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R(A) © R(B) = (Rl(A) © R3(B),R2(4) © Ry(B), Rs(4) © Rl(g))

R(A) @ R(B) = (Rl(A) ® Ry(B),R2(4) ® Ry(B),Rs(4) ® R3(§))

R(A) @ R(B) = (Ry(4) @ R3(B), Ro(A) @ Ry(B), Rs(4) @ Ry(B))
R(A) ® b = (R,(A) ® b,R,(A) ® b,R3(4A) @ b)

(3) aasl

(a11,a12,a43), (b11,b12, by3),
R(/I) = | (az1,a22,a23), ‘R(E) = | (b21,b22,b23), |,
(asq, asz, ass) (b31, b33, b33)
_ (a1 + b1y, @12 + byp,a13 + by3), (1+) o
R(A) @ R(B) = (az1 + byy,az; + bz, az3 + by3), |- Y
(azy + b3y, as; + b3y, azz + bss)
(a11 = b1z, @12 — b1z, a13 — byy),
R(/I) e R(E) = | (a1 — b3, a2z — byz,a33 — byy), |. (V) e
(azy — bzz, asy — b3y, azz — bsq)
_ (a11b11,a12b12,a13b13),
R(A) ® R(B) = | (az1bz1,a22b23, az3.by3), |.
(az1b31, azzbsz, azzbss)

a1 a2 a3
) ) )
b3z b3z b3

RA)QR®) = | (2 22 ), (37) s,

b23 ’ b22 ’ b21

(@ a3 33 )
bis ' b1z’ byiq

f el 5l = (55 Blb clSS b, (o
(a0 § )97 0y (g )90 Al Cuplo by g oudly ALY Eabge yogas ) (3is gl o &S Blus gy Jao ]
it xlge B)bo o g dslindy linded (s 5l b b &S (Jlue (gl Jao cpl o)l 28 Al B S s
9 Plue Cuple 4y dagi b by psae Slass 015 308 23S (ol Sy (e 9 Qlsebl pae g pledl L) ol bl oS
s A8l 3y90 Ve pj B yrite Sl a5 Sloj Jsame yob 4y (S Wl Cglite Wl g0 0y 2 WUl Sk
D9 (oSSt et (] 39§V it S i e gl pdy Sl g il (s gl e ol
15 oo B3 b 4 sl P8 b (eoleiitiy g,
b o o by (ool b basye Slills )3 615 cyine g sl oI5 ol 590 2 e (sl it (olulis 1) dlo e
SLALE ) b 0)F i B ymiie (pl Lgd (oo plwlid adllas 3)50 £9d90 2 Fhe Jolos b mualie /o yuiio pI5 (]
gy 5l odlatwl b Wlgs o bayosie olwlis bl elinl b a8ly Slegdge Jols Mlg 0 g 08 o W) ], c5lid
Ol ly (S90S 3 oBTaB L (yad p dgis 918 g (a5 (sl 03l ()l gte il (Baes anlian caliiioy sla
Slpmiie o83 o5 ool )5 058 pbsl e Ghalen L 08 Bl i Cluds @S0 omes STyl
L3S e ol Z-number 5,54, 5l ookl by Sbj slapiie LB 3 1y Soyn cuenl e 5 zpkae |y ol ek
Sy el a2 5l (B 8 il bl Calise Blue ) aShl 4 colis bigadge p Hse (glajiie Sl : Vel o
bld Gglite Cuonl 42> gad90 p Fge (5 ud )lai bl (gly g odd Blod 590 ol (oolaiin B9y )3 el 13,55
Z-number 5,54, 513,15 3939 5 p3 51 Sy o bl 5 a5 Sluebl pae g plel cunle ider jobaies Cowl ond

(V) alasl



Ve (o] oo oy (lajlus saalllnn 3,90) g 5yl o Laly (g3l Jao sl sl ) =55 (3l bS5 b, o)

L- slsel Sygay oS 505 bowgs odd ololis Jolge cucnl i ciluslxe (gilo odlo jolaias g Cunl ol ool
oo Amole (553 bawgi 0l ylas Jolse & SSjLiiel UM 9 03,5 s s2kad Shel 4 ) Wl o okeo number
S 1y Sl 25Vl o ol uapd o BB 05 ) Sapn a5 ol (sl o el doys (55,5 a5 5 b g
X9 (g0 OBl ggdge p Fge Jelge lgin wled

