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ABSTRACT

Purpose: This study aims io explore and analyze the stuctural relafonships among the key
defeminants influencing safely kadership behaviors in the indonesian martims industry. Amid
increasing salety concems and comphes marime condiions in indonesia, this research soois 1o
providie a comprehensive understanding of how wanous indsidual bebavioral, and envronmensal
fackors inferact 1o shape leaders’ salaty bahariors.

Designimethodologyfapproach: An exploriory reseanch design is emploed, ullzng the Fuzzy-
CEMATEL mathod b insnstigate the causal relafiorships among safaly leadership facikors. Calta &
callectnd through an online survay largeing marnitima industry managers and oficers with salaty-rokied
dacision-making experiencs. The suney applios a pairsise comparison fonmat i assess the influence
lavats among determinants such as saloty atitude, satety knowledge, saluty motvation, A1 inowkdga,
and safely culure.

Findings: The findngs rewealed the oobcal pathways and herarchical infuence structures among the
delemmirants of salsty kadership behavions. The study provides smpincal evidence on hows advanced
techmcloges. partocuary Al appbcations, and organizaticnal safety cubures colecively smhance or
hinder safiety leadership. The resuls oler valuable insights imo whch {aclors should be priontized 1o
sirengifen salety leadership practices in e Indonssian manime secior effecively

Praciical implicatiors: The study's culoomes are sxpecled 1o support the development of pracical
simleges o poloes amed & mproying safely leadsrship n manbme operalicns. By denlfyng the
most imuemial faciors, martime crganizations can implement lamgelsd infervenlions o enfancs salety
perforrancs and prevent accidenis

Originalityhvabse: This research contibuwies 1o e lleratuns Oy apphyng a systems-thinking approach
throasgh Fuzrzy-DEMATEL 1o =alely leadership. & mathododogy thal has been =amely ussd n the
marniime contesd & also iniroduces the ntegraticn of Al-relsted factors inko safety leadership analvsis,
ciferng novel perspectives for bolh academia and industry. Trhe metodology and analviical framewsok
can be adapiesd for broader apphcatiors n smiar higherisk ssciors.

Keywords: Saloty eaderstip; Wantire safety: FOEMATEL: Redprocal determinisme Sabety
compd Bncs; Communication; Al krosdedos; Salsty policy: Indonssia Maritme gosemance

1. Medroduction

Indonssia, & the wortd s Brgest achipsagc naben, sicupes 8 highly stealegic postion Bebwean the
Paclic and Indan Cceans, and akng several major inlsmabonal mentme Fade  roules
{FochauEningsi el al,, 20080 Wih oesr 17 000 =ands and the second-longess] coastine i the word,
the management of mantime safely and operasonal eficency has Dooome a prenequsibs for
sublaiFali dasakopmant in ihia manimae sackar None®elkeis, dus 1 tha misgd sppbcason of aalasy
manageemnl syebame akigned with inlamalional slandards, Fequent safely incdants hive G
i Boaws al i, 2024 Wisbad ot &l 20531 such as the snking of KM Sinse Bangun n Lake Teba in 20108,
which resulted in signifcant loss of 1Be (Waskio el al, 2024). To ensurs salsty standards and improree
ol salety perfomanca, salety kadership shoukd thesmror B addrmssed in the Indonasian comexd,
whane prévids plpdies hawa prédomnantly ampassed ™8 simlegc ol of lapders (Al and
Kumiawar, 2015],

Compared io ofer leadership shios, salety leadership speciScally highlighls @ loader's safaty-
anhanead bshavious and e wiay kedars angage with Tobimears 1o achinve safaly goats (Kim al &,
0, snaking il & dtabla consapl in thi cumanl martiee contie 1 prvant st and saati
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sabety sandards (Hesanapahis ot al,, 2001) Howsver, despils recogrtion of the sital mls leaders: play
in reinlorming safety in the marAme indusky, a orlical gap remans it understandng the diverse
dietemirants of salety Eadership and how these an G operalional==d s thin the donesan manbme
spoior (Fulra al al, 2024,

In the estan] Meralwre, salety lsadership has been inked 1o several key defierminans, inciud ing satety
culune, policy, and matiation (Lu and ¥ang, 2010; Ta et al. 20E2Z). This sludy employs Banduna's haory
of raciprecs delamsiniam, which pesls thal indbedual bafaviour B nleenced by e continuds
imamdion aveng pertonal, envrcnmanta, and BePaviounal Smardions (Beodurs, 1970, Thicugh
thags chynamic nleracicns. lsadership apabiiies can be progresamely developed and enhancad
iRoss, M114). Acoordngly,. recprocal determinism s adopled in this study as the concepiual lens 1o
examing how hese nlerconnecied dmensions conlnbuts 4o e emerngence of effechve salety
lnadership in high-risk operational semings.

In the Indoresian mardtime sechor, msblutional Fagmentation and overdappdng  jursdicticrel
responsibiites, particular®y imeoldng agenckes such as Bakamia and e Saa and Coast Guard, havn
el b pperatenal Feffckercss and hindased tha desalcpmant of safaly leadarahip Al s rdivicosl
leval (Dafmesar gl &, 2007 Supane and Admiesl, 2007 Allhdegh naleona auferilies &
instrurmanial m shapng salsty leadership policies Srough siralegic vaicn, e sclual mplemanision
often reles on indesdual ackors within crganisations. In response, many shippng companes have
begun sitrergthening rtemal leadership srabegiss 1o mprovs oeerall safety perlermancs [Potea of al,
34y Mavarthakeas, tha lack of a unied command slnuciura and s bmted coondinaSon Esiwaan
pbbc e private secion conlins 1o conlrain regulalony antorcamant effons and inhisil the bt
advarcament of salaly lesdemhip pracices. [Supsck and Admieal, 2022

Treradorg, lwo Gillerant resaarch quesbens ansa: 1) What ans tha key datamminants of salaty Badargnip
in the Indonesian manbme sacdor, s 2 how can safely lesdemhip be implamenbsd hrough Fhess
delemmirants? Hence, this study ams fo identity key deferminants of safety eadesstip and their
imemctons i the Indonasian madlime seclor for acualsing the salety keadership ol individuals.

