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Introduction: Safety situation awareness is an important element affecting operator's reliability and
safety performance, which is influenced by various variables. |dentification of these variables and their
relationship will play a major role in optimizing control measures. The present study was conducted for
this purpose.

Material and Methods: This study was based on the situation awareness, expert’s opinions and use of a
Fuzzy multi-criteria decision-making method. Triangular fuzzy numbers was used to quantify the experts'
judgments and to reduce the errors that result from theirs’ subjective evaluation on the relationships
between the variables.

Results: The results showed that the studied organizational variables together with "safety/g knowledge"
and "experience in job/specific task” are the most important predictive variables of situation awareness.
Among the organizational variables, "Organizational Safety Attitudes", "Safe System Design" and
"Education" are the most important determinants of safety situation awareness.

Conclusion: Fuzzy logic was used to aggregate expert opinions to determine the most important variables
affecting situation awareness and their cause-effect relationships. Organizational variables are the main
determinants of situation awareness. To improve situation awareness, the best results are obtained by
modifying effective root variables, i.e., organizational variables and some individual variables.

Keywords: Organizational variables, Safety situation awareness, Fuzzy logic, Safety performance

1. INTRODUCTION

In complex socio-technical systems, operators
should perform more cognitive tasks. Therefore,
operators’ ability to be aware of tasks and
environmental conditions and become able to
predict changes in the near future is a key factor in
accident prevention. This ability is associated with

* Corresponding Author Email: mohammadfam@umsha.ac.ir

situation awareness (SA). SA is the perception of
elements in the environment, comprehension of
their meaning, and prediction of their status in the
near future. Many studies have reported SA as a
trigger cause of accident in the workplace. Because
of limitations in available resources, organizations
are trying to reduce accidents through optimizing
solutions with a minimum cost. Therefore, it is
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necessary to develop a framework encompassing
different personal, situational, and organizational
variables that can improve SA. Under the shadow
of this framework, it is possible to implement
more effective control programs. Therefore, it is
necessary to recognize the most important factors
that could predict SA. When several variables with
complex relationships affect an outcome variable,
determining the most important variables requires
comprehensive field studies that are complex, time-
consuming, and costly. Therefore, for complex and
multidimensional issues, Multi-Criteria Decision-
Making (MCDM) methods in combination with
fuzzy logic provide accurate and practical results
based on experts’ opinions. Thus, this study was
conducted to identify the most important variables
affecting SA and assess their relationships based on
experts’ opinions.

2. MATERIALS AND METHODS

The Delphi method is used to combine and
integrate experts’ judgments and problem-solving
techniques through group decision-making in
multiple rounds. This method can be used to
rank predictor variables of a phenomenon based
on experts opinions. Decision-making trial and
evaluation laboratory method (DEMATEL) is one
of the best practical methods to identify the causal
relationship among variables based on experts’
opinions. In many cases, experts opinions are
expressed using linguistic terms that are qualitative,
uncertain, and ambiguous. Fuzzy logic is a useful
tool for measuring ambiguous concepts related to

individual subjective judgment and is a powerful
method to overcome the above-mentioned
problems. Therefore, in this study, fuzzy logic (with
triangular fuzzy number) in combination with
the Delphi and DEMATEL methods were used to
determine the most important variables affecting
SA and assess the interaction among them.

Study protocol began by performing a compreh-
ensive literature review and identifying variables
affecting SA. Eighteen experts were invited from
specialists and researchers in the field of SA from
different countries to participate in the study as
Delphi panel specialists. In the first Delphi round
the experts were asked to express their opinions
about effect of extracted variables on SA via a semi-
closed questionnaire containing 5-point Likert
scale questions and some open questions that asked
the experts to add other variables and comments.
In the second round, considering the outcomes of
the first round, the experts were allowed to change
their opinion on each variable. After analysis of the
results of the second round, the rounds of Delphi
were stopped and the assessed variables were
ranked on the basis of the non-fuzzy score obtained
for each variable.

Fuzzy DEMATEL was implemented based on the
following steps. In the first step, 15 most important
variables that were determined using FDM, were
selected. Then, an expert team that consisted of 12
SA and safety specialists was set up. DEMATEL
questionnaire was formed as a 16*16 matrix with
paired relations between the selected variables.
Using this matrix, the experts expressed their

Table 1. Variables selected from fuzzy Delphi to study cause-effect relationships

Group ID Factor Triangular Fuzzy Non-fuzzy Score
‘ Numbers ‘

Organizational Vi Organization safety attitude (2,4.26,5) 3.88
V2 Systems (safe) design (3,3.84,5) 3.92

V3 Safety information sharing/ Communication (3,3.94,5) 3.97

V4 Training (3,3.98,5) 3.99

V5 Information resources (3,4.10,5) 4.05

Situational Vé Quality of human-system interaction (4,4.58,5) 4.54
V7 Mental workload (3,4.68,5) 4.34

A% Environmental distractions (3,4.18,5) 4.09

V9 Match between information available and (3,4.30,5) 4.15

information needed

V10 Work pressure/pace (3,4.24,5) 4.12

Individual V11 Risk perception (3,4.04,5) 4.02
V12 Fatigue (3,4.12,5) 4.06

Vi3 Sleep deprivation/Sleepiness (3,4.18,5) 4.09

Vi4 Knowledge (work & safety) (3,4.24,5) 4.12

V15 Experience in the job (3,4.34,5) 4.17
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opinions about the direct relationship among
variables through choosing linguistics terms in
a 5-point Likert scale. In the final step, data was
analyzed according to the Fuzzy DEMATEL
method.

ed from jhsw.tums.ac.ir on 2024-11-21 ]

[ DOW!

Effect variables

6.0 6.5 70

Chart 3. Diagram of cause-effect relationships

3. RESULTS AND DISCUSSION

Based on the results of the fuzzy Delphi study,
five variables with the largest impact score
were selected from individual, situational, and
organizational subgroups of variables to assess
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their cause-effect relationship.

In Chart 3, if D-R is positive, the variable is a cause
variable, and if negative, the variable is an effect
variable.

Organizational variables had the highest impact
values; besides, they were identified as cause factors
with the highest values among the other variables.
This indicates that organizational variables are the
most important variables affecting the whole system.
Organizational variables including “organization
safety attitude”, “system design’, “safety information
sharing” and “training” were recognized as the
most influential variables on other system variables,
respectively. After organizational variables, “know-
ledge (work & safety)” as a dependent variable and
“experience in a task” as an independent variable
were the two important individual variables
that could affect SA either directly or indirectly.
Knowledge and experience are the basic principles
for improving the performance of employees, and in
accordance with the three-level SA model, these two
variables had a significant effect on understanding
and interpretation of the information received from
the environment.

Among the cause variables, “organizational safety
attitude”, “system (safe) design’, “safety information

Journal of Health and Safety at Work 2021; 11(2): 176-195

sharing”, “training” and “safety / occupational
knowledge” had the highest D-R values and were
the most fundamental variables affecting situational
awareness. To improve situational awareness,
these variables are at the forefront of corrective
actions. In the following, “experience in the task’,
“information resources” and “match between
information available and information needed” are
less important than the first group of cause variables
and they should be of secondary importance in the
implementation of control measures

4. CONCLUSION

Organizational variables are the main variables
affecting situational awareness that directly
or through other individual and occupational
variables affect situation awareness. In addition,
there are some individual variables such as
“experience in the job” that have a large effect
on situational awareness, which are less affected
by other system variables. Also, “work / safety
knowledge” as an individual variable is one of the
main variables affecting situational awareness. In
future studies, testing the findings of this study
in the field on industry staff and examining the
interactions between them are suggested.

