. Exzper: qualifications.

*  Two of them held project director position and committee of safety and
health at work promotion assocation (Lhaland).

Work Position 3
¢ Four experts occupied as a safety manager and another three experts

held position as senior safety officer.
Safety ®  baght of them certihied as protessional satety and six of them certibied as
Certification administrations! safety.

i * bducanon level of eight experts started trom bachelor to master degree and

Education _ . W, :

one expert graduated from higher vocational certificate.
Expricnce ® These nine safety ezperts had a cumulative 140 years of constuctior: safety

work ezperience.
Training e Totally more than 1,700 houss of safety training courses.
e Eight of them are safety a: work instructors for their company and two
of them have been invited as instmactor for exrernal agencies.
e Eight of them are author of safety management handbook for their
Author companies and two of them are cammittee of department of labour protection and
welfare who issued a construction safety manual

Instructor

2.4, Factors Determination by the Delphi Process

The Delphi process helps identify and wvalidate the sigmificance of all propoesed TD and C factors. The
msignificant factors will be removed from the final lists through the experts” consensus. The experts were
asked to 1ate the significant level of the proposed factors in a 5-point scale The values 1, 2, 3, 4 and 5
represented the linguistic tecms s least, less, moderate, hugh and highest significances, respectively. At the
beginning of the next round, the moderator provides an anonymous summary of the experts’ responses
fom e previvus round. Then, e expeils we encouwaged o 1evise el own previvus responses
according to the revealed group's result. The revision kecps continue on the next round and o0 on. The
eriterion for terminating the process is the proup interquartile range (IQR). When the proup interquartile
ranges of all factnrs are less than or equal to | 50, the gronp eonzensns is achieverd sndd the Delphi process
can be ended. Aay factors which recerve a group median less than .00 are cons:dered as msigrificant and
must be removed. The other factors receing a group median mors than or equal to 3.00 are included n
the final lst because the experts consentaneously consider them at least as a moderate sigmificant level
tactor.

‘I'he Delphu procedures are displayed as F.g. 3 and can be detaded as following lists;

1. A five-point scale was coded to define the significance of all proposed TD and C facrors.

2. The obtained responses were analyzed vsing median and IQR refer to Eq. (1), (2, and (3). Thesc

results and some feedbacks (if necessary) were declared at the end of each round.
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3. All IQR of each factor required must be
another round of the process is needed.

=

1.50 1o achieve the group consensus. Otherwise,
1. After the group consensus is reached, the median valzes are considersd. The factars that occupied

group medan of more than or eqoal to 3.00 will be integrated in the final hst, and the rest factors
will be removed as the insipnificant factors of proposed model.

Start Process )

‘ Responses of Each Round -—

S Analysis
\]/
ﬁfmﬁ
/ Median,
/ ae== /

Consensu:
Acheived

Inclucle in Final
List

(Eud Process ) (End Process
~

Fig. 3. The procedure of Delphi process for detzrmining the sigmficant factoes.
The median and interquartile ranges are ealculated by using the following equations [33]:
Median

Median = L - w(0.5n —cfb)/fm (1)
where L =lower class inut of the nterval that contans median
n = total frequency
¢f b —the cumulatve frequencies before the median class

[ — frequency of the class interval containing the median
w = mterval widih

Intercuartile range (IQR)

IQR=Q:=Q @
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Qi Qs calculates by,
Qi = Loi+ ((n = /4 — cfb)w/fo: ®

where i=the ith quarti'e
Lgi =lower class limit of the interval that contams ith quartile median
n = total frequency
cfb =the cumulative frequencies before the ith quartile median class
fqi = frequency of the class interval containing the ith quartile medizn
w = irterval width

2.5. Weighting Factor by AHP

The same panel was also participated in AHP including 9 construction safety experts. The extracted data
from surveying have been analyzed by three processes: pair-wise comparison, relative weight computation
and consistency 1atio caleulation. The details of each process ate desaibed as follows.

