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1. INTRODUCTION 

The maritime industry stands at an inflection point where technological innovation—

autonomous vessels, blockchain-enabled supply chain documentation, artificial intelligence-driven 

maintenance systems, and comprehensive port digitalization—promises substantial operational 

efficiency gains while simultaneously threatening established employment structures and workforce 

sustainability. Autonomous vessel technology, once confined to research laboratories and industry 

speculation, has progressed toward commercial viability, with early limited-autonomy vessel trials 

and accelerating research investments suggesting that fully autonomous vessels may enter significant 

commercial service within fifteen to twenty years. Simultaneously, digitalization of port operations, 

vessel monitoring systems, and maritime administration has already restructured employment 
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ABSTRACT  
This research examines how autonomous vessel technology, digital port systems, and digitalized 

maritime operations affect employment opportunities and skill requirements for Indonesian 

maritime professionals while analyzing governance frameworks necessary for equitable 
workforce transition. Through focus group discussions with two veteran shipping officers, four 

senior maritime lecturers, four former seafarers, and analysis of emerging technology adoption 

patterns, this study investigates how maritime education institutions should adapt curricula to 

balance emerging digital competencies (data literacy, cybersecurity, automation management) 
with traditional maritime skills remaining essential in contemporary operations. The research 

identifies three critical questions: how does autonomous technology and digitalization reshape 

employment opportunities and skill demands across deck, engine, and port management 

specializations? What governance frameworks ensure equitable transition for seafarers and port 
workers facing technological displacement? How should maritime education evolve to prepare 

cadets for digitalized maritime industries while maintaining commitment to employment 

accessibility for diverse population groups? Findings reveal that technological adoption creates 

both employment disruption (reduced positions for junior officers) and opportunity (new roles 
requiring digital competency) with uneven distribution across maritime specializations. 

Governance frameworks ensuring equitable transition must coordinate education providers, 

shipping companies, port authorities, and regulatory bodies toward workforce support objectives. 

Research results provide curriculum modernization frameworks balancing digital literacy with 
traditional maritime competency, policy recommendations for equitable technology transition, 

and evidence supporting maritime education as strategic lever for inclusive maritime workforce 

development. 
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requirements: contemporary port operations increasingly depend on workers with digital literacy and 

data interpretation capabilities, not merely traditional material handling skills. These technological 

transformations affect maritime employment across all specializations—autonomous vessels reduce 

officer staffing requirements; digital port systems create demands for different worker competencies; 

algorithmic maintenance systems require technicians understanding both ship engineering and 

software systems. The technological disruption looming for maritime employment mirrors 

technological unemployment transitions affecting other industries, yet maritime employment 

particularly vulnerable because: the profession draws heavily from developing economies where 

alternative employment opportunities are limited; maritime skill sets do not readily translate to non-

maritime employment; and the transition appears likely to occur rapidly relative to traditional industry 

change pace. 

Indonesian maritime professionals—including the 200,000 seafarers currently employed 

internationally and thousands of port workers throughout the nation—face particular vulnerability to 

technological disruption. Indonesia's maritime workforce represents both national asset (foreign 

exchange earnings, employment for developing populations) and vulnerability (limited economic 

alternatives should maritime employment decline). Current maritime education in Indonesia trains 

cadets for traditional maritime careers, yet the industry these professionals will enter differs 

substantially from the maritime sector educational institutions were designed to serve. If autonomous 

vessel deployment accelerates, deck officer positions may decline significantly; if port digitalization 

progresses, port worker skill requirements will shift from materials handling toward technical systems 

operation. Yet maritime education institutions have barely begun transforming curricula toward 

digital competency development. Simultaneously, workforce transition governance—mechanisms 

supporting workers displaced by technological change—remains absent from maritime policy 

conversations, despite being standard practice in other industries facing technological disruption. 

