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ABSTRACT

Purpess: This study irvecligates the ianslemation of Businass modes in Te manilies industry thiough
e beng of Maritinmg Ainoromaus Sorleca Shigs (MASESL 1| aira 0 axplosa Fow tha inkerpiay of nathilicnal
prassares and resowns dependence PAuences s innoeaton oieniafon and accepance o
autcnomous Wchnologios, raming MASS as a niche innowation reshaping the marilime logistics
Desigrimethodologyiapprasch: Grounded in Instiluional Theory and Resource Dependence Theory, this
shidy concepiualzes tha imnsiton oward MASS a8 a funchion ol Doth insShiiienal and resoune-drfon
ynamics. Dala wene oolkecied Tom sankd eaoutives in Takvan's manime Kgistcs seckor. Confimalon
Facior Analysis (CFAL and Stnaciumal Equation Modaing (SEM] s amployed o ampiically validale the
propoaed taoratical framawork.

Findimgs: The resulls show fral insliutional pesswes—such as egulatony mandales, safety complianca,
i stakaolder o pecialions—positivaly influence both s’ esource configurations and their criemation
woaand innovation. These pressures are also dinecly associated with more laworablke atitudes woward MASS
adoplion. Conversaly, whia nescurce dependenoe promoles inndvation, i also convrbules o negatve
afffiudes foward WWSS parbculary among smal and medioresized entempnsss. Hichs innosations,
indudng digkslzaion, automaton, and blockchain, were found fo enhance supporl for aulonomous
shipping

Practical implications (f appicablz): The fndings provide acticnabks insighis. for marntme polcymakers,
fechnology developers, and shpping tmes. Undersianding how insifobons and resounce-relsted iacioms
|oirily shaps inmcvaton adopion can guide more efechys polioy desgns and strategic investments that
taxcdkate a ust rarsBon foward aulonomous shipping. parbcularly for escurce-corsimired firms.
Originalityfvatue: This study corirbules 1o the growing Heraiurs on businsss model ransiormation and
rraantime mnovabion by concepilizing WASSE as a niche nnovation influenced by instiudonalresourncs
tersons. B obers nowel empincal evidence on how such Sersons shape altnsdes loward aulonomyy,
advancing theorelical understanding ol adaptive capacty and mnoyvation dffusion in e mantme secior,

Keywords: insttubonal pressure, Resource dependenca, Niche innosaliors, Albudes losard e Marfims
Sulonomous Suface Ships (MASS)

Introduction

Tha reanlree Fcdustry B undeegiing sigaificant Fardglfamaben dus b leehnelogicnl advardaments ad tha
push For mslanable, efcinl ahipping Manlme Adcnomoss Sorleca Ships (MASS) repeesant A bay
inmdreation in Fis shi® Heman e, oflen linked 1o Ba8gos. causes mos! mankims acdadents [Domnguaz-
Pery et al, 20270 Using remole confrol and aulonomous navigabion can reduce ese emors and kower
risks 10 ships. orras, and cargo. MAES can also reduce piacy fhreats, 26 conimling aulonomous Syshams
orbcant B dificul, and uncreswad vesasals abmirala hidlage raka (Qlapau, 223, Addlionaly, MASS
Fafren e raad e ey eeonmmadationg, cudling cordineion and opanalional cost whila reducing heal
erse | Chantess and Theclokabss, 20335

Thea Intamalenal Manbma Dngan@Eaicn IR0 Tesl mirdducesd tha e MASES during tha B Mardma
Salaly Commillas fasiion in 218 Semiconducter and ICT inedvpions have increased inkeasl in
sutonomos ships, with companies lke Fols-Royes imvesting in uncresed vl dessiopment (ks and
Mossain, 20225 MASS con cperale af dferent avionomy kvels and can mprosss salety reduce costs, and
minimize anvircnmenial mpacts (Wribal at al., 2097). Thae RO alegorizes BAEE imo four keels of
sudcnanmy MASE-1 ook onboard cnaw with sdomated deciscn sppoi; MASE-T reabss amdaka
contpl with e cnbased; MASE-T iFnokad el contral without Sresy, ard RAES-4 includes fully
sutonomos ships making decssns without human nlersandon ( Shama and Km, 20058 Despils growing
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inlerest, there is imied empincal res=arch on shipping operalors” afiudes loward MASE This study ams
fioi fill s gap by examinng these atiludes within e indusing

Fsliutioral pressures shape how rdusTy ocperalors adopt and implement iInnosations it shippng (Koo of
al., 2027). Instfutional theory suggesis thal norms. yalues. and mspeciations in e enwronmen] nfluemos
organi zations feough negulations, industny standands, and stakehokder demands [Fan e al., 20E10; Manim,
2019} Rascirca depandincs Taory sxplaing how organizalions” miancs an crifcsl mecurces aflects thii
decsiong and Bahaviorn, Shpoing operakes dapand an capital, lechnology, skilead labad, &l pamnarahps
fo slay compaliive (Paraypdes and Wisdmes, 20110 Ths depesrdence can eilher sniourage o limil
Sechnodogy adopion {fdmer and Kapaoor, 2010,

Biche innowaticns, suppored by advanced dats anabgtics and K0T syslems, dries dgitslization and
automaton in shipoing (Him et al, 2021 Johansson el al. 2021 Technologies ke nbeligent contaners
iLang and Jesdermann, 20161 and blockchaim (Yang 20018; Fonseca of al., 2021] enfence salety,
ervironmantal paformance, and efficiency, demonsirating tha role of niche innovalions in transforming

rruariliets loscistics.

T shudies offen use the Teohmokody Ancoplarce Kodal {TAM) o axplomn iechnology adoplion b 12l
W caphea tha Beered, syslanme: Imanslons nesded Mor BASS. Thie sludy addrassas thie gap by
congaplupizing MASS adopbcn Ak & muli-ayamd ransion shagsd by nallubonal preaanes and
rrodaraled by meourcs conefrants, prosdiog a desser view ol adcpbon palfresyes and bariesrs. This study
i5 guidsd by S0 research queshons:

1 : How do sMippng operalomn periei instiotionsl pressgre, resouns dependencs, niche mncyation,
ard altbudes oeand MASSY

O3 Wil ane Bwi difecd, indres, and obal afecis of inslikdonal preseing and resinrss dapanderss on
riche irrovation s alfudes oeand MASST

By aaplring thass guestcns, Tis sludy @ms 0o Felp policymakan, nduslry laadars, and lechnokogy
cespippas undsrland the factom shaping MASS adoption. | identifeg bariers ared deresrs ol nichs
innoeations, prosnding inskghls for creabing supporiye emnsronments for MASS in shippng. The shudy buiids
a research framework [Figure 1) showeng the impact of rstiutioral pressure, resowse dependence, and
miche irmcvariion on aftiiuces tovard MASE. Seclion I ocovers T theonlical background ard hypothasas,
Sacion 3 dascribis tha malthadaogy, s Saclion 4 grasanis the aralyas rasulis The shudy conchadag by
chscusaing ¥ Indivgs and Pwir implcaliordg for manima raeapor! whils suliving limitations and lukra
research direcions

Litarstura ravinw and rasaarch hypalheses

Wihie prior mssarch has feamined the bechnical fTeasibiliby, legal fromeworks, amd sooo-techndcal
chalangss ol Manlme Aulondmcus Juifacs Ships (MASS] [ Ringeom, 2019 Ghadan, 2015 Kim and
Screfder-Hinrchs, 2021, salalivaly ke allanien hes bean davalad 1o s organizalonal dacsan-making
procasses urniempinnang ther adopicn—especialy Frough e dusl lenzas ol imslbutioral theary and
rescurcs deperdence. Exsing studes typically freal rsbutional pressures [e.q., requisiory complianocs,
recirrtl v e pecialion s | as unEirmeodona Dt ol inreadon (FeErdon ard Chapsos, 2033, Liu el al., 2027,
il FRfaly cofmidar hire (hicka external mandates ineensd with Time’ Plaral resircs consinaints—eiash
wa Il capinal, merckagical readingss, oF Ruman Gapac y—Is inluancs siralages allibades, Lkewisa,
rescumGs deperience mesarch in the manbme condex) lends fo ampbases apseatonal vilnerabibliss or
cutsourcing decisions (Plefler and Salanck. 1570; Biermann and Marsch 201710 withoul inbegrating how
e dependencies might responses 5% instfubonal pressure o the isce of dsrupiive inmcyvation. This
creales o cridoal Bind spol in understanding MASE adopiion as a simiegc ranskormaton rather tham a
mranaly tachrical oF reguialon issue,