179



https://jhsw.tums.ac.ir/article-1-6496-en.html

[ Downloaded from jhsw.tums.ac.ir on 2024-11-21 ]

1901V Oolaiw 1K€e0 ol /P aylads /1) sla )5 oyl § Cabvlagy aslibing

0l (2 90 (BT 0US (it i) S ko (9 yuogo (ot 9 (U ) 51 6 AWl
S Glaio 599y wlel
Tebaazo g pl L plillabs Lo yale Jooljglab das! fgobT e (o115 50 shbuao LG iten (o

Ol B B (Sigy pole olSiils gy 0aSiils «(slad o cutlagy (pwdige 05,5
Sl olen oo (K55 pole olSails o 23l psle Slasin 35 o (sl bl (0] (sole ST
Sl ad e (55 psle oS8 Wuthage 0SS g ol 05,55 4515 (slacs ot 53bes Jote i 35,07
Ol ol laer (g psle olSails (il rayl g cublagy Sliiod 35 p0 «glad o Clage (el sole B T

K/ ) oy g APV il o g b

oxSs =

il go oyl ] roal ,Skoc g lisabl Cubld 1 50 pan (sljgiST6 5I (So roul (Stnbse (ST An0io
Lol g 5lsdingy ;o LT Laly, 055 5 b yicio oyl sl 5,05 o 1,3 silishs gloyiie il oo 395 oS
5 ploni] Bl (et b 53 ol anlllas g cadls anlys ol i S

Az (6 S el gy ol ool b g caBge a1 laasiie Ol sl p adllae ol )5 g,
Ll 23 byl 5l (ol glas 5l xalS sl 5 plaaste Ol g5le (oS Sz o plil 56 0,Lne
20,5 oolatul sdie (558 slacl i ils psin Lailg, 5

9 it Cdadby 18 dy o ¥ g € il el (23I L olpen Slojles (gla ki oS ol olis mlis sla a8l
508 aallla 950 (lojles slo yuitio 09,5 5l il so (Fexdse (BT oAl iy gl yeiie (sl
2T Ol s 008 pad o puiio (o ylagee € 4050 P 5 €l (yosl (S ylosles el b S0
mdye (AT 1 5o layeite e w3 Bhate (e (I DL ez ol 36 S a
RIS u.mlf] 0iS yuns (gl i o 5 ol Slejls (gl jusiie ol GLulis L Solre g cde Ly g
s Sleib sl iie sim i slaty; gl ine oIl @l e e (AT 50t sl il oo
Al oo ey (63,8 glo yuate

il 5lac o 5566 oy ios], ndpo bl ilojln slo,iio 153NS OIS =

mohammadiam@umsha.ac.ir 4.5 Ke Jytms oot g Sudg S Conmy 3

oo oG /P 8)laid /11 sk )5 (ieo) § Cublagy aslilind \Ao


https://jhsw.tums.ac.ir/article-1-6496-en.html

[ Downloaded from jhsw.tums.ac.ir on 2024-11-21 ]

e o)) (12800 (a(5T 0315 (ingiyy slepdis pNiags N3 § L)) Lk

5o gl Jb ol ool Zdly sliwl 5,50 o)L oS
OO Omb ey pae (ols> laBlS g bao)
5 (V) )osgy by yme Slodlasl tpadge a5 Cins |
3 (ol 2B ciaBge a1 A cnl ol osims lis
Gl (V)88 5,010l cwdige 5 Wi (ool
O3 edge (AT gl s o s d oo
s e SO polie anys Cdl e g eslis
cely ol (ulg 09l bl bl 5l g o jg.ad a5 ol
8 LT 5l 9800 sl g5y g las Jlazsl il
O oo som v 93 sl bl b Jsl
sl i Uz 50 9 (TeaBge (T 50 Sl 5o o
SIS g Gilwo S G (S ped ghaw o
bylyl 5l s po pgad G ol gl (80,0 Sledbl
Sl g 3580 ploxl @y 5 polic (Gne )3 9 L
O S by bl s 5l (L3 (s ans & 50 0 b
plosl (8L 50 DML 5l ()3l okl 25 5 & )lge
ol wgdos walp s sbnl ulph g 09h
Slnl Jl gl 99 oS5 4z )0 45 pow mhaw o
ot b tald Jol w90 bl 2 95l nl 09 o0
plril ) (los 503,56 S paranai ol bl g 00,8
5 £95 9 Jol haw 93 ;0 (all 495 ya (nlplo aed oo
33l e job o Sloe Gl (6 yuS prenal o 2l
(A)os,5 Gol> j9 0 4 yomie Cuwl S a5 0l dale>
5 3,8 hee DM 5l ()l (Dliizs Bl

Slnl mleo o wuls J5uS ojs> ;0 &5 Sl Pilaw
ool (Tedge (AT jo el Az 0 wadioe
Gyl e o eols F) Golgs mal> S JUT ol o
ol ae e Tl s aS ol lid 58 g e milio
ol g0 el 00y uaBge AT L las,e Gole>
chw ;o cumbge LB slalhas 5l ws e £V alal,
SMbl Sy 0 ao,e Ve woledbl cdl o S
p s g pgw gl o lallas o) VW g (8L s
anlllas .V V)l 009 o035 oan ] o bal i o i
bl wlis o 0ols #, @oly> (59, » Sneddon

1 resiliance

1AL

doddo =

Sop Solsr S gais e ol Gl
ol gl il o laxsls mls & taio
Lo ,eilpl @olgm cul 51 gl 50 5 (V) )l 00y
Alosgy agzlae Sledbol ol pox> g i (S duen
Pl aies 5 ASs Vsans 9l i (ol 53
Lol wilailas IS ploxil ayg, el (SU58 il
Lo o,8dee iy min 9 Sy 0 Uly pae
ot 15 S Ll (Damo o 5 b cow
by &yg0 4 i byl nl ally (550 el a2 iy
ol aly g Ll panseis 5 Gl Jold 5 (SSLs
i ol 55 cplpln (Maslb e Lyl o] a
S Sy I e wBy w0 baysilpl Ul
ol Ul pl bl o Bl 3l 5Ky 0 glS
@5 ) e Ll g by 5l JelS (BT ons
o] jo llpd i gier 2Ulg Ojpe (en
Fge 2B 4 SSUS UlS opl adlie Soop
(0 F)aslb o b o 3,5

Endsley g oo a5l o aw Jow ol
bome yolic 50 c8l )0 pgtde a4 (Shadse U1
ot 9 W e Sy0 et slad 5 ey o
G, (el oo SGop eainl jo yole o] Consyg
» Digo a ]y Sumdae BT sul @l a5 5,00
Sy Bis b ooSles 6lp 5l 090 labad bl
Olye 4 il cpl 90 58 (V)AL (oo iy po5 Kpptmns
oud 4 ply (Sosbge (T (sl lio g 585 iy o3
(Mailazs 3 0108 slil 590 4

Sl Sz ol 40 (B (2T pspie 5 5t
aalol 5o (Vs 7 ,las Oswald Boelke alog a5 Jg
9 e 63)5len Dlidos ;5 VAAL 4ol pogie (nl
0597 dlomlyn g 9 SIS Jio (olie 3
Mzl 485 )13 4z g 3 90 (Shjy 5 (Sl o ool
P55 0 Slegdge (et | (o p2l> Sl 50
 Fedye BT el 059> 53 3 (Vs
s by ool 5 ol 5 e pST S lyze

11Coe GG /P s)lasd /11 sla )5 gies) § Cublagy aslilond


https://jhsw.tums.ac.ir/article-1-6496-en.html

[ Downloaded from jhsw.tums.ac.ir on 2024-11-21 ]

S)90 Egdge 53 mlin (coredi 4 (o 055> S
) 8 s s s S8 ke 5] e,
W sl B s i 1) geoge Sl 0g5
e sbolke B s ol yw 5 Sle ole
5 520145 05500 Dlste (b5 e 5 (rbad b 1530
aS lge oyl o (YO jle oo S 1) uls gz
oy 5l oslitul (magd oo 929, (O sl b b
aglae sl b o g0 4y wilgh oo 205linl  alad
Dolad I (AU pleel (oabd slahy) Sl gl 09
» S sbosle )l Sk Grises g o8
Oezred o3 S e ool 1) olael 4y as Lo oK
2 ol 5l lacuglyl Gl 5 Sl ad gLl
S 5l S (556 late a5 Sl (YRl gl
Slosglad b Lol e miee peolie (503l sl e
ewline a3 8 5l G azs 0 (YO) el ol )8l Sd
Cewdy § 5580 Sledbl S sl le LB o
@ asb iy 5o anlllas cpl yo cplplo (YA YV)&T
S5 Gl ok asilnel 5 oS b ol
5 6B &S By, 90 g b ool slie B Slael b
Sl ysite G Pt e 3 2lolid sl 658 Jrend

20,5 soliiwl By BT oansS o s

6)@ L;‘U" 9y
g (Vo YD gl V0. ams o o o,
w55 )5 oolitel wldlbe I sylan 4o oS b
ol 346 g cuS 5 Jlis a4 gy el (Tl
Se 90 50 2l wglad lp e SO laasis
JEl aw laasie 5l gl (YH)abl oo £9050
O SYsb plaaxie Hly Gog Gnl s ol
Ghey ol oge 511 ol oo panze g A sl
9y b 638 hie (5,555 a8l slpiy, Murray L
Hsu and coles 0 g (F7)oges l,l 1, s ids