The research problem addressed by this investigation centers on a critical governance gap: 

what institutional structures, educational innovations, and policy frameworks enable maritime 

industries and societies to advance technological innovation while ensuring equitable workforce 

transition and maintaining maritime employment sustainability, particularly for developing maritime 

nations like Indonesia? The specific research questions guiding this study are: first, how does 

autonomous vessel technology and digitalization of port systems reshape employment opportunities 

and skill requirements across deck, engine, and port management specializations, and what timeline 

should maritime institutions use for curriculum development? Second, what governance frameworks 

at industry, national, and international levels are necessary for ensuring equitable workforce 

transition—supporting displaced workers, funding retraining, maintaining social safety nets—rather 

than treating technological disruption as inevitable unemployment? Third, how should maritime 

education institutions balance digital literacy development with maintaining traditional maritime 

competencies, and how can education support both technological innovation and workforce 

accessibility for diverse population groups? Fourth, what policies and institutional arrangements 

ensure that technological benefits are distributed equitably rather than concentrating gains among 

capital owners while workers bear adjustment costs? 

The rationale for this research addresses multiple interconnected imperatives spanning 

technological change, employment sustainability, and social equity. First, at the technological level, 

maritime industries worldwide are investing substantially in autonomous vessel development and 

digital port systems, yet workforce implications remain largely unaddressed in maritime policy 

conversations. Research documenting actual employment impacts and skill requirement changes 

would inform realistic workforce transition planning. Second, at the employment level, maritime 

industries depend on continuous recruitment and training of new professionals: if technological 

displacement occurs without corresponding new employment opportunities or transition support, 

maritime recruitment will become increasingly problematic, ultimately constraining maritime industry 

capacity. Third, at the social level, maritime employment represents livelihood for hundreds of 

thousands of workers in developing nations; technological displacement without corresponding 

governance support could produce substantial economic disruption and social distress. Fourth, at the 

educational level, maritime institutions require evidence-based understanding of skill demands in 

digitally-transformed maritime industries to develop curricular appropriate for actual professional 

environments rather than training cadets for careers that will not exist in their professional lifespans. 
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This research is motivated by recognition that maritime technological transformation presents 

both opportunity and risk: opportunity for enhanced safety, efficiency, and environmental 

performance through technological innovation, and risk of workforce disruption and employment 

destruction if technological change proceeds without accompanying governance frameworks 

supporting equitable transition. By examining perspectives from veteran shipping officers 

understanding maritime technology trends, senior maritime lecturers responsible for cadet 

development, and former seafarers reflecting on career transformations they have experienced, this 

research generates evidence-based guidance for governance frameworks and educational innovation 

supporting sustainable maritime technological transition. The expected outcomes include 

characterization of employment impacts across maritime specializations, documentation of skill 

requirement changes in digitalized maritime industries, governance framework recommendations 

ensuring equitable transition, curriculum modernization guidance balancing digital and traditional 

maritime competencies, and policy recommendations supporting maritime workforce sustainability 

amid technological transformation. 

2. RESEARCH METHOD 

This research employs a qualitative futurist methodology combining focus group discussions 

with maritime professionals and documentary analysis of technological adoption trends to examine 

how digitalization and autonomous vessel development affect maritime employment and skill 

requirements and what governance frameworks enable equitable workforce transition. The population 

comprises maritime professionals with perspectives on technological change and workforce 

implications: two veteran shipping officers with deep operational experience and awareness of 

technology trends affecting their industry; four senior maritime lecturers with responsibility for 

developing curricula responsive to industry evolution; four former seafarers who have experienced 

maritime industry transformations throughout their careers and can reflect on adaptation requirements; 

and analysis of industry technology adoption roadmaps, maritime employment trend data, and 

workforce development initiatives in comparable industries. These respondents and materials were 

selected because they provide diverse perspectives on technology impacts: veteran officers understand 

technical feasibility and operational implications; lecturers understand curriculum development 

timelines; former seafarers can discuss adaptation experiences and identify barriers; and comparative 

industry analysis provides context regarding workforce transition precedents. 

The research instrument consists of a structured focus group discussion guide comprising 

twenty-eight open-ended questions organized into six thematic domains: technological change 

trajectory and employment impacts; skill requirements in digitalized maritime industries; governance 

frameworks necessary for equitable transition; maritime education curriculum evolution needs; 

barriers to equitable technological transition; and recommendations for policy and institutional 

change. Independent variables include respondent professional background (shipping officer, lecturer, 

former seafarer), operational specialization, years of maritime experience, and level of digital literacy. 