Instibstional Theoey and Resownce Dopondance Theory

Fsliutional theory provides a powerul lens %o seamne how ocrganzatons respond 1o exteral pressures
anid conform io sooelal expeclatons S0 gain kegibmacy and ersure sunvival [CiMaggio and Powsel, 1903
Sco®, 2008) H posits that instituional environmants—oomprising regulatony, nomratie, and cognitve
slruchrai—iefluancs Sfganzations bafeeicr Iy prascibng whal is deamed scosplahka of radional. In tha
Frafilicng 2achy, Tesa imlndionsd précraes manifesl thicugh inkernationsl regualicng (g, RO
slandsrds) netional polces promoting digils? rameiormeton, and sisketolder demands fgr =alely,
frarisparency, and envircnmental pedorrance (Tan el al. 2027, Bingbom, 2019) Omanzatons subject
i0 such pressores may aign heir stalsges and adopl emegng echnologes, such as Mamme
Aulonorous Sudao Shigs (MASE] mel soksly for operational elficiercy b 10 enhands Psir gl macy
anl sacuth conlined slakehckder supped [Suchman, 1H05], Complmaning s vies Faiouna
Dependancs Theory (ROT) amphaseess hal organi raliors ars ambedded in neteatas of nierdepanderces
and missl manage Ther access o orbical eadenal resoumes—such as Prancia capisl, techrical
knowledge, skilked lator, and requialony aponoa l—io ensune operabonal continuty and strategic fesisilby
{PhafTar and Safancik, 1978 In tha contaxd of MASE adoplion, fimms face significan resource-relaied
chalangss, Fchaling hagh ernckagical antry harmees, fuman cagilal shoflages, cybamasunly coniams,
ard pot inlrasireciun readivsss (Aalam al al . 2031 Tushar af al,, 2057, Thesa daperdancies Cofalniin
e deciior-makng spenomy of mamfima fismes and shaps theis siralegc chacss concaming Iechnolkegical
innoeatior. Unbke prior sadiss that rest MASS adoption as techrclogy acocoptancs. this shudy
conteplualizes i as a syslemic transition requiing orchestration of mulliple niche inncvatons under
instilufenakrmecuncs tankions, Qrganzaions with ghaster aleompieg capecity and colatoraive lBs with
mechnalogy prosidan ey B batke gaiionsd 3 ovanoms thass corgints {Cohes and Lesinthal, 199,
Ghaderl, JMA} whemas firme with Gmked resaurces may sxhibil mastancs o deay adoplon dus o
peeroeteed risks and capabiity gaps (Obver, 18891 Bisrmann and Harsch, 20171 This study concepluaizes
e imerachion betessn instivional pressure and rescurcs dependsnce a3 a dyname fensen tha
significandy afecis organizational aftitudes irsord nicha innovations ke MASE. ‘Whils instiulional forcaes
ey cofpal change, MEcUIcH coralnints can smulanaously nhitil of delsy reralamaton, craaling &
comgias adnpilive landscags for manime Lgislics ackors navigatng thi shilt 1o auonomy,

Tha Mulii-Lival Perspective (MLP}

Tha Muli-Laval Pargsacien (MLP ), misialy corcapiuabzed by Gaaks {2000 2004 and latar slnad in Gaals
(2014, prosadas B promicanl enmalical Bns o analyze foco-tachrical ranaliora, T consaplupizes
changs processrg in omplese syslers as infsraclions acroes thres anakgdical lesls: niches, apoo-lechnical
regmes, and e socko-lechnical landscape. The frameswvork has besn exlershely applesd oo shudy
sechnological innovasion in seclors such as enengy. mobilitg, and shipping, espedaly in e conted of
sustainaibly imnkitons (Markeed al @, 20425 &1 tha con of MUP i ha recogrilion Bl sadacal inndasalions,
auch s Madima saicncmond Surtaca Shigs (MASS], fppacally amengs in nichas—pnobacied anvimnimsenia
el gheald innaeaticns Som prealiog marke! 2alecion pressures (Schal and Gesle, 30081 Thess nickes
serss o5 expenmenial spaces where novel ischnologies, business models, and ms3tulicnal practices can
eraobse and malwe. In conirast, soco-lechnical regimes represent the dominan, stable configoraions o
wechnologes, user practices, regulaions, infrasinuciores, and incumbent acors. that sustain tha ourent
avilam |Gesle, J004) Ragives adhifel song et dapandercss and slnackeral inafia. makng tham
Faislan i changa Tha landamapa ralers 1 ihi Broadar srcn-haal comba el ancomies i ng sow-charging
exlemnal faciors such a5 demographic trends. geopalibcal shifls, environmental concems, o supranational
policy agendas (e.q., the s decartonization siraleqgy or e Eurcpean Green Oeal). Changess at s
laval can exert pressure on the regime, creating windows of opporunity for niche innovations %o braak
wrouagh (Geals, 2011} MLP concapluaizes rarslions as rondicgarn,  muli-disransenal, and oo
Enlulionary, & FRIGIBON 0CCUrs when davelopments & The riche leal (8.9, echnaogical advarcamants
in aglonomy aed dgilslizalion] slign wth pressgres al the rdscaps bl jeg.. dmals mperabives,
cyteersemunly concerns) and desiables the exsing regeme (B.g.. conventioral ocres-based shipping],
Freerety allowing niche inncrealions to scale and pobenlially redefing the dominart wystem (Geels ard Schot,
00T Hoveesar, whike MILF emphasizes systemic alignman and instiuwlional co-asalution, it terds (o undar-
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specty T rm-dessl cansiraims st atlec! innovaton soalng—such as resource dependonce, simisge
arbigaly, and oganzafions nero, Becerd shudies amguo for complomentng MLP et mesc-leel
aoniak kg Fesouros Dependands Thecry (Plafleer and Sasancak, 1978 of Dynamic Capabililes Thaony
dTewncs & &, THOT] o hanes undereland the micarkardalions ol Rraedgis decisin-making sk
insthirtiengl pressurs (Bergek al al, 2005, Kobber al al. 3008 In the colesd of B&ES, The MLP prossades
a powerdul macen- ks esplanafion for the pofertial Imnsition irsord saonomoos shioping. Yel, o capfurs
e nuarcsd dynamics ol business mods vansiomalicn—parliculery the cecilaton of nchs Fnoyvation
bebwaen institdional pressune and escunca dependence—it is nocessary 1o integrate MLP with thooros
Tl Teragreund inlar-crganizalional depandancis, seource aymmalien, and wehaologcs uncaaind

Tha relrionship ulvesn inslibfional pressare [IP], resource depandeccs (RO, mche innevation,
aernl anttifue Iovward MASE

i i sludhy, ingliions prassuns (P redees: 10 i imNusnice of reguldons, governenenl polcas, indsirny
slandards, and cslomes expacinlons on efganizationsl rRcdias (Zha and Sarki, 2007, Yee 21E)
RBesource degendance | R0 means organcabens iy o eslemal resoursss forsgre e oo suscees (Y uan
et al . 41T Pandainen & al., A08). Martime shipping rebes on customers and sirategic pariners, oreafing
dependencies hat requne collabombion, resource shanng, and simong cytersaounty. The secior taoes st
Fagrd alcns Fom e lka i Poemalioesl Maetdma Dnganizaicn (O] and naonsl aulhdr s Tres
fulas sl oparalional, salaly, and ecsdrgewranlsd slandands Van Legueen, 2015) For axample. IO
graschsuse gas (GHIZ) Brgels pisth steppirg Bnes b ower empsions by usng clesner fueks ks LHG and
adopling  dschnologes such as sorubbems and cpbmized Foll designs. Thess ofords  ooals
ininrdepscienoies with fuel suppfiors and porl operators who proreids the nesced mfrasiniciors.