o 0wy Fy X puiie ST agd ede ' Jlow (o3l ol o8 ol p3 16,8 (Bld (olb aid ey 1 ¥ dlbs po
Dgd oo 03 L W yusie plu p potie [ yusio Cpl S8 s Lo 5l eolatwl b g ai8,S a5 o 1) Lo yusio j1 (G 045
O Jobe 5 e Lalg) 39 b )88 45 b B 09 o 41,5 (B RIS )3 00 plulis slayuita oleS (sl IS ()
5 pleol coluabsl pae (glad > Bl lid o Pluo pST &S0l @ o g b g glolid ops ya a5 5l b jusie  oled
Shlbl ) ks Jloel jslaioy 5 Cons pdy Gl Joloe oo bLS)I (l5ee ogad > pe sl bl )l )3 S
St ) ealie ole bLS) 058 5l Sopm ¢ oM glayiite CJB )5 5 R-NUMDET pogio jl (655 0y b 05
Db (o JeSWIS (62, paein Gjglome e ggidge y3 S GBS G 4 Ojg0 (pl 3 IS (e ol L39S

OSeuﬁl ; i,j=1,2,...,7’l
k k
€11 " €1n

er’fl ey (VF)alat,

Expertt = E¥ =

3 Sopm odal Condy (633 Sjglme (gla o pilo 4 d gl Al e plyd z SBls ola 4B 3905 ol g press T dls yo
5 OB 5l S Sl G oliee (805 0 b jslate (s dpdy Coge (BUS Sl A preod Cunnl (o O 5
2 H9e Jelge o bloyl ol oaimd lis Aol s ilo ] o sy 00 a8 o (g 1 Sloe b, 5l o3l
S5y (s xen 3,5 ) oolitsl b asll 3 it 5l by 4t 5 b b ojs olead b adlas 500 g0
s onl 255 o pasuiie B S 22 0,5 Sl ekl L (gl dieS s polaie iy igd oo Bl b jiie le (B cinmd
o Jb i 45 yge s bl Sglite Wl o il Bluws 10 ayito pyule (B el Cany slb (g 4 s b aleS
aobl 1> Gl (o O 5 - 295 (o Bl e Jl g 485 Jai)d cinnd bl plgias 1T abl aaS s 5 o pito o
Do Blod e b Cate & ygeas Kilg3 o b3 ol ¢ S aseiie |y o @lbls)) cgs

Osxen 9 (B s Ol e Wb oy dhel (92 wrd BB jslaies s dad dlasl 4 Sl ile i 1 B dlspe
o b5 b oliel 4 1) cwl R-number ¢jgas a5 xeos wslo dsye pl 50 camw s slaylisl o5 ) edlil
A2 o 58 (¢ g ) o5l 1y yglre sla Lyl 0 b wlys polie dlols gl . euS

sloyl3l g3 5l ool L ol o las b)) e (95] sy 3l 2 2lo5 (B A GBI oo 5 Pl o
355 i 1) Jao 1,5 pajek s FCMapper [ j) 4t GBI wa s sl 29290



AR e [ OF oylads / poply Jlo — gt 1oy oMl ol ol8tily el pole 01Suisly inio g yte dlm "1

= T dlh S~ s fur FtH "‘L_L,,.
s e 2l¢ S 425 Sa ite S\ juize
Sk Sl 5l Q3 s Al Jya altea Jyn
< gl e ey
b

Gla s e 5l eslizad
FCMapper & L Ay 2oU 85 3505 3 eslind

Pajek

o =5 S a5 g bl e ) o e IS5
oy g b -
dagr ) A3l sloniaily  Sge Slojlu sla Tl (Jd (15 53 0ud (Byme Jao jlodlisel b b il G ol 5
dbgrye GBS 45 o) b oles g oS ol |y ol e e Jelse 5 03,8 oy |y candls do plojlus 3 (508
2ol )l =05 B SIS B9 3 0 lsis Jolpe Gillae sl )3 ply (o Cesd adlllas 3y90 Al Sl ines w8
29) ° O 4
6 doy Cariao b Laiye IS5 51 45 0 3115 Al ] 13 35 o ] Altse Sz b cenlite clins oS 5 ol
i ol 035y maencs gy 45 5 5 Sl Cenl e ostS oo olsl |y 1) ol] 4o Jlo 10 ) i
Ll e 51 48 005,8° (loli 331 (slosiallys s Sige Slojls (sl (sl i |y sesitio 0335l S5 ol5,5 355 (oo
(Y o)lodds Jodo) as Gloesl edgs Jlolyd oy piin (gl)ls &S (o] il & slaws