Sl sanaes slp ) slie 556 slael Yang2000

Koo BB /P 8)laid /11 sk )5 (iso) § Cublagy aslilind

ohBes g Lisses pmos

Cewd 3L dad e Solem 5l glasgs BB isu ols oyl
Gilbs (pizmen V)l 035 (edse (2T (3,
» sl 5 Sl wile (S (Soly da )l
Montara ¢ cis 5 il dol> b g S350 gds
5 s 5l ool egd a4 Lul o Yerq Jls o
O 0wl 059y guaBgo g Sls 25T

olojle (oyws 0 mle Cudgase 3929 b
Oty 9 baje gileding @lp &5 WS e
)y Frs Sleladl o ey «sle> el (n eS 4
OIS 1 oluls & 5kl by 9 (VP)aues sl
N I A B T
a4 Sandge 28] Oldlas b Gillae .(VV)ail oo
Mﬁbwwlysa 345 «lez 3l (6 ks e ylgie
()95 513 Glojle g (xdge «69 3 (sl psite 095
2N Gla eS8 gunail 4y oS Slidos 3,k
Wl g Soladuew jue WlaSls,y Ladge BT g9,
12,5551 (59, 5 o o Slalllas (S g 0092 Conale
OMlasls p cuadge BT g9, p I35 51 50,8
P 5 g0 Slo,gSh gy 4 o5 Glilllas iz
plsl ilo aned Ll o (B ilansls y (axdse
G955 y0 AbdS Sogo a4 > (VI-V Dl onds
aS o S g (VY NV Plasloads slol aids wols>
A ol oas plesl Slowe adlae S & jg0 @
Y N0 losged gy 1) dgdote yuitie i L S
e bl (o) sl slaslllas (5355 Gl by (VF
Slosbe 5 (mBge (50,8 alide slayiie Jolas
pll gl onid plil csdse 2T 1S S
calies gla paie L5 olgn o Gelel 5 a8 ladlas
seadse AT o5t o 1) Slojlo 5 (Tadse w03
A3l oAb ged odalive  esl o, Sles dzxi j g

ey =
SrSpeea a5 Sladpdy laglejle 51 )k
odumn OMiwe g Pl Jo> conlin jSl, SO as"’i)f
Olaasie Hlas Gl L (29,5 (6 S poal j0 abb o

IAP


https://jhsw.tums.ac.ir/article-1-6496-en.html

[ Downloaded from jhsw.tums.ac.ir on 2024-11-21 ]

e o)) (12800 (a(5T 0315 (ingiyy slepdis pNiags N3 § L)) Lk

0wl gow p N Jgos

dlos asies X Ceodle b g (BET o 1) puiio 12 51 o lalad

3L ks oy 2 g

o5 5

)l (s 51 e &9
[N )
oL Y
59! Af

o lod a8Ls| o Ct’.‘ o o)|.> f‘ Sux8 "5.0 @@T PRX™ }55 dlb e Ve es)l.c (S o Lol )!a: j‘ )ﬂ ié.h‘

Wad ganaib Slojle 5 (xdge «53,8

Olaasis oy 5 Ll
s aallle sl casbie Hige s jshaie &

CodsS 058 AT ladigal oS aSl I i
(F0)398 00 35T aalllae )50 £5i90 » il Labes
bl plaasce iy s ollas b gl
Gilgms sy b g W planil (255 9 diadan L]
28 @olBl Gl olani paadt die) g Slagh
plsl ogiy slo)lS (Bge T L aspo aie)
adlas 4y ails GBlLal £9050 p MalS 5 wing ools
009y ol Glp cunlie diged Slaws a5l asald Dgeo
(FF XY YD ailosgas @11, iliseo slael clalllas
WG Ve b laasce ) San 05,8 s 4o il Ll
(¥ ,Y‘:\)J..\.T‘So Cewd & Jed BB mls Wl S
35 YA alizee ol 31 L aslSeo 51 g aslllas pl o
ol adllae jo &S LS 4 B8lee Gl alise bl
5 oIS s b adlhas 4y 39,5 sl leoass &850
Ghos 4,75 b g (Sndge (T i) 0 enlio 425
Ol S Wogoe e slaaie 3 Shagh slalS
2 sl cdlys g L 28l 0 5 S8 Gilgus guoyp b
Gilgw oy p b jobiie (ol 4o plonil aalllae g9,0
5 Scopus  sleoelSuly Gayb 5l S8 cighy 5 (ele
ke allasl lls a5 sol,8l « Goggle Scholar
L Jgl earnss plsie @y axdllas 3 90 £9.090 ;0 daste
2 @lzls (35900 5l Geizmen 5 wiog: allie Jsts

1AW

GRSAL 1) 5l s gy g 9§ IS plulis )8
slaghs, 0s5UsS Elgl 5l (o 551 (s (TF)wioges
Srazs o gadin 5l g adl oo Al aidl arugs
ol (Sole ogy cnl Caje cpyrege (F)abb s
Condly 4 ol (003 5 plaakie Ol aead )
J=le @llae o518 (Ao g, aslllas cpl o all o

b el 5

sl slojuiio lolid g ogto (o) 0
a4 aS adllhs VYr o0 mel> pwypm bolal
38kes g (dye (2T 5 Sie layiie o)
Sl o Glgie 4y aS oo e wisg Sl
fU il 5l el o Shas 5 (edge (2T 5 IS S
Jolaz 0 o al> e cpl 00508 2l Sl 09l oo 00 5
Web ole poine cloolfil o ouds e lalllas
<d,5 15 L s Scopus PubMed .of Science
0357 Jlre 50 lol p Sldllae 6K je (rimren
Al plol € G800 S g Baad g Kadllhas 550
5 Bk w590 5l el Sl glgil o 50 ()l
2SS e aia b S Sl ) Ban b aS 08
Jelie QLS (55 sl 0 Shos 5 (ndse 25T
A al> o 00l aid S lal 5 g ead ploil Zeio
Ly oldlas ol oled 5l oad gl olo e
sesia AV ol )3 g wud 6 SLye (Wbl ) oS
ST e sl Jloim| ale mlie ilhas oS
Gl yiie Lol 05,5 aw y5 axsl IS adge

11Coe GG /P s)lasd /11 sla )5 gies) § Cublagy aslilond


https://jhsw.tums.ac.ir/article-1-6496-en.html

[ Downloaded from jhsw.tums.ac.ir on 2024-11-21 ]

aiiles oo ol,8l g0 y90 jo al Jluyl eaisS &S L0
Sl ) a8 ol 90 il azgi b g hled &j50 50
a3 |y yeiia y 3550 5015 095 Jlaiogy i S )18 il
Pt Sl ysite Sl Ol 3590 50 (ped ) g 2amd
Isazme pg3 )99 Al p died Jl5 5 (padge 2]
Vilom g s Jh)l plaasis lp el 3200 5
A ool Sl onds oSS laanbicin 4SS aian
Gz e g 4T 0D aseiie g 590 @l 5T L
590 oL 5l e g Sl oais Ailal laasie lawg
sloyss & ool GLL sly s e s e
ghe @ a4 350 352y Jlae 93 (o
@ Oy poe S92 53 g plaastie o Yl (ol Sen
S8 4 dags daz Slla &) pas calie @ly
Ao slaaily 4 ols (Ll 6l s cudle brouss
5 6B Loy, SOl eslaiwl B,k sl (YA LY O)asl o
g 4 e el plaasite Sl eSS ol el
(YRl oo B,k s 1YL 38165

ol o adlas s LT addlas ol jo
Hsu and Yang g oo &l)l g5 o oo,
sanie Slalllas 3 058 b aS (FF)ad alol Yoo
Bz b gy ol 0 (VY LYo )l ouls ool
G vae S pie 2 3550 40 Slaasie ol
638 dae cnl 0 wloe Sws 4 5 D90 a4 Sl
5 Blao polie sy @ (@)W 5 () )omb oS
el 33 peite o sl plaasie Sl i3 ) Sl
eSSle s (aiz)GSL:.a das b g0 & ST glax 0 O
(el psie ol Glp plaasie ol sae
ke 2 sy plaasie Sl pwsis (Sl
Al os Cews 4y Vala,