Dependent variables include perceptions of technology adoption timeline, estimated employment 

impact magnitude, identified skill requirement changes, perceived need for governance frameworks, 

and curriculum transformation urgency. Key indicators for analysis include: automation readiness 

timeline, employment impact estimates across specializations, digital skill deficiency identification, 

governance framework necessity recognition, and recommendations for education and policy. 

Data collection involved structured focus group discussions (approximately eight hours total) 

conducted to explore technology impacts and workforce implications, combined with documentary 

analysis of maritime technology roadmaps, employment trend data, and workforce transition 

programs in comparable industries experiencing technological displacement. Focus group discussions 

were audio-recorded with participant consent and transcribed verbatim. Documentary analysis 

examined: maritime industry technology adoption roadmaps from major shipping companies and port 

operators; employment trend data documenting changing skill requirements in maritime sectors; 

academic and professional literature on autonomous vessel development timelines; and workforce 

transition case studies from other industries (automotive manufacturing, logistics automation, digital 

port implementations). The data collection process maintained critical attention to how participants 
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discussed technological inevitability versus governance choice, employment impact estimates, and 

feasibility of equitable transition mechanisms. 

Data analysis employed thematic analysis organized around three primary phases. First, 

thematic coding identified patterns regarding: technological disruption timeline and implications (how 

participants understood automation adoption pace and employment effects); employment impact 

characterization (job losses, skill requirement changes, new opportunities); governance framework 

recognition (whether participants understood equitable transition as requiring institutional 

coordination versus inevitable unemployment); education transformation needs (curriculum changes 

necessary for technology-adapted workforce); and policy recommendations (institutional and policy 

changes supporting equitable transition). This coding process involved iterative examination of 

transcript segments with code refinement across multiple review cycles. Second, cross-group 

comparisons examined whether officers, lecturers, and former seafarers converged or diverged 

regarding technology impacts and transition necessity. These comparisons revealed divergent 

perspectives reflecting different technology awareness levels. Third, narrative synthesis developed a 

cohesive explanatory narrative explaining maritime technological transformation trajectory, 

employment impacts across specializations, governance choices enabling equitable transition, and 

curriculum modernization requirements. This synthesis integrated thematic findings with 

documentary evidence about technology adoption timelines and comparable industry transitions. 

3. RESULTS AND DISCUSSION 

Results and Analysis 

The focus group discussions and documentary analysis yielded rich data regarding maritime 

technological transformation, employment implications, and necessary governance frameworks 

supporting equitable workforce transition. Thematic analysis identified four primary finding clusters: 

timeline and scope of maritime technological disruption; employment impacts across maritime 

specializations; governance framework necessity and design; and maritime education curriculum 

transformation requirements. 

Table 1: Maritime Technological Transformation Timeline and Employment Impact 

Projections 
Technology 

Domain 

Current 

Status 

Projected 

Deployment 

Timeline 

Affected 

Maritime 

Roles 

Estimated 

Employment 

Impact 

Geographic 

Variation 

Skill 

Requirements 

Shift 

Autonomous 

Vessels 

(limited 

autonomy) 

Commercial 

trials 
underway 

5-10 years 

(emerging) 

Junior deck 

officers (first 
stage) 

Moderate (15-

25% reduction 
in junior officer 

positions) 

Higher adoption 

in developed 
fleets 

Command role 

transformation; 
increased 

monitoring roles 

Autonomous 

Vessels (full 

autonomy) 

Early 

research 

15-25 years 

(uncertain 

timeline) 

Senior officers, 

entire deck 

team (potential) 

Severe (60-80% 

potential 

reduction; 

highly 
uncertain) 

Uneven 

adoption; flag 

states differ in 

regulation 

Remote vessel 

oversight roles; 

elimination of 

aboard 
employment 

Digital Port 

Systems 

(already 

deployed) 

Operational 
in major 

ports 

5-10 years 
(widespread 

adoption) 

Port workers 
(multiple 

specializations) 

Moderate (20-
35% skill 

requirement 

changes) 

Higher in 
developed port 

systems 

Digital literacy, 
data 

interpretation, 

automated 

equipment 
operation 

Blockchain 

Supply 

Chain 

Emerging 
adoption 

5-15 years 
(increasing 

adoption) 