iborially 2 Fge lojls sl s5lstnl o(V)osled Jga

G ol )3 218l glwiiaily Slojle (sla (o351l ),
(i 2BT) Shjgel 5 Sy e )
oyl &y oot oximd &) Slumwge (o98wwly Y
sl 5l Jlo cdslas 1
(cdl5's) ol 3l 5sis jl coluo ¥
Syl pes 8 )lie N
il Soles sl 3 (NGO lore Slojlo b o 4

kol Gl el (gjlosiallys (ego9e Oladl (b g GBS b 4Bl liSlo 5 b anlas 4 g b lagh (ol
@Uly (b g alins cople 4 drg b o Bad e jeome (D D EAS den giledially ol sy b
Oy ly iloially ol lo sl e Qb)) (Sigfe s 5 paseis sl el (55 ) Sopm
Py slojmsie (5 53 SO SSh anlas 5 (i b gy sl g (sadge Clodl )y p 4 g bl Ry GG
o Bl ) ) e o OBl jledialy LS sle ol lein of Lol jee s 5 alolid godse
sl dogi aobae Gl 1) nl 45 098 plal e Cjguay 85l S (GBS (clo ALE s & S Canl,
o 5 485 S ) ST A S Opgen ) b sl I e oS s (pd A8 plsl 3 1S e L il



iy (o] oo oy (lajlus saalllnn 3,90) g 5yl o Laly (g3l Jao sl sl ) =55 (3l bS5 b, o)

Gl yusio olod (gly 5 cpl g s R-number sl Loyl p (portel yuxio) (o35lpol cpl 3l 2g
o3 o 5 it ola5 olio Jsbeo 5 e Loy 5 b €05 o8 ol B2 (gn J)S5 18 IS 5 0 lulis
oyo b bl Byl 18 plel 5 luebl pae slad o ABly slod > Plue 51 &SSOl 4 g bogd ool
Al arlge Sy g s 5l Glise b 0838 bl ojlgen 5 cansd oy el Jolse o b (e o923

Iy peplie ol LS B 58 51 Sopm oM ol s LB > g R -number pggio jl 68 o0 b jolaie cpbs
0 SIS (05 paie Cpgloe g le g0 3 S (B xS G 4 jgo (pl 0 S 0 ol U late
coin ART GART (53 1 05l (oo (e g 045 ol Loy liapy 5 wliands slad (opdy oy yolie
by bulg) 5 (F Joia) o ojled 08 alinny 5 aili (oo3 slhddop b baspe Joio jlodlital g «0 5 -V L ol
o 2 a4 aeg bl Lo sy Jadn ol nt ] e Gy g duslxe ) Spso 4 90 (gt g Sy i,
W.A...{ Ll y@mw);9@ue uL.wl:xa LS‘)" 1) D)...’>a U"‘MJ?'\} ..\JlJLo.))]) .)?>9 o).ab-a alfo

RVariable 1-2 = (Rl Variable 1-2 'RZ Variable 1-2» R3 Variable 1—2)

R1 variable1-2 = (1 -r (1- AR—))E = (1 - 0/2(0/5))§ = 0/9(Very Hight)
=0/9(0/75,1/1) = (0/675,0/9,0/9)

Ry variabie1-2 = B = Very Hight = (0/75,1,1)

R3 variapie1—2 = (1 —r*(1 —AR*))B = (1 - 0/3(0/3))B = 1/09(Very Hight)
=1/09(0/75,1,1) = (0/818,1/09,1/09)

Tolasl olal 51 Sy 0lass 0y Jae 51 b (o3l sl o L) g yilo oY) o5las o

5 b ¥ Y Y )
(+/AH,H,\/-aH) (+AVH,VH,\/-sVH) (-1aoH,H,\/-sH) (-1roM,M/-sM)  (+AVH,VH,)/-aVH) 0 \
(-/AM,M,\/-sM) (-/aaH,H,v/-aH) (0/75H,H,y/-aH) 0 0 (+/AVHVH)/-5VH) Y
(-/aH,H, /- ¥H) (-/aaH,H,v/-aH) (-/naH,H,/-5H) 0 0 0 Y
(1AM, M)/ YM) (-~'AM,M,y/-sM) 0 (-1aH,H,y/-sH) (-/AeVH,VH,\/-aVH) 0 ¥

(+'aVH,VH,y/-sVH) 0 (+/A0VH,VH\/\YVH) (-1aH,H,y/-¥H) (+/ASH,H,y/-¥H) (-/aH,H,\/-sH) I

0 (-/A0VH,VH,\/-sH) (-/r0H,H,y/-5H) (-/aH,H,»/\wH) (-/noVHVH NaVH) - (ca0VH VHN-sVH) &