The first process is the pair wise comparison. All attributes are listed in both rows and columns to
form a comparison matrix. These attnbutes are then pair-wise compared. Duning the comparing process,
the participants must answer two questions 1) whuch of the two attributes in the ser is more important or
has a greater nfluence on the attribute located one level above in the hierarchy® And 2) what is the intensity
of that difference in terms of importance or contribution® The verbal sssessments are interpreted mto
quantitative scale refernng to AHP 1-9 scale (e.z, | = equal importance, 3 = moderate mportance, 5 =
strong importance, 7 = very strong imporrance, and 9 = extreme importance). Integers 1n the ccmpanson
matrix that is greater than 1 means that the attribute in the row has a higher degree of importance than the
attubule 1n the column

The sccond process is the rclative weight compntation. The Saaty’s core theomrem states that the
eigenvector of the comparison matere 15 a locsl priosty vector of the attrbutes compared. There are several
spproximation methods used to compute the eigenvector (W), of which the sverage of normalized
eolimns (ANC) merhod is the most acenrate 734] w; is the relative weight of the attribrte in row § and it is

an element of the eipenvector W for a reciprocal n x n matrix The ANC computaticn of Wi is as follows:
wi = (X]-1a;;)/n 4

where a;; = the element located in row i aad column j of the normalized-column matrix.

The third process is the consistency ratio calculation. The consisteacy ratio: CR is a measure for
controlling the consistency of the pair-wise comparisons [35]. Saaty [34] introduced a formula to compute
CR.'I'he CR value should not be more than ).10; otherwise, the par-wise companson or the herarchy ot
the structuce has to be revised. The acceprable CR does not guarantee that the walues of attribute weights
e vonect. Instead, it enswes (hal no itolerble conflicts exst m he companson process or the relatve
weights arc logically sound and not a result of random priogitization;

Table 2 is illustrated an example of above computation procedure and ean be detailed as follows.

There are three factors to be compared with respect to “Task Demand” The three factors are TF =
Task Factor, EF = Environmental Factor, and WF = Work Behavior Factor. The matrix 3 by 3 1s crated as
it has three sets of attributes to be compared. The diagona! elements of the matrix are always 1, and it only
needs to fill up the upper triangular marrix. The upper triangniar matrix needs to ll by the actual judement
values on the left side of 1. To fill the lower triangular matrix, just use the reciprocal valves of the upper
diagonal. For example, a compariscn between Environment Factor EF and Work Behavior Factor WF
(EF/WF) was givenas 7. It meant that EF had more infuence on Task Denand than WE will very stiong
importance intensity. Also, it was implicd that WE/EF was cqual to 1/7. Then sum cach column of the
comparison matox.

Fach element af the matrix 15 dimided with the sum of its eolimn, then we have aarmalized-calimn

matrix. The sun of each column is 1. The relative weights of each factor are displayed as eigenvectors. The
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eigenvectors are calculated by Eq. (5). Hereby, the relative weight of TF, EF, and WF with regard to the
Task Demand are 0.263, 0.643, and 0.074 respectively.

Tzble 2. The example of comparison mstrix and normalized-column marrix according to “Task Demand”.

e B B W SRR B W D
TF 100 1/3 500 T 024 023 038 085  0.263
EF 300 100 7.0 EF €71 058 054 193  0.643
WE /5  1/7 100 WE €05 010 008 022  0.074
gifm 420 148 1300 Columnstm 100 100 100 300 1000
Eigenvalne (hmax) = 3.0655
Consistency Index (CI) = 0.0328
Remdom Index (RI) = 0.5800
Consistency Ratiu (CR) = 0.0365

Aside from the relative weight, the consistency of the results is verified. The eigenvalue (Amax) is obtained
from the summanon of products berween each elemen: of eizenvector and the sum of columns of the
comparison matriz. The consisteney index (CI), random index (RI) and conmsteney matio (CR) arc
calculated refer to Saaty [34]’s formula. The conssstency ratio is 0.0565 which less than 0.10, and implied

that ra intolerance confliets exist diring the comparison process

3. Results and Discussion

After comprehensive analysis, the results of this research are dimded into 2 main parts as follows.
3.1. Results of the Delphi Process

The procedure of the Delphi process and the definition of all 35 proposed factors were thoroughly
explaned to the expest panel. The experrs were asked to rate the relevance of each factor by using the five-
point seale The Delphi process was actally finished in two rannds The detailed results of the Delph
process are shown in Table 3 and 4.

For TD Factors;in the frst round of the Delphu process, all group medians were higher than 150. The
§ factors had IQRs more than 1.50 so that the group consensus did pot achieve yet and the second round
was required. In the second round; all group medians were still hizher than 1.50 and all IQRs were under
1.50. The group consensis was reached znd the process was endec. The final results were that none of the
23 factors (TD1-TD23) were removed. The highest group median was TD2-Transporaton of Marerial
Tactor with 4.75. The lowest group medians were both TD16-5ite Welfare Factor and TD21-Restocted
Working Hours Facter with 3.00.
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Tabtle 3. Determination results of task demand factors by the Delphi process and weighted factors by
AP,