Tris guanmilalre study vibses e furzy Decisior-Waking Trial and Evalualion Laboratory | CEMATEL|
mathod as one of ta Muli-Critena Decision-Making (MCDM) medncds, which can analysa and priondiso
tha comglax raladonshign among warabis infpancng aately laadarahp [Wa and Lea, 2007), Tha -
CEMATEL mathod is slss effedie i idenihing causal inks svong diffemnl dmensiors, such s
personal, sprorErenial and behasioral aspedts, o scluaize 3 cerfan eadership shde (Yoo el al.,
ey

In summary, this quanifative shudy employs the FODEMATEL method 5o identity the key delesrmnanis ol
Sty kadership and aralyse Fair inerelalionships within the Indonesian maridme sechor, Groundod
in thia thearadical ks ol raciprecs dalammmim, tha shady highlighes facions aceass Fean dmandiors,
pemana, sresronmanial, sed bsbavsural. The aim = fa enharce safely lesdership and addeess the
cumenl gaps s devetoprent whin e Indonesan conled

2. Determinanis of Salety Leadership
21 Indanesisn Conbext

Indonasin' s martime arsionmend geesants sigaiicant saflaly feks dus 10 B wRll aechipslage
gacgrphy, Fadlional fea pracicss, and sandng mfrasinichae guably (Efandi. 2025 Frageani
acoideris, such a5 ship fres, drownings. and port inpunes, are sspedaly comman in small mutipurpose
ports and radiional routes, largety due o inadsguale safety measures, poor enforcement, and Imited
apphcabiity of imernadonal standards (Wahid of al., 2023). Many incidents ireoka passengaers talling,
wahody colisions, of Fjuiies Irom mooding lnes, wheh s linked i sobalandand inkasinaches ol tha
abgaraa ol dandasdsed proloceks, Alnough safaly nitalieas sl iy remain liriled, parbcadany in
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addreszing por-size-pechic chalangss ard The inksgrafion of salely adembp siralegess (Pulra sl sl
2024; Sanlospnadi et al, 2023).

Bayond saluty policies and syslems, Bualding a sbong mantima salety cufurs B 2sen a8 a siralegc
prichty thal can shape adershp styles wihin organisabions (Yoo el al, 2025). Inbadves such 25
rabioral aearensss campagns. snhanced manbme educabion, and the indegrabion of occupabional
salety ard haalth (K] inlo raining academics ans vial Tor devaloping safeby-onentad eaders (Ekosat,
AZy Addiiorally, apanding fssanch and deta-drean pobcymaking B assental for undsralanding
and podualang safaly ladarahip in practcn (Al and Kormigean, 2098, Pulra ol al | 20324}

2.2 Reciprocal Detemsnism Theory

fincomding bo Bandura {1978, fuman behavicur can B reganded as the resul of dynamic imeractions
among lhrea key dmensions, such as personal factors, environmental alements and behawicural
pallams of fckes. Trus, basad on this acey 1 is mekad thal a catan laadership B nel shagad in
issdaben and can be seadily desloped thigugh cenlrpcus inleadions. amang s key dmemions
i Ross, 2014}, Whie Bandura's theory undednes a gsychological aspect, emergen reciprocal nflustos
addresses people's interactions (Sime and kanz, 1804; Walzon and Socrbner, 2537 In the leaderskip
cirepl ppment Conlest of work, muiual irfugnog and inleracions boooms o kiy principk: (Yang at al.,
035,

Cigtalsaton Fas been deemed a transkemative fome in Indonssia’'s marfime secor, amicg o
ranfics serviin Quality and gobal compailivanats (eman & al 027, Varmeus lechnokogical iniliatives
Pava haen Poduced n shigeing and pod oparaliordg, induding the implamestalion af akesimng
celrasry grders, Adlcal Inleligencs (A1) and inlegrated logstics platkrme. Thess nnovaliors can sm
at modemising ndonesia’s marfims nfrasiucurs anad aligning & with global standards for smard porl
deysslopment and salety leaders (Al and Kumiswan, 2018 Satuan and Syafra 20245 Themeloe,
personal alemants, inchuding sately afitude. knowiedge, and Al knowledge for satety, can inleract with
ervarcnmantdl of balFdeacural Tectora, 1 s likaky thal whan adualisEing @ cerlan laedership, taclom
parsonal dimerEon can nlamc] with SBckes of efvironmanial dmandion, induding aalety cdium,
prdes snd malvational epstems Ovoo el al . J025)

1.3 Peracnsdl Dirsroion

Blagsind e i hisaralical lens of saciprneal dalammivism, is siady posits that salety attiada, knoalidga
and Al knowhkadgn Tor salaly can ks ey dierminants ol salaty leaSarship i e meeting con,
paricularty im the Indoneman conlest

Safety Atlinnde

Trea gafaly afilude of Eadarg in maiime plags wital /e in mpnduing in haie laadership appeasch, |1
can Al &t paychalegeal eedisalor that desseminas winsthar salaly ladamsbip B raaciia and
complancs-hesed o proacive, lesmng-centerss, and ancueng. The mesarch shows Fal posinm
salsty attiiudes among kesders dessop their leadesrship stels by mprceing reporiing cubures, nbrcssucng
sysiemic Finking. o makng decisons for salety based on evidence-bassd prachices (Higlhik &
Simtrevk, 20200 Bukding on previols resoomh that asiablishad sef-mporied safety bahaviour as a
precichor of aalely oulcons, AnciPar sludy Shows PeEEpecive inlo the peycholagical mechanises
undartying these mistonzhigs, The resssrch  ressligated  CTiendy  lesder”,  Smenlonng”,
“mullicuturalsm” and Teameork” themss thal how thess tsclors nflusrcs sach other, and B showed
that sxcept muBouliumalsm they have positve impact. |[Casaresle of al., 20211

Fdrecyer badens” salely atitudes have s grest impact cn pila®s’ ine Behaviaur, 38 karsrdous sttiludes
ars the majr sowrce of nsky beraviour. Posithie salety leadership irvsoksss promofing peyohokooical
wellmess, balarced risk percepion, and requlsr sales®y raining o counler Fecardows abtitudes . Siudy
showed that cvemoonfidence in hazand assessment may underming risk percepton, and themiome

lancders cught b Taciitate alislic aesasserant and coninual lseming (M o al, F021)
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Sataty Keawdge