Maritime 
documentation 

roles 

Low-Moderate 
(role 

transformation, 

not elimination) 

Implementation 
varies by 

shipping 

company 

Digital record 
management, 

cybersecurity 

awareness 

AI-Driven 

Predictive 

Maintenance 

Early 

adoption 

3-10 years 

(rapid 
adoption 

likely) 

Engineering 

specializations 

Moderate (skill 

requirement 
transformation) 

Adoptions 

concentrated in 
modernized 

fleets 

Technical 

systems 
operation; data 

interpretation; 

software 

collaboration 

*Employment impacts are dependent on policy choices; numbers represent potential range 

without governance intervention 
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The technology timeline analysis reveals critical timing differentials: autonomous vessel 

development progresses on extended timeline (15-25 years for full autonomy) creating urgency for 

curriculum development while reducing immediate employment disruption. Digital port systems 

already transforming employment, creating near-term urgency for worker adaptation support. Digital 

maritime systems (blockchain, AI maintenance) enabling accelerated skill requirement shifts 

throughout industry. 

 

 

Table 2: Skill Requirement Transformation in Digitalized Maritime Specializations 
Maritime 

Specialization 

Traditional Core 

Skills 

Emerging Skill 

Requirements 

Training 

Timeline 

Education 

Gap Severity 

Workforce 

Adaptation 

Feasibility 

Deck 

Operations 

Navigation, cargo 

handling, seamanship 

Navigation automation 

management, data 

interpretation, remote 

monitoring 

2-3 years 

for worker 

retraining 

High (not in 

current 

training) 

Moderate (skill 

transition possible 

for established 

workers) 

Engine 

Operations 

Machinery 

maintenance, 
troubleshooting, 

system operation 

Machinery system 

software operation, 
predictive maintenance 

systems, data analytics 

2-3 years 

for worker 
retraining 

High (not in 

current 
training) 

Moderate-High 

(technical 
foundation supports 

transition) 

Port 

Management 

Logistics 

coordination, facility 

operations, 

supervision 

Digital port systems 

operation, equipment 

automation, data 

management, 
cybersecurity 

1-2 years 

for worker 

retraining 

High (not in 

current 

training) 

Moderate (many 

port workers 

without higher 

education may 
struggle) 

Maritime 

Documentation 

Paper-based 
documentation, 

record keeping 

Blockchain systems, 
digital records 

management, 

cybersecurity, data 

authentication 

1-2 years 
for worker 

retraining 

Very High 
(not in 

current 

training) 

Moderate 
(cognitive skill 

requirements 

increase) 

*Training timeline represents realistic window for established maritime workers to acquire 

new competencies 

The skill transformation analysis reveals substantial gaps between current maritime worker 

capabilities and emerging skill requirements, with training timelines (1-3 years) requiring rapid, 

substantial workforce development investment. Lecturers consistently emphasized that maritime cadet 

training programs, designed for traditional maritime operations, do not systematically develop digital 

literacy, systems operation, or data interpretation capabilities. Former seafarers with decades of 

operational experience expressed vulnerability to technological change: "I can navigate a ship 

expertly, maintain engines, manage crews. But software systems, data interpretation, digital port 

operations? That's outside my experience. Expecting us to transition without substantial retraining 

isn't realistic." 
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Figure 1: Employment Impact Scenarios: Technology Adoption with vs. Without 

Governance Support 

The employment impact scenario illustrates starkly different futures depending on policy 

choices: unmanaged technology adoption produces severe employment disruption (55-65% 

employment loss by 2040), while managed transition with governance support, education investment, 

and new role creation maintains employment closer to baseline (75-85% of 2024 levels). This 

visualization illustrates that employment outcomes depend fundamentally on governance and 

institutional choices rather than being technologically determined. 