a, = (ail’ Qs ai3)
a, = Min(Bl.j),
a,, =Max (B, ),

Koo BB /P 8)laid /11 sk )5 (iso) § Cublagy aslilind

ohBes g Lisses pmos

ol Dged adllas 4 sdly cudled las e gloais;
9 by 055> 3 I i Sszge Dlattus Billae

Slp ey 990 Egoge b bl o (slaehy o oS jLie
O PRUNISPRCINFEE PORIONE SN

s ol
Qs dos Aol iy 3l aslllas ol obsS (sl
b SYlgw g oogdle &S Dygo pl 4 ol ool
Ol 5l bt 0L o wslan;s 0 &S
e i Ll L5l a4 )50 50 45 wd atulys
Sl alal el Y35 51 iadge 2T gg, p o2
asls 4 6,50 i e asly se o8l ien
o o (Ao Jol 4l (nlply anled Gle 5
Olelis )5 5l as ol b & jao cpl 4 diws OYIguw
BT 555 2 e 2 51 liee 050 50 45 0l atulss
A S olidie )0 laz o iy @) S e (SeeBee
oS Ao oldlas 5l gl o O S) wlae Lasa
oo ooliiwl el lulid, IS a5 (6 y9Tann bl
sobie a0 (b 5l e adgl deb gy YV YY)l
o lfed Gl 5 ool 5 Sl b )by
S50 ,0 B cd I 18 laaxie l golass L o
SMol Gl las il o 5l g aies i o] jksle

S el aal g (59, » (soling

il L sl
il Jole o claaiie Sasl, 4 ag b
Bl ks e sl Gosb Sl i in (2o
S8l o (Pl whe Sl &5 (Shge 0 9 85
Jol 590 bl 3 m 0,8 Jlsl 6slol el 0t
Eoazme ;o Jgl dl>je o 0 },,JL;T 8b 0 Sl
A0S slin plaakie bug Ko xe VO
5 Jhoel laysie (S 0j50 50 Wil Sl (izen
5 sieex b sl Hgo 5l G e S S5k SIS
JUECOR Y IR S B PR VEL G WA N SN H

o8l 6l ys Iaw g ol pedaid g0 590 Aol iy o>

1A


https://jhsw.tums.ac.ir/article-1-6496-en.html

[ Downloaded from jhsw.tums.ac.ir on 2024-11-21 ]

e o)) (12800 (a(5T 0315 (ingiyy slepdis pNiags N3 § L)) Lk

Ay jledlial blopiio Joleo 5 Sde Lol ot
Saso
DEMATEL s,

shie & 9 'GRCBM avnie bwg Jiesd
SrSprea Gosb 5l eduzn MU > g adllla
S8y e Olge 4 gy ol (FFLTV)AL gl (25
S50 5 Olaaxie Ol ganzex lp el
oa 5L (5l Jaa Sy syl 5 £3d9e
Gt slo it s Jolss Uogy ol (FD ¥Y)ed
Jslee g e pl,Sho G & b 5l oapay G IS
7€ 9 e Laily) Dud g g5 g (TVhawd oo plis
L (FPasS oo (atin 1) phoas S polie i
o Olgise o alnsg @ g polic Luly, SJUT
(FV)3,5] s 4 oduzms M J> (sl Jloas! ol
eoig> 10 SLuST plslas o s 3e2g g0k 5 Dlalllas
oolitul (6 S reenal 5 (Sl e Sy (23] il
ol 538 Bl b Jross S5 5l PVl
4 axgi b .(FA)al plsl WU lawgs YooV L jo L
e sl aalllas ol o (36 e ogy bl
2 S Gl st (npiege (Jelae —cde LS
A oolaiwl hgy ol 5l sosdae 2

DEMATEL ¢l,>/
25 Syge a4 656 Jred by 0 )5 bl >l e

e 4 G ey LSas 1]yl al> e

L yeiia LU o550 30 Wil (29,5 (il (gpslaex

BTy blae flaasxise 51 @ V) adlae cpl o

095 Olore & alide slo)giS I el 5 (SinBge

el ol 510,81 ais S eS8 i dallas jo lanse

adlas jo &S b glp ],y 095 Caadlae 5 g dxlllas 4
Aidged el

Sl e 1 b)) 990 Sl i und 190 P8

2 Decision Making Trial and Evaluation Laboratory
3 Geneva Research Center of the Battelle Memorial Institute

1AO

1
k=1

G5B vae Yahl) 5l eolaul b al> o ol 51 e
&30 (538 Blate )3 (F1)ay3,5 (55l (55000 e
dslie B g romw BB oS polie oloul 6l (g3l
(F1)ogd o ool

1

al.:z(al.1+2al.2+a,3) Y alal,

2 Bpsie Guyiege Geend 5 Lpiie O,
Ol 08 co plxl e o 0all (g5 g0 jlitel Ll
GAYL ool (g3l sl aS (5aie o oS g0
Coonl 5l gage BT 5 51 ka5l ol atsls
LMo 5 oo 5 5bye g Sl Jlo)55 2 (s tim
o sl e Glaie 4 05 )ls ailbiw] o 5l g e Lol
alisee Sldllae jo ailiw] o> 355,50 Bi> Cooal
T aary byl ple g gaoge Cosal 4 axg |
odls aid,S o el polie o SJ las o 0
SO Fasbwl as g Ac /Y« oacld pubioes S .l
)0 355 ddlllas ,0 w2 Yih2010 .(fy YV )ailass 3
alwlas olgie a1, Y0 sae glans 0 o8 b
V.0 abiw] o> Ma2011 pooen (YV)28 5 s o
3o Glosls sl 0, Slee slo ali guuas, ¢l p |,
2 lg3 oo ailiw] v ol b e a0 (Ye)d S s
30 (V)08 &ygo ados Blanl g siowe ol bl
Gl (699,9 ypurin Slaal Cudgazme 4y dxgi b dallas oy
09 ooliul 9550 (B9 )3 (Jobee g e Laly) (oS
JICKURETWCPNFIRY NI EREER S
D352 03,5 S 09,5 dw )0 (53 A g, o1,
dye (BT 5 IS5 sla e et Ol

11Coe GG /P s)lasd /11 sla )5 gies) § Cublagy aslilond


https://jhsw.tums.ac.ir/article-1-6496-en.html

[ Downloaded from jhsw.tums.ac.ir on 2024-11-21 ]

ohBes g Lisses pmos

(FMT bloe i 551 due g Jsosd gy 5o ooliw] 3590 oM slaes lue ¥ Jguz

5 oo

(-] ¢+ YO)
(o1 B+ YD)
[QRRINEPNAT)
(CRATERATNIN)

TR
0 E,

E=| : ) € =(lij,m,.j,uy)
E, 0

LLI) 556w yle pgs dl>ye 0 190 al> o
L, opl el cas 4 (F)oads Jboy ko
s plog Fala, 5l osliz

. E U

F=— . 7:max2u/. falal,
4 J=1
FNII FNin ~ Z

Pl : ;:%:(U%%J
. . b ij b
Fy .. F, P

Soslitwl b (T7)JS bls,l 636 o yile coubitome
awl Cewd 4 Y GO Loy,

fy,o.

In
T=: "~ i, flj:(ly,my,ulj)
T
Matrix[ll.'j] =F, ><(1—Fl)_1 O alal,
Matrix[m;j] =F, x(1-F, )_1 % alal,

oo oG /P 8)laid /11 sk )5 (ieo) § Cublagy aslilind

Alogw
oS s
oS i
obj 51

obj ks S

S o g, sl eolaul b ol al> e jo 4lai 590
S ysie sloog Sy 5l plaST jo 5l g WS sl
4 e VO boz g 5ite B (50,8 5 (Surdge ¢ Slojles
Srdye BT 5 NS Sl sl paie o teges Olgie
Al ol

alasly s o JoSCt 5 aeli iy (sl 1o gu o5
Al JSus VP s il O g0 a4 aol iy 1 295
79 Loy a4 ) b yaie LU (e Slaasis U
Jsoz )2 &5 (@92 )le Blhae (W las e LB 5o
slael b pl anled i |y Sl oad 00,91 ¥
ouls oolaiwl goaxie wlllas o eS U (3 Jlie
(F5 Y5 YOl

Jlo,l plaaste ¢l Jes! Bk 5l bael i
aw dles JueSS ol &l el giws Billae B ol
i BLI ) (6518 s 5ile 005 laaste b
A Sy adsl