S5 0l 03 il 5 wiliy yhed (slladso > 1(F)ojloss Joi>

r- r+ r- r+ r- r+ r- r+ r- r+ r- r+
5 A ¥ Y Y )

-I¥ -I¥ Al AT Iy Al /N Iy Al Iy . )

-I¥ Al <\ Iy -1 -I¥ -I¥ < . -I¥ Al y

Al /N Iy Iy </ Al . <Y Iy Iy <\ Y

Ay -I¥ Al AT . Al Iy - I¥ -y A /¥ ¥

Iy Iy . <N -I¥ Al A - I¥ A Iy Al A
-I¥ AT <N Al Al /¥ - I¥ -1 A Al 5




AR e [ OF oylads / poply Jlo — gt 1oy oMl ol ol8tily el pole 01Suisly inio g yte dlm VA

N Slpsie (38,5 e b jslaie (pdy els ©yglne uple gy m (1S A 4 ey 3j90 Al
Lolgy 51 onlitel b s g 03,8 b lte (56 lael & Sbj pwie <l ) s 4Ty 51 <o pm ) e slae] &g
pasie g e ol e g (SaolSe JUd 4 4l 0 eyl o sty Sl alasl ull 1 1) pglme ke dbgaye
o3l b adg05 LI 1) (Slasy (39 (5 1 (oled jlai Sl (gl Sl @ 429 b it (20 ©pglome uaile (08
b (Joe 5 agele 5 yiae b U5 sl g (oo Jols )T dlael by Loyt o (bl (39 55 ks ]
b gl oo 5 e oo oy b (B o)led Joio)elS (oo Jods (b Sl 4 ]y (mead puyle (o
slo jasls ol pg s 485 15wy )90 PajEKs FCMaPPEr 58l o5 aluwg codw pllss )3 31,81 ¢ 5loiailys
e Jae ol 01 <5 (F) ojlad Jgi )3 ulis 4 .85 )15 o 3,90 15000 2 b 0,8 (635 (6l 5 sy b

sl kel (5) o)l JSib 53 CooMas dow ol B0 dew [ pllss )3 31,31 gjluosiailys (slo (o35l

b pll glbe Gbls)l (2o (05 g 5le 1(0) o)led Joi>

Slojlo cus b oSl 5 el cblis Oluwge 0955l g Sy eI o sl
coles (NGO Joxe o3l og 3 g JT wcwsoums ) aBT) bl
L ) 1 (i ilesely
-IVYY A% -IVYA 10y <AV feee ) ojsel g (sl gMb!
(i 26T
-[¥VY -IvS- IV ofoee ofoes -IAYY Olamgo (09550l
4 Cwdd odind &)
ol 3l
AAns TAALS -IVYA ofoee ofoee efoes il o cbles
AR VAtat ofoee -IVE. - [AA efoes il e 5l il
(<J)
-[a-¥ ofoee AN - IV -IVY- -IV¥ - il g oS lte
ofoee NN -IVYA -1V -[3Y -[AY- Slojlo cud b
coles (NGO) _Jxe
sl

5 Jsl a5y S, a2y Vb b Bad den I b coles sy (NGO) xe Slojlo b )l (o33l
2555wl iy (2B jglates (hjgel g Sy el sl BTyl g pgd 4y 3 LD dan g2 S )Uhe (o3l
sl ool o B dew 3 Jbo cblas (cdlS's) Bud don 3o 5l Coluo (B0b dop 4 Cwods saidd &)l Slumwge
il gl by > Wy o ol Codls doy glejl & 8T an g o MBS S wid B pss
b 09,5 b Lagye 35 poye celilojles Lyl 5 KaS 5 Lo el plojl I gl b (505 dagy p390ikiallys
2 Lol geisiailys b eoblon (S0 000 4 SaS pr ogMe g o 5 ol sl (glon Loguad «(5)lony il
p3ye Slplojl s (S o Al sl 2l 5 G 3 b rizped 098 Ll Slop> (sl aijo JialS el Caendly
Jolbs @ls o) 8 Hlaie b agd lojle Jlojl g Slops sl aujo (rals Lules 5 08l cages codl 5] sl ol
9> <S5lie el g 1) Jol a5 sl cp VL b (€dg) (B8 don Boi> 5l cileo (sl yl (s pdy il a3 LS
Slawgo (255l (505 dan | (il coles (NGO) s Slojlo b b sla sl yml 5 o5 a5 > (45 aon
b pgus celd Caglgl )3 (ot aBT) ijoel 5 slusy oMbl (5s dogs 5 o cblis e 5L dags 4y Candss okimd ]
S )lie spliel o W] o Cunsy cuiSie (asls (I,56 5 cpipl pgarme (B i A I8 ot
P93 455 3 QA dogy Il cyles yolaiay (NGO e Slojl cud )b g3l il g (Jl a5y Sl (B0 dan (29>