Delphi AHP
. Round 1 Round 2
gatchH"Cd Factor Weighted
ackos Median IQR Median IQR
T™ Task Complexity 375 169 400 150 3%
TD2  Transportation of Material 375 313 475 088 3%
D3 Work Coordination 3.€0 1.13 3.86 064 2%
TD4  Required Working Space 313 169 338 127 3%
TD5  Typc of Man Matcrial 288 219 375 100 2%
Lo TD6  Machines/Equipment 440 099 406 056 2%
Tactoss
D7 Tools 433 1.35 440 099 2%
TD8  Building Design 388 169 438 113 5%
TD9  Consiuction Methods 3.88 1.31 420 100 8%
TD10 Engineenng Tolerances 338 1.94 360 099 3%
2 IDIL Fuishing-Work Quality 315 131 35.60 099 2%
TD12 Weather Conditions 3.€0 143 375 088 5%
TD13 Physical Site Conditions 3.80 1.50 408 075 6%
Environ gty Jefidiosy Clegolfess gl 5o 113 4.60 099 8%
Sanitation
o ; . . f e :
Factors TS5 Wark Ohstecle Conditinns 4 €0 N3V 475 088 4%
TD16 Site Welfare 3.00 090 300 050 2%
2 Ay SNE S B 219 433 135 10%
L) Impact Awareness
TD18 Work Pacinz 420 100 440 099 7%
TD1Y  Satetr Rules Stnctness 4.00 09 440 099 6%
Work TN Crew Size 335 TR 3725 088 3%
Behaviou = - - % = = o
t Fattors TD21 Restrcted Working Hours 280 L.50 3.00 150 4%
TD22 MNuamber of Commanders 3.08 075 335 088 1%
= Abrupt Changes of Working N - |
2 - g 9
?“1 D23 Method 3.40 143 394 056 6%

For C Factors, in the first round of the Delphu process, sll proup medians were higher than 1.50. The
three factors had TQRs of more than 1 50, sn that the gronp eonsensns did not achieve vet and the next
round continned. In the second round, all proup medians were stil lugher than 150 and al IQRs were
under 1.50. The group consensus was reached and the process was ended. The final results were that none
of the 12 factors (C1-C12) were removed. The highest group median was C2-Job Traring Factor with
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group median 4.40. The lowest were C4-Hasty Behavicr Factor, C8-Working Relationship Facror, and C9-
Weork Attention Factor with the same group medians 3.40.

For both TD and C prouped factor, the Delphi process was ended by two rounds and reached the
ennsensns with TOR nnder 15 and withant any feedbacks This finding firther reinforeed the consensns
within two rounds of survey among the group of expert. Tlus finding 1s consistent with the previous studies
that have shown that generally 2-3 iterations are enough to specify the results [18, 36, 35].

The results indicated thar none of the 3% proposed TD and C factors were removed The reason was
that all these 35 factors were carefully pre-selscted from the literature reviews and the authors’ self-
prefiminary surveys of construction projects i Bangkok, Thailsnd These pre-surveys resulted in a
develuped guestonmane waith the prool of valdabon.

3.2, Results of AHP

AHP was implemented to find the relative weights of those 35 factors. It Lelped evaluate the degree to
which each factor affecting the proposed model and identify the major contrbuting factors. The same

expert panel was asked tc do pair-wise comparisons using a 1-9 scale on those factors. The results have
been analyzed and were tabulated 1n Tables 3 and 4.

Talde 4. Delernnmion wesults of capalably Gctors by the Delpln process and weighied Gctos by AHP.

Delphi AHP
S Factor ! i Weighted
Factos Median IQR Median IQR
Lo} | Work Expenence 380 100 394 056 T%
Competence y =
) T, . 10,
Tactors c3 Job Traming 440 099 440 099 7%
s, C3 Health Conditions 367 135 380 100 7%
[l |
Cc4 Hasty Behaviour 333 (50 340 099 7%
G5 Fatiguc 375 138 394 056 7%
Gl C6  Frustraton 400 163 420 100 6%
Tactors
GT Job Satsfaction 338 {27 360 099 9%
f\; Cc8 Working Relationship 333 150 340 099 7%
Adtention c9 Work Attention 313 1.19 39D 099 11%
Factors g, /Cl0~ . Safety Awaceness 400 202 4.00 150 11%
ol
T 1,
cil TeFey Wek U580 100 38 064 9%
Foreman Experience
Factors = Foreman's
s = z %G
;_; C12 Coennomestion Abilty 3.58 leY 410 080 12%

For the relative weights of TD factors, the top 3 highest relative weights were as follows:

TD17-Societal and Environmental Impact Awareness Factor received the relative weight with 10%.
The experts powmted out taat all high-nse building construction proects had o get Enmrenmental Impact
Assessment (ELA) approval before project is started. This requirement increased TD. Additonally, some
activities might create environmental impacts during the construcdon process, such as dust or noise
pellution to neighborhood. These environmental impacts inercased the difficulty in completing the projeet.
Based on Rajendran et al. [38] research, that has been studied of the impact of green building design and
construction prictices on construction worker safety and health. The results have shown little or no
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difference between green and non-green projects in terms of safety performance and a question arises as
whether Leadership in Encrpy and Environmental Design (LEED) buildings should be labcled as
sustainable buiddings or not.

