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Abstract:

The aim of this study is to design a Total Productive Maintenance (TPM) management model using a combined approach of factor analysis
and Interpretive Structural Modeling (ISM) in the power distribution companies of northwest Iran. This research is conducted within the
power distribution companies of the northwest region, selected as the pilot area. Identifying the optimal maintenance strategy and selecting
the most effective TPM management model are of significant importance. The results of this research will be provided to Tavanir and the
Ministry of Energy for potential implementation in other affiliated companies. From a spatial perspective, the quantitative data pertains to
operational data from the power distribution companies in the northwest region. The statistical population includes both experts and the self-
assessment segment of all specialists and maintenance, repair, and warehouse personnel within these companies. Temporally, the data
includes operational records from the inventory, accounting, and process systems of the power distribution companies for the years 2017 to
2022. The findings of this study indicate that the initiation of the TPM process should begin with enhanced management and leadership in
maintenance and repair, followed by attention to reliability improvement, feedback and system outcomes, human resources and employee
skills, and quality preservation in the process of preventive maintenance. Additionally, work processes, organizational structuring, task force
formation, planned preventive maintenance, safety and health preservation, equipment and warehouse management, resource and contract
management, adoption of preventive maintenance technologies, expansion of automation systems, self-controlled maintenance and repair,
and ultimately, understanding the appropriate framework for TPM in power distribution companies—based on the insights of experts and

system specialists—should be considered.

Keywords: Interpretive Structural Modeling (ISM), Structural Equation Modeling, Total Productive Maintenance (TPM), Power Distribution

Companies of Northwest Iran

How to Cite: Mirzaei, H., Alidoust Ghahfarokhi, E., & Hamidi, M.. (2025). Designing a Total Productive Maintenance (TPM) Management Model Using a
Combined Approach of Factor Analysis and Interpretive Structural Modeling (ISM) in the Power Distribution Companies of Northwest Iran. Management,
Education and Development in Digital Age, 2(1), 88-108.

Oeme]

Copyright: © 2025 by the authors. Published under the terms and conditions of Creative Commons Attribution-NonCommercial 4.0 International (CC BY-NC 4.0) License.



http://creativecommons.org/licenses/by-nc/4.0
http://creativecommons.org/licenses/by-nc/4.0
https://orcid.org/0009-0009-1219-3237
https://orcid.org/0000-0002-4091-6780
https://orcid.org/0000-0001-6318-3594
https://orcid.org/0000-0001-6353-2432

JUzs pas )8 drwgi g v 90T (o oo 4 g

VECF/Y/A Ll g b VR0 dy 6 VRN o K3k g VRN /oY e Jlf 56

31 00L& b (TPM) 35193 59 969 O g g (5 515 o io (531 (o1 )b
39 ISM (5 sl 9 (5 bl (55w Jowo g Jols Julxi sbd gy wud 5
29w o 3 Jlow § 9 @39 SBCS g

iyl s e ooDol S5 oKl ¢ 5 dnly a pke 09,5 M Jlgs 5 cola N

Ol o e oo Dol o1 oKzl sy doly iy pyte 09,5 T e (ol gin Y

el ety e oDl 3151 oK1 (ol sl ¢ g ko 09,5 B 1l 2155 sla s ¥

1376479451 @iaU.8C.IT :Jgtums o3t g Syl Cannt

LXVCCS

Sl 5 51 il Joe g ole Lo slaig) oS 5 5l elazl b (TPMS13 j9500 Sl 5 )l Cappte o8l (b pimgy cnl 5l Ban
355 o bl el 0433)5 Ll by plie 4 a8 )5S it Jlad B @i SES S 0 gy ol sl 50 02 Jled 3 g oSy I SM
)lis 9 58058 Hlisl )3 Siaeg cnl dols gl 5 Al o Cumnl Pl sl 5 o pate gl S 0 i QL] (pizred g dinge Slpes (65155 3yl (y
o Jlod Br 98 @iy GBS pb Slles laosls jaie (o8 laodly Sl a8 S nlgd )8 dcgerme pj S b plo 4 gpud Cap gy
Gt 958 239 GBS 33 )il g Slyass JaaSS Jrwy 9 085 IS iyl 055 i )lel sanele iz 9 (5 5 ylel (5 dnely a1 g 005y )5S
S5 @i S8 b slaanlp g (g)lulue Lol wlolo VF) IS ol Sllas (slaodls & bgype o jLai 5l odls 0,5 o 2 3 1) )5S 0y Jlad
bl i)l (5t g oo b Jsl 50 il 55 08 (5SS Sl B Eg b Can &S Kol LS i a2y B (3480 (ol o ) bl 0 50 oyt e
e |y WSl Olpeds K9 53 CadsS i g (LS ©)lan g (Sl @lio o gl 9 2)955L 9 linebol bl dgut0 b g 003 £9)0 Clyasi g (51055
dajlil g Slies Copde ol 5 (ol bai 0dd (i) ol &Sy Slppess o 09 ) JSiS pilejl )5 st 3 (izmen 355,18 dogs
9 M Sl bl Lol 5 (JyiS 355 Slyasi 9 ) (mlogi] ot (35S 5 (598 9 &Sy Slyasd (s o 31313 5 @lio o e

il S5 3590 Lot Gl g (850 olail 5 5 jsf oS58 53 (TPM o s

s 50 é.:)yd[auf)ﬂ} ‘/I'PM),E/):?,,W Cz/),,«u“} (;)/,Le,(-/’ Co o q yltln & Yoleo ASM i g Sylsle gilo Jlo u‘f)lg.\{,‘s

Sloyisy oS 5 5l oalizal b (TPM) 13115 55500 @lpas § (50055 o ppte (55301 (b (V¥ ) . gy 3] ooued a3l 33 gy eopio s5le ool ¢ Jlog J5 1 R33Uinn] g5
MNA NN Sz e 1 duugs 5 gl ypute 4 338 3 Jlod G2 235 SBES 1 3 ISM (g 5 (55 (5o Jo 5 ale oo

eoe®

sl 485 50 (CCBY-NC 4.0) (215 b gillas ol31 o s> &gy allio oyl )il ol odiuny g ) sleito allio ol )Ll Gois oled V¥ © 1025 35 5 joe



http://creativecommons.org/licenses/by-nc/4.0
http://creativecommons.org/licenses/by-nc/4.0
https://orcid.org/0000-0003-2079-4832
https://orcid.org/0000-0002-8909-7122
https://orcid.org/0009-0006-1374-4238
https://orcid.org/0009-0006-1374-4238

Jims pae 53 dnayi 5 S5l ey poke

dosdo

e slaglejle (Jol sacodsl | (S 4 Sliness 5 ) Slapiuns L Gl 4 5L g Glas)gld dawgs 5 (o Slacdlup (b oo b
9 Qe 03 S g 390 «(Sujud (2l Cope bplss (e (o Ol 4 (TPM 1518 90000 Slasi 9 (5)100%5 35509 (oloe ) 53 sl 003 oy
g &l K loylpl 5l pSopme 9 sl S eS8l L B sy (3M5 (Reyes et al., 2018; Tian & Jeng Feng, 2021). TPMcwl 48,5 )5 - lawsce
(Mostafavi & Tabani, 2018; Yang & Yang, 2023) uS 5,5els SbSU sla ol jop 5l g Sl y xSl & 1) cliaos wisu 3l il oKt

03,5 (lolis ) Cuign 1lS” Jolse 15t o Canl i 1 ol 5 (8 5o by it Jito (b p3tiues TPM 550 (5ol wosiplos] clalls bl 5
3l giloJse g (oylol (sla gy 5l okl diwly oyl 3 (Samsudin & Hasanan, 2017; Sharafat et al., 2017) 18 (jloJde swpa |y oyl Jolss
10X@r0 ) 8 i) gl 885 o] oo (e Laly) s g atins (sl it lolish 13 Sl o (I SM (6 s, (5l S0 5 (CFA) (ol ol o (ygoza
(Errandonea et al., 2022; Shams & Alibeig, 2016

ol Glusl galie (6590500 S5 5 S35 ko yoe (Ral331 B! il (o B 531 ol CadS Syt s b Mg ke S CuiS cladands )5 a2y, TPM
o g Slasl @lio qeabiamsl sl 3 o1 55 aSl g8 o d9aoe (i dm 4 ks TPMsblje (Chukwutoo et al., 2018; Heydarzadeh et al., 2013)
3 ople Slusl mlio j 5500 5 Meilgs e glaylislus slool ¢ ulul o) (Jambadu et al,, 2024; Liang Yang et al., 2022) cul sopudio o5 i
(Sayyah et al,, 2018; Yang & Yang, 2023) sl o jles 43,9, o) Cuddgo ,3 (gwlul o5

