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Abstract. This study explores how maritime professionals with extensive 

vocational education backgrounds perceive digital twin technology 

implementation for sustainable agricultural product transportation. Through 

qualitative analysis of ten maritime graduates with decade-long educational 

experience and substantial industry practice, the research reveals exceptional 

professional readiness for technological innovation. Using semi-structured 

interviews and thematic analysis, the study examined competency 

development, sustainability integration, and implementation feasibility. 

Findings demonstrate remarkably high competency scores across systems 

thinking (4.7/5.0), technological adaptability (4.5/5.0), and sustainability 

integration (4.8/5.0), indicating superior preparedness for digital twin 

implementation. Participants showed sophisticated understanding of route 

optimization, cargo monitoring, and environmental impact reduction while 

expressing high confidence in implementation feasibility. The research 

contributes to understanding vocational education effectiveness for 

emerging technology preparation and provides insights for maritime 

education reform and technology adoption strategies. 

1 Introduction 

The maritime industry stands at a technological crossroads where traditional shipping 

practices meet cutting-edge digital innovation [1]. This transformation becomes particularly 

critical when examining agricultural product transportation, where stakes extend beyond 

economics to encompass global food security, environmental sustainability, and addressing 

the 30-40% food waste occurring during maritime transport worldwide [2]. 

Digital twin technology represents more than a technological upgrade; it embodies a 

paradigmatic shift toward intelligent, predictive, and environmentally conscious supply chain 

management [3]. Digital twins, sophisticated virtual replicas that mirror physical systems in 

real-time, offer unprecedented opportunities to optimize shipping routes, predict cargo 

conditions, and minimize environmental impact through advanced algorithms and blockchain 

integration for complete traceability [4]. The integration of Internet of Things (IoT) 

technologies further enhances these capabilities by enabling real-time data collection and 

analysis throughout the maritime supply chain [5]. 

The contemporary maritime landscape reveals complex challenges that traditional 

approaches struggle to address effectively. Supply chain disruptions cost the global economy 
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an estimated $4 trillion annually, underscoring the vulnerability of current transportation 

systems and the urgent need for resilient, technology-enhanced solutions [6]. Generation Z 

consumers demonstrate unprecedented demands for transparency and sustainability in food 

supply chains, creating market pressures that extend beyond traditional efficiency metrics 

[7]. The application of big data and artificial intelligence in maritime operations has emerged 

as a critical response to these challenges, offering new possibilities for predictive analytics 

and operational optimization [8]. 

Contemporary research emphasizes the transformative potential of Industry 4.0 

technologies in port and maritime operations, highlighting the need for comprehensive 

integration strategies that address both technological and human factors [9]. Maritime 

education and training programs must evolve to prepare professionals for this digital 

transformation, particularly through the integration of emerging immersive technologies and 

innovative pedagogical approaches [10]. The formation of vocational identity in maritime 

education contexts becomes crucial for developing professionals capable of navigating 

traditional expertise while embracing emerging digital technologies [11]. 

This investigation seeks to address how maritime professionals, particularly those with 

extensive vocational education backgrounds, perceive and navigate the integration of digital 

twin technologies into agricultural transport systems. The research focuses on maritime 

graduates who completed decade-long vocational education programs and subsequently 

gained substantial practical experience in port and shipping management [12]. 

The research objectives encompass exploring how maritime professionals perceive digital 

twin technology applications and challenges, examining the relationship between maritime 

educational experiences and professional readiness for technological innovation, and 

identifying specific competency areas where professionals feel prepared for digital twin 

implementation within the context of sustainable agricultural product transportation systems. 

2 Method 

This investigation employed qualitative research methodology, specifically 

phenomenological inquiry, to explore the lived experiences of maritime professionals 

encountering emerging technologies. The selection of qualitative methods reflects the 

complex, interpretive nature of professional perspective formation and the nuanced 

understanding required to explore how maritime professionals navigate traditional expertise 

and emerging digital technologies. 

The study population consisted of ten maritime professionals who completed 

comprehensive vocational education programs at maritime institutes, specifically graduates 

with majors in Port and Shipping Management who subsequently gained substantial practical 

experience. Selection criteria required participants to have completed decade-long vocational 

maritime education programs including both theoretical study and practical training 

components. 

Data collection employed semi-structured interviews designed to elicit detailed accounts 

of professional experiences while maintaining flexibility to explore emergent themes. 