Studes undedines that salaty knowiedge in leaders is not just regulaiory IiReracy; it is & dover of
prepanainacs, molalien, awannass, and crie Eahaviour. Lapders who poaiess and activaly apply
aalety browdadas can ek prapanmdness nig tha e ol £hip oparaliong, algn salaly culiung with
praciics, sl enpuns crew are molhalsd and awam in emangences Muncowali of al, X0F) Gund 6
et al. (2021) dizcuss e developmenl ol gerenc compstenoes through addlional sducsbon phogrTs
that wery imporfant for addressicg fechnological geowdh and cdhenges im0 oship organizadon.
Complemanting the safaty cullune is recognized with numerous studies mentions its implcations. for
aaler ahipping opafalon compatercas culingd by the Fermalional Corvwartion on Standands of
Tranig, Cadiication and Walchkeaping for Seafamm {STCW). Finally, Shiphoard leadems enhanca
salety by inlegraling salety walues nlo procesdures whie employing sofft influenocs tactcs such s
coachimg and role modeiing, ressanch showed thess taclics could foster suslaned safety beaviours
through relational knosdedoe and inlepersoral communicaton (Yelsin el al, 2025].

A Knpweohpr

Thes polantal of Alkraan rsk mansgemanl and analyis in ramiomieg mamfime salety lessambp al
tath ocpemlional and oegerizabiorel eels. Al the ship Eevel Langs Language Moodels (LU= and
maching learning (ML} sysiems supporl capisins and offiosrs by redudng miscommunicaton,
aulomating safoty reporting and enhancing siluaSonal awareness through anomaly detection and
dacHen s (Asslandglu et &l MO Miller et &, AES) | Sludss show that Alanaled aralylica <an
préadict Ankaly chmnads and cree pRicapdiora, Alloming lasderd [0 indersans ity Gangeled codching,
adjusled worklasds, arvd more aflscines drils, Soconding be Les and Les 2024, the FRsAmMAS paadagm
assists execulves in managng nsks in human-Aal inleractons while alsa assuning accountabdiy and
cparational safaty. Howaver, i & sl in eary siages of developmant and requines additionad empinoal
waldation W damansinale i3 aficacy in reel-wold, complicaled manne Gonlasda, Saveral shudies hin
sharn thi, Al ook & hasdquanars enhance salely cullume by enabling muliingual communicaton,
prdnsy digsanmaltion, and complisrce audling for $eel manager and HSE lesder. (W o a8l 2025;
Lee and Les et al., 3024 Migring &l nsk management with nlemational Samesworks snoourages
proacive gossrnance for martime aulonoryy ensunng thet salsty continues inko fubure operabions.

2.4 Envircnmantal Dimansion

Blasd on W theomlical s of maprocal detareinim, his sty poaits Thal saely cubune, policy
and motvational system can be core deferminants of safety lsadership.

Safedy Calhure

Salaty cullum servas &3 a8 loundalional dakeeminant of Fosy lapders al bath e shep and haadguanan
levels pamcsve, priomizs. and ac upon saksty i manime operations, For ship-bassd lesders, such &
capiains and officers, a obust safety collure fosters refatiorship-crienisd kEsdership behaiouns,
including coaching, rola madeing, and collaborative consdiation [Kim & Gausdal, Z020; Hasanspahid
el al,, AE1) This algnman erPsanoes siluadonsl awananais ared roamures A el caliues, whera ames
ars Irealed as cppoduntiss. o collectieg leaming alher Fan grounds for punshment Such an
enwronment reduces ursaks bebasors, promoles accurale sk assessment, and reindonces proactie
salety engapamant {Casansake of al., 2027, Hasanspahed al al, Z021; Kim & Gaesdal, 2020 SEireyk
& Hyetad, 7031 Corvarrely, Tagimantsad oF puniive cubaes ancdn rual, diecoursds Fanspanni
communicalion, and sleyste cparalional risks, themby undermicing salely pedorrancs (Hasanspahid
it al., 2027 Olsem et al., 20200 Gren fheir direct invotvemend in daily operatiors, ship-based kaders
must imemalize and embody safety wakes o ransiaie organizational policies inlo consisiant, high-
cuakly praciicas (Che al &, 2024, Hagarapalid ol al, 2021 Kim & Gausctal, 20000

206



Faor headquarisrs-tased ladam, the infusni of safely cullum is lkss mmedals bul ssgualy sgnificant.
Trweough polcy fommulaton, resourcs dlocalion, and largefesd raining programs, Sey sstabish the
struchural and ouliuml fSundaiion thal enalies consislency in salely peformancs across Meods
(Ankaserial al | 2027 Baulsle-Bearnal &f 6l 2003 Haserapahed al al, 2021), SEang akgnansn Bsiwaan
siralege priontiss al hesdguanen and operatiorsal makties antoand enhandss clarly, communicaion,
and muiual sl wiersas misalignment olen leads 50 inconsisien| salety prachices and dmnizhed
organizational resilence (Hasarspahit et al., 2021; Jung, 2021). Morsower, headquariors laaders. play
@ piwclal rada i fostenng A culiors of Continudnes Mpsenl, iransgansnt dialogues, and nnovalion in
salety prachoes, renforcing safely o & shamnd and endwring onganimatioral valus [Bavksts-Bemal ol
al,, AL Jung, ME2T].