Sl L (655l obB oSl i blod 1y Caniio (5 (sla Shg st k5 o alaJto il S AT osdigiluisag: slade (29 o) g2 oty Olisios
G Saomn b &S (5 @i Cato > ol Hebas (Kabir & Hasin, 2013; Taheri & Babaeianpour, 2016) sl awils 1o 1) jauiS Slojlu g SKin )
Majidi, ) 23k 550 Sluass 5 )l loanso (2l 5 90000 S 3 Slgice TPMglial 5 (ol Jus o (Sl wusl aSd (YU (b 9 Sllos (210
(2021; Shams & Alibeig, 2016

o sla g, Sl xS0t gt 5 (st SgSIl ol 2 ol 51 ()l 457 Gl 03 plordl S yrass g (651055 oo (Pl e 53 (g33s0 Sllllas o1l 5
Ow Dol 38 Julos aiejls TPM gmen (pg slaJde &8 Jls y> (Rashidi & Ghasemi, 2017; Taheri & Babaeianpour, 2016) siledg yyle
Gl ool 4 gl sl (Campbell et al., 2015; Jardine & Tsang, 2013) s (65,Slas slad)sd5b 5 (tesl (s )5ld ¢ Slasl mlio o ppto yuls o lnadlso
ATES, ) 35jbogse ol |y W jeite r saiaCagly] ol o (ilyodlades Julow (ISl o wlod sleitiy (o)L g (o lol slagsbs) 1 (st gl oz (sl0,S5)
(2013; Van Horenbeek et al., 2013

oy 8 i s ke J o 5 355 (ol o it (93 JiSLo (6,0 late o2 48 3,51 o il |y (Sl ol TSMU Jole ot S 5 o guli gy o
ol 9 ddwie (glayuiie b aS g g 5 mlio )0 ohgd gy <S5 opl (Creswell, 2013; Davis et al., 2024) 35 (gjlose ol he Jolxo 9 cde
(Vivek & Hemant, 2014; Zhang & Zeng, 2015) sjlu o polyd 1) (5)l1e55 (slod pal) 3l (55585 (s5lworly Culbls ciinn 5,459,

» (Yari Beigi & Beigi, 2019) Limgh 55 5 3> 3l i obya lody aipy (Sidled 05> ,> (Ahmadi et al.,, 2015) s.iss asle Sladllas 8 diej y
2 3 sty HB gl esomy cdlop; ) ilidbe Jlos g (iloding (e 13S0 Sl edliel & and o (LS ()95 saaSid > plie yanaZS dine;

) ST b il )& @ 5l & lugsa olb caenl p (AMDOK, 2014) adlas  gxiuo ljras ()5S 059 5 cilin jobods 3,1 3, Slas

ol 8.5 &g (CCBY-NC 4.0) LalsS b ollas o] (wytasd &0 dllio oyl Uil ol odian s &y Blaio dllio oyl jLisil Gois (olod VE-¥ © 105 3> g jome



http://creativecommons.org/licenses/by-nc/4.0
http://creativecommons.org/licenses/by-nc/4.0

\?'F JL«: ‘J}‘a)lmi: Lr}.} 09>

Reyes et al., ) cal oids adlis b igols inls 5 4l 6yl rendi 13 Sl slbadlie 5| (S lpicds 6l 5 Glinos o ple g9d90 (5 @lio
ol L2 Cliaas dhe pos il s SUSE Gy jials s bl plsindgs ololid )3 Slgie 1515 ye0e 5SS (2018; Shahriar et al., 2022
g 3alg55 s el sale 5wt (6551 G 352 g gt Blaal ! si>s Ll (Chukwutoo et al., 2018; Itxaro Errandonea et al., 2022) a5 |
(Mostafavi & Tabani, 2018; Tian & Jeng Feng, 2021)

s Slabigel ) (5SS slasialp o U S )lie )l (B e (285 TPMgjluosly )5 Sladl i 5 (e (i olal 03 (55 ]
TPMaS an3 o oLis opl§ g (oly9uiS @ you (Davis et al., 2024; Yang & Yang, 2023) )38 ;56 TPMcaidge )3 48 st Jolge alax 3l 0355l sl 4
(AmbokK, 2014; Majidi, 2021) 35 a3l gslaw ded > b 45 Canl Slojlus Kind K a8k o 55 3,505y o kS

ISMy ole Judos (oSS 5 6350 02 9 9988 @ Jlod (50 @95 S b Jlie (sloosls 5l oslituol b Cosl ioys (imghy cpl b 5 aoxl 4y dog5 b

A &l 15158 90500 Sl presd g (65105 S e sl (09 (265

QR 3 (ol g,

2 (TPM 5518 j90 500 Slyasd 5 65 Cape sl aols 695U S (b Ban b 5 3950 Cguime )8 5 ((AS—(05) 55 &5 )] ol o
o 48 > 5 Slyoasi g (511855 035> (55 g il 0392 (ol 09,5 93 Jolis 34805 (5 lol sl sl 48 S plol S 0y Jlod 32 (558 2 SloCS b
o5 03l S5 13 ek ol lond S 155 35 sled o) sl IS ST 5 o (sl 33l gty o8 Wi b el (6, haSS g lysess ol sl sk 5 b
o1 glsel )0 3)90 SBCS b 1> cloat])d 5 (o 0)ll e lulun (sladilolis | (oMo VoYV B Y (glaJlo 4 bgryo Sllas (slaosls g o0 plosl b
ol
b oolitil 4z L gime aolibuoy sll g Ahb Caled 1 5 (SRS Dlalllas bl (y (53 b anlas Jold ilisee (sla by, 5l modh (55105 e
9 (plejl lipesd 5 (S )3 502y 9 Cope bpdy (LS i old radge (pl & Cunl oud JSi5 (Lol adle V0 B )3 465 Y jlord b dslidis
oo 5 Gl @elie oisy0el 2 Sty o 5 (oSS (095 Slpsesi 5 )45 oyl g Slired oo () o] diog 5SSl
sl oo TPMls g 3)55 3 5 ccodlos g o] Lai> TPMuy) )5 coS Lais ¢ linabol ol sgups dools)]) g qolie oo ymologi] (slapians (5505 5 (55
PV polio bailgo oolos )3 &8 85 118 )y 390 Elig)S Sl s Sl odlisal L 3 o] (bl 5 45 206 (558 5 lul 1 (295 bawsgi asliin p glime s

258 30l 1y Gimgh sl YL Hlael g aol cond 4 +/Y )

EWgsS Wl g pidgs sba,bre Y Jgua

Flog,s Gl basSh eVlswslaw  aslidy <Ylges e o s,
- AD ¥ V-f calis \

-va q By S v

A v ViV e Slpond 9 6l 50 G pup) g Cu e Al

. Y5 ¥ AT o 09,55 Si5 5 oo ybojls ¥

A ¥ Yoovy ) slaanl B o

Y Y Y¥-vo o el 5 et e g

. v¥ b Yoov- S 555 Sl peasd 5 (54l v

- AY b FA-¥D o 550y Al &l Sy S praniy (6, lgSs A

- AY v YEoFY O, &l 5 Gldl mlie A

Oeme]

Copyright: © 2025 by the authors. Published under the terms and conditions of Creative Commons Attribution-NonCommercial 4.0 International (CC BY-NC 4.0) License.



http://creativecommons.org/licenses/by-nc/4.0
http://creativecommons.org/licenses/by-nc/4.0

Jozs pas 53 arag 5 S5l (s pite

. YF ¥ FY-f5 Ogelogil (i (4705 g (555l I
A f fV-0- o ols18 5 ailio o o A

Y Y 0Y-OF Olaabl Sl o5 Al
< AA ¥ 0f-0f TPMuss, ,5 cuiS Laa> Y
. Y DY-0A Zadls g (o Lad '
LAY ¥ DI-$Y TPMezls 5 3555k 0

bl g o yite (e blg) il yslato dy ¢ s 123,50l g3y (layiiio g (BlbCumer slo Sy nog sl (o bl Sl daodls Julos Jol 5 5

5 odlizsl L (CFA) s Jole Julos | (ole )1l a5 (65031l Jao (il sy sl colsl 53 s a8 S o5 (BT lole Juloss Sl dacl oy 55 Lo
o) @l el bl Lo 51 sy 390 Joo b 2505 4 S L4y 9 X2/dF 5 GFI CFI RVBEA L5 3jlys sloasls 05 c,50p0 LI SREL s8ls
5l (6550l Jhe coliS I ol 45 wigy /¥ 5l YL e onelcasnay ele sl 5 o9 Ll yon Jbo (ki bl b coolgiiy slasl pole a5 3l L5 s o
(ISM (s =gyl il Jae S5 5l daaddie g olol o ol yedbuds o Laly) (alolid jslate & csinlb (ole Jelod )b jl (oospie Jio 3l j1

5 o3litol by s i Auglie S50 b 934193 g0 4 gy IS ailhe N0 (] 3 &5 00,5 (b (RM blize Lalyy el it cals o ) 5o a5 485 00
(Pl ety ¢ Jituno 128 035 ploril 095 gy 41 gl (suinaiih doadlge 6y g (SIS ST Glise olsl 1 g 0 ol golite ST s lo (M CMAC) Socsie 3
Slaplpin Glpie 4 et S 52,055 g €oliabl Cebl 390> COlpasi 5 (IS 13 (600 9 Cup? (gen (dalge (Jod (al 53 (993 9 25395

b L TPM sl )3 adalie j1 S5 (58 g oSl I (65 Bmes cald Bun b ds jo oyl 50d 03> (asels 08

aaly 2 sy ol Cul 00 pasiie ()3 dlge VO saia; o apell Gimgly 2l e 4 SeSe Julow 9 [SMigilo e Sl ol s (aled Ao po 5
9 a5 455 )3 (IS Bl iy b €l pass 5 ()NS5 13 (5 0) 9 Copde? Wiges lgis & 8,5 g0 Sl pl e o ()IS,8T g g S 5 sl o
o S o )3 & Wlod S wali |y Slie slaceadly e 2l Jde S (b (Sl gl cpl 285 )15 wadl a5 3 )3 51 (g S b «TPMeslisy