A (o] coods dangy lojlis sadllan 350) L33yl o Ly (sls Jro sl yuali 5] =65 (3L CBlSS o, &)

9 Sy EMBI BAS Ao 4 Ceotd ouind W)l Sluwge (0955uly (Ig) (A5 o o> I Silo slagil il
S i Gy o I sk A8 B wtid U pges slo Coglyl 13 (BAE Ao Sl Jlo cblis (st (21T) ol
OB dony (gl €8 Lo dinef Jdin o pn (3900 w18 g alols gult (85 L3 ) L dly (e o) Ceds de lejle
038 9 6365 e @2lye b Sl 5 20 3929 )9S 3 &5 (gl 0318 Sl pope sla lojl bl edlitul b g5
ORIl el din (S dow lon &5 398 (Lol bt Bois I Cils jolaies ol 2l g ng polaies )18
b e (slaial Gla (i85 5 03905 gy )5 den Byo lojlo 5 1) 093 la cullid il 5 258 (Lol (silys
Bl o it 9uiS Capnods 5| oot §] Lt 4 LTS damr 1 4S5 b ] Can Dl damy lojles oled i o5 395 (sl
0dd (pme glo Pl b cwlite Sldas sy sl (sl ) g Caglgl 5 3131 giloriaily 3,09, zumme (2l b
5 x> o ) ol Jlaiy sblse Sl ke s paseiie (Jloj B Sy 53 5 05e3 (3B sl JUeb S8 S e

e oyl

Silwiaslys (IS o3l Co S 50 g (600380 9 ()15 30 slo (aS Ll o(F) o5led Jgao

W) Gefe a8 apbslt A et 5yl

¥ Iy £ Y/oy ¥ vIvY (i 2T 09590 9 (lwy eI

o ZIvY Y YI¥o o YIAY OB dow 4y Cwodd odimd &3] Sluwwge (0655wl

5 /Ay ) YIvY 5 \AR OB daw i Jlo cbslas

¥ FIfY \ YIAY ¥ y/s- () Bss dow o> 5l Ciluo

\ Y/va Y YIvo ) /¥ OS5 dew 9> S Lie

\f viof ¥ Y/xY Y \7AR OB daw 5 b coles (NGO) o Slojlo cud s

by yeol )l g yeal (6j 0,809, 5l odlatwl bl g (U 4l w5 Jgeme gy (polul o cdllio pl > (3Lt (b,
bl ooleidey gy hles Joo (ald 035y meal lp mrenal gl B9y S lyim Sl o0 gy il )b
8l o b 28 4 sblje

OB pd (dous by jleslatwl -

OB p5 s il glysel gl (oM gl puiito ) oozl —

B s e il g leMbl 3 las g Sy Gider sl pols 51 5,50, 5l ooliswl -

SleMbl js 0bj luebl pae g plagl a0 b (slodare > Jao jl oolawl coblE —
P YL Slabre w500 b (6158 py dtus 395 Ju 5l gl Codgasme (g o s aidS gl Coje LS )
pas g plool b B0 S paouad &S Blus )0 (odloiiin (o) Dy |y byosio dlaad g 8 18 dlaw 39 0L &g
Pl sl gy cnl 33 (25 0835 mreval GRS 355 )13 ool 3)90 W5 (o ST (o0 plo |y LSS BT el
5 ol ks 56 Calps g 03,8 QBul ) By o b oty o S (B8 SIS o Bl Sl sy W3k o S
01535 ool Ml (o0 (2o AdE a3 pIB 3 S0 Byl Sl g wled (e (e g Cute By Loyd el (pionen
Jo S (o oo 26 08y mreal el qeaeal platdy Oloin Jae il > B8 095 )l 3L ol



VAR o) [ OF o)l [ w35l Jlo — gt dnly oMol 31T oKzl bl pole oSl sinir Cap ko dliea Ve