HSafety Polfcy

Salaty-relavant paicies draalopad Iy martima e of egulalony auPedniles s pivolal in ahaging
leadership tehaviors and cperabional decsion-making acrcss organizalional lessls. For ship-based
leaders, including caplains and oficers, safety policies funcion nof only &5 operaticnal guideines bul
aliy g DePavaangl Tramesworis Thal guide commuridalion, coordinalion, and problsm-aalang [Cheo al
al,, 224 Hemangpahied al al . 2001 Kim & Qawadal 2020 Whan afscinaly mplaraniad, thisa
policees support the appication of salelty managemen! syslems, promole compliance with regulsiorg
slandards, ard enhance feamevork and indormabion sharing. Policies that are groundsd in @ just cullue
ciadla an efnrorman in sk amird Ba nealnd condinaciealy, tasditating sFared Baming and
colasdive accountabilly (Choo & &, 2024, Hesanspahid al al, 2031, Kim & Gausdal, 2020; Oian al
al., 2020). Evidencs further sgnests that fransfomational and selaborship-ocnenisd leadership stiles
reniome safety participatiaon and complance, whereas passive o ayodanl isadership noreases the
limakhoeced ol yneaala Behavion and cpamliaral insdents (Caiammabe el al 2001, Chanal al., 2021 Yuan
el Al 20200

Far haadguarters-tased Badars, tha infuancs of salaly polcaes = moem sialege Bul egualy sgnificant,
Thesin landers dasign cofsrent Tramesedrks, allchls esourcss, and efpumm el polices A
consislenty applisd across diverse operaticnal conlests [Buchan & “Wiciona, 2021; Chen &t al, 2021;
Estransyah el al., 2020; Hopora® el al., 2022; Tured | & Orer-Cayan, 2021 ) Efective policies are those
thal Eeadga e gap EBsbvaan reddalory arpacdalions and shiphaand resdisas, Ealaning st and afkeing
cafenunicalon Balwaan anghamm mankgers and ahep-bassed pacsanned, By culivaling & dimaia of
cominuous leaming and innoealion, Feadquariets eaders can smpower ship-bassd keaders o
inlemaize safety standards, enhance opsrational reslience, and strengien a proacive salety oullue
threnaghaul # prganzakcn,

Safedy Modivation

Salety reward sysiems in manbme oganizatons signifcartly shape leadership behaviours at baoth
cparational and sirateqgic kvnlks, nfluencing how safety B valued, communicated, and enacied acmss
tha gigan@aten, For ahip-bassd badans, sech a6 aplaing ard olfcas, reward ayalams directly atlec
daily mharacions with ther crews, Tmaly and massinghd ecogribon, padiculady Frough aymbobc o
colective rewards. losiers morale, strengihers teameork. and enhances adhemence fo salety
procedures (Hasanspahid of al., 2007, HoueTe & Muddker-Hirth, 2021 Whan thase sysisms align with
raralarmagenal and Faraacdions Badarafip appraschas, thiy anabla Badars W malraaih hair 1aasdg
whils renioming complandes threugh strectured and onstructieg Teedback (Hesanspahis al al . 2021;
Eimi el al., 2020}, Consstent application of resands reduces role ambiguity and steengthens peroepliors
of famess. crealing an erwironmani whire safe bohaviours o encowaged, @wpecied and
appracaled, Corvarssly, inconaskenl of abean! leedback undermings canly, weakars motvalion, and
can laad o redusesd engageren with salsly profocobs (Lo et al . 225

Fer hasdquatars-bassd Badas, rrssed seslams lundtian al @ maea siralage Bedl. Thats Eadars A
regpanzitie for desgning kamesorks thal balseces malersl incenties. symbalic secognition, and
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colaciim achayvemanis o abgn with ogancatonal priorties (Casarmals al al, 2021 Houstte & Rueslier-
Hirth, 2021}, Clear communicaton ol reward crilena coupled with leadership developrment intiafves,
ensues tal shipbased kaders can apply these sysiems efeclhal (Casamake of al, 2021,
Hasarapahed ol al . 3021; Liv &t al,, 2037 Furfsrncis, ireoking ampleysas feom Both shipbeand and
shirs-based cparalicns in the design and reliremen] o soewand spstems prooles & senss of
cwnarshp, enhancas the relraance of rcemves, and fosiers a cohesie organizational cullure whee
salety motvation becomas & shared and susinabde valos (Casarmakr gl al., 2001 Houeths & Kocbker-
Hirth, 2021],

L5 Bahavioural Dimension

Likewise, $wough the theorebcal lens of reciprocal delerminism, s sudy posis that salsty
eofmmunicalion, complance ard Al agelication by kadars can be key delamicants of salety kadarship
in e Indonesian oo

Safety Cammuricatian

Tha main cacsal ixcior in manime accidents & miscommunicadon. Smety Communication hig bean
regssalndly emphasizad in e Beralra moemessr highlichiing thal leSchie pays impadant roda in
cparalioral danly m manlime communicaton, Gabedava s Hu (2025 demamatrals thal up G B8
of accadents ame alinbuiable bo oman ecmor, with nearly hall inked o communication breakdiowns. Their
linguistic analysis of the Slone Fevoma colsion and the Hambuwyg grounding show how vagua
ingraclong, deleed maponses, ad misnlaprlalicns of adhonly ecaned neks Standandized
language pradices. such as Standsed Manne Commuonication Pheases (SMCP) and inguisically
inlormed salsty ianing ars recommended o reduce ambiguity and enfancs clanty,

Feey Chado (20EY) prowdes hisloncal aveluign By showryg Sal martims safely communicatcn Foas
eqoied fom early wirsless lekegraphy 1o the Global Manbme Gistess and Salety Systomn |GROSS5|
and this progress shosw how rsliutioralized communication slandands hove consistenty improsed
aalety culsomas Yal, resasrch Pighlight thal ernckesy along ik inssMckenl alfaddive communcaben
recqanes ranieg, stendandization. and eadersbip commimen] o fostenng an srwronmenl whem
soalarers deel psychologicaly sale 1o report comcemns (Gabedava and Hu, 202%; Chada, 20EY) Teas,
in tha Indonesian conet, eaders must G0k mot only a6 users of eslabished coPnmuncation SyskeTs
Byl akag &3 Teciitaors of apen, stardandized, and inel-baad dialogos within rallcuDural oes,

Sataty Compiiance

Salety eadership liss in safely complance, whch imvohes desobion 1o esiabiished nies, checkists,
and inlamalonal corrsanBons Salaly compleancs B cfidcal detarmsinast ol manilmea salaly Badarahip,
e g Fal rlamalionl eoulafons and oampany prooaduma ane conssanily applad in precdica,
Whie complance & ofen framed in lems of human disopine, recent studies show that iF can ba
sirengifered both fschnologoally and organsadonally. Recent sludy deronsae this through
thair KAHDWA, rcadnl for Manima Autonemdus Sumacs Ships [MATSS), which amisids DOLREGE rules,
simloral awarenaks, and Sanad falaly detarcas inie navigalion aklgonthims (Sorg @ al, 2024
Similarty, Durk o al. (2025 kHghight how reaklime Al agents renfoms  complisncs by
imegrating colision avoddancs, anomaly detecion, emission condrol, and fai-sale operalions inlo vesse|
Syalaie, Areuling rie-adhamnt dechion-making avan in dynami: aviromemnis