Do dnlys 550 sl 5 @je GLCS W )3 Olysesd 9 ()5S gt ilodirs ©lp o],

Ladl

53 oS &S 8 a8l gl ) palie ol 5 sl Jpdn o Caby il v ol palie Lld I i 3)90 sl piiie S| Sy o S Sy oy & SR cnl
imd e oL (3o

Sl 51 S 2w ol Y Jaaa

e ghe -0kl ay° A5l Sl okl ale o) on 90 sl ysiS s
Gl mOgSeadsS ool o Ll oLl
S o
NARY S “IYY V& I \ -JAAQ Y YIYY shenakht el
ARES AYZN V7 A\¥INg \ DAY+ YN AR pazireshq;',ﬁ;xf_
<Y oY Vs ¥ \ S SV IRVEN VEF Slend s S 0 b, 5 S
M negahdari

eoe®

ol 8.5 &g (CCBY-NC 4.0) LalsS b ollas o] (wytasd &0 dllio oyl Uil ol odian s &y Blaio dllio oyl jLisil Gois (olod VE-¥ © 105 3> g jome



http://creativecommons.org/licenses/by-nc/4.0
http://creativecommons.org/licenses/by-nc/4.0

\f'? JL«: ‘J}‘a)u ¢r}} 09>

-/¥14 SARE VA $ YIvY | SI¥OA AN VEe laeg S5 LSas g e olele
Sazenandehi T

IVYY SARYS V\F Y ) NARY SRR/ \/Fe Fkari 5 slaas]s
AR “IYVO ¢ ¥ ) S¥YY B VFY M anbar la,Lil 5 &liages <o pos
SAAE “I\YA V\# YIY- ) SYEY s Vvigy  Nekontorol (Jyus ogs ol e g 6,0
-IYA¥ S\YE VP ¥ ) SIYAD NS VEA ead g, asbpy alKay Sleess
Tpbarnaneh

“IYOA NPy 14 YIFY ) AR VNG VIVY Mensani MK (S5 & s 5 (Sl olie
/YN SARIN V\# o ) -JOYS YYD VIV Gebegl  Slapianw 35S 5 ks
FGSout onasi

-IYEY SARE VP o ) <JFFAYIVO \AS Migarar slsl,3 5 ol o poe
SARE SIVEY V\# YTy ) SYAY N Igs VIVE Bget nmi nan ;leb! colld sge
NARYY AT V\# FIYY ) SIDVE N/sE VIV Hef zeKR TPMuss, jo cuiS Lais
SARS SARY g YIo- ) NARTEEER VIR Y/ Hef zeES ol § (ool Laa>
SANAS SARN VA8 YIVO ) XYY D i Bazkhord TPMgls 5 5,450

295518 (5Ske Jlto jolas g il akibsy LT 4 alS' 1) b puite 1Sy Sluogiad ool Conty (6o (3Sike 45 €85 ax lgin V-F Jodo 55 39290 plie ||
o] (5 dom &5 403 o (LS (o) 2 3590 (Sl09)S (ily)ly & bogepo polie ol 09Me £l 005 01y s oyl Jyo ooals 55148 e Lt Wl )3 g qulio g e
03151 &S’ 48 smie L LyS16 (elyy Jlto ok i Wnodls ,iSTas 5 i py3lie (pnizean gas 45 Lo ysiS15 duolino | Luols gulis 1 liiee 5 032 yieo Mo j| iy
SO LY oil e > sl 5 ags S

Al yo 33 yebate opts oS odlitwl 5 i @lylai g BlassT lele Juloo SuSS 5l imgs ol 5 edliul y90 (sla e LB 3 Layl luwlia g lnedls gl yseil )
lolos oyl 51 (S6 45 255 o )13 adgl (sl oy 3590 ol (slmodly ool Camwty Slal 51 o3l b IS dalsl 13 .05,5 a0l o] 2lgy 9 <85 )15 pyime aslul Lol
U sl oo 4 i3l 5l S Lol gy daled dlal ya b abaly (> lnasls Ol 0 383 5 (wyd osimd Ui o) a5 Ml e el ele oo SaSS
5 5)ke ] ol 45 winS ) il i 300 (sl 058

o5l o KMD (gl jasls j1 psbito oyl (slys oy b i bt lole o (clys 590 (slmosly slaws L 48 5,5 Jols yliaabo] w3l lazl ole oo plos 5l
el Jole o sl 5 3,50 (sloods (+15 J5han) 0l S, 4y S5 a5 e 51 oyt S B s ol 5 3 sl ol ot oS o o3l
& 29 o0 03wl (6,8 Wgas ColaS (gl sl Cpl jl doncs ) it Cuslio Jla3 550 (slaodly (gl ol oo gols (<17l gieS Ygare) Cygo (pl g 5D A
5 Ol o ele (S Syt il g 16l €08 (Geid o pite (bl LT jl o pasiiie 9 S o ) B ite o (S (s (39 SasS &S gy
b oo 45 0350 20l cpgil ) amd o )18 90l 3,90 1) " sl oy 005 sanlite (la it (Stsan il 14 b iyl (igofl iz i b Sl sl
12555 sy ((Stused ey plo A5k 10y 0 ) 1S iyl cigeil )3 (5l im0 s STl Cany 93 S 9ol s losine ook 3l sl ol &S W)l bl S0uSy

A5 anles 3y oyl yio (58 g 313 demg bl b puiiie (o S 39

Oeme]

Copyright: © 2025 by the authors. Published under the terms and conditions of Creative Commons Attribution-NonCommercial 4.0 International (CC BY-NC 4.0) License.



http://creativecommons.org/licenses/by-nc/4.0
http://creativecommons.org/licenses/by-nc/4.0

Jozs pas 53 arag 5 S5l (s pite

iyl 9 KMD (9030 gl ¥ Jgoe

sl

R e @oll a0 9 > o)lel
/ 2 YEO/0+ 4 SNeY shenakht b ,yS
fee \id f-vievE INYY paziresh
ofee Y Ve Y/OYY SIYeY Mnegahdari
/ Y ag/- £y lldds sazenandehi T
e 4 \YEIVOA Ivay Fkari
/ \ ATZATS <IN M anbar
/ \. YYAIA A Niat Nt kont or ol
/ Ve YAV/YFO <IVEN Tpbarnaneh
oo AR Yyamto [AY D Mensani Mk
ol 14 \Y2IYAQ IVYA FGSout onasi
ofee 4 AYIYEA <IVeY Migarar
/ Y 74/-4Y 17§y Bgetni nan
ofe- Y VAYIYEY <IY-Y hef zeKR
/ \ ARTARES Ve hef zeES
/ § ARTZARYN \Zai bazkhord

calio lole Lulow (el 515 590 (slmodls aoeis 53 swsb o +/5 51 585 polie (s slal (oled 13 KMD &y bgspe ojlol (363 Jgio 3l ool oty ol 4 angi b

6l Lo, o e oo 5 39 00 3y (y305] yhao 534S sl gme oyl ol g odal sty +fv e slal aled (3 55 i)l (yge5] (6 )loline praws ol ogMe M

D)3 de29

Olpls cunla Jole I oalinl b dogy po juxio (gl alBdin (S x50 cpusio S Oyl aad o (lis (i3 ey cls 0 |y ey oS STydl 5 Jous joolde

Abign ) S 50 ) 2 455 0 (Sl e e S50 gl Sble o 53 005 gl il S i sl ol Loy o sl 5 3,50 i9esl by 3 g

owlyly OBT RG] Jgaa £ Jgaa

(Extraction) as ,s STsl cos

b 455 NeY
1A0A yque Js!
AYY Yque
AR Yque
Voo fque
< JASA aque pyo
VY sque
S IVEY vque
- AR Aque
< IA¥S aque
VYV \-que
SIAVA Vique
- IVOY yYque

eoe®

ol 8.5 &g (CCBY-NC 4.0) LalsS b ollas o] (wytasd &0 dllio oyl Uil ol odian s &y Blaio dllio oyl jLisil Gois (olod VE-¥ © 105 3> g jome



http://creativecommons.org/licenses/by-nc/4.0
http://creativecommons.org/licenses/by-nc/4.0

\?'F JL«: ‘J}‘a)lmi: Lr}.} 09>

-JAQY yYque
Voo \fque
ERR yoque
Voo VFque
Voo \Yque
Voo \Aque
Voo \aque
ISR Y-que
AV~ Yique
- IAY D YYque
</AA- YYque
Voo Y¥que
Voo Yaque
/A Ysque
IAYA Yvque
-JAY YAque
“JAAY vaque
“JAAA ¥.que
-/AY0 ¥ique
AN YYque
1A YYque
e vfque
-/20¥f Yoque
- JAEN vsque
VY- Yvque
- IASY vAque
IA-Y vaque
AN f.-que
<IMF fique
-/494 fyque
Voo frque
Voo ffque
Voo foque
Voo frque
Voo fyque
Voo fAque
Voo faque
Voo &d-que
Voo avque
Voo avque
Voo ovque
Voo ofque
Voo aoque
Voo arque