638 Jreus gy bl p ol 5T e,k o8
s ol j Jolye 9 oS

(W""‘“““"’ JoL,’:}l Lg)'lé UM.’JJLo J.&...S :Jg‘ dJ:’).c
G 3 oS 555 plansie i gon b )
oS i j2 slp sl Ol Sl pwile (6 S eSilee
oaies Hlas P e plol Yalal, 5l eolawl b S oyl
A3l oo axdllas o c0sS S L laasis slass

1 2 ~p

E+E +..+F V“J@.‘)

\p_2 8 % F8 g _yo.p
p

Ay


https://jhsw.tums.ac.ir/article-1-6496-en.html

[ Downloaded from jhsw.tums.ac.ir on 2024-11-21 ]

e (o) (132800 (o(5T 035 (inuhy slopngis gyiags onal § () (2wl

(Jtag> Aol )l o (g9 Bl o Lo ¥ Sy

it lod (ans [y g o g2 sl o il Glee &S o o il

S5t S0 oLy FI-F W5 ST o5 L ST e

Sedge 25T el

b adl, =
ndgo (BT o AT, (sl it (s,

P sy 2 Glies S5 51 b piie saia,
oo lol 2 g 31 (Ao (g, 5l eolital b (SaBye
99 50 Ao dslllas ol pll paie o oad (g3las
@ W08 gte pgo plS )0 (55B GAs g plonl al> e
0 gyt wimylisl S¥lgw b il Yyl aSyl s
20,5 oo Ao addllas ol oligS Cel goog0 (pl 4
GRS Nz e gd 3 S pod 490 50 S
5 W, atlsl adlae o eosS S8 lawy
090 4 Sl 05 9 53 laasle Ja il (iores
Jsl 595 50 Slpess cupo BB 5 355 (5 o g ol
s a5 g e Sl S e ke (alod 61 090
Fgaz 0 (Tl oo o addllas aslsl 4y 5L pae
G5B 8> gy 5o 1) sleel (n i oS (5 e 0333l
09,5 olays 5l (edye (25T (555 2 5T e S5
el 0 08 5] ALblS Hlaaie

Gy ool (50 63B Als s el
laasie 05,5 ofaus 5l iabse LT 35
BT 2 3 oy Cpttamn b 98 Jolas CodS»
as 0,10 1,5« 223 )15 by am al> e 0 g0l Slsbge
Cnl 99 2 45 0135 o fmge (AT 1) 3 o it
Oizre didly oo (Sdgn Sl piie ais 5l gl puiie
S lgiee G G pl Lo az 5 « 223 5 L

Ol 5o sl anals eBge o (55, 2 sk e

IAY

3 S5 b S
-
23, 5L
Figel
rgo T
. ! -1
Matrlx[uij}zﬂx(l—};;) Vb,

L S bl G sl oged 3l 1ol alo o

:/\4.]43‘) )'| solazul
~ L0 vom
tij—Z(ij+ ml]+u,]) A b,
tll tln
7| : .
tnl tnn

Ly JS bl oad (g5ls u ile sloadlge ulul 5
Dlos Caws Ve 5 Laly, 5l eolanal

D=Zn:tij (7=123...,n) SPUNR
j=1

R= ntij (i=1,2,3...,n) Ve alay,
i=1

oy 9 D-R g D+R 0lie dvsloe 2t ad> o

Jopai ol 53 aeiia o Jsbas e Ly, ol5los

2570 59y 2 D-Rog X jeme g5, » D4Rl
S e ey

11Coe GG /P s)lasd /11 sla )5 gies) § Cublagy aslilond


https://jhsw.tums.ac.ir/article-1-6496-en.html

[ Downloaded from jhsw.tums.ac.ir on 2024-11-21 ]

ohBes g Lisses pmos

G A anlllao g lii ulsl 1 (Bge (BT 2 5105 T gbd i (1 yoen FJguir

YIAA (FOIYYF) RUS{IES R < Vi Slojlw yuiio
YAy (Y OIVAY) [POCHURTON BRPS NS \

YAy (Y OIYAT) il Sl (g 135 STl el L3 )| V3

Y34 (Y OIYAA) Uiyl V4

-0 (FOIFN ) Sedbl sl \&

flof (FO/FHA) s § 358 Joles oS V6 Sarbgo sl puiio
FIVE (FO/ESA) S35 L V7

/-4 (F0IYAA) Sheme G e Jelse V38

AAD (DY) 5L 950 5 i o Sledlbl lgsan V9

Y (FOIYYT) W Lad e s V10

W0 (FOIYe F) Sy S Vi1 ($955 (S yuiio
A4 (F/FAY) e Vi2

/-4 (FOIYAA) Syl Dlss 5l g oo Vi3

Y (FOIYYF) el sl Vi4

Y (FOIN YY) Wgomo il ;0 dile V15

J5 b5l oad 53l s 5o D Jgur

Vi V2 V3 V4 V5 V6 V7 V8 V9 VI0 VIl Vi2 VI3 Vi4 VI5 | SA
A4 SRR ERYARANERY) SERERY) 4 SRERY) A NNERVAL SRRV 4 SRERYA 4 SRRV SENERY SENERY)  SRERY) FANIRY) A SRERYAV SRERY) A SRERYAY-SRERYL 72
V2 YN NS Y N YA XY YD YN Y IYY Y Y | NA VY NS Y
A< 2NERYi 4 SEERYACURERYAVREEY) SUNERYAVSRERY) ANNEEYL & SRERYAL URERYAL WEIRY) AWRENEY) ¢ NERY) SUNERY AN ARV & SRERYAN SRRV 7Y
V4 XY VA NN NS SN YY LYY DA N Y. Y Y | Y YYD | .Y
\ A SV VAL IV N Y Y VY Y N N YY S NA N Y. Y Yy
A YA SRRV AV IR VAL SRR AR ERYAV YAV AN EYA 4 SR ERYAL URERVAVRERY) ANNENEYL & SEERY) A NN ERVANARERY AL URERYAL SRV 7Y
ARV R ERYAY SR ERYAV RNV ERYAL SRERYAE WY AV AR ERYA VAR NRYAY AN NRYAL WREEY) & SHERY) CURERY AN ARERYAVANERYAR SRERYL 4
V8 | cnNF | N cNE NS CNY N Y SN N A XYY SNA L NG NS Y Yy
VO AV SN NY N eNA Y Y eNO S NY DA XY cNA L NE L NA SN Yy
V10 | -AA | 2N DY N SNY DA YN NS NE L NE Y Y NS N SNY Yy
V11 AA 2N cNA Y cNO N VY AY NS NA Y N NS SN Y oYY
VI2 | cng | NS DY N SN N VY NS NS DA Y NS Y N Y Yy
A2 KRV INERYI) SRERYAY-SENRVAR SRERYAL SRERYALANEEY) SNNERYAV-SERYAR SRERYLVSREEY) SENERY) CUNEEY AR WY VRV AR YL 41
A2 CRERYL SO YAV R ERY) SN EEVAL W NRYANARERY) o SHEEYL & SRERYAV SRERVAVNERY) SRRV & SEERYAL U ERVAT AR ERVAV-SRERYAR SR 7Y
VIS NA Y DA SAY L SNA Y XY SNA NS N Y SNR S NE Y e | WYF
SA | N N0 Y NS | NE N Y NAY N N VY NA N Y NY WY

€l &MLl oy o Slojl slopiio 5l s 5 eme lon o Sogll Jo o yite 095
255 oYl Gl € gral DM ()38 STsh 5 adge (T 1L 5l coeal (268 Sl )8
Al o Kol 5 asloy (603 sloyuiie 0,5 j0 il oo

iy Slyls Kalgore anlog jo (60,8 (5,15 4 ,ouY

byt Joleo g ode Ly, SE 5185590 S0 Slocn o 5 €z g 5Ll

b yeiie JS b3l oads (g3lars G ile O Joor s (sedge (BT 1) 3l peS plaasis oS

oo oG /P 8)laid /11 sk )5 (ieo) § Cublagy aslilind AA


https://jhsw.tums.ac.ir/article-1-6496-en.html

[ Downloaded from jhsw.tums.ac.ir on 2024-11-21 ]

o A (132800 (al(5T 03355 (incihy lopais pNTags BNET § A (2wl

YIYA v vy YIXY ¥NE ¥/

q A

¥ YAV Ay
/ Y/A« Y/NY Y79 Y9N Y/PA Y8V \ Y0¥

vi V2 V3 V4 V14 V6 V5 V15 V11l SA V10 V7 V9 V12 V8 V13

B i (512 oo dmolins (605 yil B LE) D y30lin Nyl gai

V/\V Y‘/\ . V/.