From an organisalional parspecise, research on conlaingr leminals in Tawan shoes That salety
chmats, amployees’ sel-eMcacy, and tha parceived cost of nen-compliancs al sigrilicanty ifluance
complancs bahaviours [Yen et ol 207 Imporiastly, the coniepl of non-complianes oosl medistes
thi link batwsen safely cimate and compliancs. underinng he valus of algnng cubural and economic
incanties with salety podes. Togethar, these shudies sugpest that salety compliance in the Indonasian
manilree sachor Badar play @ onocial rada in Bidgang regdabcns with Doth horsan and Alaappoenad
praciices, ansuring compliancs s nof reaked a2 a femality botl &3 80 inlegralsd behaviowsl nom.
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Al Application

Accondieg b Pafar &f al, (20123}, oeireg D @ massss gegrwth in dath, T apphcation of &1 has baosma
@ hay parl ol the reinkecamant of leadSacahip implamantation. Thieugh tha & applicalion, sech s Al
criven predicies analyics, martims leaders can enhance thar slalege Finking. rsk asssesment and
decson-making. which in urn improwes omansadona salety performance. F eaders can ullise
presfictive anakdics (e, Al apolicalicn, they can @eokd polenbal salety hazards beloes they ooour
CEimion ol ad., 2024,

In the Indoresan conltest. the adog@on of Al and ciher emenging fechnologes. such as e Intemel al
Trings (ioT), Mockchain, and augmanted reallty, has alko boen oxpleed as @ maans of aptimising
supgly chain maragament aed vassal Falic ool (Teang el al,, 2025), Thess wechrologieg am
expacind 10 redata husan amdd, enhancng maldme dechion-making and managimg Corbaine
kanding processss. MHonalhelaes, ther indegration has besen chalengss by limilabons o plrpsical
infrasiruciure, a shorage of skilled personns, and polickes (Safuan and Syafira, 2024 Thus, in addidon
b suproeive policies, | is necsssary o desgn imining programs for aopdving Al-driven prediciie
analytics for mrarilime leaders, which can anhance saloty kadership approachas (Simicn ol al, 2024},
Hanca, he sccnsalil Al appication can e @ cora Saiaminant of saliy ledarahip in s gy

Civarall, Table 1 summanises the sakdy kadorship determinants in this raseanch

Tabda 1. Safety beadership determinands
72 wal b s i Lhe anabess

Dimansion variabie Mearing Ralevant source
Prioviltising safety as @ Stiles ot al. 2018; Ta ol
Tty it (V1) o valua al. 2022
: Ayt il 20125,
Perscasl  Sally kowledge (V) Leren i n g B g o al, 2078 Ta el
@l AoF
Urierslanding Al-based .
Al kot g 903 rsh mansgeman] and ?;;f::;l E?E"lf"'.';
anakglics ‘
Lu & Yang 2010; Shkes
Srared bebets and vakues '
Safnty culture (V) et al. 2000; Ta el s,
about sadety gz
Erveirommmnt Dufined responsibifiios for  Lu & Yang Z010; Ta al
Salety policy (W5 salety al. A
Sarkety mativation (V) m‘:'mf“ﬁ'l'"ﬁ“:;';m Lu & Yang 2010
Salety comineication _E S Lu & ¥ang 2090 Siks
T ety il g A o al, 7018
fdhirieg [0 salaly ndak Lu & Yang 2010
Behavioursl  Salely complance (VB) At procer Piltsesarrs ol . 2016
Lising Al-crresn preadictive Diurk et al 2024;
Al apphcation {49) anakplcs g deles] and Praifer of al, 202
mansge neke Simion al gl 2124
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3. Mulhadelogy
1.1 Sample and Procass

Priar %o conducting the FOEMATEL aralvss as stage 1, #e deferminants of saloty leadership within
tha martineg condast ang Banlifed and conlrmed im sages 1 and 3, Fagunae 1 i the feamsssr o

recanirch maihasclogy cowars slages 1, 2 and 3 fr e LOEMATEL apprach

i this Tiest s, corn detanmingets of sality kdarahip ans exkactad frem the eekting Haratur (Sea

Figure 1)

Figure 1. Framawark far smathedalagy

Ifamibying tha delarmisants ol

1 Simge1

Stagn 2

Literabure * aabaly lasdarship
2
Exparis’ || Do oollection and analysing for
nninlane prelivi nary anolysis oo oonfim
ralwamnt rlf-qrrrlnnn'lq.
Taia colecikom for fern-
L DEHATEL annipain
»
FurzyDEMATEL - Sy DEMATEL analyala
Sppenach

Enniihprg ke detsrmunarie anid
inlAmEeng atwsan oimesnsnne

L

Chific i S o and oo o e

In e pecond fage, B almants & idendled i Tabk 1 wam kenahad 19 85 exparts in Indonasa s
mantms sechor 1 gssess Feir relevance i salsty mademstp determinants in Fe indonesian conlexl,
fin the MCDOMW mefcd, indudng SDEMATEL, relies on ewxperis’ opinions 1o develop prachical
viswpoints, this shudy has uliised the nonsprobabdEy sampling rmathod 1o pollect sursiy Jata (Gandhi
el @, 26 Momosar, regarding dala colscben Mor pealininany AnalyiE 46 stage 7 amd FOERATEL
analyes &3 stage ), this sty hes been spprosd by the InstiluSionsl Reywew Bosed (IRB) of tha
unfeersiy for efhics o August 2028,

Ta sssess and confirm # B dements sre refaled o safely laadership delarmicants ag & prebmicacg
anaty=s, S Likerd Scabs was utiised. S mean valus greater than 1 was regardsd a5 relevanl o sabety
lesdership determinams Yoo gl al., Z035) The meudlis ndicaled thal all 9 skemanis haee had maan

walms above 3, dakerminicd thar suitabilly fon incheion in Stage 3
Taiiz 2 provides the preliminary analysis for stages 2
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Talda 2. Praliminary aradysis