Po~

P)l@r?

p.&n)

SN

23550

(o2 jons

Oeme]

Copyright: © 2025 by the authors. Published under the terms and conditions of Creative Commons Attribution-NonCommercial 4.0 International (CC BY-NC 4.0) License.



http://creativecommons.org/licenses/by-nc/4.0
http://creativecommons.org/licenses/by-nc/4.0

Jims pae 53 dnayi 5 S5l ey poke

Ve avque USSP
\ews dAque
-/334 saque JUSSTR
AV~ $-que
“IAS$ £\que
-1304 $Yque

ol 34 p5Y culons 035l yiito yp (sl 6Blas & g0t LI SREL Jljle 5 gy (ingg (slopiie 5 Sy o sl ole ol 51 Jols ulis o iz ol
A8l Y ) s 1l esslunnd Jele )l ()5S pite o lgied gl (8,5 103 5 o pite halS glaied; oS

3 &y Jgame sobar <l gyl b5 (cla Jole 3his s ole o 55 s 3o 31 oS )b 3o Glial 4y (Ko b slasigy clil Sy bl

P 3l e ( Sty Cand Jlre g Guilly 1o)d Jlire oy slimo 0y jlae ¢ ouae 4SS Jlre tible ola)lre (g 3,105 5929 ) pl (gl (BB (slie sy )l LS
S sne (y b gl Pl 3)90 slaole 05 Sl (s ) g b Ol B )3 8 pslailens 5 Buio ol 53 Bl Loyl (Sl slaele 3590 )3 (65 waevad

wsS 2ls Jie i b 4 plBl caas 580 clie g U dgd o ailyy b fole oyl jouds 4y Jole (gla)ls

0.88 boadl
0 boad!

o. 3
-\0
0.93 -——o. 1.00
0
-

o o

w w

[ [

o

£ ¢

=Ml
‘\:\l\:\\

o = o
w wn w
a N o
o o o
b4 S b4
@ @ @
= = =
= = =

0.59 boadls

Chi-Square=256.98, df=93, P-value=0.05514, RMSEA=0.074
Sl o (ol bty ) IS
uﬁjl)’. )§‘L‘*’ uzjl)’. LSL"’u‘st’ AR (0 uL“’ |) ’)I-‘jb"‘ b 9 ui""..l)] 9 u“-’lf-’ }‘ A )5‘)9 09 o le‘#“’J 9 d)l—“@r(; Sl a0l ‘_;L"LC JJ-"“ Y JS‘“’
ol (6 5S0iI8l Jse wogllas

ey o i (E-val ue) g)blixe oy cdls 31y 1518 59 0,00 Olpesi § (0SS dlasl (g0l Jole Julow 5 5 JSK

ol 8.5 &g (CCBY-NC 4.0) LalsS b ollas o] (wytasd &0 dllio oyl Uil ol odian s &y Blaio dllio oyl jLisil Gois (olod VE-¥ © 105 3> g jome



http://creativecommons.org/licenses/by-nc/4.0
http://creativecommons.org/licenses/by-nc/4.0

\f'? JL«: ‘J‘g‘e)u Lr}.} 09>

5.60 boadl
5.48 boad2
boad3

5.50 boadd

G

5.54 boads \ ;
\3.

5.42 boadé ““‘"2 :

">
(8]
o

5.64 boad? ——2.

11. 06 boadlo

11.0¢6 boadil

4. 42 boadl3
s 50 boad|4
5. 17 boadls

Chi-Square=256.98, df=93, P-value=0.05514, RMSEAR=0.074

sl o les Jole ulgy (g lobne .Y JSUS
Oz bl (bl sleasls Capgllas o Jao und (ogcalio I (ST (o3l 42 )3 & Cud 5 oadausloe RMBEA 5 XY j3lie (sl J)3d (298 4 225 L
0391 395 Jg> 99 5 (sl osimd L 5 Jode it dlul g Jole (clayb o ST ¢ )bline osimd L (VAS <t-val ue) (¢ )bliae o s 4 bgsye o)lal laio
2l o Sl g 4y caip 4 ol (gylblias 5 Jhle (slal oo o)l &S

Jo3 551olae g lols JWo (y90 5] s 0 Jgoa

t ke sl oyl e
VIad < /AN Y Sl pass g (6,l455 )0 B, 5 o e Ny
VIYA +/va VY g, 4o CeaS laas
INAAS Nisd 'Y Olamedol 340
NS -17¥ VO 3,553k
fIvE QNG A 0ds gy 4ol p ail L Kiny Ol
\ALd -joY 4 Lo, Lol &o e
Y/IAQ <IFA Y Sy
YV -If7 \f Coodbs g (gioayl Lra>
Yiey -7 ¥ b 05,5 JSi5 5 puilojl
Y/0) <If¥ a O, &l 5 Sl sl
Y'Y -IfY o & slaanl s
¥/ “IYA V. Oslogil w3 5,5k
YiFY <IvE \ bl
AR <IvY Y JysS 095 Ol o
V/£a <YY AR [E R P RUNPURYS

Copyright: © 2025 by the authors. Published under the terms and conditions of Creative Commons Attribution-NonCommercial 4.0 International (CC BY-NC 4.0) License.



http://creativecommons.org/licenses/by-nc/4.0
http://creativecommons.org/licenses/by-nc/4.0

Jozs pas 53 arag 5 S5l (s pite

oSl LS5 g bal gy Jdo s plaBl oo ylol ol by o o )3 ilodgy iaS 4 yidn 31 (goline el 4y dlul el atiS Juols 398 Jodo ol 5l a8 jghailens
D905 oelyS

gise bay ol 3 ookl b el BLLS s @bl 2 itie o] siipdaw 5 lopasls by lulid (gl (BLaxS] (odg) (ISM gy ()15l (3ludi
B9y ol B el 0 03l L (6 s bl ol o Canl (513l oS (298 Bg) cpl 25 (Lol ]y Jelgs Sl asgeome o Gl s 9 (e Lallg (555l
([SM (o 5)3 Lo Jao (bl i (slazal pgle 5 Copite e gl 5 cosl onzmn 5 (A2siz oy S el loyite o baly) ololid 5
Slaal B39y 0 5 Jho o)l dnugs sl 9 cunl bl omiw sl 1518 63,509y (b ol el 50> sl yisio 59y 2 Wjiio 1 o g2 1 gy 2 sl (o095
igh ol > oad ekl o)l o (glaslidinyy () 4l )l Blaas dsliduwyy (nl 3500 )3 55 (2Ll 5 (2lg) Hle (eudlie 98 ply Sl oS IS
ibe | SMDEMATEL oS 5 s,

sl 00305 cpess 25 US4 320 led 555 (LS e g dlal (g oline g ole ot (90l sla S 0 GHISS g timgy Jole o bl e o 3

Dgas oo &)

(TPM 51,8 59 8,002 &l o 9 (6,I0055 gdaw (s juitio 1 Jgao

(Rokn) s Lazst o5 ailje lgie @,
Rokn) Slyeosd 5 SIS 15 S8, 5 S |
Rokny Ky 5 CodS Lad> Y
Rokny Olbedol ColiB 590 Y
Roknf s @l 99,9550 ¥
Rokna 0as 6 3 ,4ab p &l L Kiny Ol pens A
Rokns Lo, Ll g Ol g oo 4
Roknv FHJR S NPRCH JOURS I SUR W Y
Rokna Coodls g (gie) Lri A
Rokna l2og,S LS5 5 aailo;ls q

Rokn LS, & lee g Sladl olie )
Rokn 68 slaal s A
Rokn\v Ogemlagil Slpias § (5,5l VY
Roknyy colis W
Rokny f IS 09 Ol pans Vf
Rokn o ools,l,3 5 aolie Cq o N

NS 56 oyt oS Sl (clig i olwlid (gl dlsyo 13 0B oLl dlsyo din 53 8 i i Ha3 g (lailolis Slalllas g, 4 (calS Jolge aSST 1 aay

Jose gliel Ca Ko oo 38 o5 5] g 23,5 45 SIS Jelye I8N o 5lo S, plito (@ ol 0 oslitl colite 35 gy 5 505 1y 530,56 5
43 sl G 5 0303 518 (10) sl b e le slaygios 5 o 13 135556 (6ilS elge 5 el 51 i oozl (TPM 15158 9 05 Slyass 9 6yl o 534S
2 dele o ()88 050 line sy a Glolid )l w03l zusgr Y jo oS jglailen .l 0ad 00l hgmd lulid )8 ) doliciun yy &jgeo 4 ;500 Jole p Jole ja 430
905 KB (4 hogd (358 P g 315 (63,85 5 Lagia (I, Y 508 S, ) 8 o ko) de b jho i ol gt 3 s 2 s