Devvralmam. companissy. bee BKEA and Wialmarn sl sualanabidity gosts, recgaining lngestce padnen o uss
graarer Iranssor] oplions. This leads 1o clossr colaborolion and jobv reestment in green fechnologies,
shoraing how institional peessures drive supply chain cooperation. Complanoe & regulations ionoes
erarilion ime o adagl opamliong Iy imieeing i new lechnddoges, echancng oyEarsacsly, and
improsing ek management (Lu el al, 2009, Kuo et 8l 2023}, To compsy, e Mol S80u0e the ieciaany
fechmologes and skilsd persgnnel, mzassing ther depandencs on schengl esmrcas (lchmom o al,
T ndusiy slondards also ewesr! irsbtubional pressum. Algning with nomes sel by Godees fke tha
tematioral Associafion of Classilicalon Socisbes (IACS], DY GL or Dumau Vordas reganes

investments in mantioning, cybersecunty, and rsk managoment lechnoiogies (vevar ot 2., 2048; Venkassh
ard Bala, A1) Tris alignimend inchasses reliancs on parnas and sppbers 1 meal hesa standasds

Cuiomer Bpeclfons: Turthar confrbuin o rstiiional pressune. Cuslomers dorand rolisSdliy, Fegn
SR quiity, and sstaEnatin pracices, prompling marline e 10 adopl sdvanced kechinngns and
impiove eficioray (Wapear af @l M1E)] Mealing Tese dergnids redquings  collabealion ywih pannarg,
mirasreg reaouse deperdences Technologesl advancemants and shifting rarksl Fends conhraasusly
pressars mafims s o odopt This requies imeestmends in lechnobogy cvbersecunty, ond nsk
manageTent 1o stay competitnss (Wezmak 26231 fs firmes adopl rew systems, they rely on Ischnodogy
prowidars, Oybersoourly experis, and parners, hoighiening resourcs dependenca {Parawides and
Wikidmiar, 2071 Lanat al, 20230 In auimreary, inablulonal prasdune deteas mastuicn dapancsncs i mariin
ingeaice Begulstons. indusirg standards. cusiomer demands. snd Bchrciogy Uende comps frme
spoune axisng resorces b0 remain cpemlional and competfive. Bazed on this, the sludy proposes:

HA. Instiuional pres sy B posilhaly resociaian sl nesoutts dapeanss in mnlies Kegsbic

Fapdatory Ixdss impais e aned slandasds tha arganiraliordg nnasl Tolire. Falbons & comgly chn el
in egal penakies, ks, and palaionsd demags [Shimgndck and Wand, 20050 Faced with regulaiosny
presirs, organizalions often frn o nichs innovalong o ansure complance. For Pelasce, inledudng
siringenl anmvimonmerd reguiabons drases The development and adophion of green Echnologies (Cal et al.,
PO st as intelbpend container leohnokegy o monilor anad redute emissions of auksemalion and robotics
Bo improao opermdional eficency and reduce wasio (10 o ol 20E7) For esampa, tho Intamatonal
Marilirs Qiganizatons (IMO] regutstions on sulfur eeviesions hawa led sbpping companis 1o adag
Bechrodogeas ke sonablsrg and Slamdtiea fusk {Man & Gl 2018, Morealiig preacsrs arisss rom tha

G



enpeciations of indusiry standards, best praclicss, and ohical norms. Crganizatiors fes compeled o
adhere lo fess slandards o mainiain legimacy and reputabion. To abgn with ndustry norms and
s P RlDNg, pIgANEAIeTE REOp nicks mnovalions hal 3ignily sdhenercs 0 kigh sandands [(Gests, 2004,
Far axamgla, T push B fustainabla praclices within indusinas hes bd 0 adoping Bockcham lachnokogy
fo enhance imnsparensy and rscaabibly in sppply chaim. [Cenlobslb ) o, 3022, Cogribes pressos
slems from shared teliefs, values. and knosfedge withn an indusirg. | shapss how organizalions perce e
anid respord o #eir emvmonment. Organizations. nnovale 1o align with the prevailing cogrittie framewonks
§ Gaats, 2014). For example, Ealaying in the imporancs of digital tansformation keads companies 10 inast
in fadvared dals analyai spphcalons sl sulomalon Behasloges 19 sy chmgslibes (Krausal al . 301
ol it v prakaura Tencas SPgari Baliira I nnavala and maintain a compedira adga, This preataars clian
resyl in adopling riche mnovalions thal provide uniqus capabifies o sfficercies (Hojnk and Fuzsier
2016 Organizabiors nvest in nichs inmcvalions such a5 astomabon and robolics for improved produciivby
of bockchain s hnology for enhancad securly and ransaciion &Sodency o outpadom compesiion (Aihal,
SOFAL In enncdukion, inglikGonal pragiuTae cranka an anvifnient whain icks MARBenE AN NRCASRATY
arad siratagicaly advanlagecus for organizations. By respending 1o thess gressuees theough inrcvation,
orgariraliors (an ermure omplancs, enfancs ther sepuiabion. impeoes efdency, and mainiain
compedileeness in ther respsclive indusines (Cokyvell and Joshi 2013). Consequenty, the shudy
Frspofes oo

HE insSlulicnal presegrs (s posilraly sssccialsd with niche mnavation in mantiee gstic,

Failiptioral thaory agaaia thal ciganizaliong reapdnd 19 axkerna praserai—negulaiorg nofmaise, and
rimsic—in ander o escum leglmacy, srsurs surdeal, aed algn with aodaly acoapled pracicas
iOfdagpio ard Powel, 18983 Scoft, 20130, In the marfime seckor instlulional resswres ars noreasingly
shapng organizational atbludes loward Martims Aulonomous Surface Ships (MASS), pariicuiary in
FRSPONSE 10 awilving governancs framaworks and enronmental mandates. Reguialon pressunes from the
Figrralioral Marstime Qrganzatons (IMO) GHG siratagy and MASE sooping exercics compal imma oo ie-
espluala tha lachnical, aakety. and sustainakiity imgdicatons of aukdealion and autcneny (Liv et al . F023,;
Fenion and Chapsos. 2023}, Homabyss expectations issued by dassfication socistes fag. DMNAV-CG-
0254 ard the algnment with emergent glohal operalional standards reniomos e leghimacy of EASS as
a salegic innowvation (Tsvaliova of al., Z021) Addtionally, mimelc pressures—aempifod by eary
adcplars aach Ak e Yara Birkaland—agnal ayenbobc complancs and marksl mleanis, hansby
inlansitying pear-crsen conormily (Fameca al al, 2021, Kim and Schiider-Hinichs, 2021,

Howevor, insliulional pressures do nol akvays resull in simightfonvand adoplion. As Bachman (1995
wrgueed, legilisnaey = A fecaly conavuciad parcaplion of dedirafilly within & spsiam of shand roed, Wihila
conkrmily o irslbuioral mendales may anfarce regulalkory or nomalees leglimscy, o absa inlmdoces
cperational urcedantiess and cost burdens. sspedaly in lechnokogicaly imerature dorrains such as MASS.
Ths legiimacy-unceriainty radecH boscomes parliculardy salen when reguilstory axpeciabiors ouiDacs
Smms” absoiplive capacity of infrastrectoral readiness [Than ot al., 20211 Consequenty, instiutional
praasra My simdlanecusly acl as @ catayal and constraint. it koilimizes MASS adopsion as a faiune-
crmniad Alralagy 1 redaca el coats, erbancs navigational salaly, and salialy sslarabiiny goals (Chaal
el 2023} bul may also genarals nsk asersion and ambivalest aBiludes amang Brers s conslrained
capatibties (Wunim and Haralambdes. 20220 Therefors, nstlulional rfluence operates through both
coaroye and cogritres chanrels, shapng crganizational cnentabon foward MASS rot only a5 a compliance
Fecaialy, Byl 8le Ak b corpalilive mpanaliva Julpacs 1o pacaraed laasitnbly and fsh. A A ekl e siudy
posilAlag

HL Institudonal pressurs |5 posiiely assooirked with afiludes ioward Manima SAuonomous Surlacs Ships
{MASE] im mariimea logistics

Irstiutional pressures, induding regulaiory mandates, indusiy norms, and stakoholder expeclasons, ane
eongapluaized & landscaps and ragive (rassuses within the MLP framasonk, Thass prassus drive Sms
B0 incraass eeduros depgendands (HT) pursass nicha inndraalicna (HZ), and Torm fedralie afiludes e
BASE adophon [HI) algnng systemic prassurs with organizaliorsl meponss mechanimme.,