TI-Constmrtion Methods Factor wes realized that + conild inerease TT) For instance, a method
which invoives working in the corfined space might create more TD or more difficulty to perform the task.
This factor came up with 8% cf the relative weight. This finding corroborates the Everett [15] r=search that
has emphasized the overezertion injuries in construction are caused by the prescnbed tools aad work
methods.

TD14-5ite Tidiness, Cleanliness and Sanitation Factor occupied 8% of the relative weight. An unclean
o1 untidy work envitonment is a source of dangers and ceates bazards W workers This resull s supported
by Sawachs ct al. [30] study that found a tdy site and well layout site were more hikcly to provide a high
level of safety performance.

The lezst weighted factor nominated to T Finishing-Work Quality Factar with 2% of the relatire
weight. The experts suggested that the high-rise building construction projects were highly competitive and
they required quite smi'ar standards of fimshing work quality. This factor consequently did not influence
TD much.

For the relative weights of C factors, the top 3 lughest relanve weights are Cl2-Foreman's
Communication Ability Factor, C10-Safety Awareness Factor, and C9-Work Attention Factor with 12%,
11%, and 11% of the relative weighls, 1espectively. The experts ndicated (hat the C12-Foreman's
Communication Ability Factor was the major factor affecting C and correspeading to the finding of
Loushine et al [4]] study which observed commmnications as the second most frequently studied success
factor in the previous literamire. The comnmmication coatributes to successful quality and safety programs
in construction. Most constmucnon projects used a lot of foreign workers to operate the tasks.
Commurucation abilities of foremen are really needed to supervise them. Moreover, the effectiveness of
communicstion helped transfer foremen’ mstructions and knowledge to their workers precisely and
completely.

The experts pointed out that the C10-Safety Awzreress Factor was very important. Constmiction work
1s very dangerous. Workers must be aware of all salely pracices aod measures and renond themselves ol
any dangers all the time and do not talang any rsks. Risk-taking behavior leads workers to be conuderably
more accident prene [41]. This safety awareness could strongly contribute to the increase in C.

C9-Work Attention Factor hizhly influenced worker’s capzbility becanse the attention of a worker 15 a
limited resource. Multiple tasks, teases, or other distractions grab workers' work attenton and reduce C.
Hinze’s distraction theory [42] detailed Low the concentrate on the production task can act as a distrzction
from the hazard.

The least effect factor or. C is C6-Frastration Factor with 6% of the relative weight. The experts
realized that frastration durng the task has little influence on C.

4. Conclusions

Recent research argues that workers' behaviors are always getting close to the nsk condition. Despite
having the necessary improvemert of safety conditien or safety technolopy, workers frequently choose to
violate safery rales, procedures or not use protective equupment for their own proposes [£3]. Therefore, itis
wise to discover the influencing factors of these workers’ behaviors which corsequentially result in unsafe
actions and potential'y lead to an accident. Thus study applied the Delph: process and AHP to discover the
task demand (TD) and capability (C) factors and their relative weights that inflnencing workers’ behaviors.
The 9 safery experts of high-rise building constructicn in Thai'and were recruired in both processes. After
reaching the consensus among the cxpert's opinions of two rounds of the Delphi process, the results
indicated that all 35 proposed factors recerved the group median over 3.0 and they were absolutely
inevitahle to model components. These factars could be generalized for high-rise buiding constrvction
projects but the other scenaros could be applied with more or fewer factors. The results frem AHP
showed the relative weights of these factors which indicated their sigrificance levels. Furthermore, they
could be used to pricritize the management's concerns and plan an effective strategy. Project managers can
concentrate on certain factors mstead of handling all the factors to succeed the project safely and efficiently.
‘Lhe tture research 15 necessary to better understand a hnk between these tactors and the Lkelihood of an
accident which can be proved through the empirical data. The construction workers™ behaviors model for
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the accident prediction will be further developed in phase 2 and the soundness of the model must be
validated.
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