Interview protocols progressed from broad experiential questions through increasingly 

focused explorations of technological understanding and implementation considerations. 

Supporting instruments included participant-generated concept maps visualizing 

understanding of current agricultural product transportation processes and envisioned digital 

twin-enhanced systems. 

The data analysis employed a thematic analysis framework adapted for phenomenological 

research. This analysis examined both explicit statements and underlying meanings contained 

in participants’ descriptions of their experiences. Themes related to competency development 

were identified through a systematic review of how participants articulated their educational 

 
BIO Web of Conferences 199, 01010 (2025) https://doi.org/10.1051/bioconf/202519901010

SAGE-Grace 2025

2



preparation, professional growth, and processes of adapting to new technologies. 

Additionally, themes related to sustainability emerged from participants’ increasing attention 

to environmental considerations in maritime professional practice and how these concerns 

shaped their evaluation of technological options. 

3 Results 

3.1 Professional Competency Evolution and Digital Twin Readiness 

The analysis demonstrates exceptional professional competency evolution among 

participants, with overall effectiveness scores indicating superior preparedness for digital 

twin technology integration. 

Table 1. Professional Competency Assessment for Digital Twin Implementation Readiness. 

Competency Domain 
Mean 

Score 

Standard 

Deviation 

Effectiveness 

Rating 

Systems Thinking Capability 4.7/5.0 0.42 Excellent 

Technological Adaptability 4.5/5.0 0.53 Excellent 

Sustainability Integration 4.8/5.0 0.39 Outstanding 

Problem-Solving Sophistication 4.6/5.0 0.48 Excellent 

Operational Knowledge 

Transfer 

4.4/5.0 0.61 Very Good 

Innovation Receptivity 4.3/5.0 0.67 Very Good 

 

The remarkable consistency of high scores across competency domains reflects the 

comprehensive nature of maritime education programs and their effectiveness in developing 

foundational capabilities essential for digital twin technology evaluation and implementation. 

The systems’ thinking capability scores, averaging 4.7 out of 5.0, reveal that maritime 

education's emphasis on understanding interconnected operational elements provides 

excellent preparation for digital twin technology. Sustainability integration scores achieve 

the highest average at 4.8 out of 5.0, indicating that contemporary maritime professionals 

possess exceptional environmental consciousness and readily recognize digital twin 

technologies' potential for enhancing sustainable agricultural product transportation. 

3.2 Educational Foundation Impact Analysis 

The investigation reveals profound connections between maritime educational experiences 

and professional readiness for digital twin technology implementation. 

Practical training experiences receive the highest influence scores, with participants 

universally acknowledging that hands-on experience with maritime operations provides 

essential foundational understanding for digital twin implementation. Environmental studies 

components achieve exceptionally high influence scores, reflecting the growing integration 

of sustainability considerations into maritime education and their relevance for agricultural 

product transportation optimization. 

Table 2. Educational Component Influence on Digital Twin Technology Readiness. 

Educational Component Influence 

Score 

Participant 

Frequency 

Implementation 

Relevance 

Practical Training 

Experience 

4.9/5.0 100% Critical 
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Systems Integration 

Coursework 

4.6/5.0 90% Essential 

Problem-Based Learning 4.5/5.0 80% Essential 

Technology Exposure 

Programs 

4.2/5.0 70% Important 

Environmental Studies 4.7/5.0 100% Critical 

Leadership Development 4.3/5.0 80% Important 

3.3 Technological Perception and Implementation Feasibility Assessment 

The qualitative analysis reveals overwhelmingly positive professional perspectives on digital 

twin technology implementation for agricultural product transportation, with participants 

demonstrating sophisticated understanding of both opportunities and challenges. 

Table 3. Digital Twin Implementation Feasibility Assessment by Professional Domain. 

Implementation Dimension Feasibility 

Score 

Confidence 

Level 

Priority 

Ranking 

Route Optimization Applications 4.6/5.0 High 1 

Cargo Condition Monitoring 4.5/5.0 High 2 

Environmental Impact 

Reduction 

4.8/5.0 Very High 1 

Supply Chain Transparency 4.4/5.0 High 3 

Predictive Maintenance 4.3/5.0 Moderate 4 

Real-time Decision Support 4.2/5.0 Moderate 5 

 

Environmental impact reduction applications receive the highest feasibility scores, with 

participants expressing exceptional confidence in digital twin technology's potential to 

optimize agricultural product transportation for sustainability goals. Route optimization 

applications achieve high feasibility scores, with participants demonstrating clear 

understanding of how digital twin technologies can enhance traditional navigation and 

logistics planning processes. 