Tha relatianship betwisan rescurcs dependance, niche innesation, and attitude leward BASS
56



i envircnmenss chamcenzsd by uncerlanty and rescurces scarchy organizalions must navigals
chalenges related 1o resource avalabil iy Organizations lom relaionships and cubivale interdepandenics
walth atfear Temne & addies Fess challergas and maal inlamal meaurcs regds. This agpnasch pndamscnns
e exitical roda of parinershiga in Fanaging mecunca dapandenca allectivaly (Blarmann and Harach, 3017
Fmesppene Dapandencs Thaony asseds Fal omganesions g nod sslil-suFicen] and sl ssouns eesmrcas
from ther srwrommenl fo thrive. Mansgers, fersfors. engage in simieges o morege ssemal
depandenciss with ten main cbisctives: ensunng e crganizabion secures suficiend resouroes o mairkain
mrarkel presanca and enhancing e organizaion’s aulonaey by minimizing extamal constraings {Biamann
ard Harach, J0AT) Thik dapandersy infuances organza@onal Bahaviar and siraiegy, anfaing Aotass i
ecaraniial mecuncRs fech AR ey makermle, nforsalion, echndalegy, Fuman caplal, and finkrial scikaia
iAsieny ol al. 2025, Thess degendances shaps arganzatonal siralegies and innreatons [Connelly &
al., 20121 Shpping companies ars signifcanily dependent on fossil fusls, making them valnerable 1o price
wolatiity and stringant carbon emissions regulaions, which oxpose them o operaticonal risks. Corsegquently,
Simes fen ditenn B0 adopl nnovalivg srakagiag, fech i3 Inansloming i aliernative fuaks ke LRG, Bialuals,
o Frpdregan &l implamanting erwngy-alfcan lechnolcogiea, For imlancs, G COM'S ebeSiacion ol
MG -pormamsd wessels exemplifiees nochs roeation slemming from meource dependence. Furihermars,
relance om imied ol indrastneciors crealss supply chan Soitlensc s, promptieg kogistics oplimisation and
digialsaton inmoyatons Maersk's nyolvemen] in blockchain-based inbafves aims o dighise bils o
lading, enhancing transparency and cperational eficency across the indusing

Fuciuabons in resource avalabibty, quaity, and cosi necessiate inncvalys aporoaches o ersure siabie
FRECUNCE Supply (Mukhanfes, 2033, For instancs, organisationsg naly on timaly and scourate imkemation 1o
rraka Siralagic decision, KBading W adverdaments 0 dala anah@cs, big dala, meachire g, and
arificial insliganca 10 anfancs dacscn-making (Bhacsdya 2023} Addbiarally niche Feosations bka
sutomaton and robofics incresss cperalioral efficiency, reduce Bbour coets, and miligale risks (Windsl
arid Reynalds, 2023, Inleligen! candaines technclogy uses k0T sensors o monilor vansit goods, ensuns
optimal condfons, reduce manual tracking, minimess losses, and ensws regulalory compliarcs (Chtikara
af al, 2021, Techrodogioal refiance drives innowalion in spetiaised aneas [Be preciolive aralytics, Al-basod
shig mubng, and aulandmcus veseals in 4 glohaliad and indeconnacdad shipping rstwerk, Relis-Rayoa
Al Wamsla's adonomous ships exemplly niche innovalion addkadang Fuman dapandency and
cperational nefcences. enhancng salety and rouole s¥ciency through adyanced adificial inleligence and
sensor echnologes. Therslors, dependency on exlemal resouncss drives the pursull of such innoeations
%0 provice ahennative or mone afficien] rescunces Thase inndwalions ane wital for managing depandencios,
miligealivg s, and MaREInng Compallivanaes D& dyremic, Esour-consinaned envronman [Scdoer
ard Kapoos, 2010} Tha ntrings link batwsessn resourts dapandencs and niche nngvalion is svidanosd by
e causalag elagonshio whers fhe depandercy on exlernal resources necessialas mnovalivs salulons
idajim el al, 2017 Akram and Soear Ul Mag, 20272). Ths, the sludy propases:

M. Fesource deperdency s posfively associaied with miche moeaiion m martims legesics,

Resouwss Depandanca Thaary (ROT) {Plflar ard Sakanck, 1978) explaing thal arganzadons rly an
exlamal arvirenments for crisieal feecuncas, Poludieg capital, Bbon, infaeireciun, s lechnokcgy, This
depandancy shapas their slalegc choicas and mnivalion capacity. In the cass of Marime Splanamogs
Lurface Ships (MASSE], mowing foward auionomy requires frms o adopl advanced syslems such as
arbficial mieligencs [Al), securs communication netsorks, sersor-bassd nasigation, and MASS-compalibls
gt infrastraciun (Ahmed al al, 2024, &elam ot al . 2020) Firme thal raly on Bgacy Syalams ks mannaed
wakaals And cenveniioral pof oparalions oian e @ mismalch Baledan Feeir cument reacuses and tha
reeade ol MASS, This misralch rastes pamcsved Frasks o anisling malstiomhips, routines, and hbuman
skils thal hass ensursd opsralional siabdity | Schuster and Holiorbgoe, 2014; Bermann and Marsch, 2017,
$is 3 resull, frms weth limiled resowrces may ress? adoping MASS, not only because of firancal consirants
it ako dus o @ lack of absorpdve capacity to adodd radical innowations (Cofem and Lesvinthal, 1990). Tha
inimuddion of MASES alTecds e broader mantiong KGR ecospsiam, Daploying aulondmous wassaa
Farul nad caordinaion amceng tachnckesy davelopars, shifpands, sipirrsns, aganis, Breardans, and iFland
Ingmice prosvden. It alo demands fBigh misal imestmants e lechnolegy upgrades, Teal mebclits, pod
control centers, and workforce upskiling | Tsvethowa and Hellsnom, 20271, Requlabony Farmonzabon under
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inlemalional frameworks |ke SOLAS, COLREGs, anad STCW further complcates e rarston (Ringbom,
2015 Ahmed et al., 3240

EASE implementation imvobes muBiple irstiutioral aclors, indudng dassdicalion scciebss, rsumers, por
ashortes, cusioms agorcies, and fnancial instidons. Their hesttancy, doven By regulabory uncersainty,
liakikty concems, amd mchnology miabilly Ssuns, can delay infegraton {Soynr and Tetienbom, 2019,
Danias and Thaolokalas, 2033 Suromodd avalams musl damoraialn ealence under wardus
condiirdg, induding ayatam lalume and cybarsacunty Teasts (Aakam &1 Al 2020 Tushar &1 al | 2027,
Lirtil carified and accapled. slakehoiden may heitabe 1o resel in o guppar] BASS inkastnueciums, WMASS
also changes manbme labor pracices, shifting from orers-based operations 1o Al-driven systems. This shilt
requines new kil and cioser oollabonation with eohrodody prosvadens (Ghadadd, 2019, Emad and Ghosh,
A0F3 For smalar T, tw deciion @ adop! MASS s chalbnging dus 1o high uplonl coakla and
wradanty, desapita promeses of alfcency sl galialy gairs (Musim, T Kuit and Apmadak, 2027, Trssa
Eschors show thal rescums depandsrcs can both ensbls srd consran MASS adoplion. Firms wit abgned
rescurces may see MASS as an opportunye while Trose lacking capacity may view (a5 dsrupivs. kesding
o resislance. Based on this underslanding, s sludy proposes:

HE Fesourcs depsrdency s negalivmby associsted with allfudes foavanrd MASS i marnbmes bgislics

Respouires dapanderch mlacis tha meso-leeal consinginga that fmeg [ece whan reipendng 0 adamal
preseures, shagng ther skhalegc befaior in lechnolegy ranslions. || foslers e rnovalion adopliion
i He} while smukaneousty generaling couious or regaliie atiludes oward MASS dus fo risk perceplions
Sl gy SEsem Sckirass (M)

Tha refationship befaeon niche inmovation and atifucde toward MA&SS

Bichs Fnovaliond, such ak phandsd dala sralyas applcations (Km amd Scheder-Hinnche, 2021),
sutomaton s rebalics (loharseon o al,, 20315, mteligent conlairer echrckages [Lang and Jedamann,
2016)L and blockchain echmclogy (Fonseca el al., 2021}, play a crudal rols in staping atbludes fosard
Efartiere Sulonommous Surdace Ships (MASS5). These innovations address wikal challenges and snhanoe the
cwnral feasibiity, environmanial impact, safaly, security, and eficency of autonomous shipping (Chaal e
., 2033 Advarced data aralyss 0als, 200k & e data analylics aod maching learming, ofker manima
operalnm assanbal neghls inlo opesabonal peclormancs, predcies manieancs. s route oplimizstion
i hurim o al_, 2020} Through $ess techncloges. Manime Sulanomous Sudace Ships (MA55] can meks
dala-driver, reaklime decsions, sgnficanty mprowng operabonal effickency and relisbibhy. Tress
aralytical ook erabie MASS 0 optimize fusl usage, lonecas] weathar oondifions, and predich mai nlenamos
Fodinamants, wlimataly kwening ogsrationsd coats and misimizig amdsnmental imgects (Kunl and
Apermlah, 2004, 28 & al., 2023 Such advancemants oniibate 10 growing confidanss in tha echaical
wisbdbty of MASS,