Dirrmrmson Varnable Walus
Eafaty attitce 4.53

Porsonal Salety knowlndge 4.40
Al knowiedge 350

Safety culture 4.44

Envircnment Salety poicy 4.41
Salaty malivation 4 96

Saalaly comeranicalion 4,38

Bahavigusal Salaly compliance 4.55
Al application 4.10

I thia thind slaga of tha COERMATEL aralyss, lkowiia, 25 aspaits paricpated in the sursay, Whia
prevvious sludies on manbme safely sl salsty leadanstip have manky Gomsed on the parepecives ol
soalarers o ship-based personnel this study has colkscled daka from both s=afarers |78 espers) and
office-based persornel |7 axpens), considenng the impartance of integrated viewpaints for enrancing
aalety kdarahip In thal cass, tw sk ol madima daedlamm <an b pradicaly mdusad [(Casarasla al

al, )

Faganding 55 manlms prolacaonald (,a,, apaiia), ovar 940 par cand of garicipants have mon than 5
years ol espenence in deck, erginsening or operatonal mbes for safehy. Thensfors, fhey wens consdemned
marniime salfely espers dor the purpose of this mesesarch. The descripban of ressarch pericpanis &

chpictad in Takka 1

Tabde 3. Description of research participants

C Frisjiin Par eaer (%)
Mae [ 100
Thandas Femalke K] 1]
Tl 5 100
Al 4 ',
s Lt | 40
als az T E
A Bl 14 165
hls 1 12
Toal E5 100
Ship-basad TG 4z
Windk lnoiionm H i achopusaita s -ba s =] T
Tl =] 10K
Coagtain 18 20.3
Chief officar 13 165
%hip-based personned Sacond officer 1 126
Third oo 1 1.3
Firal enoinoo 15 IR
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Seoond snginss 10 126
Thind endpriaa 4 51
Cihar (o] ]
Toral i) 100
Denarienenl hood 1 [
Servor chhicer 1 187
Juniw aficar i i3
Offoe-based personnst Dffcer 2 TR
Cihar x| 4]
Eoinal & 100
Moo than 15 yoars i 53
SRS Tl e 1015 vears L) 305
supenience (Eiperts) call, i3 A
Lo than 5 years: & 71
Tl A [[ix]
___Engnearng 47 563
Dieck =3 365
Leadpr=rin ] A5
fuann of axgaiise Dpamticnal 5 o
managaran
Tl s 100
132 FOEMATEL sechnique

Trig sassanch argdops T CDEMATEL lechnajue 0 anslyss oxmpicaed mamaaliorsieps asong
giversa tacioms drom personal, emdmonmental anad behaocoral dimensions. Compared o the tadbonal
DEMATEL method or Iechnigue, fhe FOEMATEL ipchnigue can niegrale wurzy logo o addiess
ambiguily and uncanarmty i expar udgamenls (Mangla o &, 2018} Tha technigue B usshiil ke
vndarstading comploatad probdass invohving dearse nlomdated alemants o disengons By
conskerng Sy rumbers. Lhe ose of the AGEMATEL ipchnioue can help decsion-makers of busness
landers awoid the ambiguity of assessments. In addition, fnis technique an help idendfy oriical
wlaretla of Waderahip detansingds, cindal relaionships among slamants sl undscetang thair
camglax infamcion, which can Teclitals §inchred decnnd-makng Mor Busnass laefs (oo el &
20244 Alnough the GEWMATEL technioue was recommandsd io ke used for martine safely, leademsiip
shyies or approaches based on eupars’ judgemenis are el dscussed (Demim o8 al o 2023),
Mgracaysr. e e corcad of aalety Bademkp chn ba devaioped by understanding mbsliorhigs
Ealwaan dlfamnt dmaracng, o s of FDEMATEL B appeopriate for the sbudy (Onao al al, 2024,

Tres HDEMATEL Sachiegui caifilient sinoiral Alagk ds balkine

15 Al flan, & goup ol expats e, mardbne profassceaii] i galhaned,
2% To consiract & oy {uiwise companison milk, e paifetie COMparton an s
through thes fesdback of experts, ublEmg the scale providesd in Tabde d [Mangla sl al, 20185,

3 Todewniop the ey average drecl relabion maltnx (4. gisen by lhe sxpression as follows:

o J (11

Wahaen b i i frsbar of sapans, s | aed | ers e c5060R 10 B companil.
To aibkain crse values, the defuzzlioasion uiksing e woightod average mathod is xecuiel

a4  Cwewsiop the romralsasd indiol dirsct relaSon metns: (0} by means of subsequent Equations (2}
and (3]
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WEI:_I ayl ez EI:I il =

Drmrh [3)

mi = min

Wihere m iz used to nomalze the values inthe meatnis (),

b Dwewsiop ihe botakrelsion malnx by usieg Eq. 4} as provwded beloe:

T=0D4-0" i
Wihata | ienlity marix, T Telal redatcn makis, T2 Bl

i} Detamsing ha sammaten of e (R and e susrmalion of columeg () By whirg B4, 8] and
Eq. |7} as given baice:

R={ZL..0] 18]

el

c={EL. ., (6}

B reders 1o the net efecls prossded by ons critical Tackor, =2y {i], fa the other oritical facior )], and G
represams tha red affect reosdysed by critical factor ) from tha other Critical facior 0.

Th Acause-and-affect disgram is oreated using Mo valies, such as the sum ol influenoes gisen
artd raceivad (R+C A tha difamandas batweeen tham (R-Ch 114 La2ar's R-C valus is
poalivn, A ba dasaified a6 caukn. CHhanwiss, il M valog s rsgalien, f B dasailied 55
am ehecl.