F90 (TPM 1513 55 0500 Slpsess 9 (654 o (65155 0] 505 Jelgs 3 Wl o 03151 4 4y 02l 53 Jale yo a8 i3S o asuiio (68005 cpl b Lal ly 55 .l

eoe®

ol 8.5 &g (CCBY-NC 4.0) LalsS b ollas o] (wytasd &0 dllio oyl Uil ol odian s &y Blaio dllio oyl jLisil Gois (olod VE-¥ © 105 3> g jome



http://creativecommons.org/licenses/by-nc/4.0
http://creativecommons.org/licenses/by-nc/4.0

\f'? JLw ‘J}‘a)u ¢r}} 09>

2o s 4 aeg b Gupe 03)5 Ko S 138l 5315 Tl laosls conl osalive BB Joiz 13 ol (sogee SS9 4 L yilo (6)1IK551 sy o b s -3

ORRg3 (S S il Y Jgaa

A a1y el 4 1380 5

AL S D A ) A | S R N SV S T SR R SR olal
Y Y \ Y Y Y °¥YF vy Yy Y YvY ¥vY Y v () 00e) Olpess 9 (6,)lS 50 6B 9 Cu e
p Y p Y Y)Y Y p oY oY Y oY oYY (¥ sae) (TPMail . Kiy Ol pons 835, 50 oS Lais
Y ) | Y Y N Y Y Y p oY VoY Y (F 508) Glseb! ol Songe
Y Yoop o Y Y )Y Y Y Y VYoyoYoY oY (F 202) o ol 5 8,95 5b
\ p Y Y Yy Y Y VY Y Y Y Y Y Y (O 20e) o (53 aeb p ail LKty &l pos
Y p ) Y ‘Y Y Y p Y Y Y Y Y OY (F s0e) b, Lsl 5 Sliuzs o e
P Y p ) ) Y ) Y Yy p oY Y Y OY Y (¥ sae) (TPMul .8k Ol pons oy
\ \ p Y Y r Y p Yy v v ¥ Y A s3e) codlo g (ginu| Las>
Y p ) Y A AN T RS NS W G S S S ¢ (4 20¢) Laog 515 LS5 9 aailojle
\ Yooy Y Y YY Y VoY Y Y Y Yoy (Ve 008) {8 & le 5 slas! olio
Y \ \ \ \ AT U A E T A B (VY vae) 5,8 sloassT®
Y o p o) Y Y )Y Y Y VY Y Y Y Y Y O 03) Ggmlogi] slopian (5y5aS 5 (5 5ld
\ Y ) ) ) S T T S T R R T | WY sae) el

) p \ p ¥ Yoy Y YooY Y (VF 208) (J5uS 095 Sl pand § (5,06
Yo Y Y Y Y )Y p ¥ oYY oY oY ) (10 sae) aols,)| 3 5 aulie o e

anlllas 5590 (gt yilo (0908 GBS 59 A Jgia

e33) b sasls
Vo o yile ol

Y S5 olass

\td a0 olass

7Y Slaws Sy

Yo olaws ago

YA Slaws o

14 osilly 36

Va4 Egore
AREZY S My Ao

2 2l BB aaly VA ggeze il piumw (Hluk Candg 5l (S g 5006 0 Jelgs 08Ty g 0L 18U 5l L &S sl o3 AFF Ly slo  Sad  ds )

as b5 s dlaly YA 5 (Lawsio (55 51) 53 (55 sl eabasly VO (S 638 1) <o U35 sl dlaly SV (51 ci9) s (55 ey bl Y8 g le

il e (1205 (538 )

d[&b@ubguwf d\/b Lﬁib))‘ ul‘“’4§°39’ )I.))}S)g Loy Voo L;Mwsu.:J}naa )l dhb.)l.) L)“>)> )LYLJ)LJ dbbu»lw L)utwl)Juw))LA)i;.)d)Jo)l

Oeme]

| QT

Copyright: © 2025 by the authors. Published under the terms and conditions of Creative Commons Attribution-NonCommercial 4.0 International (CC BY-NC 4.0) License.



http://creativecommons.org/licenses/by-nc/4.0
http://creativecommons.org/licenses/by-nc/4.0

Jozs pas 53 arag 5 S5l (s pite

i O (500 A Jgoa

s (608 130 e RCOWEURIE SO PR Y08 LSS
LAY YAV 3
AN ARE Y

906105 10 by g Copde " Jolge & bogype Lndy Ay yidi Cawl odd asie Jole pa gl S8 4 by gt JS ol g lacis, JS ol D Jads
L')g.):.of9" Owl culilB dgu " J«:Lcc\g]oy),c LtbQ9L’.~u sl.\uw)wumwu "‘_J);‘.;SJ9'> Ql)ﬁo;ﬁgd)lxgﬁi 'IA{Joyfa gb{b)slw‘_'ﬁ);‘.of9 " Ol yposs
ol amgs oyl ablite Sl 31 s yle (VO#YD) 09 @ope 0didd (LiS g 039 YTV pulys b gt g Loy ggaime dluad a8 ls ™ &y bgyyo v ygins Sl

L adfgo SIS 4y L ygiw g Wyd ) CaoS 031051 ¢ Joaa

(6,135 ,36) (5w o (W p2dy 550 byl por ol @,
\t4 YA yRokn |
v Y. YRokn Y
vE A YRokn Y
A Yy fRokn £
14 YO oRokn o
A 4 #Rokn 4
10 \Y YRokn s
A VY ARokn A
\A Y¥ 4aRokn q
Yo Yy \ -Rokn Ve
\t4 Yy VYRokn )
\\ Yo \YRokn \Y
o Y- \YRokn VY
10 V¥ \ fRokn V¥
Y. VA \ORokn V0
T Y E g0
4 i
Vol é Y U
SIAS 26 sl aze E 99> Sla Az
¥ oa=U E ¥ o4l
haoercslay Rt mly (Sla mize

eoe®

ol 8.5 &g (CCBY-NC 4.0) LalsS b ollas o] (wytasd &0 dllio oyl Uil ol odian s &y Blaio dllio oyl jLisil Gois (olod VE-¥ © 105 3> g jome



http://creativecommons.org/licenses/by-nc/4.0
http://creativecommons.org/licenses/by-nc/4.0

\?'F JL«: ‘J}‘a)lmi: Lr}.} 09>

Ohaled uslal (60386 5 (635,86 ljne olul 2 00 Ly (2l 3 Lo pite (SIS Bgyme o Lagrie oges o )3 | b juiie dod Ko S 3él o
Sleslas (igy ol )0 b e diwd Hloa Db oo odaline S ;3 &S jobo ylod aad 0

2 dibge Ko Seo I3l p 3 (295 g 4 g ot (slaie b ol lite (635155 5 (603 p3b lime b camlito Jolge 3o glulis 5 SSE cals jo ol >

54575 ool amie oLt S0 (glapite 1y it (o (0,80 (lime 30 it o St e 5 HS,EU (s (gt 4 e o (slajlaw slisl ger o

il 04 0305 7y o3 )0 oS Mblie SSE g plwlid B s o I diwd b 4355 ey o plos] Judoo

Direct influence/dependence map

RoknT}
2 a
-
s __a
«
< <
Boknd) |
o a
a 2
a a =
:
£
H

dependence

el B yuile (6 72 531 9 (6,188 51 ol jwe £ SIS

proioms W yoiie (6322 351 9 6 ST olme VY g

6 NS 5t alls e (5,8 50 oiias (6 ply L3l e Candg Jole i,
Y'Y \t2 YA 9 90 yRokn |
YO0 A Y- Al YRokn Y
YVIo AR A Al vRokn Y
Yy A Yy Frow fRokn f
Yy 5 Yo Jits oRokn 0
Y- Y\ 4 auly #Rokn 4
\# \0 VY prows YRokn Y
A8 Yo VY Frow ARokn A
YYIO Y\ Y¥ azly aRokn 4
Y§ Yo YvY PSP \-Rokn )
Y¥i0 \id Y Al V\Rokn A
Y \Y Yo Jia yYRokn VY
VY0 o Y- Jia yvRokn VY
VIO ) VE Jitus \fRokn Vf
V4 Y- YA Al yoRokn N
\agl \ag \ag Egocne

Oeme]

Copyright: © 2025 by the authors. Published under the terms and conditions of Creative Commons Attribution-NonCommercial 4.0 International (CC BY-NC 4.0) License.



http://creativecommons.org/licenses/by-nc/4.0
http://creativecommons.org/licenses/by-nc/4.0

Jims pae 53 dnayi 5 S5l ey poke

5 C8)S Cygo o) Vov g 303 B0 o> O s aus )3 la oo &l (TPM 15138 55 0300 Slyeass 5 65haS s ()l 03] edlS sl pe 53k ol
05y Sl Aol 35 ol b dnslone Cunl 55 (LS adlapdy @90 Vb olaiel b g quono JSb 4 glidd ol B0 s daw 4w 2 (sl (L)) (slalages
aw > LUl (Sae o (n 5teS (ol 2 (Sae 018 5L o duo QL] > 0 iy (55LaS gslaw e QB jl ol (3005 alie adlllas 3929 pac davly,
Ve oo Bl lyleg 9 Vb 4 bawgio Cuponl b (60lS” (logl iy 8l )3 gl cupr (2eSiles il gl 203 0+ Sl aws o Jolse (5298 (8L gln) 20 0