Sulnnorcus navigaicn SyElea, mbalic manianaea, and sdcmaked cangs handing desmcnsicais Tha
BASE can operale indepandestly of human inlesvention (Poomikca and Svergled, 20230 The succaesiul
implemeniation of fhese ischnologies proves The Sechnical feasibliby of avionomous ships. encouraging a
positive atbtude fowards MASSE. Inleligent contaimer lechnckogy, which uses loT sensors and reak-imes
wacking, allows for connuous monioring of cargo condilions. This capabiity enswes thal aulonomous
shigs manian aptinal condilions 1or sardilive Cange, reducng apoilase and kes (Mufiueun el al., 3000
Tha practical banelils of mprosed Sanes mranagament Jupior A porlisa alliada Icwands tha practicabiy
s pllecirseness of MASS Beckchain fechnology gusraniess secure, ransparent, and unalerabis
recocrds ol tansacions and communications throughoot the manbme ecosysem, sreamining
documentation peocesses, reducing adminisiratise burdens, and ensuring precse record-keeping {¥ang,
2015 Tre ability b prersan Traud and erguse data inlegety threugh bleckoragin Felars B posibes afiluda
rewvand tha reliatibly and aaculy of adenamass shigs (Munin and Harslambadas, 2027), This srasslicing
of gperations demonerates the cpamtionral bensdits gl MASS, lasding 1o 3 moms egrabls peeceplion ol
fheir adopAon. In conclusion, advancamenls in dats anakysis. aulomaton, misligenl contaimer Sechnology,
arid blcckchain reate a foundabon $al enharces aulonomous shps' feasiikly, eficency, safety, and
erfironmantal impacl. These @ngibke berafits foster o posive affitude owands MASE, sncoumging thair
scdopion and mlagralon nbs the mearstines indeaing, Thus, the propeded fppaPsss &)
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HE. Miche innovabon is posthely associoted with the atitude o MASS in manime logislics

Bhcte prsapbone  echafreg Al-seabhled nawagason, Slckchan, and aulomason, acl o= peiiecied
eoiparnenis within e MLP sruciure, alfiowing modical irchrologies 30 svoke and malus whis nsuaied
from immediste regme ressuens. Nohs mrmowoions as proleced superirents i MU enatling MASS
sysiamic adopson. Tharefon, Sis shudy oxamings hos niche Innowations poslBsy infuonca organizational

afituckes, srwbing MASS asoption as pan of a sysbamie Busiraas maded irmned o,

Figusa 1: Concspdual msaann modal

Samphery nualbesd
Thes study empircaty nyesiigalss tha Ffuence of nsdlutonal pressee and rescurcs depstcenoe an nicha
innoealion and afitedes toward MAES [Martima Auloramaus Sulaoe Shipe] within the mariliens ranseom
oAk Ta M and, e rataanch eadilad panicpants gevisarnly nom e Halieeal Assaciaton of ChiFssa
Shipowrarg |NACE] and tha greatioral Ocasn Fraeghl Foreadam sl LogElics Assoeiation [|OFFLAL
The ahkty dabEnded mium emiaslopes o 517 rdtdduals in 7024, In the nllal round of dats sollection, T8
rEspOnSes wee oniaingd A foloe-up sureey was adminsiersd one mond later, yeelding 85 responses. In
kodal, 163 valid resporeses wond ool kcked, comasponding (o an cyiend maponse rahe of 31.5%. A 1-iest waa
conducing R recamidded by Srmenoreg amd Owarton (1977 0 A6 el fonniaioiss hak. Tha daiadse
weach ividad 0o hed waves ! eaily raspondants (n = 1381 and lake resaporagnie [no= 55 Singa nd alalislicaly
gigrifcant dilererses wire obesrasl Sebvaeen thes b Groups scmes ths measyress dimensons al e 5%
significance levsd. f can be conchuded Faf nonresoonss bos did nol pose a concem in s study



Weasurns doveloping

Tabks 1: Congnazis’ opamational defindion
Ciperatenal dalirilicns Hay relansnceed

Festibstional Marbme shipping cperalions must comply with reguialory | Jru and Sankis 2007}
ErRELrA reguifamenty, govarreanial  policsss,  and  nomates | Clamsng amd Douglas
incheilry standands, Addisenaly, thay should algn with | (2005 Yang {2015)
cuslomer-endor=ed  shalsges and pracices  whie
comfinually adapbmg o dynamic market condilions and
avalvng echndlogcal advancersanis

Rsaqiina Maribma shpping agsraiions aea daeadly indervsnad with tha | Yoen al &l [Z047)
depandance | global madksl, requinng substanial meecumcs depandscs | Pardaicen al & A0
on ousiomens and siralegc parnens and ssaoft responses lo | Pamla and Lamn (2070
thair avolving nesds. High leveks of collaboration, rescurce
aharing, cybersacury, and rEk manageman e cnasal o
mairiairing e inlegrly snd eelence of Thess apseations

Ml A highelees dats anakysis decison syskem and inoressed | Wikl &% al. (20210

innorealion diglakzation ard aulomation ore progressyely niegraled | Slaimokails et al. (3028
ima manbma nduslry apeesbens Addiionslly, intebgan | Slamoekaikh and Viakyls-
coriaing’ ehrcdogy and blechohan adoplion ara gaining  Paumkahi (2019)
trasciion wrhin e indusing,

St o PASS is schnicaly wiable and is expecled 1o mibigale the | Kim and Scheoder:
MASE anvircnmensal Tooipeint of the shipping seckor whie | Hindchs (G021 G et al.
anhanciFeg watsal and Cangn safisly and aacunly mankunes, | (2001 Wedbal al &,
it wil graduslly mplacs radilional merchant ships G0N Li aead Fuen
0@y

To ersuss the frusbyorhiness of this sudy, $e metrics weme dessoped by synthesizing krosdedos geaned
from prior scholar®y research and exper! wisswpoints wrhin the manime anspodt doman, as elatorated in
Tabkx 1. Corgequently, T aos relaled o irelfubional pessum, meouncs depandenca, miche inncyaiion,
arad ATiludes wowand Meritineg Autenamcus Sofacs Ships (MASE] undansant refnamasl Sddliarally, A
Sve-poin] Liker? scals was incaporated min v questionnars o assess the lessl gl agreemant among
partcpanis regand ing each dmensior, with the scale ranging from 1, representing strong d sagresment, o
o, denobng =Hrong agreemesnt

Disda anabrais metads

I e curenl invesligalion, Conlimaary Fasor Analyain (CFA) wed ulilizad 0 authanicais T rataanch
feamewndk, which comprzes oo rdamental dimersons: rsbiulionral pregsgre, mecurcs depandencs,
richi inncvabon, and afiiudes losord Martime Actonomous Surlace Ships (MASS), a5 delineated by
anteoedent researchy Subsequenty, Struciural Equaton Modeling [SEM was snployed o scrutinize the
shi posied research Feypoieses, Toloeed Dy an evabaltion of dired, indinec, and iolal eflecls. Tresa
aralptical procadums vang exasuled wiirg apecial 2ed Slalmlical sofware. ramalky AMOS 180 and SPES
18



Analysis and results
Feapandend prafile

Tahks 2 prassnis & breakdown of the demegraphis chameienatcs of the pamicipants n tha suereay, afaning
@ dlabsbcal gpnogai of thar profikes, An avanvhaleing magoite 81%, of tha sureay respandants Pkl
positions imaghing deddon-mating o maragensl responsiteblisss wifin thar respaciive crganizalions,
cooupying rofes ranging from assstant dreclor lessd do higher, This suggests that the demographic
composiion ol the survey sample indoates seasoned professionals and can ofler insighis inio the actual
expariencis and panpecivis of company leedership concaming inBIUTCNAl PresRune, FRECUNCH
depandanca, micha mnovalion, and allifude Kevard Manibme Aulonemas Suace Ships (MASE)
Furtharmas, appraximabely T4 2% of the mepondents boas! over Bes ymam of mdustry sspedancs in
rrantme Farsporiation. Such exienshe lEnure within the industry prosdes & solid doundation for
comprehending e instivional pressure, resource dependsncs, nche innowvalion, and atiluds foward

Bfaritiere Sudonomous Surlacn Ships [MASS) pravalen in recent ysears.

Tabis 2: Reapandenl damographics (n=163].

