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Abstract

Background and Aims: Employees’ motivation to perform job duties safely plays an important role in
reducing risk of occupational accidents in the construction industry. The aim of this study was to identify,
weight and prioritize the main factors and components affecting health, safety and environment (HSE)
motivation in the construction industry.

Materials and Methods: First, a primary list of factors and components potentially affecting HSE motivation
was prepared by literature review and face-to-face interviews with the experts (faculty members and executive
experts) and important factors and components were identified using fuzzy Delphi technique. Then, weighting
and ranking of these factors and components were performed based on three criteria of cost, effectiveness and
feasibility by network analysis process (ANP) using Super Decision software.

Results: The main factors affecting HSE motivation were organizational factors, individual factors,
management factors, safety knowledge and safety climate, and the most important factors were respectively
management factors (with a weight of 0.27), safety knowledge (with a weight of 0.25), and organizational
factors (with a weight of 0.22). The prioritization of the components affecting HSE motivation showed that
the components with the highest priorities are not only related to management factors and a combination of
actions such as increasing awareness of existing risks, holding operational maneuvers, management's
commitment to HSE, and fairness of encouragement and punishment can be more effective in promoting HSE
motivation in the construction industry.

Conclusion: Applying the results of identifying and prioritizing effective factors in HSE motivation in the
construction industry and focusing on components related to safety knowledge, management factors, and
organizational factors can improve the effectiveness of HSE management programs in this industry.
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Figure 1- The main factors and components affecting HSE motivation in the construction industry based on the fuzzy
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S s =xs Creative Commons Attribution 4.0 International License (CC BY 4.0) ;s 51 S !



a O
s . -
r Q a3 el bl
9 HSE sl wiej o cased jlal o>
¢431,; “,1 < ).:5' )L_~

S gl el 4 o2l Sy

e

ol s (0o il

Lh;a)gL‘w C)L¢'| 3 ‘_,‘_‘..‘,.!1 Sty ste u:';)li

2 5ol lali)!
LN -
3 38 Ol b lasye jlod g g)l5 L
. 3 5y i o liaie
q‘ . - e
3 5 e g g e 939
= -'1'3 e glajsile )15y
) 25200 Silybloes 4 Canni alET 213
‘3 ot 534
- S5 LHSE cupie dae bl
‘} xS e 3 55 Sl szl
] HSE Slelial wiej 1o copie o) Lie
3
3 HSE blo & coppin 245

Epety S

4j|

g"‘ﬁ
%
§

4o, 5 Sl asllad /Y

Al
=
=

ANP s, L5l s cotle cmno 3 HSE 25S01 5 e slaad o (giocs 50 Y IS
Figure 3- Prioritizing the factors affecting HSE motivation in the construction industry with the ANP method

GYE 05 b (mpde slaysst & bye) e,
/YA O35 L (o8 Gl St 4 by ) sl sla bl
SsSB4 b e) HSE Wil el o i Sl i
g g 0T dad e Sl 5 () L5 /oYY 035 L (s

A s /oYY 055 L (Sl sla, o8B

oy
Gl HSE 23800 al o g gl 2 5 sl sl o
Lalns adS ulal s laadse 5 Jalse sduasd, AL 0SS
Sl e Cossioe syl 0 bl oS 15 s s
oS 4 b glaay S (555 » HSE oy pe 552 o o o
By s oS sl Ol addlae ol slaasl ssd S ate
HSE Lol sl i 055 om it + e s st
Gk 3OS el (s Sl G 5 oasln
SIS 2 g ge D blbas 4 o AT 1l (slaad] e
Jolse sty sl A3l o jats (2550 5 Sllas gla ) silo
5 e s e e ol HSE ST e
L Sl 05U (5 e sl S a8 5ls 0L |2l bl

#ANP og; LHSE 23800 5 Jse Jool Julse (siuad
Snte sl Sl el oy T a baslae 4l L
L bl slas 5 /0 055 b Lial L230s /TY 035 L
Wi Lo Glaysst 5 NV 055 L gl g /YT 055

VAR
cole o 3 HSE (25501 5 e slaad e sty )
bl el sl esls DL ¥ K 53 ANP 5, L Sl
) UL LHSE (35S0l ise el pe gy oF U
3 Sl bls o AT 21531 5l s osle w5 5
slssle Gl 0 /080 035 b (Ll S & bg )
Co e Agnd AN 055 b (sl (Rl 4 by ) Slles
CIAE 055 G (ke slassSU 4 by 2) HSE filos o
L (bl sy sS4 b je) as 5 i s 055 wiliats
SsSB4 by e) 45 5 5o s e 355 5 0P AL 055
R e adlge ) Jlie abais 53 /WY 055 L (Slesle
Dap ke oS5 4 sl il b HSE 5SS

S s =xs Creative Commons Attribution 4.0 International License (CC BY 4.0) ;s 51 S !