Céply Sse gl gl bl plas g ol Jelgs 4l <8l el aop
2 e Oygo 4 3 ol IS8 e 9 33,5 oo pasiiie bl g (0 5d) (bl BB sladaly JS 5107 saw 3« elge i (6538 36 Julos 5

LSJn

Mord g3y Anbp Al Sty Ol pens” M i gl g 3,55 5b " lueb) ol D9 Ml e g ()NS5 D (cydy g Cupte’ Jolge el add o of (YL

. nn

s Mesls” " ygulogil (clapiun (5 yaS 5 (659" o) claanl 3" LSS O jlee g Sl @lie” Moo g el bain" Ml S Sl paens o "

20 o Ui |y oo 350 Jolos Cunidy 535 415505 33 el 0dids &3l)l 535 50 jdg05 (ol Julod ol A paditus (6,135 150 o s

Direct influence graph

hYH OO Ll 105 100

Weakestinfluences
—— wWeak influsncas

—— Moderate influences

—— Relatively strong influences
—— Strongestinfluences

7. 0 pdiawms S S g il 0 S
s oas Lol Llols 45 45 03,5 o aseie ol o (YU & hwgie) obj)l LB sbadal, JS 5 0oy 8+ ghaw 5 «olss maiitune (6,18 ,8b ulos 5
Lawgia) 5YL g Lawgio b3yl cond gyl oas sl Jole 10 plos ecans] 0 0313 gl Juloos gl - Atiaads s & y9e0 41 9 YU & oo (638,56 slyls olgs o bl

i (dw jliel g g3

Direct influence graph

.‘QE/A

S S

CCRTRIIIR

Weakestinfluences
Weak influences

Moderate influences

—— Relatively strong influences
- Strongestinfluences

70 puitane Ol Lyt yilo T S50

ol 8.5 &g (CCBY-NC 4.0) LalsS b ollas o] (wytasd &0 dllio oyl Uil ol odian s &y Blaio dllio oyl jLisil Gois (olod VE-¥ © 105 3> g jome



http://creativecommons.org/licenses/by-nc/4.0
http://creativecommons.org/licenses/by-nc/4.0

\f'? dl.u ‘d‘g‘e‘)u Lr}.} 09>

G (B3 09)5 bawgi ol plulid Jole VO plod a5 20 S oo LmOT o byl BB sladal, IS5 VARE daw 53 Jolgs puiitus (6138 ,56 oo )
5 RS g IS5 IS Sl 1 (S ol 5 Elarl Sy90 (IS o5 o Lo o3 4551 Lol 45 5 Ao (s 5ol (pl ik i (63850

ol 03l 0305 Ui Jullow 3590 Jelge Cundg s lges 53 Adlue (TPM 15148 55 0500 <l puass

Direct influence graph

S

‘:_’

WU 1T HOSH |

Weakestinfluences

Weak influences

Moderate influences
Relatively strong influences
Strongestinfluences

LYoo b Ol yilo Y S5

(S 45 4ol 9 Loy

WS s ol ol 935 O Jlod By iy S 3 (TPM LS18 pgo 0 Slieoss 5 (5)0085 Cappis 5380 (b Gn b &8 13 gl b
2958 5 IS Sasn B SIS &l 5 sl @i s ol 3,530 € lisobl Cbld 39u) Al ysass 5 £S5 5 S0 5 S Slaailso
5 05 Loen ety llllas )3 esdpyhe (228 5 6 sodSug) b @l cal S e ) TPMasl)d cude g 51 50 (sals” 185 €glog] st 9
28l e TPM syl )3 (6)S5pele Coanl onims Lt

Sharafat et al., ) cldlas b asess ol 3¢ Jio 51T abaii lgicds €l o g (6 )05 50 (b g Copdo? (6ygo0 ol imghr ol pae sloaidl 51 S
ool ol 4 YU 5l b slaylislo sbxl 5 olojle (s 2 dinjls TPM 3 cibge 5l03,S a8 a8 50y Slesen (Tian & Jeng Feng, 2021) 4 (2017
Awly ol Colia § 8l 4 ( KD lalase 13 039d o Slmend 3,9,y B30 (silwodly a5 cunl odly ylis (Davis et al., 2024) b5« pioran
g2 32l I8 p3Y S 5l mailhe o (e S Le 5 AiodA () G 4 K0 1T ol cpl 2 55yl (B (slaaidly ol

@)L o (Liang Yang et al., 2022) Liag} b aslis clias a35h p )i ,8h ole olgica a5 39 € lineb] culild 3900 (Jdo 55,138 156 1505 ailge
adlllan iz sl 03,8 dia yr Il (135] 0,005 )3 1) (sl bl Connl dadiyja (EalS g ol Hialj3l Ban b &l St (6,5 (sjlodine sl 298!
ol aadly Sllae gyl Lis Lol jemma |y o g 4l lisebl cubls 5 (050l wl e oo dlasly oy 40 o445 3,500, b (Jardine & Tsang, 2013)

ol it oo sl b Mol e o) STl olSils 3y90 )3 pils ing il oSy e oL illas )

Copyright: © 2025 by the authors. Published under the terms and conditions of Creative Commons Attribution-NonCommercial 4.0 International (CC BY-NC 4.0) License.



http://creativecommons.org/licenses/by-nc/4.0
http://creativecommons.org/licenses/by-nc/4.0

d%’}”)’“"”jﬁd:j}"““;iﬂ“

&lp TPM s1b 55 o5 coul lulyon (Reyes et al., 2018) glaasdl b yol oyl .cé)S )8 bl sladde 03y 0 ISM s )3 56 €ptanw zls g 3)55 50>
o o)3l (Yang & Yang, 2023) Guiss ) copmizman aidh baan] 3 dea0 (slp 63,5las (s1dy955b ¢ poiiens ik p (sloprg AT (L2 Cario )3 o gd bglas
2930 TPMglol kS ol 5 cofllo o Gal3l & yxis (Sldos: a3 o33 3,555 1) )3 S Sk o e

(Majidi, 2021) Jimgg b asly ol ol o slasas TPMaibse 15 sl pobis dlon 5l € 3ludl milio § (LSS @lood a8 sl Lt boaidly sl aobio 25k
eSS Gl bl anngs gl silocSingd 5 iadan (3jel g0 Colpot gl o) chillas @Sy 9y Sl ) TPMgjluoosly (g 42 &5
lalas 2l 55 ealS ole plyisdy (LSS 8 Lo b sidss syl b 55 SO gl 6,54 (Shahriar et al., 2022) adllas ;5 K55 sgm jl -l 03,5 45
ol Bl Giagh slaaibly dy5e &S gyl il 00l (Byme ()50 0 LI 5

Olgieds 3 (Arts, 2013) 4 (AMboK, 2014) ales jl (eoaxte lillas ,3 adlhe ol aizily 18T € ypmlogil (clapiumw § 5y ol (i p sl (b disej )
sisdib 1o s 5 (Kabir & Hasin, 2013) (yiomad «Cusl 00 yre (S Slilos €85 Lialbl 5 &l Slppess 30 ) ol el 5 S
sl 03,8 0)Li] Sl ppass (ol 00255 (5 jlodinge 53 Masbgh (Slapiunes G 4 (£ gtm0 Gom slai s ] 5pSope b s29290

35l Jllae w555 15 Jie Sloo dids 5 o 251 € S35 Sard 5 Coriisipteby SlpSitny Sl slSols (355 o @l )3 %3 25 4
@l Sty (6,105 52,509y (silwodly 5 585 (s3yaely ey TPMas x5 ST 35 (Samsudin & Hasanan, 2017) 4 (Mostafavi & Tabani, 2018)
wrg g aby gol CurS Copde giluodly oy 4 558 by Sl eslial b (Heydarzadeh et al,, 2013) iagh qizen b Cosd 5o gl 4 Ay ol
o S sl Jao 3 Eabyo ol Jolge ) (S (Slas ok 3 S5 Sinp 45 48,5

Taheri & Babaeianpour, ) claasl b 4 358,35 )15 Jae aile 3 € )5 claan] 3 ¢ €laog,S St g asilejlo? sile  oloadlge o Slojle jidlo e,
S lSs g e lles cloinly )3 b i 385 iy yed g Labi (a3 lejle 45 3zl 48T W ingg ol s Llyen (Shams & Alibeig, 2016) 4 (2016
235 o b Sinlenl zals g TPMusl s

S baailie Sl jobas lojlu a5 Sloj b a8 amd o (L yol ol sl Jdo o o3 50yl 3 € o pdn> 9 KTPMes by olls 505 Jobi bl 4G
Sl ©ygp 1 8S 3l lssen (Chukwutoo et al., 2018) Limgs b 4l oyl sl walsss |y oY 63,55 oy 5 obj90] @lohidl w3 slog! 1, Yl
sl 03,5 0S5 TPM los (slppl 5l 3 i3lop;

ool b o oS s> 1)) TPMuiliseo slal oy Jolos ot (53 o ol sl eyl 5 o)l (slodelos aily 1 (imgsy 3 035 2k 595 ggane
o D905 5]yt g o e aw 1 1ol WU TPM clpal )3 cudibge (gl a5 am3 o lis bl oyl (gjlwodly cabld Joo lie ;3w g Canl Liwlyon (¢l
by ()8 ol b g il Sy S yrass ilo (Slilos okaw 4 Coles 5 5 355 s 3,85 5 Sladl ulie (555 ¢ lipab] CoblB ABle lnailze