Hale ol occoamence | percent |
Professional s The vice presidert of above | &1 .3
ManagerAsssant manager | 52 a1a
Direcioridgpistant direcion it 17,0
Sakic mprassenialiag A 19,0
Cispariman| Jparations 2 2.3
htanagemenl ™ 43,6

France [ 6.7
Zakes &1 T4
Sankrity Uredar 5 yoars 4z 5.8
&-10 yoar = A
11-15 ynars Tl a7
1620 yasrs 1% B2

Over 20 yaars & 328 |
Erm type Joean Iansport company 45 276
Shigging agancy 43 6.4
Dosan Traighl lomwander [ 46.0
ClwmiareFip sinaciera Leazal fiemn 136 #3.4
Farmgnncal b 14 B
Fomign-owned frm 13 a.0

The company's cperational longesity | Less than 10 years % wa
11-20 yoars 0 na

&1



Z1-30 yaars 43 26.8 |
Micra than 30 yeads &1 a7 4
Employses count Undir 100 peopi it Tea
101 tn 3K pegple 15 B
“Ever 300 paacie T fi

insirument’s refabality amd valiciy

This sy ussiad Corfimalony Fachor Anakysis (CPA] o sl ihe abgnimant batwsesn e conatusds and
Fwirmeasered Berms wiitin e proposed amesosk. Table 3 presents Se o mosels [ vabdity, and reliabiity,
madel. Tha ch-squore o degrees of freedom rabo & 1841,
indicatng an acospiabis e The Goodness of Fil Indax (GF |} s CLBAY, whie e Comparative FR Indes {TF1)
raaches .53, showing improvament ower A null modal. Tha Morred FE Iedex (MFIF s 00902 s
indiziing good B Tha Real Mgan Squpie Resmideal (RS e 2T mlecing ey maaidusts, The Roo
Mean Separe Erge ol Approsimason (RMSEA) i (055, indecatng a oo murlch whits congadaning mcdal
compimdty. Togeter. thees resulls suppon the model's adequacy. consislont with Byrme {20713).

Tabba 3 Findings foen the CFA [eanfinmalony facker analyas)

Eey & ndicalors confem a

Lastrs ke lrciarch red Compaiely Sandan) Criical

VANANRS ETEE mm:i:;t“ L) R
Iakng

[ rmllilioral grasera (P

IP t.000 07ed = =

(15 AL 0. .05 1

(=% D427 o 098 Boos |
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RO 1. 0TI = -
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RO3 (R rs 0,105 857

RD4 0.860 0.ns1 [X[T 8 (XTI

- Bhche Inncton (N

M1 1.000 oTEs =F P

L2 1.175 aTae 0123 BEF1™"
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AT 1.0119 P v 0.0a5 10605
AT 1157 0555 0,105 T
AT 1.015 L=< .05 UL
Bote: 8. 5 E. stands for the estimate of fhe standand smar of the cosariancs.

k. C R, raprasanis tha orilical rabc abitaned By deadieg the cosarancs asbmata By dE slandaed
arrer. = glands for B cormbation s signifcant al the O 007 leeal,

. Fafars 1 & paramali Teed &t 9.0 n the ofiging soluten,

I this study, convergent waldiy was wsed 1o assess T Sdelty of the measuremaent 1ol in capluring the
inlarekeald conenacl, This entaied sondinzng wiwalhar 8 fsakeant ame pdgualaly refledd e lalam
waniablas Tha axamination of Addarage Vanance Extiaciad [(AVE | val e servad ak @ gaugs for 1w shedys
comemgenl wakdity aligaing with the crileeis sstabbsbed by Fomal snd Larckss in 1581, slipulsting thal 8VE
walses shoukd surpass 0.5 1o ensure sabsiaclory convergent vaidly. Consequendy, the measuremand
instrument represents e theorelicy corstruct il endeavors 1o measwre acourabely, The empincal data
presemied m Tahke 4 oormborais (he asseriion el the nstrument meess the accapied s@hndads ol
convanganl walily, In contrasl, discrminanl waliddy & a preclal el Tor aseaciing whsthar s lalan
waniablas exnbin minmal comalaben, Analyzivg @ cormlation malng s indaperaabi for avaluaing the
sapect ol waldiy. Tabls 4 Busirales this makie, with sguared corelations bestwean Blenl wanaties stualed
off the dagoral ard the AVE depicled on the diagonal. Sdequabe d scomirant validity necessiabes that the
SVE walues mprasaniod By ¥ disgonal skemanis of e matns @oesd the squamd comalaiion wakes
prasanl in 8 af-dagona components of asch rovw and cobarn This crileron & 3uppared by the sesaanch
Sndings of Sagars ard Geavar (1958 Tha valas prasanted in Tabda 4 Mo hat e discrrminasd waidiy
of the study Balls within accaplable pamamesters,

Anciher edicaticn of tha inteenal quality ol & Maaserran] ol 2an B8 achiaved by @ Coss axaminatian
of the sandandized resaduak and the modiicalion ndicas [Bagoes and ¥, 1988) Tha slandamdizesd
residuals o so-caled nomalzed resicduals prosided by the AMOS program represent the dfferences
Ee=bveen the obsesnved Comealonicosanancs and the =stmaled oormelsBon'covanancs  measirss.
Shandordized residuaks with sakees larger tham 1,95 in absoluie ks ane consSidensd sialstically skgnifican
& e 005 keeal indacating that subsianiial varancss raman ynasplanad and Tal & apecilcation amer @
linaky (Hair gl @l B03 ) Accordingly, pars of Mmansures Roeing slandardized redichals grealar than 1,08
indicals the ama of misspeciication. Results resasl thel ro standandizsd residusl valuss aecesded 155 in
absoliie dsme. This provided sddibonal evidence of model fit and of no apparent msspedfications.

Tabis 4: AE and squared comslabons campanson

Consuct H RO Ml AT
= 0.538 '
L] 0.334 i 3054
(']} 0.3as 0436 0534
AT 0.253 GT 023 0,671
Maote ANE s & on the dagonal; souans comalalions am of-dagonal,
HypalFrsis lasling

LElzing the Stnectural Equation Kodelng |SEM) methodology, This sludy conowmently inessstigaled the
ininmaliiions among insiiubons pressurn, Fesoume depandanos. niche innovation, and atiudes b Mas5E
wathies tha madime legalcs indealny, As dpskaled in Tabks S and Figure 2, the amgincal resuls anatlad &
compraherars sammalicn of the propossd caussl relsiorships among thess varabless, The fndings
strongly support Hypotheses 1. 2. 3, and 4, ol ssatisticaly signficant al the 0001 lessl. AddBonalty,

B3



Hypothess § s suppored at @ signifcance kel of 1205 Hypathesis @ also bnds suppord, with stalistical
significance o e (.01 level,

Tabke 5 SEM stndantized oucames lor ypoliices

|Eme_[.5] P [Dusome
H1: irshiulional pressars -« Resowoe deperaenoe |I:|.ElEln|:Ir_l 1 rn E'um:u:ri-ul:l '
HZ: rsblulicnal pressars = Miche innovaion |0 385 {fiz) s S upponied
[H3: rsblutional pressane — Aflude o MASS ium i) w  Supponied
i Tasoas Joomdancs —i Ficha e iu@m B L
HE: Respinrcn dapancancs — Al (o MASE i4:- 362 {ffal Y | Supponed
Hii: Bbre inmcvaton — Alltuda o BASS |I].IEG tis) =t Hupgorisd

ot " mgqnBcant al the 0001 leval; ™ sgnificant o e 001 fevsl; * sigrelicant af the .04 fevel

[ o 2] "
Al 0 e AFons
REIET-L T
[ruREEy
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2 Jiter A
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Hauaprs
P
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Fi ndicas. il = 1541 p = O000; OFl= 0.BRS CFil= 0.963; NFl= 0503, IF= D584,
FMSEA= 0.050; SHMR= 0,027

Mote: " sgnficant al e 0L level; ™ sgnificant o Fe 0.01 levsl; * sigrelicant af the 0.0% jevel