YW/ an 5 Lplle Lo,

Coley s ol Kb Al-Bayati axles glaasl oLl
BB el ey 5 ) e by el Sl
S 53 G el S, 5 0L, o380 6ss 2 s
ISl & (g5, » Basahel axdlas [YV] 5505 5le 5 ol
G2y S 315 QL Ol o ) 528 55 Sl 5 Crla GlaeSy
Olse K155 o OLS,IS 3 05500 5 Lisls bl Ga b 51 e
das sl 1 el ol b Gl s OLS,IS oS L
5 Sdes Gl sl S e s sl O1)Ss 5 Khalid [YY]
mbos sl sl 5 csle glaeds g oo sl Fse
(V) el e st (V) Jolds adlge i )l
(V) o ,Ses o e (0) (Sl () (s 3 el 2 (F) (s 8
WS A iy eyl Kaa b (A) 5 3k (V) oSy 2L
b nps a8 IS st b Kol 5 bl bLiyl s b
ol cws e s cHtle sy aal BB 3 Ses
e Sy Yor )y L OLKes 5 Ishikawa [YY]
03 ) Kp b s oy tege b 5558 3 sl s el
Sl LS 4 Al Co e A pde 1) Cs (gl
bl DYT 85 8 lalis el a8 s ol lla U
5 RS Lelss o egs OLKen 5 Khan aslas gl
Slasle lasis s 3 eyl Olamle cule, ol OLS,IS
e 4S sy L sl 5y pde e ple (S S
2 el 4 STIVE] A o Sleds 5 Sl 55 Rl
5 oede K 4 ataly @sd> B OLS,IS HSE 23Sl
b 3l Lol 3,8 513 s Lyl 5 36 Cow Wil e
48 s o 0L Oliis b slaasily b andlias ol ol (sUL
3 S s BB sbse pl p Sl s e Ll 8 6
Sl B 5 ek Ll Jal e 555 55 03 L Ol
305 s ol S, Gl s cle gl s HSE
L e sl Sodl 5 Jad Sldo 5 bales

2l als

VE) Ol Y oyled N 650

éLA)j:.gLB cw‘ u:..:‘} 9 Sl J’“\j‘c aj‘)f c\i O BL]
Slaady 5o i w608 sla,ysst s sl e (Slsla
HSE 25801 5 e slaadd go gozy il b S 513 (gom
6\.&4.4.‘}»45;\) oles ANP &})L)L«}Q}L«uWJJ
5 S it SlasSU e by LS iy codsl L
S, sSb (ol I s a4 by e Slelwl 51 LSS
& Cans ABT 2l L Slle gla,SL o5 e
;LSJ)‘)J JJ‘)J&W}&}&.: ubf ML‘L@A}HSE J:LMA
A3l 5 il s Ctle Cais OLSLIS s HSE 350
Siisel &5 A% esls olis Bhasi s Vindokumar axlze s
0 5801 S s o il 53l 1 OLS LIS sl (20 LS & s
@L«;wuﬂ.[W]xsda;gjwnéu)w)élﬁ}g\)w
o I J»S)t.ﬁ) w..:‘\ U)‘UJJ‘K& Jﬁ.JU QL\S)S aJ:iJ‘
Qb&mﬁjNeal wb).}mw)|b})>w‘§u)tﬁj
JJM\ cﬁ(ﬂjuidb S Cnl sl UL;H.:.Q u_;\f[\/\]
GL“\.: .JJ‘J )5‘ d"“"" BE g)L\SJlS QS)L\LA 9 L;\A.i‘ &LJJ,..EA
s oSl 6y sy V4] OLea 5 Andriessen asllazs
5o, Seased 5 63,5 sla S aS sl Ol J»ﬁfd
U el 0580l 5 il g5 B (6,56 55800 Lol se
sol addllee 5 g o pe 5 6 LU G (ol A
Codsl p 5wl H3 HSE o580 bl 55 (63,3 sla, 556 50
dals 1y Coslsl oSG e slan eSSty 8 S 13
sla gy aS sls oli [Y+] Rahimi Pordanjani  axllas
o e sl gy 30 b Al o Wallasle pl by s yls
S 58 (8 Sl 5 OLSHS 4 (2550 365 e
Sl 1 i Gl O Jis w5 eall el (e
O G i a5 Clils Ol ge 5550 iags ;3 MCAfee .as
Ll St ob S gl Blas (gimelcaise jsb o Lind