2l & @l Gnlmass a5 035 ©p9l35 1985 o Jled G g SBCS )5 5l o gl (slaedls Sl cusd g Cadgize iz b (iegh ol
g b )3 joim g oad (Sb 8 byl s (Sl slaedh s 4l ooty Jaeo 4Tl pgd 2,8 S s b blinl L il glio b aldlie sble
Llbd Jua 3 oS Lases (oobail Lyl b (LSS canglin ¢ glojles (K Jlao (pgomod Jloinl )35l (slapise 1 50 epgms wcal o5 lbes (s5luooly
D35 )8 Ly 3590 0dis] ) Kilg e S Wlodis

(o oy i 5l ol sl g siluodly Slles €850 sia b S )3 bl &gon adllas ol )3 00 2k Juo sl slainghy )3 295 o0 dlaiiey
o We ambyh b (s log,ogs ke 1500 o b Byt Carto 3 Jbo el sl 3] ol gl clos (S bl izpad 398 ol (el e 5 (Sles

gl ol Jao dnsgs gl g B WIS o 5 Wailge e el 5380 Ll (sl osian (hem g il 653 sglonls (o g, Sl (s Sose ASL

eoe®

ol 8.5 &g (CCBY-NC 4.0) LalsS b ollas o] (wytasd &0 dllio oyl Uil ol odian s &y Blaio dllio oyl jLisil Gois (olod VE-¥ © 105 3> g jome



http://creativecommons.org/licenses/by-nc/4.0
http://creativecommons.org/licenses/by-nc/4.0

\f'? JLw ‘J}‘a)u ¢r}} 09>

Sly g D98 Cugli g (A3l Clyasi g ()lSS o) )3 e 9 Sy Lo Il &S cunl (908 (5 @iF S S 0 TPM 3890 (5luosly (ol
9 i ool Copde 0jn 53 Cygmulog] g (65l GlaCE Loy drsg N S5 USIS S5lke g (8 slaclee sl sl 1) 3 (slagsbigal 1l Slus] e
<ip2les TPMagl i s iy b oyt (a5 o5, Slos (sloadld oy poi ¢ 385 (530806 cdad Sl oo 2555 )8 518 50 50 1k 358 665,955k

Do

d‘b)ﬁ 9 ’S-AMJ&“

D35 o Sy 5 St by o)k Lo ar gl cnl Jblye (b 3 & Sl ool

535 gl Sy Ui S s abed i o) 35

&le oyl

D)l 292 g (2Blio 3L WS b sl dalllas plodil 4>

Sb colos

Gl il o ol imgt oyl

ol b.\g..l)f CA.JLC) u_QM>| Jyo\ 9 ‘_y)lys L;ol.o.}‘ uw'bg)) Lyl Pl?ul »

Extended Summary

Introduction

With the increasing complexity of industrial infrastructures and rapid technological advancements, efficient maintenance
and repair strategies have become critical to ensuring system reliability, operational continuity, and cost optimization. One
prominent methodology in this regard is Total Productive Maintenance (TPM), a comprehensive approach aiming to maximize
equipment effectiveness through integrated preventive and autonomous maintenance strategies involving all employees from
top management to frontline workers (Reyes et al., 2018; Tian & Jeng Feng, 2021). The objective of TPM is not only the
technical maintenance of equipment but also organizational transformation through employee engagement, reliability
enhancement, and systematic feedback mechanisms (Mostafavi & Tabani, 2018; Yang & Yang, 2023).

The concept of TPM has evolved over time to become a cornerstone of operational excellence, especially in sectors where
equipment availability and process reliability are mission-critical. Studies emphasize that TPM, when implemented correctly,

improves productivity, reduces unexpected downtimes, and fosters a proactive organizational culture (Itxaro Errandonea et al.,
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2022; Liang Yang et al., 2022). However, the successful implementation of TPM requires a localized, strategic model tailored
to the specific needs of the organization and industry in which it is applied (Samsudin & Hasanan, 2017; Sharafat et al., 2017).

In Iran, particularly in the power distribution sector, the development of a unified and scientific TPM model has become a
necessity given the high operational demands and the necessity of uninterrupted electricity services. Although international
TPM models offer general frameworks, regional and sectoral differences necessitate context-specific adaptations (\Viajidi, 2021;
Taheri & Babaeianpour, 2016). Moreover, TPM should be aligned not only with technical structures but also with human
resources, safety systems, inventory management, and organizational feedback loops (Davis et al., 2024; Heydarzadeh et al.,
2013).

Despite the widespread recognition of TPM’s benefits, many organizations still struggle with identifying and structuring the
critical components that influence TPM success. To fill this gap, this study sought to design a comprehensive TPM management
model using a combined approach of factor analysis and Interpretive Structural Modeling (ISM). This dual-method strategy
enables the identification of latent factors and their causal relationships while establishing a hierarchical structure among them
(Creswell, 2013; Van Horenbeek et al., 2013). The research aims not only to provide a conceptual framework but also to offer
practical tools for electricity distribution companies in Northwest Iran to improve their maintenance systems sustainably and
effectively.

Methods and Materials

This study employed an applied research design with a mixed-methods approach, combining quantitative data analysis with
structural modeling techniques. The statistical population included two major groups: first, technical experts and managers
specialized in maintenance and asset management in power distribution; and second, operational staff working in maintenance,
inventory, and procurement units. The geographical scope of the study was limited to the northwest region of Iran, specifically
power distribution companies selected as pilot cases.

Data were collected through a multi-step process, including expert interviews, document reviews, and the administration of
a researcher-made questionnaire. The questionnaire comprised 62 items grouped under 15 key components, including
leadership in maintenance, quality preservation, reliability enhancement, system feedback, planned preventive maintenance,
warehouse management, acceptance, safety, team organization, human resource skills, work processes, automation systems,
recognition, self-controlled maintenance, and contract management.

To analyze the data, descriptive statistics were first used to characterize the sample and variables. Exploratory Factor
Analysis (EFA) was then applied to extract latent structures, followed by Confirmatory Factor Analysis (CFA) using LISREL
to test model fit indices such as RMSEA, CFI, GFI, and chi-square/df ratios. Following the validation of the factor structure,
Interpretive Structural Modeling (ISM) was used to determine the hierarchical relationships among the components,
supplemented by MICMAC analysis to classify components based on their driving and dependence powers.

Findings

The analysis revealed that “Leadership and Management in Maintenance” (Roknl) emerged as the most influential driver
within the model, indicating that the success of TPM begins with strategic guidance and organizational commitment.
“Reliability Improvement” (Rokn3) and “System Feedback and Results” (Rokn4) also played dominant roles as key enablers
of system performance. These were followed by “Human Resource Skills” (Rokn10), “Work Processes” (Roknll), and
“Automation Systems” (Roknl2), which acted as intermediate connectors, reflecting their supporting role in operational

continuity.
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“Planned Preventive Maintenance” (Rokn5) and “Self-Controlled Maintenance” (Rokn14) were positioned in the middle
layers of the hierarchy, indicating their role as facilitators between strategic and operational levels. “Safety and Health”
(Rokn8), “Warehouse Management” (Rokn6), and “Contract Management” (Rokn15) were categorized as responsive elements,
suggesting their dependence on higher-level components.

At the bottom of the hierarchy, “Recognition” (Rokn13) and “Acceptance of TPM” (Rokn7) were identified as foundational
prerequisites. Though less influential in driving change, their presence was necessary to support the entire structure. MICMAC
analysis further classified components into driver, dependent, autonomous, and linkage groups, confirming the structural
integrity and coherence of the model.

Discussion and Conclusion

The results of this study confirm the multifaceted nature of TPM and highlight the necessity of a top-down implementation
strategy starting from leadership commitment. Effective leadership in maintenance not only initiates strategic alignment but
also fosters a culture of responsibility and proactive engagement across the organization. This cascades into improvements in
reliability, automation, feedback systems, and overall equipment effectiveness.

Moreover, the study emphasizes the interconnectedness of human capital and technological infrastructure in sustaining
TPM. Training, skill development, and empowerment of employees are pivotal to achieving operational efficiency and quality
assurance. The role of feedback and performance monitoring, as highlighted in the model, underscores the need for data-driven
decision-making and continuous improvement loops within the maintenance ecosystem.

The middle-level components like preventive maintenance and self-controlled operations bridge the gap between strategic
directives and executional processes. These functions ensure that the maintenance culture is institutionalized and internalized
across all organizational levels.

Ultimately, the proposed model offers a systematic and adaptable framework tailored to the specific needs of electricity
distribution companies. Its modular structure and hierarchical clarity enable targeted interventions, prioritized investments, and
scalable implementations. The model not only contributes to the academic discourse on TPM but also offers actionable insights
for industrial practitioners seeking to enhance maintenance performance, reduce downtime, and achieve sustainable asset

management.