N
Y/4Y Y/4) Y/AAQ YANY Y5V Y58 Yoh Y08

Y/vY
Y/e ¥

SA V11 V7 V6 V12 Vi0O V3 V14 V1l V8 V4 V9 V2 V13 V5 VIS5

L ptio 5l 00l dwlxo (‘5}1.\.”..31: L) R polio .Y ,l0 900

5 Cheme Snole Bl Gl ol )
b ysie ple p A3 S Glls « s>
2l p by AT (I35 b s 5l ansl
CeiS ¥y Sedye BT (o 3)50 oy
S gl iDL 23 5 b Y Kt b 08 ol
Syl s pme Sl Ty g« Sy, S o0 &8

R e il € oadge BB R olie yulul 5
Sle 13 pes A, 0« Sy, S, 5 Cl e
Loy elsd CudeS» 9 € ead 15 [ (izmes
ool cpl adle I8 saw gleas, o Kt
I 6nd sl G peS Palgome iy jo )5 Al
3l Saeg o g «GlMbl plirg o)l o it plo
DSl oo g slads, (o «Olg>

o b 85 850 e ot e DAR ke
Rlo b ite 5o Jolss g6 D-R e 5 Lo i
oo D-R 31 IS jshy aws o lis 1) b psite

1AQ

Sle e ylo ol o AR 0 olas 1,y aslllae 3,50
25 w8k ALl (abl 3 hleals S
e 89y p pria s0 Sl 5Ll &7 S0 j0 A
Sloams lad adl c A ol L 55,5 S0
Gyl 5 68, i 4 oop 2
2 polie ez b dwle R g D polic b pse
Ol Sl (D) IS bls )l gples el Hhw
oz 5 O losedleprin plo 5 piie )l05 50
5 e 63l Glie Slas R)ggiw jo polia
.(Y)low).)..i‘)l.ggsn B pxie plow
S«glesle geal 5,55 » D ,olie wlal 5
G e 9wl oy (6,135 50 o i
Jola» slaysie by 113 090 oSl o «lapinn
Som oKl jo 8 € byeeD g € o] Sledlb]

Sopag e Byl 5|l 18 L yite 0 5,18 30

11Coe GG /P s)lasd /11 sla )5 gies) § Cublagy aslilond


https://jhsw.tums.ac.ir/article-1-6496-en.html

[ Downloaded from jhsw.tums.ac.ir on 2024-11-21 ]

ohBes g Lisses pmos

7/FY ¢/¥ FINT F/X0 §0F LZARNEFION B/AD BIAY BNV aNF

AR TARSR-YARE

8/vA ¥ /a7

Vil SA V1 Ve V3 V7 Vi4 V2 Vv4 V12 Vi0o V9 V5 V8 V13 V15

b ywicio sl U suicio 30 JolaF 3fjmn DR 0lis ¥ yloges

VAR
Vi

ARV IIE
VAR VA

V15 V2 V5

Vil V4 V3 V14 V9 V13 V8 V6

-'/"G—'/\T‘-n/\\a—~/‘~/\_./‘cr‘

_./\/’F_./l\Y
YLL

yudio 2 Cade Gliwo D-R polio FHloges

sl pxie D-R 6l ovel cows 4y polie wlul »
K apd S &Sy, S, & adge 2D
Loy bl coaS» IS ce il jLidr o« s>
Comp 5 e Gl el
gl ) polie (s ooi 5 4 € ls> Sl
i Olyie a lapaie plo g diies Joleo slo s
il e e
035 93 4 (s 90 So e O Hlages Billae
4 Kgd oo ol Jolao slayiie g e oyt
oleo 5 e alail) Jloges j3 a5 plapsie U5 ok
5 ode byt wyls L8 DHR jeme (VL o
Al ysie wias jome (nl Gl 0 & e e

bl Jolaa b

oo oG /P 8)laid /11 sk )5 (ieo) § Cublagy aslilind

e 519 358 o0 Dgaine Clo jiie SO e (B
ol oo it Sy jeie il

BED 5 « Sy, S0 DR polie elal 5
sl 1y Jalas (e o5 4 € sinady
et g «olosle gas] 5,0 9 wiyls axlllas 5 )50
Ayl B o lees, 0 ptugw b o0y8 Joles
[D1535] Comgyma? g Caiily ) adle » (izeen
beite plo b1y Jolsd (0508 G 4 €lo> o
etz BT 5 Sy 5,0 o el 55 5 5o
Lol 0l o yolic plo b Jolas it gl aiz o
e S plyie 4 it L bl g6 R ppolie llas
25 o peiie golad 5ol s Loy 15 08l o Jlao
S o S pite wiz (59, p S Lol WS e

19


https://jhsw.tums.ac.ir/article-1-6496-en.html

[ Downloaded from jhsw.tums.ac.ir on 2024-11-21 ]

e o)) (12800 (a(5T 0315 (ingiyy slepdis pNiags N3 § L)) Lk

4.5 5.0 55

6.0 6.5 7.0

Sardgn BT 5 4135 51 ol puitio (3 yioten (Jokro g s alayly O Hlogei

ad 5l ol G851 el Jlade Ll ol pgs 4,
SrBge 9 608 Slapie (S g Slojle la e
gy b 5l i e alsdS Sldllae jo bl o S
ot Lol wilazils ologles pol> adlas L Gus
el S8, 6 SISy Shele sle e glais
by 2T gl ) S e85 Joe 5 Endsley L
oSl b (umdge (o1 o bl 5 9500 )
Sl Jow jo ol eols plas Sbejle g (69,8 calize
Sz ol )L (b la Sy ead
B A T U S PE T V3| WO Wk Py PP SWouw
o Seetrevik .(Flasas Byme uadge BT
ol 4 GliaS QS sy Sl adllae So 0
shls cimdae BT 5 g pd, S 45 Sy Az
(TS oo 6528k 1) ool b Jleel b (520,

191

i ol adllle Gus ab 55 axl il
5 sedye (BT 0alS (Sniey slajite (ot
sl e ol b 5 e bl oo
5,50, by Jreus 5 (A sy, bl plaas
g 556 Bhie
Jels ol sl pmicie anlllan ol b5 gilae
Jols » il g >b» & lojl sl (5,5
NS 8 S5 €yl 5 €l DDl
1o piie 0l o phaes lopiie plo p Lo piie
635 olia it sl 45l et el
2 polie it sir 5l e ade wia
1Sl ) osime Lt 5 Al e b peiie Ak s
2 I Gla e op el Slejle sla e
Slosle sl piin (50 aidlior s S 59,
o ede ) ar e (A sl > i

11Coe GG /P s)lasd /11 sla )5 gies) § Cublagy aslilond


https://jhsw.tums.ac.ir/article-1-6496-en.html

[ Downloaded from jhsw.tums.ac.ir on 2024-11-21 ]

ed 5 S35 53y golool Sl (B 2T (b
,o Al-Refaie .o5)ls Jamo 51 8L, Sledbl sy
S8, 0aisS st e ki gy 4 aS gladlas
@ By el el S g sl 2T e
e seb 4 (LS (gilaaeilys a5 ) 4 )l
(O sl o N3 ol 68 5 (el (2T (59,
«olojle Gl 250 cle lapiie ol

& gias] DMl (6,135 ST mih o Y
polie o piion (glyls € dadl ol (ESlO» 5 € b j9e
BB » Fge lapiin (njlaty; 5 9l 1, D-R
ol Geadse (AT sge a5 Wbl Sedye
« SNl by Kaa by (o a2 slo e aslol jo
09,5 5l oS ol az 0 b cde gl usie alws
pgd a0 0 Mol Slaladl o Wl g wiib oo Jof
3l Camg e slopite Jolao slapsiie Gloe 5o