S s =xs Creative Commons Attribution 4.0 International License (CC BY 4.0) ;s 51 S !



Al S asd sle y csle caes LS, s HSE

sl 53 Jge else oo dol 5 ol Cu (5;5)‘5\{
d‘;’U}J Ju\)SL;OJL.»_} Cole s QLS)\S)) HSE cj;.<l

el ;LL)l bww\ B HSE CAJ..J,;.LA éuubj;

Sl 5 Kis
035 53 Ldl il )8 wbOLL s 5l s 5l anlllas
(ol sl e dSKEs (sl 5 sl (cslle
S alie QB 5 AEL r gy g S ke RS0
G5 ol 53 ediS S8 5 O 5 e S wleres ()Sen

J....:‘wa u.slb).,\éjj;\.\ii'

él.:.e sLas

Llails il sl 655 geen Wi ) OB s 5

References

1- Hedlund A, Ateg M, Andersson M, Rosén G.
Assessing  motivation for work environment
improvements: Internal consistency, reliability and
factorial structure. Journal of Safety Research 2010;
41(2):145-51.

2- Alimadadi JA, Qasemkhan AH, Hjartabar M,
Gholamnia R, Jazani RK, Saeedi R. Evaluation of
Health, Safety and Environment status using SWOT
matrix to provide continuous improvement strategies:
A case study in municipality of Qazvin. Journal of
Health in the Field 2016; 4(3):36-45 (in Persian).

3- Ghaedsharaf Z, Jabbari M. Identifying hazards and
presenting HSE risk management program using Bow-
Tie and SOWT-ANP methods at the urea unit of Shiraz
petrochemical complex. Journal of Health and Safety
at Work 2020; 10(1):46-57.

4- Jiang L, Probst TM. Transformational and passive
leadership as cross-level moderators of the
relationships between safety knowledge, safety
motivation, and safety participation. Journal of Safety
Research 2016; 57:27-32.

5- Sanaeinasab H, Ghofranipour F, Kazemnezhad A,
Khavanin A, Tavakoli R. Evaluation of knowledge,
attitude and behavior of workers towards occupational
health and safety. Iranian Journal of Public Health
2009; 38(2):125-29.

6- Hedlund A, Gummesson K, Rydell A, Andersson
M. Safety motivation at work: Evaluation of changes

4o ,e 53 Cualdg allas /YA

S 7S onss
Sl a5 sl a4 Sl Ll Sl 5 2 S gla sl

0> Fae sladdl e 5 elge oo dsl o g i Sl
L))) Sl )Lw 9 ol Cxen QLS)[S BE) HSE oJ:.<.v\ Jl;;i‘

ol R HSE 55851 5 e laadlye 5 Belye ol
Jolos guasy 5 00 Sosline (50> U cdliss glajlns
Lajlns S ulol s ANP 55, LHSE (55801 ise Lol
Sl ol g3 p Gl S 5 el s Slesle gl S
Sl eS 5 5 S Jolse 3les S Soa b e iy
bl 4 cus AT il e Sl la, 86
Pl 4 o pde g (Slles slaysile (55155 5 5
o;,ﬁi}\ ;Lij)l BL) J\;‘}S&A 4.:4.3 B LS‘N)":‘: Qbﬁ PP 9 HSE

from six interventions. Safety Science 2016; 82:155-
63.

7- Hoffman JE, Subramaniam B. The role of visual
attention in saccadic eye movements. Perception &
Psychophysics 1995; 57(6):787-95.