Figur 2° Sinactorsl aquation modal estimalion

Figuna 2 employs sinacluml gquaion modakng FSEM| o alucsdain the miatorships and thair comes poncing
palh coalTcanie. oflarsmng & comprehansive undersbandng of the ivkeRdirs Balvwann Daes onakusda
Hypotd=aia 1 (H1) resulls indicate a slronglhy posative maiomhip habvesn tha Faliiuliona prosera
shipping opentors percers and ther rescume dependenos, as evidenoed by s coefficient. This suggests
fat rsilutioral pressure posiively cormelates. wilh resowoe depsrdence among shigping cpemitors.
Regardng Hypotass 2 [H2)L the indings mveal a significant postive rlationship betwoen nstiutional
Eriisurs and richs nnovation. nelikSonal prassures sach e reoudaiony mguiressnie. FcUsty nome and
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slandards, and customer expeecla®ons in e shpping indusiny promcte niche nnovalise Iechnologiss and
practices. The posiive cos®icdent assooaled with Hypolhesis 3 (M) demonsirales thal iesblutional
prasara withn tha manlirs mndusry sgnificanily nleences aperaions’ alliaies wand  Maniima
Aulonorous Suitacs Shigs (MASESL

an pssendal point ol dscussion arses rom % indings related 1o hypothasis HS which reveals o nog et
comelalon, This sugaeats hal incraasad raleu s depandancs i linked 10 8 Bal favoralla pamagtion ol
Mariliorg Avtonomans Surleca Ships (MASE), This ampindal resul comaboraias e rasaan By Fonssca
wd al, (2I21], wiich posile thal masiime =hipping opseralon achisdl imied interss] m fuly sslonamogs
shipping. Irsiesd, they peeler niche ischnologies that enhance ship inlsligence and connectisity. This
preferencn Beoly siams from the facl frat marrdme shipping opermion, heayvly dependen on global maket
Fabci e Al ool labcralivg mesuncas with fupply chan paringss. A spprehancive Al he pelanbal
charupions caussd By Tuly puioncmins shipa, Such dinuplions could comgal tham 1o devieke Trem thair
exilirg besrees model and necaeaale & Iranslion snd misgaton inla e rew BSSE usiress parsdigm.
Zhipging operalors may also be hesitanl aboul MASS tecouse they allach grest mporance o
cytersenunty and nst managemen! amorg supply chan parners. The study concludes that wath MASSs
emargenoe, shipping industry operaiors face a complay and convadioiony siuation. As previous resaarch
sy aherar, intmducing MASS will reqguing signilicam charmgas i tha manidma shipping scasysiam, inchading
Py Dusiniss modes and rolis among techeology prosidens, shigyanis, shipoeness, and opanlon
i Tavetkosn ol Hebstom, 20325

Wihila MASE ghows pramiss, sgniicant chalangss rasman, TResa inglude angaing e ealaly and sacaily
of MASS apsrations, develoging regulalkry frameawgrks thal can sffectively govern MASS, s gaming
slakeholder acceplance for the changes MASS will oring fo the indusiry. The esulls saggest that the: fuiuns
of BUASSE lies in noremental progress and noreased el of niche mnovabion nlegrating wirdual and
phyesical rather an the immedioe achiovemant of complete aulonomy. The sirong posilve cormalation
cbsanad with Hypodhasie 8 (HE) indicakes thal as maniliendg opamierd” parcapion of nicha Pncyation
infraRiak a0 doak TEir indnalion Rwyands Tavorng maibma aulonomeius suface shigs (MASE)
rpdsmenting dats analysis, sutomalion, sman fechnologes, and Hockcham mnovaiions sigrilicamdy
enhances aulonomos vessels’ [easiblity, efcency and afractivenesss. Furihermons. each indcator {1P1-
74, RDA-R0d. M -HK, AT1-AT4) demonsirmies & loading coaficonm, Tksirating ¥ strength with shich
Frsh ndiCAkors Maasuns Main maisctiva Bilanl conpnecis The cosllicients am all mlatively high, ranging
fearn 0727 ta OBSE, ndicabng sroreg cormalations. ateesn the indicalams and thisn conainass,

Conclusion and discussson
Thoorotical implications.

Thes shpdy aetands key [Bersturs slreams &t e inlereecion of instiutiona theony, resource depanderocs,
ard inncaalion adoption in e marfime sechor. First. prior ressarch has shown that instiiutonal pressures,
indudng reguiatory, normatyes, and mimedc forces, shape ischnology adopion and inmoyalion Taeciones
FCRd IFdusles (Huang amd Huang, 2034, Tang a1 &, 2019), 10 sandlieng corlaxty, fach pratauras cllan
criginale Trom Bodies ling s WD, claaslcabon Socalng lka DRV and avalving indheing slanmdands, Thesa
rechanisms  infuence e oadoplion of sucnomoss  echrologes. rchading MASS, by shaping
orgorizatioral swpechalions of lsglimacy and complisnce (L and Yoen, 2027). Second, msblutoral
prossurs does not only drive complance., || can also norease resource inberdependsmce among frms and
Freair fechnology pariners O Supply dhain stakoholders (Saeed ol al., 2018 Zhu and Sarkis, 2007 ) This
dips wilh Resdurca Depandanca Treory (Phalar aod Salanck, 19780 whach pesilts That ansifenmenal
conslrans and ragulalnny compleeity drive Teees 0 depand cn exiernal capabibilies b meal compliang,
For BAASE. Fis inchades relisncs on advarced digial solufons, &l-enabled ravwgation, snd ofbersacuns
infrastructures {lchimura et al. 2022). Hoserear, Bhis relianos also raises concems aboul data security,
sysinm resiliencs, and cybar isks, which ane oritical for business continuity and trusk (Chang et al., 20621).

Thrd, the Meralwre on omganizational inncsabon adopbion sugoests lhal resource=shanng and inber-
organizatioral colaboration can accelerate the diffusion of niche innovations in sectors with high entry
barriers (Schusiar and Holibriigoe, 20941 In maritime logistics, such collaboration b essential dus 1 the
caplal-irtansive natues of rincliting, system intagration, and training for MASS, Yal, instilulienal mardalas
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often preceds frms’ inkenal absorpive capacilies |[Cohen and Lesinthal, 1933). Ths shudy firds that
rescurce deperdence can foster nche nnovaliors whie smukarecusly dampenng positive alinsdes
powwvand MASS adoplion. Firma with kigh scternal degsndancias may parosive MASE a6 a3ding cpamiiconal
i antias Pl could deslaiihzae epply charg. Lagasy irsastmants fmay luthar congtean Saxbiicy whila
coniems sboul lechnologcal uncadainty, cybersecurty. and lsbilly may promp? caelion. Limiled
absompine capacty can hinder frers from using advanced knowledge required for BUAVSS, fueling skeplicsm
despile potential benelis. Thus, resourcse depsncence can act as both a catalyst dor incremenlal innovation
ard o ponstmint on dsrupiise adopdion. Aeocognizing these dynamics ennchas ouwr Sheonctical
wrdarglanding of resiurcs daperdancs 0 s0c-lechncal anslions and denlifes praclical bamam
pdizymakers musl addeaks,

Faurth, whike tha Technokagyy Acceplance Model [TAM] {Davie. 1980} has helped anplan ndivacduel
FREpONEAE 10 mngh infceaicng. il doas nol caphure the spelamee nalure of MASES Inanslcns, MASE
sdopion nvalves muli-lapared reconbguratiors of business models and oparalcnal streclums within
evnking reguialony enswronments. H requires orchestrabing muliple nchs inmceaions bks A nasigation,
blockchain logistics. and aulomaisd porl operabons. By framing MWSS a5 a sysiemdevsl rarsiormation,
iz shudy moves Deeond TAM'S indifual foous. & shows how insflulional pressures and mesouncs
depandancis shapa mantime e dmege mpailenrng «ifn 6 Sgialky anabied. Scarhonizing
landacagse Lsng e MuliLavel Perspacive (MLP} (Gesle, 2TH4) the sludy corcapisbzes nicha
inndrealiors as proleched spaces wheare adoal fschnologes can swehm, BSSS becomes & kbous of
innoeation al e infersection of digilafization, decarbonizalion, and aulomabon, suppording sysiemic
change whan algned with avwlving instituional demands This posilions M&ES adoption as o ranslion
palbway, catalyzed by inalindiornal sran, thal deslablizas exsabng mgimnes whia Bagilmizing invesianenis
in AukerEalicnm and &l necdcalion

This sludy advances socio-technical Tansison resaarch by integrating MLF with Rescurce Dependence
Theory and IFalingtioral Thacry [ explain MASS adapsion, Whilks MLP concapluaizes iranslions aceass
Iandachgss, reagimd. and nicha bvele, il ollen lacks micrcdavel datsl on onganizalicnal conetrants (Bangak
et al, 201%; Kohler g al., 20120, This sludy shows how rsblulional pressures fiter $rough Smm-spectiic
dependencies |ke captial, techmclogy readiness, and parinerships, infuencing niche imnosation adopdian
fTian <t al, 2021). It demonstraies Tal insliutional simin beoomaes an effective driver ol Sysiemic
inngreation enly whan medSaled iy fem-keal capasiilies, adandng MLFE mac nsghis with mcm-esal
cepih for analyaieg Iranglions n capila-ineea e 2aciors (Markeed &1 al,, 2017 Tha Tindings suggest tha
riche mnoyation die positive atfludes kreaed BASS when feme e them as algnesd with lang-lem
goals ke sustainabibty and compelfiveness. MASS becomes a platiorm to reconclbe regu labory compl lance
with imnovation, acing as a regime-shiing fool 1o newigale rsbhulicral durtulence. This contibuies. fo
frargRion iermrior By showing how insltulicnal pressuns funciors nod only a5 & ooarcha foroe bul also as
& catalyvaEl e niche-deraan Duairess. moded meienialion in T manima ks