Takle 4, Fuzey palrsise comparisan scals

Lirgguistic varakhia Fralaranis s Camsponidivg TFM:
Ho efect (Mo} H {0, 4, 0L25)
Wery low effect VL) 1 [0, 024, 0850}

Liorw effect L} & {025, 080, 0.05)
High efiect (M) Ll [0.50, 078, 1.0)
Yery high sHect [WH) i {075, 1.0, 1.0)

TFN: Trangular Fuzzy Numbers.
4. Findings

& DEMATEL wars appdied 4o identity inlemelabonships among determinarts and critical factors dor satety
leadership. Table & presents v defuzziied average walses regardicg e direcl nflvsncs of one
cfileron on ardthar,

Tabde 5. Fuzzy inidal direct refation matrix

W1 W2 Wil W W W W WA W
% 0.04 0.BH a7a 055 055 0.&7 0.85 0.87 0.76
Wa LAz i oy il 55 LE-T .55 .05 _ [.BE 037
Vi |7 on 004 . . . 0.8 0.r4 0.8
W4 | 0BT 0BT 08 004 0ET 0.&7 0.87 0.83 0.78
W5 A5 (KN e LE-T .04 .55 n.H7 0BT A1
VE | DT 0L 0m bl bl 0.0 0.1 0. 1% ol
NT | 0BT 0.BH 08 0ET 055 0.&7 0.04 0.B8 0.8
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WH [ e o8 [ OAF LE-T 0.58 ur 0o .78
VO |0 D7E |082 |oye |o078 |075 (oA |08 .04

Frdiraicag i, Tala B prasends e reemalisnd version of B inlial dinacd rakalios fradne. wilsng
siustioms. |2 and () above

Tabdu 6. Fussy noemalised direc! relalion matfiz

W1 Wi vl ke W W L L ¥E v
W | DU P! a .12 .12 0.13 42 713 11
W2 (B3 oG 011 013 013 013 12 [ 013 (H]
Vil jen L.e2 2 1r )] 01t 01t 0.1 (18 R W
W [E] 03 [ F] [T} [ ] 0.13 0.13 013 0T
Wi D12 043 i o 013 .01 013 .13 013 012
Wi [ (1a a2 o1 4.1z 4.1z 001 12 ki 12
WT |13 5 1.13 012 013 .01 .13 12
YA [0id 0i3 45 ] 013 013 0.13 hLt3 41
VR B2 =81 (R Fi LA LAl 0.1t id [ 01 (0

in Toble T, ulllising soumtbion (4}, this malie redects the oial infuence of sach cnleron on e othars,
which cam prosede o comprehsrs e maghl nlo the salsty sadership defenminants.

Tabie T. Fuzzy todal direct relation matne

W1 L va W W Wi MY i wa W
o | 4.1 4.099 4 &1 & 5= & 50 404 4,0 4,05 4./
Ve 4B 4.84 168 L 45 485 4.84 4.80 4.85
Wi 4.70 4.72 423 (1.7 (1] &3 454 4.73 4.42
va_ | 501 =0 473 457 459 3H Sl | 5405 4,70
Vi | &00 =0 A.¥0 497 &7 .45 488 L 543 A.68
W 4.87 4. 54 4 sl ¥ -] .89 4.86 | B 457
W 150 =03 4 7 & 55 4 559 2404 488 | 505 470
Vi | 503 ) 4.7 453 am afs |50 a8s 4,71
UL 4.64 4.70 442 Y] 457 &, 4,68 R 4.31

in Takin B, the varical asts (R-C) epesents e causa of efect group. Maarwhike. S ranking of tha
dalarmicanis of safaly Badersfip 5 bassd on e (R+C) values, whra promineros cie ba
clemansirated by the sum of R and C,

Traredor, whie Conidermg T onder ol erpotancs, sataly corrplangs (W), safaly mosvalion [V}
and safuly communcation 0T are mgarded & Fres ey determinants of safiely lasdemhip Moosirmrn,
cxcepl for safely atibude (W1, sofely knowledge (V2§ ord salely mosvalian (V)L ol cther slemenis
baboryg to tha cause group.

Tabde 8. {R + Cjand (R =~ C]

Bakty adoa (V11 yacny 4a48 87887

7 E e
Eiaaly nowisage (V3] 45001 44,30 80201 g Efaac|
Al kecwiedga (V) 41692 4157 B3P0 & 012  Chue
Balaty cullen V4] 44413 43.89 B 4 Chusa
Salaly policy (VS) 44,288 44.01 - BA.298 5 Chuse

214



Bafety mothation (VB) 4 ner  gaa2  poarr 0.3 E et

2z
Eafely communicalion
LU | d4.408 4406 BhL5S X 0.35 Cause
Salety compllance W8] 44822 4447 #0892 1 0.a% Cause
£l application MVE) 41.871 4186 BION a g.11 Cause

5. Discussion
5.1 Theoratical Implicatons

Thig sludy contnbulss. ko B eralue gn o menbmes salsty Badership by applying Bandura's [1078)
theory ol recprocal deleminism %o B iedonesian conlest ‘Whesas prior research has often
emphasized either the sirategic role of kaders of the signifcance of satety culune in solation, this study
previdies @ more holisic perapeciive by axamining ®w dynamic inkeacions among persans,
ervaronmenial, and behavigral dirensons. By employing S fucsy DEMATEL method, T mssanch
emprically identifies not only the determinanis of salety lsadership bul also el casal-atiec]
relalionships. thereby avarcing salety eadership from a undimensional consvuct %0 @
muldirransena and Febwerk-Bassd Coroegd

A kmy thesetical insight is that salaty compliance, safaty communication, and safoty molivaton
armangad as tha mosl crilcal detarmingata of aalety laadership. Thia linding shills e focus Trom tha
tracilicnaly dominant ol of safely cuburs kresed behaaors! deteminants thet ased drec] mfluencs
on kadeshp dewsliopment. Rather fan supparting a linsar “cuburs-attiude-beharior” model often
assumed in the IReratune, tha msdis highlight the impodance ol behavior<omesnd machanisms in
shaging alfeddiva aakedy lasdsrship which & cofmilam with Kim's G007 waeghied salaly Badargnip
midel demarmiraling how lesden’ concrls beFavion, spch s complancs and communicalion. camy
dilereriial infuence aoross organizational levels.