8- Griffin MA, Neal A. Perceptions of safety at work:
a framework for linking safety climate to safety
performance, knowledge, and motivation. Journal of
Occupational Health Psychology 2000; 5(3):347-58.
9- Saracino A, Curcuruto M, Antonioni G, Mariani
MG, Guglielmi D, Spadoni G. Proactivity-and-
consequence-based  safety incentive  (PCBSI)
developed with a fuzzy approach to reduce
occupational accidents. Safety Science 2015; 79:175-
83.

10- McAfee RB, Winn AR. The use of
incentives/feedback to enhance work place safety: A
critique of the literature. Journal of Safety Research
1989; 20(1):7-19.

11- Neal A, Griffin MA. A study of the lagged
relationships among safety climate, safety motivation,
safety behavior, and accidents at the individual and
group levels. Journal of Applied Psychology 2006;
91(4):946-53.

12- Ishikawa A, Amagasa M, Shiga T, Tomizawa G,
Tatsuta R, Mieno H. The max-min Delphi method and
fuzzy Delphi method via fuzzy integration. Fuzzy Sets
and Systems 1993; 55(3):241-53.

13- Younesi Heravi M, Yeganeh A, Razavian SB.
Using Fuzzy Approach in Determining Critical

S s =xs Creative Commons Attribution 4.0 International License (CC BY 4.0) ;s 51 S !



YO, 5 Liplle L

Parameters for Optimum Safety Functions in Mega
Projects (Case Study: Iran’s Construction Industry). In:
Khosravy M, Gupta N, Patel N, editors. Frontiers in
Nature-Inspired Industrial Optimization. Singapore:
Springer; 2022. p. 183-200.

14- Modiri M, Dashti Shiramin M, Shirazi HK.
Identification and prioritization of influencing factors
on safety performance with hybrid fuzzy DEMATEL
and analytical network process approach (DANP)
(Case study: A combined cycle power plant). Journal
of Health and Safety at Work 2019; 9(1):49-60.

15- Saaty TL, Vargas LG. Applications of the
Analytical Hierarchy Process in Economics, Finance,
Politics, Games, and Sports. Boston: Kluwer
Academic Publishers; 1991.

16- Mohammadfam I, Shafikhani A, Shafikhani AA,
Ghasemi F. Determining a suitable risk-based
maintenance strategy for improvement of the safety
indices. Journal of Health and Safety at Work 2017,
7(4):279-90.

17- Vinodkumar M, Bhasi M. Safety management
practices and safety behaviour: Assessing the
mediating role of safety knowledge and motivation.
Accident Analysis & Prevention 2010; 42(6):2082-93.
18- Neal A, Griffin MA, Hart PM. The impact of
organizational climate on safety climate and individual
behavior. Safety Science 2000; 34(1-3):99-109.

VE) Ol Y oyled N 650

19- Andriessen J. Safe behaviour and safety
motivation. Journal of Occupational Accidents 1978;
1(4):363-76.

20- Rahimi Pordanjani T, Mohammadzadeh Ebrahimi
A. The mediating role of safety motivation in
relationship between of safety management practices
and unsafe behaviors. Iran Occupational Health 2016;
13(6):23-33 (in Persian).

21- Al-Bayati AJ. Impact of construction safety
culture and construction safety climate on safety
behavior and safety motivation. Safety 2021; 7(2):41.
https://doi.org/10.3390/safety7020041.

22- Basahel AM. Safety leadership, safety attitudes,
safety knowledge and motivation toward safety-related
behaviors in electrical substation construction projects.
International Journal of Environmental Research and
Public Health 2021; 18(8):4196. Doi :doi.org/
10.3390/ijerph18084196.

23- Khalid U, Sagoo A, Benachir M. Safety
Management System (SMS) framework development
— Mitigating the critical safety factors affecting Health
and Safety performance in construction projects.
Safety  Science 2021, 143:105402. Doi:
doi.org/10.1016/j.ss¢i.2021.105402.

24- Khan SB, Proverbs DG, Xiao H. The motivation
of operatives in small construction firms towards
health and safety — A conceptual framework.
Engineering,  Construction and  Architectural
Management 2022; 29(1):245-61.

S s =xs Creative Commons Attribution 4.0 International License (CC BY 4.0) ;s 51 S !


https://doi.org/10.1016/j.ssci.2021.105402