D9 o0 ddllas 3)90 £ad90 il aly 30 Cge (SBLS Jdo pu i e 9 Wl o oo 5 s bl

G151 Slgn Bl

Ol Al daw 31 e S tolas
G AS daw 4 Canid piind o

. -
" aw LIARA vy y x
[TLATS WY
VT Yoo
LRLe Y
AVE
WA VYA
i s
Sl gt K ad Hedbe
.. | p. VTA = ] Aoy Fga>
Fisls e Ve
e S WTA alras
VRYe RTA
VEWW SVYD
y e . e
oY o .
) g
o7 ¥ ek iy
p < J
L R AR >
Sl o Jleila Sl ir MOl daw pasr o slie
Ol Al day 31 gl Sl dew
Silwaialy gla gplml e Jae 1(8) ojlows S5

1. Amirkhani A, Mosavi MR, Mohammadi K, Papageorgiou EI. (2018). A novel hybrid
method based on fuzzy cognitive maps and fuzzy clustering algorithms for grading celiac
disease. Neural Computing and Applications. Sep 1;30(5):1573-88.

2. Alipour M, Hafezi R, Amer M, Akhavan AN. (2017). A new hybrid fuzzy cognitive map-
based scenario planning approach for Iran's oil production pathways in the post-sanction
period. Energy. Sep 15;135:851-64.

3. Avery, J. (2018). A Grounded Theory of Empowerment in Cancer Survivorship and
Rehabilitation (Doctoral dissertation, Université d'Ottawa/University of Ottawa).

4. Aguilar J. (2003). A dynamic fuzzy-cognitive-map approach based on random neural
networks. International Journal of Computational Cognition. 1(4):91-107.

5. Axelrod R, editor. (2015). Structure of decision: The cognitive maps of political elites.
Princeton university press; Mar 8.

6. Bottero M, Datola G, Monaco R. (2018 May). The use of fuzzy cognitive maps for
evaluating the reuse project of military barracks in northern Italy. In International
Symposium on New Metropolitan Perspectives (pp. 691-699). Springer, Cham.

7. Carvalho JP. (2019). On the Implementation of Evolving Dynamic Cognitive Maps. In
International Fuzzy Systems Association World Congress. (pp. 201-213). Springer, Cham.

8. Cerezo, P. G., Juvé-Udina, M. E., & Delgado-Hito, P. (2016). Concepts and measures of
patient empowerment: a comprehensive review. Revista da Escola de Enfermagem da
USP, 50(4), 667-674.



A4 (o] oo oy (lajlus saalllnn 3,90) g 5yl o Laly (g3l Jao sl sl ) =55 (3l bS5 b, o)

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Christens BD, Winn LT, Duke AM. (2016). Empowerment and critical consciousness: A
conceptual cross-fertilization. Adolescent Research Review. 1(1):15-27.

Christens, B. D., & Peterson, A. (2012). The role of empowerment in youth development:
A study of sociopolitical control as mediator of ecological systems’ influence on
developmental outcomes. Journal of Youth and Adolescence, 41(5), 623-635.

Eyiiboglu, E., & Schulz, P. J. (2016). Do health literacy and patient empowerment affect
self-care behaviour? A survey study among Turkish patients with diabetes. BMJ
open, 6(3), €010186.

Flaherty A, O'Dwyer A, Mannix-McNamara P, Leahy JJ. (2017). The influence of
psychological empowerment on the enhancement of chemistry laboratory demonstrators'
perceived teaching self-image and behaviours as graduate teaching assistants. Chemistry
Education Research and Practice. 18(4):710-36.

Grabe, S. (2012). An empirical examination of women’s empowerment and
transformative change in the context of international development. American Journal of
Community Psychology, 49(1-2): 233-245.

Gray, S., Gray, S., De Kok, J. L., Helfgott, A., O'Dwyer, B., Jordan, R., & Nyaki, A.
(2015). Using fuzzy cognitive mapping as a participatory approach to analyze change,
preferred states, and perceived resilience of social-ecological systems. Ecology and
Society, 20(2).

lakovidis DK, Papageorgiou E. (2010). Intuitionistic fuzzy cognitive maps for medical
decision making. IEEE Transactions on Information Technology in Biomedicine.
15(1):100-7.

Izadbakhsh HR, Barzegar B, Zarinbal M, Ataeipoor S, Tehrani NA, Mohseni A. Insured
Empowermwnt (2015). An Approach for Iran Health System. Pub, Kharazmi University.
(in Persian).

Jo, S. J., & Park, S. (2016). Critical review on power in organization: empowerment in
human resource development. European Journal of Training and Development.

John, J. R., Ghassempour, S., Girosi, F., & Atlantis, E. (2018). The effectiveness of
patient-centred medical home model versus standard primary care in chronic disease
management: protocol for a systematic review and meta-analysis of randomised and non-
randomised controlled trials. Systematic reviews, 7(1), 215.