References

Ahmadi, A., Karami, H., Tari Moradi, H., & Sanjari, M. J. (2015). Optimal coordination of overcurrent relays considering different relay
characteristics based on the HSS algorithm. 20th Electrical Distribution Conference. https://doi.org/10.1016/].ijepes.2016.04.042

AmbokK. (2014). Design out maintenance.

Arts, J. J. (2013). Spare parts planning and control for maintenance operations. Technische Universiteit Eindhoven.
https://www.researchgate.net/publication/263689073 Spare_parts_planning_and_control_for_maintenance_operations

Campbell, J. D., Picknell, J. R., Zavashkiani, A., & Rabiei, M. (2015). Strategies for excellence in maintenance management. Ariana Ghalam.
https://books.google.com/books/about/Uptime.htmI?id=DmvLoAEACAA)J

Chukwutoo, C., Ihueze, P. S., & Ebisike, P. (2018). Optimization of Production System: An Application of Total Productive Maintenance
(TPM). 13(1), 2-8. https://doi.org/10.9734/ACRI/2018/38775

Creswell, J. W. (2013). Research design: Qualitative, quantitative, and mixed methods approaches.
https://www.ucg.ac.me/skladiste/blog_609332/objava_105202/fajlovi/Creswell.pdf

Davis, C. H., Klimczak, K., Aller, T. B., Twohig, M. P., & Levin, M. E. (2024). Reach, adoption, and maintenance of online acceptance and
commitment therapy at a university: An implementation case study. Psychological Services. https://doi.org/10.1037/ser0000834

Heydarzadeh, N., Arshadi Sis, M., & Shaerbafi Fesghandis, T. (2013). Investigating the application of Total Quality Management (TQM) in
organizations using a fuzzy approach: A case study of Azar Dama Gostar Company. 2nd International Conference on Management,
Entrepreneurship, and Economic Development, https://civilica.com/doc/287103/

Oeme]

Copyright: © 2025 by the authors. Published under the terms and conditions of Creative Commons Attribution-NonCommercial 4.0 International (CC BY-NC 4.0) License.



http://creativecommons.org/licenses/by-nc/4.0
http://creativecommons.org/licenses/by-nc/4.0
https://doi.org/10.1016/j.ijepes.2016.04.042
https://www.researchgate.net/publication/263689073_Spare_parts_planning_and_control_for_maintenance_operations
https://books.google.com/books/about/Uptime.html?id=DmvLoAEACAAJ
https://doi.org/10.9734/ACRI/2018/38775
https://www.ucg.ac.me/skladiste/blog_609332/objava_105202/fajlovi/Creswell.pdf
https://doi.org/10.1037/ser0000834
https://civilica.com/doc/287103/

d%’}”)’“"”jﬁd:j}"““;iﬂ“

Itxaro Errandonea, U., Alvarado, S., Beltran, S., & Arrizabalaga, S. (2022). A Maturity Model Proposal for Industrial Maintenance and Its
Application to the Railway Sector. Applied Sciences, 12(16), 8229. https://doi.org/10.3390/app12168229

Jambadu, L., Pilo, F., & Monstadt, J. (2024). Co-producing maintenance and repair: hybrid labor relations in water supply in Accra, Ghana.
Urban Research & Practice, 17(2), 280-302. https://doi.org/10.1080/17535069.2023.2180325

Jardine, A. K., & Tsang, A. H. (2013). Maintenance, replacement, and reliability: theory and applications. CRC press.
https://doi.org/10.1201/b14937

Kabir, G., & Hasin, M. A. A. (2013). Multi-criteria inventory classification through integration of fuzzy analytic hierarchy process and artificial
neural network. International Journal of Industrial and System Engineering, 14(1), 74-103. https://doi.org/10.1504/1JISE.2013.052922

Liang Yang, Q., Liu, T., Xia, T., Ye, C., & Li, J. (2022). Preventive Maintenance Strategy Optimization in Manufacturing System Considering
Energy Efficiency and Quality Cost. Energies, 15(21), 8237. https://doi.org/10.3390/en15218237

Majidi, O. (2021). Maintenance in laboratory and production equipment in the pharmaceutical industry using TPM with a preventive and
strategy-oriented approach.

Mostafavi, M., & Tabani, H. (2018). The importance and effectiveness of implementing Total Productive Maintenance (TPM): A case study
of SAIPA Company. Sharif Industrial Engineering and Management (Special Issue on Engineering Sciences), 34(1/2), 137-146.
https://sid.ir/paper/107687/fa

Rashidi, F., & Ghasemi, M. (2017). Creating infrastructure for the implementation of physical asset management based on the Uptime
model.

Reyes, J., Alvarez, K., Martinez, A., & Guaman, J. (2018). Total Productive Maintenance for the Sewing Process in Footwear. 11(4), 3-9.
https://doi.org/10.3926/jiem.2644

Samsudin, S. B., & Hasanan, N. B. (2017). Strengthen the critical success factors (CSFs) implementing total productive maintenance in power
generation industry. 5(2), 3-6.
https://www.researchgate.net/publication/340373872_Strengthen_The_Critical_Success_Factors_CSFs_Implementing_Total_Produ
ctive_Maintenance_TPM_in_Power_Generation_Industry

Sayyah, A., Baradaran Kazemzadeh, R., Sepehri, M. M., & Eskandari, H. (2018). Development of a mathematical model for determining
physical asset management strategies based on procurement, maintenance, and repair factors. 15(51), 1-13.
https://modelling.semnan.ac.ir/article_2676.html?lang=en

Shahriar, M. M., Parvez, M. S., Islam, M. A., & Talapatra, S. (2022). Implementation of 5S in a plastic bag manufacturing industry: A case
study. Clean Engineering Technology, 8, 100488. https://doi.org/10.1016/j.clet.2022.100488

Shams, M., & Alibeig, M. (2016). Presenting a maintenance model for electric power distribution networks.

Sharafat, A., Karami, F., & Karami, S. M. R. (2017). Providing a comprehensive model for maintenance systems using the metasynthesis
method. University of Management.

Taheri, A. M., & Babaeianpour, M. (2016). Development of a Total Productive Maintenance (TPM) model based on the resistance economy
approach: A case study of Iran Airports Company Master's thesis, Payame Noor University]. Tehran Province.
https://elmnet.ir/doc/10948375-42542

Tian, X., & Jeng Feng, C. (2021). Implementing total productive maintenance in a manufacturing small or medium-sized enterprise. Journal
of Industrial Engineering and Management, 14(2), 152-175. https://doi.org/10.3926/jiem.3286

Van Horenbeek, A., Buré, J., Cattrysse, D., Pintelon, L., & Vansteenwegen, P. (2013). Joint maintenance and inventory optimization systems:
A review. International Journal of Production Economics, 143(2), 499-508. https://doi.org/10.1016/].ijpe.2012.04.001

Vivek, B. P., & Hemant, R. T. (2014). Review study on improvement of overall equipment effectiveness through total productive
maintenance. Journal of Emerging Technology and Innovative Research, 1(7), 1-5. https://www.jetir.org/papers/JETIR1407026.pdf

Yang, Y., & Yang, B. (2023). Employee Participation in Total Productive Maintenance — A bottom-Up Perspective. International Journal of
Quality & Reliability Management, 41(1), 269-290. https://doi.org/10.1108/ijqrm-12-2022-0353

Yari Beigi, M., & Beigi, L. (2019). Power allocation and modulation level assighment in optical networks with distributed control layer based
on centralized path computation. [Journal Name Unavailable], 49(2), 935-947. https://en.civilica.com/doc/966389/

Zhang, X., & Zeng, J. (2015). A general modeling method for opportunistic maintenance modeling of multi-unit systems. Journal of Reliability
Engineering and System Safety, 140, 176-190. https://doi.org/10.1016/j.ress.2015.03.030

eoe®

ol 8.5 &g (CCBY-NC 4.0) LalsS b ollas o] (wytasd &0 dllio oyl Uil ol odian s &y Blaio dllio oyl jLisil Gois (olod VE-¥ © 105 3> g jome



http://creativecommons.org/licenses/by-nc/4.0
http://creativecommons.org/licenses/by-nc/4.0
https://doi.org/10.3390/app12168229
https://doi.org/10.1080/17535069.2023.2180325
https://doi.org/10.1201/b14937
https://doi.org/10.1504/IJISE.2013.052922
https://doi.org/10.3390/en15218237
https://sid.ir/paper/107687/fa
https://doi.org/10.3926/jiem.2644
https://www.researchgate.net/publication/340373872_Strengthen_The_Critical_Success_Factors_CSFs_Implementing_Total_Productive_Maintenance_TPM_in_Power_Generation_Industry
https://www.researchgate.net/publication/340373872_Strengthen_The_Critical_Success_Factors_CSFs_Implementing_Total_Productive_Maintenance_TPM_in_Power_Generation_Industry
https://modelling.semnan.ac.ir/article_2676.html?lang=en
https://doi.org/10.1016/j.clet.2022.100488
https://elmnet.ir/doc/10948375-42542
https://doi.org/10.3926/jiem.3286
https://doi.org/10.1016/j.ijpe.2012.04.001
https://www.jetir.org/papers/JETIR1407026.pdf
https://doi.org/10.1108/ijqrm-12-2022-0353
https://en.civilica.com/doc/966389/
https://doi.org/10.1016/j.ress.2015.03.030