[ladr & e (5 n g Jelge? &gz ol s>
Slcow o gme jeb 4 « sy 5 IS ey
95 2 Sldgne Sl g WS oei )1 e la e
o yicio 3l 05,5 oyt 3,0 on Jslee (glojie Lo
4l pl Gle e Wgd oo Slaeld Jaiws sl e
D5 1R axgi 990 (AMal DLl gl e Wl
5 Sy Pzl Zws 3l Sneddon acw; ool 4o
Jros sy (il ,80as 5 )5 (Tadso a5 ) i
a5 Sy azel ol ) 0ged dalllas Cis mlis (g )la>
M (S S B s dme jsb el o
et Bl 5l s s FA 5 ailie 5 (Sadse 25T
by (2T a4 el nf Sla)ld) 5 oy
S yuiin 09,5 5l anlol o . (VD)ogd co (5,5l IS
C Sy S0P & gumdge BETH sloyaio ¢ Jglas
Cptamms b 03 Jolad e S» ¢ « o3 15 L »
ol sloael LS g aril oo o it (2 5 23 Sl

Koo BB /P 8)laid /11 sk )5 (iso) § Cublagy aslilind

ohBes g Lisses pmos

axt opl 4 alie glaallas o wo Sandhaland
S3ls 5 suadse 5T (55 1 5y S a5 )
295 Se pie 93,8 g 3,188 o0 SIS by,
sradge (AT @8ly 5o s il Sy 4 hles s,
0o Sy 4 bled g 60y S (o aba,
S5 0 adllas o oo Nazir (Y)usS o 6,5l
5 Sisel 45 Sy am cnl & 0nd (iluand b
2 Fedye BT o 3l Glls T szl o
Sldlas dappl 5 odle (00 )adlge ould mlo
ok Slo i Giledde g (o) p 4 & O0ae
Gl s glasy ) i il el jl3, caisS
Gl g (el slo )l 35t 9 (6 5SS 50 Slejle
OF-0) Y )sdlewsls, il @ 1, sl slallas
[ ol il P it o lojle slapiie 5 (g
Sle (p i (o p 990 Slo e a5l € i
ssie onl 6 I8 51 Jlade (nl g oogdle g 3l0 1y cde
ool ol oins (las 5 aBl e polie (i 5 50
Ol b e (sl psite 51 (Ko 525 (638 it (ul &S
Slhae puizmen aBl(os pasw S5 2 Vb (6,355
Cole e on VL hls «anby jo 4y > mls
e I R L R
N8 51 i Lol bl o Lo jeiie dads s 55 e
Sl b 5l 5 w3l se (Y b Jake iz ool
ol 0lse ol ooled sl Jlae o yTaS ke ol
b v eS Cailig 45 dy,m P a5 Sl ol saias
95 2 53k Sl 025 oo )13 e (slo piits
« sadgo (DD Lol s gl iio I (6 ko
Syl HLad C drd [ o) il &Sy S o
Kot b 03 Jolad e S» 5 « 23 IS > IS
1 Jels (pieS Cainly )3 28 > &Bly yo o)l
OIS (o2 e layiie plo b o it (alod o
ot S T e i S lpie & 4 5 5
azl o 38 oo Fl Spdge (2T (55, p 4T W5 e
Sonte Sy (ol QU151 o g (s Sl plse
aw Joo Bllae jiie g3l g widlioe ol 0 Shoe

199


https://jhsw.tums.ac.ir/article-1-6496-en.html

[ Downloaded from jhsw.tums.ac.ir on 2024-11-21 ]

e o)) (12800 (a(5T 0315 (ingiyy slepdis pNiags N3 § L)) Lk

L i job 4 a5 aiile rdge 2T
PBT 59y 2 Jrd g 608 Koo lopite Gyb
(bl oy LS o 0,08 o Sl cxBge
o Cailey 3wz > Jie 638 b pite (S
Smdge 2T (g5, g0l Sl iz e a5 Wls 92
B s e ple Sl cow S Ll adgls
Olyte 4 5 Gl (s ¥ riznen 058 o0
$9y 2 IS H ol layaie Gl 608 st Sy
Slallas [0 090 oo dlpainn Bl oo SuxBge 25
S92 e Sldllas jo adlllas pl slaadl e
Jolss 0956 9315 )18 (5031 8590 5 lie LSS

Dyl gy B paie (o

10598 9 5L
Cyae Sl g @l el dlie ol
AV FOVAYY oS L o (S pole oRisls jo
ol5iils (5,918 g Ol Coglae 5l .l oo 45,15
@y ghegh nl il Jbo Colex &5 Glaea (Sa5 pole
23,5 oo (Slo,ud conl anils ouge

REFERENCES

1. Zare A, Yazdani Rad S, Dehghani F Omidi E
Mohammadfam I. Assessment and analysis of studies
related human error in Iran: A systematic review. Journal
of Health and Safety at Work. 2017;7(3):267-78. [persian]

2. Azadeh A, Fam IM, Azadeh MA. Integrated HSEE
management systems for industry: A case study in gas
refinary. Journal of the Chinese Institute of Engineers.
2009 Mar 1;32(2):235-41.

3. Li PC, Zhang L, Dai LC, Li XF. Study on operator’s SA
reliability in digital NPPs. Part 1: The analysis method
of operator’s errors of situation awareness. Annals of
Nuclear Energy. 2017;102:168-78.

4. Naderpour M, Lu J, Zhang G. A safety-critical decision
support system evaluation using situation awareness and
workload measures. Reliability Engineering and System
Safety. 2016;150:147-59.

5. Zadehgolam Z, Kiani E Khastwo-Hashjin H,

1qw

Glwosly g digd b psie (l s Balars godins job 4
Wb aS se ol e 0,5 C)-.’.PT >Nl Slaladl

NS B Az g 950

G5 dmis =
He al @l Gla )5 5 gl Gilhs
PET 2 se @l pine o 1) Soly> Lol 5 glas,
syt ool 2 a8 Ll Sl agad g By
Glandlhs gl 555 b 5aios pd Lawgs oo plox
S alisee slajasie Jolas 0550 ) (nl 4 &S
out pETe W3l 0350d o)z | (Sadse (2T
o egaz (nl 5o 0ad Ll o Jas (g ol
SRS le pite LSl 092 (5,985 Sjpe 4 i
allae cplply wiles S il 1) (Sudse (BT 5
Sl ganger ool 5 5 Ban ol b sl
Fross g Ao lahg, 5l eolaiul b g laass
cBs Ll jelite 4 a5 adlbs opl bl
S ol ol b ebul 36 ghie Lulel , mls

2 NS slasite n 5ol 51 Slesle (sla e

Khodabakhsh M. The Role of Fatigue and Work
Overload in Predicting Work Situation Awareness
among Workers. International Journal of Occupational
Hygiene. 2015;7(1):38-44.

6. Endsley MR. Toward a theory of situation awareness in
dynamic systems. Human factors. 1995;37(1):32-64.

7. Adams M]J, Tenney Y], Pew RW. Situation awareness
and the cognitive management of complex systems.
Situational Awareness: Routledge; 2017. p. 43-62.

8. Sneddon A, Mearns K, Flin R, Bryden R, editors. Safety
and situation awareness in offshore crews. International
Conference on Health, Safety and Environment in Oil
and Gas Exploration and Production; 2004 29-31 March
Calgary, Alberta, Canada.

9. Stanton NA, Chambers PRG, Piggott J. Situational
awareness and safety. Safety Science. 2001;39(3):189-204.

10. Stanton NA, Salmon PM, Walker GH, Salas E, Hancock

PA. State-of-science: situation awareness in individuals,

11Coe GG /P s)lasd /11 sla )5 gies) § Cublagy aslilond


https://jhsw.tums.ac.ir/article-1-6496-en.html

[ Downloaded from jhsw.tums.ac.ir on 2024-11-21 ]

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

teams and systems. Ergonomics. 2017;60(4):449-66.
Salmon PM, Stanton NA. Situation awareness and safety:
Contribution or confusion? Situation awareness and
safety editorial. Safety Science. 2013;56:1-5.
Chatzimichailidou MM, Stanton NA, Dokas IM. The
concept of risk situation awareness provision: Towards
a new approach for assessing the DSA about the threats
and vulnerabilities of complex socio-technical systems.
Safety Science. 2015;79:126-38.

Naderpour M, Nazir S, Lu J. The role of situation
awareness in accidents of large-scale technological
systems. Process Safety and Environmental Protection.
2015;97:13-24.

Sneddon A, Mearns K, Flin R. Situation awareness and
safety in offshore drill crews. Cognition, Technology and
Work. 2006;8(4):255-67.

Sneddon A, Mearns K, Flin R. Stress, fatigue, situation
awareness and safety in offshore drilling crews. Safety
Science. 2013;56:80-8.