Eurlhermors, this research snnches ongoing scholarky debalss aboul the imegrason ol Eohnclogical
knoaedge, such as Al-based compelencess, nin Esdershp theory, SRmcugh &l nosvksdge and &l
apphration manm nol ik o the mos allsntis delamivants, Foir cassifoaton witin e tasa
rcp” auggests thal Wehnolngics! capabiitng scl o anatdng cordiiens for the alectvans of pihe
lsadership delermiranis. This perspecipe also abgns with Hasarspahit (20211 who found that Fuman
relations and leaTsors salistaction are lundamenial o salety Eadership and suslanable opsralions in
ahippin, einkoecing e biherioes and rakationsl sechirisms dantfied in Pis sl

5.2 Practical Impdicaticrs

From a prachcal ssandpont, the findngs highlight dear priorfies for polcymakers and pracilioners
seEking to strengien satety kadership in indonesia's martime sector. First, the prominence of satoty
comglianca (V8] urdarscnngs T necsakily of mieforcing el adhanencs 1o astablahad ndas and
procadurss. Beyord rmoubng snfpeement, lsaders should ambody complancs thersebhaess, achng =
role modsls whose behaeor seis the standard for ther oews. Such wsbls commilmend can enharcs
trust and credibiity whils ambedding compliance info e organizational satety cubune.

Second, safety commurication (W7 musl be sirenglhered as a Swsoeway process between ship-based
lenders and hesdpaners-based managers. Transparend reporting of hazands and consisheni
ciesaminaben of policks ara aasanal it faduca migabgnmant ba s pNpioand rablies ard arshom
directives, Laveraging digilal cormmuncation platior and mulllingual ok can further mproess clanty,
Hmaliness. and ndusiveness in saleby-relaled exchanges.

Third, fhe mporance of safety molvabon (W8 porls o e nesd for welldesigned resord and
recognition  syskems. Both maleda rcemdves and symbolic  rewards—such as  colkscliee

Achnoe ey mants ol sabe practicae—oan foader & slonger sanes of awsrship and ranfones long-lhem
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engageTen with salely chjsctees. By misgratng molratonal freresstks scroes ship-based and
shore-based operalons. organizations can sustain a conesse salety cullure where sale Sehavors ore

consistanty encouraged and resanded.

In additicn, #e fndings sugges! thal indusiry leaders ond policymakers should nol only enforce
comgliance bt also inves! in capacky bulding through iraining progams that inegrate satoty
Kniradiadin with amerging Sgial 1ok, A marilive operalions Becoss incrarsingly data-<drian, kadans
whiz arg abla o ombire irad Bonal salely compalancies with Al-assied decscn-making will b= batls
pa=tiored o anlcimsle risks o adapd (o =soking chalengess. Mence, praciical relomes mus ioous nol
only on policy algnment and communication channels bt alsc on bulding the nest generation of
Sigialy compsianl merting lnpders who can Bad in Belh Eadbioral and tackhrclagcally aheandad
erercaments,

H. Limilalicn

AlFcugh thig sludy prodvidaes valualie Fkighis inkg T dalamiranis of aafaly lapdership in Indorasa's
manlre 3aciod, saveral limilabcns should ba achnowkdged. Firsl, the redaanch meles on sxpan
judgrrenis chiamed through sunssys which may infrocucs subjecises bias despils e use of the dueey
DEMATEL lechnigue lo reduce uncerlanty. The findings fheredors reflect the perspeciees ol
e praranced mariime profasscnaki Bl mey rol lly caplura the v of nior oTicans, chasls, of noe-
tachrical parscnnel, whoss axpanantas could akso inluesncs aakesy Badarfip dynamass,

Sacond, e sludy's samphas & limiked 10 Indondskian martims aapaita, which mnes Questons of
genarabzabilly, Whie indonsais i3 e wodd s langes| archipelagc naton and provides. sn mparand
case sludy, the unigue instivional ard cubural conlex]t may imit e applicatibly of findngs 1o othes
maritima naions of indusinies. Fulwe sludies could axtend This resaarch b oross-country comMoansons

ef inkand shipging conlaats b validate and mling (ha Eamewer,

Third, akhough technodogioal deferminants such as Al knowledge and &1 application wom induded. tha
fludhy did el corduct empiecal sling of spechc Al-basad 1ok 0 real apsraSonal amannmants,
Conssquentky the resulls highighl their potental bl cannad confim ther actusl effedivenass in
enhancing salsty kadership pradices. LongRudinal and miked-method approaches would be usetd 1o
assass how chndogical infegratian inlemots with kadership ovar dme

7. Ganclusion

This sludy irsestigated the deferminants of salety ladership in e Indonesian mamme secior by
applying the fuzzy DEMATEL method within the framesort of rsciprocal determinsm feorg Mine
daiamiranis wera idanified acies Feas dinaiaons—erscnal, anvinenmanial, and bahavioral—and
thair miamelabonelips wam syslamadically axammad, Trs Iedings ravealed thal aakety complancs,
salety motivation, and safely communca$on ars the most oolical delerminants, while envircnmental
and lechnolegical faciors largely funcion as causal enablers. Thess resulls undesrsoore fhat salely
lapdership is mel @ Tunction of individual 1Rt alcna ol raler aeanges o complas inkerapcions
Esatwaan indridual capatiblies, arganizationa spelame, and BePavaenal pradicas

Tra ahely ofers theosalcal condribilcng By eepanding falaly lasdershis mcGapch owand @
mubidmensona, inleracion-basad model and pracical implicalions for policyrakers and pracilionsn
aiming o reduce martime accdenis and enhance reslence. Specifically embedding compliaros o5 a
cullural nom, s¥enjhaning two-way communication, and implemanting mothalional resand systers
ara pivelal sleps bor devaloping aafaly-conecious lnaders AL tha dame lins, immeing in dgisal
competences and Albssd risk mansgeman! will be sseential for prepareg the rext genaabion of
ranbme aders.

In condusion. the mesarch provdes 8 sbuciured pathway for enhancing safely eaderstip in
Indonssia s marfims imcusiry and ofers insights et may also B eldant o other figh-rsk secoms
and amerging economies. By inlegratng policy, pracice, and sechnology, salety keadership can ba
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trarmlarmed from 8 rescinm compl isrcs-based spproach inla a prosctie, Baming-canbesd frareent
thal =uppori= susiairebds mantime devetopmenl.
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Appondix
fppondixn 1. Fuzey linguestic scale (adapted from Mangla e al. 2018)

!! 1!:# ! ‘||.!.!!

Wery ow effect (VL) 1 {0, 024, 0.50)
Low effect {L} 2 10,25, 080, 0.748)
High eflect (M) 3 10.50, 078, 1.0)
Yery high eflect [WH) 4 (0,75, 1.0, 1.0}

TFN: Trangular Fuzzy Numbers.
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