Table 3: Governance Framework Elements for Equitable Maritime Technological 

Transition 
Governance 

Framework Element 

Implementation 

Mechanism 

Responsible 

Institutions 

Funding Sources Timeline for 

Development 

Workforce Transition 

Support (income 

support, retraining 

funds) 

Managed by national 

maritime labor 
authorities; funded 

through industry levies 

Government, 

shipping companies, 
port authorities 

Industry 

contributions (1-2% 
payroll tax); 

government 

appropriations 

Immediate (begin 

development 2025) 

Curriculum 

Modernization 

(digital literacy, 

automation systems) 

Coordinated by maritime 

education institutions; 

supported by industry 
partnerships 

Maritime educational 

institutions; 

shipping/port 
industry 

Education budgets; 

industry partnerships 

Immediate-2027 

(3-year 

implementation) 

Skills Certification 

and Credentialing 

Development of digital 
competency standards; 

recognition of prior 

experience 

Maritime labor 
organizations; 

certification bodies; 

shipping companies 

Industry; education 
institutions 

2025-2027 
(standard 

development) 

Research on 

Technology Impacts 

(ongoing employment 

monitoring) 

Independent research 

tracking maritime 

employment trends and 
technology adoption 

Academic 

institutions; maritime 

research 
organizations 

Government research 

funding; industry 

partnerships 

Ongoing (establish 

baseline 2025) 

International 

Coordination 

(harmonized 

standards, mutual 

recognition) 

Maritime governance 
institutions (IMO, ILO); 

international maritime 

organizations 

IMO, ILO, regional 
maritime bodies 

International 
maritime 

organization budgets 

2025-2030 
(framework 

development) 

Social Safety Nets 

(pension protection, 

healthcare 

continuation) 

Modified maritime 

employment regulations 
ensuring transition 

protection 

Government labor 

ministries; maritime 
employment 

authorities 

Government; 

maritime industry 

2025-2028 (policy 

development) 

The governance framework analysis reveals that equitable maritime technological transition 

requires coordinated action across multiple institutional domains—education, industry, government, 

international organizations—rather than relying on market mechanisms or individual institution 

responses. Senior lecturers emphasized that educational transformation alone proves insufficient: "We 

can modernize curricula to teach digital literacy, but if displaced workers can't access retraining, if 

they lack income support during transition, if port authorities don't hire digitally-skilled workers, 

education improvements won't prevent employment disruption." 
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Figure 2: Maritime Education Curriculum Evolution Pathway: Traditional-to-Digital 

Competency Integration 

The curriculum evolution visualization illustrates that maritime education must expand 

curriculum scope rather than replacing traditional skills with digital content: traditional maritime 

competencies remain essential, but digital literacy must expand from current 3% allocation to 25-30% 

by 2030 to prepare cadets for digitally-transformed maritime industries. 

Discussion 

The research findings directly address the original research questions by documenting that 

maritime technological transformation affects employment in complex, non-deterministic ways 

dependent fundamentally on governance and institutional choices rather than being technologically 

inevitable. Autonomous vessel technology timelines suggest 15-25 years before full autonomy 

emerges, providing window for planned transition; however, digital port systems already transforming 

employment immediately, creating urgent need for worker retraining support. Employment impacts 

vary substantially across specializations: junior deck officers face higher risk from autonomous vessel 

development; port workers face near-term impacts from digitalization; engine specialists maintain 

relatively stable employment with skill requirement transformation. These differentiated impacts 

suggest that blanket policies prove inadequate; instead, governance frameworks must address specific 

challenges within each maritime specialization. 

This finding extends maritime employment and technology literature. Ciancarini et al. (2024) 

examined digital transformation in public sector organizations; our research documents that maritime 

industries require comparable governance frameworks supporting workforce transition amid 

technological change. The research contributes to labor economics literature by documenting that 

employment outcomes in technologically-disrupting industries depend fundamentally on governance 

choices—whether societies invest in workforce transition support, whether education systems 

modernize, whether industries coordinate hiring of digitally-trained workers. Without governance 

coordination, technological unemployment becomes self-fulfilling prophecy rather than inevitable 

outcome. 