Azadeh MA, Keramati A, Mohammadfam I,
Jamshidnedjad B. Enhancing the availability and
reliability of power plants through macroergonomics
approach. Journal of Scientific & Industrial Research.
2006 Nov;65:873-8.

Hadikusumo BH, Jitwasinkul B, Memon AQ. Role
of Organizational Factors Affecting Worker Safety
Behavior: A Bayesian Belief Network Approach. Procedia
engineering. 2017;171:131-9.

Li P-c, Zhang L, Dai L-c, Li X-E Study on operator’s SA
reliability in digital NPPs. Part 1: The analysis method
of operator’s errors of situation awareness. Annals of
Nuclear Energy. 2017;102:168-78.

Wijayanto T, Wibirama S, Maryoto Z, Winadi M,
Bait M. Effects of morning-night differences and
sleep deprivation on situation awareness and driving
performance. Industrial Engineering and Engineering
Management (IEEM), 2016 IEEE International
Conference on; 4-7 Dec: IEEE; 2016. p. 267-71.

Kaber D, Jin S, Zahabi M, Pankok C. The effect of
driver cognitive abilities and distractions on situation
awareness and performance under hazard conditions.
Transportation Research Part F: Traffic Psychology and
Behaviour. 2016;42:177-94.

Kaber D, Zhang Y, Jin S, Mosaly P, Garner M. Effects

of hazard exposure and roadway complexity on young

Koo BB /P 8)laid /11 sk )5 (iso) § Cublagy aslilind

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

ohBes g Lisses pmos

and older driver situation awareness and performance.
Transportation Research Part F: Traffic Psychology and
Behaviour. 2012;15(5):600-11.

Sandhaland H, Oltedal H, Eid J. Situation awareness
in bridge operations—-A study of collisions between
attendant vessels and offshore facilities in the North Sea.
Safety science. 2015;79:277-85.

Seetrevik B, Hystad SW. Situation awareness as a
determinant for unsafe actions and subjective risk
assessment on offshore attendant vessels. Safety Science.
2017;93:214-21.

Sandhiland H, Oltedal HA, Hystad SW, Eid J. Effects
of leadership style and psychological job demands on
situation awareness and the willingness to take a risk:
A survey of selected offshore vessels. Safety Science.
2017;93:178-86.

Zhou Q, Huang W, Zhang Y. Identifying critical success
factors in emergency management using a fuzzy
DEMATEL method. Safety science. 2011;49(2):243-52.
Esfahani AN, Sarand VE Arian A. Explain the Impact
of Organizational Factors Affecting Food Safety
Performance Using Fuzzy Dematel. International Journal
of Management Sciences. 2015;5(7):531-43.

Kabak O, Ulengin E Cekyay B, Onsel §, Ozaydin O.
Critical success factors for the iron and steel industry
in Turkey: A fuzzy DEMATEL approach. International
Journal of Fuzzy Systems. 2016;18(3):523-36.

Ahmadi M, Zakerian SA, Salmanzadeh H, Mortezapour
A. Identification of the Ergonomic Interventions Goals
from the Viewpoint of Ergonomics Experts of Iran
using Fuzzy Delphi Method. International Journal of
Occupational Hygiene. 2016;8(3):151-7.

Cafiso S, Di Graziano A, Pappalardo G. Using the
Delphi method to evaluate opinions of public transport
managers on bus safety. Safety science. 2013;57:254-63.
Ma Z, Shao C, Ma S, Ye Z. Constructing road safety
performance indicators using fuzzy delphi method and
grey delphi method. Expert Systems with Applications.
2011;38(3):1509-14.

Dapari R, Ismail H, Ismail R, Ismail NH. Application
of Fuzzy Delphi in the Selection of COPD Risk Factors
among Steel Industry Workers. Tanaffos. 2017;16(1):46.
Bavafa A, Mahdiyar A, Marsono AK. Identifying and
assessing the critical factors for effective implementation

of safety programs in construction projects. Safety

19K


https://jhsw.tums.ac.ir/article-1-6496-en.html

[ Downloaded from jhsw.tums.ac.ir on 2024-11-21 ]

e o)) (12800 (a(5T 0315 (ingiyy slepdis pNiags N3 § L)) Lk

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

science. 2018;106:47-56.

Murray TJ, Pipino LL, van Gigch JP. A pilot study of
fuzzy set modification of Delphi. Human Systems
Management. 1985;5(1):76-80.

Hsu T, Yang T. Application of fuzzy analytic hierarchy
process in the selection of advertising media. Journal of
Management and Systems. 2000;7(1):19-39.

Ameyaw EE, Hu Y, Shan M, Chan AP, Le Y. Application
of Delphi method in construction engineering and
management research: a quantitative perspective. Journal
of Civil Engineering and Management. 2016;22(8):991-
1000.

Alyami SH, Rezgui Y, Kwan A. Developing sustainable
building assessment scheme for Saudi Arabia: Delphi
consultation approach. Renewable and Sustainable
Energy Reviews. 2013;27:43-54.

Mahdiyar A, Tabatabaee S, Abdullah A, Marto A.
Identifying and assessing the critical criteria affecting
decision-making for green roof type selection.
Sustainable Cities and Society. 2018;39:772-83.

Fink A, Kosecoff J, Chassin M, Brook RH. Consensus
methods: characteristics and guidelines for use.
American journal of public health. 1984;74(9):979-83.

Li W, Liang W, Zhang L, Tang Q. Performance assessment
system of health, safety and environment based on
experts’ weights and fuzzy comprehensive evaluation.
Journal of Loss Prevention in the Process Industries.
2015;35:95-103.

Chang P-L, Hsu C-W, Chang P-C. Fuzzy Delphi
method for evaluating hydrogen production
technologies. International Journal of Hydrogen Energy.
2011;36(21):14172-9.

Azadeh A, Fam IM, Khoshnoud M, Nikafrouz M.
Design and implementation of a fuzzy expert system for
performance assessment of an integrated health, safety,
environment (HSE) and ergonomics system: The case of
a gas refinery. Information Sciences. 2008;178(22):4280-
300.

Azadeh A, Rouhollah E Davoudpour E Mohammadfam
I. Fuzzy modelling and simulation of an emergency
department for improvement of nursing schedules
with noisy and uncertain inputs. International Journal
of Services and Operations Management. 2013 Jan

1515(1):58-77.

190

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

Habibi A, Jahantigh FE Sarafrazi A. Fuzzy Delphi
Technique for Forecasting and Screening Items.
Asian Journal of Research in Business Economics and
Management. 2015;5(2):130-43.

Shieh J-I, Wu H-H, Huang K-K. A DEMATEL method in
identifying key success factors of hospital service quality.
Knowledge-Based Systems. 2010;23(3):277-82.

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.[persian]
AkyuzE, Celik E. A fuzzy DEMATEL method to evaluate
critical operational hazards during gas freeing process
in crude oil tankers. Journal of Loss Prevention in the
Process Industries. 2015;38:243-53.

LiY, HuY, Zhang X, Deng Y, Mahadevan S. An evidential
DEMATEL method to identify critical success factors
in emergency management. Applied Soft Computing.
2014;22:504-10.

Wu W-W, Lee Y-T. Developing global managers
competencies using the fuzzy DEMATEL method.
Expert systems with applications. 2007;32(2):499-507.
Shah HA, Kalaian SA. Which is the best parametric
statistical method for analyzing Delphi data? Journal of
Modern Applied Statistical Methods. 2009;8(1):226-32.
Nazir S, Sorensen L], @vergird KI, Manca D. Impact of
training methods on Distributed Situation Awareness of
industrial operators. Safety Science.2015;73:136-45.
Mohammadfam I, Ghasemi E, Kalatpour O, Moghimbeigi
A. Constructing a Bayesian network model for improving
safety behavior of employees at workplaces. Applied
ergonomics. 2017;58:35-47.

Guo BH, Yiu TW, Gonzalez VA. Predicting safety
behavior in the construction industry: Development and
test of an integrative model. Safety science. 2016;84:1-11.
Li P-c, Chen G-h, Dai L-c, Zhang L. A fuzzy Bayesian
network approach to improve the quantification of
organizational influences in HRA frameworks. Safety
science. 2012;50(7):1569-83.

Al-Refaie A. Factors affect companies’ safety performance
in Jordan using structural equation modeling. Safety

science. 2013;57:169-78.

11Coe GG /P s)lasd /11 sla )5 gies) § Cublagy aslilond


https://jhsw.tums.ac.ir/article-1-6496-en.html
http://www.tcpdf.org