Kang, B., Wei, D., Li, Y. and Deng, Y. (2012). Decision making using Z-numbers under
uncertain environment. Journal of computational Information systems, 8(7), pp. 2807-
2814.

Kalantari T, Khoshalhan F. (2018). Readiness assessment of leagility supply chain based
on fuzzy cognitive maps and interpretive structural modeling: a case study. Journal of
Business & Industrial Marketing.

Kosko B.( 1986). Fuzzy cognitive maps. International journal of man-machine studies.
Jan 1;24(1):65-75.

Kottas TL, Boutalis YS, Christodoulou MA. (2007). Fuzzy cognitive network: A general
framework. Intelligent Decision Technologies. 1(4):183-96.



WA lanoj / OF o)los / p235b Jlo — zaiiw soly (oMol 131 ol&iisly  Sludl pole 0aSsls  sxbo o dlee vy

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

Kohler, A. K., Tingstrom, P., Jaarsma, T., & Nilsson, S. (2018). Patient empowerment and
general self-efficacy in patients with coronary heart disease: a cross-sectional study. BMC
family practice, 19(1), 76.

Lardier DT, Garcia-Reid P, Reid RJ. (2019). The examination of cognitive empowerment
dimensions on intrapersonal psychological empowerment, psychological sense of
community, and ethnic identity among urban youth of color. The Urban Review.
51(5):768-88.

Laschinger HKS, Wong CA, Grau AL. (2013). Authentic leadership, empowerment and
burnout: A comparison in new graduates and experienced nurses. Journal of Nursing
Management, 21(3): 541-552.

Martinez P, Blanco M, Castro-Campos B. (2018). The water—energy—food nexus: a fuzzy-
cognitive mapping approach to support nexus-compliant policies in Andalusia (Spain).
Water. 10(5):664.

Madmoli, M. (2019). A systematic Review Study on the Results of Empowerment-Based
Interventions in Diabetic Patients. International Research in Medical and Health
Science, 2(1), 1-7.

Miao Y, Liu ZQ, Siew CK, Miao CY. (2001). Dynamical cognitive network-an extension
of fuzzy cognitive map. IEEE transactions on Fuzzy Systems. 9(5):760-70.

Morley J, Floridi L. (2019). Enabling digital health companionship is better than
empowerment. The Lancet Digital Health. 1(4): 155-6.

Najafi A, Amirkhani A, Papageorgiou El, Mosavi MR. (2017). Medical decision making
based on fuzzy cognitive map and a generalization linguistic weighted power mean for
computing with words. In2017 IEEE international conference on fuzzy systems (FUZZ-
IEEE) (pp. 1-6). IEEE.

Papageorgiou El. (2011). Learning algorithms for fuzzy cognitive maps—a review study.
IEEE Transactions on Systems, Man, and Cybernetics, Part C (Applications and
Reviews). 42(2):150-63.

Papageorgiou E, Stylios C, Groumpos P. (2003). Fuzzy cognitive map learning based on
nonlinear Hebbian rule. In Australasian Joint Conference on Artificial Intelligence (pp.
256-268). Springer, Berlin, Heidelberg.

Papageorgiou El, Salmeron JL. (2012). A review of fuzzy cognitive maps research during
the last decade. IEEE Transactions on Fuzzy Systems. 21(1):66-79.

Papageorgiou E, Kontogianni A. (2012). Using fuzzy cognitive mapping in environmental
decision making and management: a methodological primer and an application.
International Perspectives on Global Environmental Change. 427-50.

Tengland PA. (2016). Behavior change or empowerment. On the ethics of health-
promotion goals. Health Care Analysis. 24(1): 24-46.

Osoba OA, Kosko B.( 2017). Fuzzy cognitive maps of public support for insurgency and
terrorism. The Journal of Defense Modeling and Simulation. Jan;14(1):17-32.
Rodriguez-Repiso, L., Setchi, R., & Salmeron, J. L. (2007). Modelling IT projects success
with fuzzy cognitive maps. Expert Systems with Applications, 32(2), 543-559.

Salmeron JL, Vidal R, Mena A. (2012). Ranking fuzzy cognitive map based scenarios
with TOPSIS. Expert Systems with Applications. 39(3):2443-50.



vy (o] coods dangy lojlis sadllan 350) L33yl o Ly (sls Jro sl yuali 5] =65 (3L CBlSS o, &)

39. Salmeron JL. (2010). Modelling grey uncertainty with fuzzy grey cognitive maps. Expert
Systems with Applications. 37(12):7581-8.