3.4 Professional Development and Learning Adaptation Patterns 

The analysis reveals distinctive patterns in how maritime professionals approach learning 

and adaptation processes related to digital twin technology implementation. 

Table 4. Professional Development Patterns and Technology Adoption Readiness. 

Development Characteristic Prevalence 
Effectiveness 

Score 

Technology Adoption 

Impact 

Continuous Learning 

Orientation 

90% 4.7/5.0 Very High 

Cross-functional Collaboration 80% 4.4/5.0 High 

Innovation Experimentation 70% 4.2/5.0 High 

Mentorship and Knowledge 

Sharing 

100% 4.8/5.0 Critical 

Professional Network 

Engagement 

80% 4.3/5.0 High 

Technology Conference 

Participation 

60% 4.1/5.0 Moderate 

 

Mentorship and knowledge sharing practices achieve universal prevalence among 

participants, with effectiveness scores indicating exceptional value for professional 
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development and technological adaptation. Continuous learning orientation emerges as a 

dominant characteristic among 90% of participants, reflecting the maritime industry's culture 

of ongoing professional development and safety-focused learning. 

3.5 Sustainability Integration and Environmental Stewardship Perspectives 

The investigation reveals exceptional integration of sustainability considerations into 

professional perspectives on digital twin technology implementation. 

Table 5. Sustainability Integration in Digital Twin Technology Evaluation. 

Sustainability Dimension 
Integration 

Score 

Priority 

Level 

Implementation 

Motivation 

Food Waste Reduction 4.9/5.0 Critical Primary 

Carbon Footprint 

Optimization 

4.7/5.0 Essential Primary 

Resource Efficiency 

Enhancement 

4.6/5.0 Essential Secondary 

Ecosystem Impact 

Minimization 

4.5/5.0 Important Secondary 

Supply Chain Transparency 4.4/5.0 Important Tertiary 

Regulatory Compliance 4.3/5.0 Important Tertiary 

 

Food waste reduction emerges as the most compelling sustainability motivation for digital 

twin implementation, with participants expressing profound professional concern about 

current waste levels in agricultural product transportation and exceptional optimism about 

digital twin technology's potential to address these challenges. 

3.6 Implementation Challenge Recognition and Mitigation Strategies 

The qualitative analysis reveals sophisticated professional understanding of digital twin 

implementation challenges and demonstrates exceptional capability for developing practical 

mitigation strategies. 

Table 6. Implementation Challenge Assessment and Mitigation Readiness. 

Implementation Challenge Recognition 

Frequency 

Severity 

Assessment 

Mitigation 

Confidence 

Technology Integration 

Complexity 

100% High Moderate 

Initial Investment 

Requirements 

90% Moderate High 

Staff Training and 

Development 

100% Moderate High 

Data Security and Privacy 80% High Moderate 

Regulatory Compliance 70% Moderate High 

Organizational Change 

Management 

90% High High 

 

Technology integration complexity receives universal recognition among participants, 

reflecting sophisticated understanding of technical challenges involved in digital twin 

implementation. Staff training and development challenges achieve universal recognition but 

high mitigation confidence scores, reflecting participants' extensive experience with 

maritime education and training processes. 
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4 Discussion 

The comprehensive qualitative findings illuminate profound connections between extensive 

maritime vocational education and professional readiness for digital twin technology 

implementation. The exceptionally high competency scores and sophisticated professional 

perspectives demonstrated by participants suggest that decade-long maritime education 

programs create foundational capabilities that prove remarkably transferable to emerging 

digital technologies [10]. 

The investigation's findings strongly support existing research regarding maritime 

education's potential for digital transformation while extending theoretical frameworks by 

providing empirical evidence of how specific educational components influence professional 

technological readiness [12]. The universal recognition of practical training experiences as 

critical preparation for digital twin implementation validates the effectiveness of experiential 

learning in maritime education contexts. This evidence supports the theoretical framework 

of vocational identity formation, where practical experiences serve as crucial components in 

developing professional competencies that extend beyond traditional maritime operations. 