The curriculum modernization findings reveal that maritime education faces a critical choice: 

institutions can proactively modernize curricula toward digital competency development, or they can 

continue training cadets for maritime industries that will have substantially transformed by the time 

cadets enter professional practice. Current maritime curricula allocate minimal time to digital literacy 

(approximately 3% of training hours), despite maritime professionals recognizing its emerging 

criticality. This gap reflects institutional inertia and resource constraints rather than pedagogical 

disagreement: lecturers acknowledge digital competency importance but report insufficient training, 

curriculum time constraints, and uncertainty about which digital skills will prove most important 

long-term. 
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The governance framework analysis reveals that equitable maritime technological transition 

requires institutional coordination extending far beyond maritime education. Education alone cannot 

prevent employment disruption if industry does not hire digitally-trained workers, if displaced 

workers lack income support during retraining, if international standards do not recognize new 

competency certifications. Yet maritime employment governance currently lacks frameworks for 

equitable technological transition that are standard in other industries facing technological disruption. 

This governance gap represents policy choice rather than technical impossibility: developed maritime 

nations could establish workforce transition support mechanisms similar to those supporting 

automotive industry workers facing technological change. 

The research demonstrates important methodological strengths. First, the multiple stakeholder 

perspectives (officers, lecturers, former seafarers) reveal different dimensions of technological change 

understanding and transition barriers. Second, the documentary analysis of technology adoption 

timelines and comparable industry transitions provides grounding in concrete precedent. Third, the 

scenario analysis illustrates starkly how governance choices fundamentally affect outcomes. 

Important limitations include: the technology adoption timelines remain speculative (autonomous 

vessel deployment timeline particularly uncertain); the employment impact estimates represent 

reasonable projections but depend on numerous assumptions about technology adoption pace and 

policy choices; and the research cannot capture all employment effects of technological change (e.g., 

potentially positive effects of efficiency gains and industry expansion). 

The practical implications of these findings suggest immediate policy and institutional action 

priorities. Maritime education institutions should begin curriculum modernization immediately, 

expanding digital literacy and automation systems content from current 3% to 25-30% of training 

time by 2030. Shipping companies and port operators should partner with educational institutions to 

ensure curricula align with actual skill demands in increasingly digitalized operations. Governments 

should establish maritime workforce transition support mechanisms—income support, retraining 

funds, certification programs—enabling equitable transition for established maritime workers 

displaced by technological change. International maritime organizations should develop harmonized 

digital competency standards ensuring that workers developing digital skills in one nation obtain 

recognized credentials enabling employment in others. Industry should commit to hiring digitally-

trained workers and supporting transition of established workers to new roles. Without governance 

coordination across these multiple domains, maritime technological transition risks producing severe 

employment disruption and wasted human capital investment in maritime education. 

Future research should extend this investigation through: longitudinal tracking of maritime 

employment trends to document actual technology adoption pace and employment impacts; 

comparative analysis of maritime workforce transition programs in different nations examining which 

governance approaches most effectively support equitable transition; and detailed analysis of 

successful technology transitions in maritime operations (e.g., port digitalization projects) identifying 

conditions enabling effective worker transition. These research directions would substantially advance 

understanding of how maritime industries can advance technological innovation while maintaining 

workforce sustainability and social equity. 

4. CONCLUSION 

This research examined maritime technological transformation, employment impacts, and 

governance frameworks necessary for equitable workforce transition amid autonomous vessel 

development and digital port system deployment. Findings reveal that employment outcomes depend 

fundamentally on governance and institutional choices rather than being technologically determined: 

scenarios with governance support, education investment, and coordinated workforce transition 

mechanisms maintain employment levels (75-85% of baseline) while unmanaged technological 

adoption produces severe disruption (35-45% employment levels). Digital port systems affect 

maritime employment immediately, creating urgent need for worker retraining; autonomous vessel 

deployment occurs on extended timeline (15-25 years) providing planning window. Skill requirement 

transformation affects all maritime specializations, with digital literacy emerging as essential 

competency requiring curriculum expansion from current 3% to 25-30% allocation by 2030. Maritime 

institutions can enable equitable technological transition through curriculum modernization, industry 
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partnership, and policy advocacy for workforce support mechanisms. Implementation of technology-

responsive maritime education combined with governance frameworks supporting worker transition 

would position maritime industries for sustainable technological advancement benefiting both 

operational efficiency and workforce sustainability. Maritime educators, industry leaders, and 

policymakers must recognize that equitable technological transition represents institutional choice 

requiring deliberate action rather than inevitable outcome of technological progress. 
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