Practical Enplications

The empincal firdings it Figure 2 prosidie dear, aclionable issighis for mantme ndusky siakeholders
seaking 1o navigate the rarsbon foward Martimes Avlomomous Surface Shigs (WASS5] under imsblutional
al FREGUNGH congFRnia. Firsd e frong podilive infisanos of egilulonal prassum o FRecina
cdepandanca (B = 082G, ¢ < 0.001) highkghis thal mgulalery badas, dassilcation socalng, el indeiny
slandsrds play & deciabm rala in graping the sirategic srvsronmanl for BASSE sdoplion (Fenlan and
Crapsos, 200 Lo &t al., 2022, Maortime polcymakers and requialomns should recognize $al snngend
complionces mipeciaions often increass frms' melance on exiemal Sechnology prowiders, digial
inmastruching, and spadalzed skills. To miigats oooeisise dopendancy risks and facilials Smooter
wamiions, regdalas could implmant phased regulaions, sandbox anirenmants, and public-private
inngrealion platfomes (Tyan &1 al,, 2031)

Sacord, tha poriirsa pal Fom ngllulonal pratsura 10 niche rnesalion {F = 0355 p < 0007) suggesis
ral eablylicnal mandabes chlalyza axparrsaniaben with fichs lechndlog s, Judh a8 Al nasgalion, mmata
ronidorng, and bieckchain-suppoited spaalional meragement, withn shpping firms |(Geals, 2014;
Teramtiowa ared Melstrom, 2022, Mantimes leadess should lrerage this akgnment by proacttety imeesting
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in pists o demorstralions of MASS lechnolsgy. posiboning complance as an oppoiuniby dor competites
chfleremialion and sersice innceation {Murim and Maralambdes, 2027, Thisd, niche innoreation skgrilicandy
erhanoes poaiive aifludes ireand MASE (A = 0483, p < 007), indicating thal i ingremanial indegration
of nizha cehrclagak B kay 10 Bulding crganizabenal readirsss e bl sdenomous opanaliors (Ringhom,
201 Chasl gl 8, 2023). Shipping companias ars adwssd b adogd slapsiss inlsgrabon strategiss—euch
&% noorporaling semesstonomous reyvigation or aulomaled camgo harding systems—to gradual by prepans
fresir workloroe, lechnical infraskuciure, and aperafional routings. lor the broades implemenlaton of MASS
KM ared SohnSdar-Hinnos, 20211.

Fourth, the negalive elsbonship between msource dependence and atbludes owand M&ES (% = 00362,
i = 0.05] rewaals thal fimes wdih Righ exiennal depandency may perneive MASE as o disruplive threal raiher
Fan an epporiunily, drivan by congams over lchnologacsl uncentsnty, capatility gags, and posential ks
of conteal (Dabwn and Lesindhal, 1940 PheiTar and Salanci, 107E8], Te addrass ®is. manilima custas and
industry asssoalions could fackale mesourse posling, shamed lrainng inbabess, and collaboraies RED,
erabing =raler cperalors fo overcome capabiiby lmilatons and mibigate percersed risks associated wilh
EVASS adopbon |Schrédersinrichs of al., 20081

Fraly, grien the dusl mls of rescumce dependencs, polipmsken should comider subsidy programs,
shared lesting erwrommenis, and krowiedge-sharning inBiabyes o migals fms’ peroeivesd nsks whils
mrainiaining innoation inoenthves. Resouros dependence can sSimulansously drive fims o pursue niche
inngrealions and craaln caulion wand adopbng danplve chnologees ke BAES dua 19 Soncernd Al
cparational faka and lechnokogical uncerantss, By provading hnencal supecn mechaniame and
colaborabes testing frnmesorks, palicyrakers can reduce percanosd bamriers, anabling irmes o angsge in
sysiemic transitions whie safequarding competiiies posionirg. Bnowledge-shanng intistives can Sorfer
suppor capacty-bukdng and reduce informaton asymmeines, alowng firms %o befter svabsate the nsks
ard benefis of MASS adoption within a sinaciured and supportive innosafon Lonsysbam.

Limitations and thture research sugnostions

Thes shydy offars neee meghls inda Foay instiivlionsl pressure, resouscs dapandencs, sl niche Pnocystion
shaps afiludes mward antme suhonomous Surface Ships [MASSL Howeser, several Imitaions creals
cpporunfes for duburs ressanch. First, e study used a sammpls rom mantime logistics cperlons in Tahean.
This imils #w genamizabilty of the Tindings 1o other regions and instiutional contests {Tian et al., 2021).
Fulurn studias should inchads gobal sakeholders such as shipyands, pon opamies, Feumn, dassilcation
aodabes, g ownem, and lechnoiogy deselopan ko caplure cress-cullural and nsblubonal diferances
in MASS adoplicn (Ringbom;, 2019 Kim and Scheoder-Hinsichs, 2021}

Sacord, Wi sludy ukad aggregala corainict fon Fdliulionral pressung and mecurcs dapandenca. 11 did
rick separals diffesent bypes of iFaliutioral pressres (oenis, nommalio, mimsic] or resoucs constanis
ifrancal ischnological human) (Gikaggio and Powel, 1903; Plefler and Salamcik, 15700 Fulure reseanch
shoud apply mult-dmensioral messues o sxplore how these subcomponents imeract and nfluemics
MASE adaption pallremys, Thind, e ghady Faated nicha infdaalcn &3 8 gl comalnueg, whils MASS
adoplion invelvas layered inndealiong such A8 Ransang eyRame, A rasgalon, Beckchan, and
cytmraamnty (Teamlhoys and Hellgigm, 3007 Fonseca el al, 2021). Fuburs resasrch should asssss ess
sub-inmcaalions separately o evabsabe ther specilic impacts on operalor atitudes. Imsard MASS

Faurth, e crogs-aacdioral dasiga lirnils B abiity I chiara crangas ovar i (Podsekoll & &, 2003,
Futwrs lorgprludnal studies copld Irsck how instilulicnsl pressoms. esourte dependancs, and niche
innoeabion evolve as M&SS fechnologes malure and requisiions stabiize {Cohen and Lessinthal 1980
Goals, 2014). Fifln, whiks This sludy used the Mull-Lesel Farspecive (MLP) as a backdrog, it fooussed on
G- avel aralyss, Fuure stedias ahould align nicha inndsalon patwaes mam aplcilly withie tha MUP &
Exnning hiw landacaps pressures (9. decabonizaten) aod regima charges (eg., salety regulabons)
intgracd with Freedisysl congleanls m MASE panzibons (Geaks, 2011; Bargek o o, 2015). Siath, thes sty
cid nol inchsde polenfial moderalors and mesdiakors ke absompéive capaciy (Cohen and Lesindhal, 1830],
orgarizatioral culture {Schen, 188}, and risk perception (Bemann and Harsch, 27 including fese
wanablas could help axplain dfMerenoes inorganizadional aitfudes tosand MASS,
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Fraly, while this sludy recogrizes the polerfial of MASE dor safely, efficiency. anad sustainabilly, £ noles
freat resqulationy and Natikly chalenges under framesworks ke SOLAS and COLREGs may Rinder adopiion

(S and TetienDorn, HHE, Ahmed e 6l J0d). Fulune mesarch should aeplora legal resdingss,
cartificaion pracicoss, and Babity-sharing models 10 suppad MASS businiss model transilions within
eranheang regulstions. Whiks e BLP s 8 strong framesork b studying sses-techmical ransiticns. it cilen
smphasizes macr and meso-less processes whils aeerkooking fiemelevel decson-making (Geels, 2014].
Resowne constanls. =ach as limis n dechnology, finarcs. and skiled labor, nflusncs how fimms adops
i cha innovationes [k MAES {FiefTer and Ealanci, 1978, Beomann and Harsch, 2017, Athough landscaps

wrd reagiines precRrares. diive charga, Teems’ recapofdas dapand o hair meuareas and dapandancas (Tian
e Al 221), Fiesrea walh bevsr resouices ey dalay pdoplion darpile axkernal pratsuras, mdicaling tha
read jo infegrate mecurce depandesrce theorny wilhin BLP analyees, Omaneastionsl eaming. aspecaly
absompine capamty (Coben and Lesindhal, 1880), also af¥ects how frms adopl niche mnovabions. Firms with
higher abeorplise capacity can usa landscape and negime pressures a6 sirategic opponuniies, whie fhose
Iackirg lmaming capabliias may el changs (Caaki, J004) Fulera resaacch should explicitly combing
FRECU R condirants and orgarizalional aming with MLP wher anak@ing ranlisng inanslions,
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