The remarkable sustainability integration scores observed among participants exceed 

expectations established by existing research on environmental consciousness in maritime 

professional practice [13]. This finding suggests that contemporary maritime education has 

successfully integrated environmental stewardship considerations into professional identity 

formation processes, contrasting with historical characterizations of maritime industries as 

resistant to environmental innovation. The participants' sophisticated understanding of 

sustainability applications aligns with broader trends in Industry 4.0 implementation within 

port and maritime contexts, where environmental considerations increasingly drive 

technological adoption decisions [9]. 

The investigation reveals interesting distinctions from general technology adoption 

literature, which often emphasizes resistance to change in traditional industries. The high 

innovation receptivity scores and sophisticated technological understanding demonstrated by 

participants suggest that maritime professionals may possess unique characteristics that 

facilitate technology adoption, particularly when technologies align with professional values 

regarding safety, efficiency, and environmental stewardship [1]. This finding supports 

research on how emerging digital technologies affect operations management in the maritime 

industry through collaborative co-creation processes, suggesting that maritime professionals 

are uniquely positioned to engage with digital transformation initiatives. 

The comprehensive route optimization and cargo condition monitoring feasibility 

assessments provided by participants demonstrate significantly greater technological 

sophistication than anticipated based on existing literature. The participants' detailed 

understanding of digital twin applications and implementation considerations suggests that 

contemporary maritime education effectively develops analytical capabilities that transfer 

readily to emerging technologies [5]. Their grasp of complex technological systems also 

aligns with broader trends in the increasing integration of Internet of Things solutions within 

maritime operations, indicating that vocational maritime education successfully prepares 

professionals for technology-intensive operational environments. 

The investigation's findings regarding implementation challenge recognition and 

mitigation strategies reveal sophisticated professional understanding that exceeds 

expectations based on existing research regarding technology adoption challenges in 

traditional industries. The high mitigation confidence scores for staff training and 

organizational change management reflect sophisticated understanding of change 

management processes and validate research on vocational identity formation in vocational 

educational training contexts [11]. Participants demonstrated remarkable awareness of both 

technical and organizational implementation challenges, suggesting that maritime education 
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successfully develops systems thinking capabilities essential for complex technology 

integration projects. 

Participants' understanding of blockchain applications for supply chain transparency and 

traceability demonstrates alignment with cutting-edge research on blockchain 

implementation in global supply chains and cross-border trade operations [4]. The 

sophisticated comprehension of distributed ledger technologies and their potential 

applications in agricultural product transportation suggests that maritime education programs 

have successfully integrated contemporary technological concepts into vocational training 

curricula [14]. 

The findings regarding professional vision and future development perspectives reveal 

remarkable alignment between individual professional goals and broader industry 

transformation trends, suggesting that maritime education successfully develops strategic 

thinking capabilities that enable professionals to envision and plan for industry evolution [8]. 

Participants consistently demonstrated understanding of how big data and artificial 

intelligence applications could enhance maritime operations while maintaining focus on 

practical implementation considerations. This strategic orientation reflects successful 

integration of forward-thinking perspectives within traditional vocational education 

frameworks. 

The investigation contributes significantly to understanding how vocational maritime 

education prepares professionals for emerging technology adoption, extending existing 

theoretical frameworks regarding vocational identity formation and technological readiness 

[11]. The findings provide empirical evidence supporting the effectiveness of decade-long 

vocational education programs in developing transferable competencies applicable to digital 

transformation initiatives within maritime contexts [12]. These results have important 

implications for maritime education reform and technology adoption strategies across the 

global shipping industry. 

5 Conclusion 

This investigation reveals the profound effectiveness of extensive vocational education in 

preparing maritime professionals for emerging technological challenges. The decade-long 

maritime education programs successfully develop sophisticated systems thinking 

capabilities, environmental consciousness, and collaborative problem-solving approaches 

that prove remarkably transferable to digital twin technology evaluation and implementation 

planning. Findings demonstrate exceptionally high competency scores across sustainability 

integration (4.8/5.0), systems thinking (4.7/5.0), and technological adaptability (4.5/5.0), 

challenging conventional assumptions about technology adoption resistance in traditional 

industries. The participants' exceptional sustainability integration suggests that contemporary 

maritime education successfully develops professional values aligning closely with digital 

twin technology's potential for addressing critical global challenges including food waste 

reduction and supply chain optimization. The research contributes significantly to 

understanding vocational education effectiveness for preparing professionals for 

technological transformations, offering valuable insights for educational reform initiatives 

and technology adoption strategies across the global maritime shipping industry. 
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