40. Seiti H, Hafezalkotob A, Martinez L. (2019). R-numbers, a new risk modeling associated
with fuzzy numbers and its application to decision making. Information Sciences 483,
206-31.

41. Seiti H, Fathi M, Hafezalkotob A, Herrera-Viedma E, Hameed 1A. (2020). Developing the
modified R-numbers for risk-based fuzzy information fusion and its application to failure
modes. effects, and system resilience analysis (FMESRA), ISA transactions.

42. Shin S, Park H. (2017). Effect of empowerment on the quality of life of the survivors of
breast cancer: The moderating effect of self-help group participation. Japan Journal of
Nursing Science. 14(4):311-9.

43. Shaukat, N., Ali, S. M., Mehmood, C. A., Khan, B., Jawad, M., Farid, U & Majid, M.
(2018). A survey on consumers empowerment, communication technologies, and
renewable generation penetration within Smart Grid. Renewable and Sustainable Energy
Reviews, 81, 1453-1475.

44, Syahza, A., & Asmit, B. (2019). Regional economic empowerment through oil palm
economic institutional development. Management of Environmental Quality: An
International Journal.

45. Song HJ, Miao CY, Wuyts R, Shen ZQ, D’Hondt M, Catthoor F.( 2010). An extension to
fuzzy cognitive maps for classification and prediction. IEEE Transactions on Fuzzy
Systems. 19(1):116-35.

46. Wei Z, Lu L, Yanchun Z. (2008). Using fuzzy cognitive time maps for modeling and
evaluating trust dynamics in the virtual enterprises. Expert Systems with Applications.
1;35(4):1583-92.

47. WHO. WHO Globl Strategy on People-centred and Integrated Health Services. 2014.
Available: http://www.who.int/servicedeliverysafety/areas/people-centred-
car/en/.JAccessed:24-Jul-2014].

48.Yeh, M. Y., Wu, S. C., & Tung, T. H. (2018). The relation between patient education,
patient empowerment and patient satisfaction: A  cross-sectional-comparison
study. Applied Nursing Research, 39, 11-17.

49. Zadeh, L. A. (2011). A note on Z-numbers. Information Sciences, 181(14), 2923-2932.


http://www.who.int/servicedeliverysafety/areas/people-centred-car/en/.%5bAccessed:24-Jul-2014
http://www.who.int/servicedeliverysafety/areas/people-centred-car/en/.%5bAccessed:24-Jul-2014

WA lanoj / OF o)los / p235b Jlo — zaiiw soly (oMol 131 ol&iisly  Sludl pole 0aSsls  sxbo o dlee yv&

Introducing R& Z-Number Cognitive Map Method for Modeling the
Causal Relationships of Strategies
(Case study: Iran Health Insurance Organization)

Mostafa lzadi
PhD Candidate, Department of Industrial Engineering, Faculty of Engineering, Islamic Azad University, Sciences and
Research Branch, Tehran, Iran

Rassoul Noorossana (Corresponding Author)
Department of Industrial Engineering, Iran University of Science and Technology, Tehran, Iran
Email: rassoul@iust.ac.ir

Hamidreza lzadbakhsh

Department of Industrial Engineering, Kharazmi University, Tehran, Iran

Saber Saati
Department of Mathematics, Tehran-North Branch, Islamic Azad University, Tehran, Iran

Mohammad Khalilzadeh

Department of Industrial Engineering, Science and Research Branch, Islamic Azad University, Tehran, Iran.

Abstract

We always face a range of ambiguity, uncertainty and risk in variables in qualitative, non-
numerical and expert-centered issues. The root of this ambiguity can be in the variable itself
or other variables related to it and the statements of experts. Fuzzy cognitive mapping is one
of the common models for better understanding of problems that pays attention to the cause-
and-effect relationship between variables. When dealing with problems where the numerical
data associated with it are not available or the nature of the problem is qualitative, perceptual
mapping is made by experts. One of the problems of using the common cognitive mapping
model is not considering the uncertainty, risk and error in the opinions of experts. This
problem affects the quality and validity of models created in complex problems. In this paper,
in order to help understand the problem correctly and eliminate uncertainty, ambiguity and
risk in experts' comments on variables and cause-and-effect relationships between them, the
combined approach of Z-number and R-number in fuzzy cognitive mapping has been used.
The proposed method in this article, by considering optimistic, pessimistic and neutral
experts, has modeled the cause-and-effect relationships between strategies affecting the
empowerment of individuals in the health system. The proposed approach of this research can
be effective as a decision support method in issues that are qualitative and expert in nature.
Keywords: Uncertainty, risk, strategy, cognitive mapping, Z& R-number.



