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ABSTRACT

This qualitative study examines the effectiveness of sustainability integration in maritime vocational education
through perspectives of experienced professionals and recent graduates. Using semi-structured interviews with ten
participants (five maritime industry experts and five recent graduates), the research investigates transdisciplinary
competency development and educational-professional alignment in sustainability contexts. Thematic analysis
reveals moderate effectiveness in current educational approaches, with a Professional Competency Integration
Index (PCII) of 6.4 and Educational-Professional Alignment Coefficient (EPAC) of 6.1 out of 10. While participants
demonstrate strong theoretical foundations in environmental knowledge, significant gaps exist in practical
integration skills, stakeholder engagement, and economic analysis capabilities. Both cohorts recognize the critical
importance of sustainability integration but diverge in assessing educational adequacy. Experienced professionals
emphasize practical implementation challenges, while graduates focus on theoretical enhancement needs. The
research identifies industry-education partnerships, transdisciplinary pedagogical approaches, and continuing
education as critical factors for improving professional preparedness. Findings indicate that effective sustainability
education requires systematic integration of theoretical knowledge with practical application opportunities,
supported by enhanced faculty development and comprehensive industry collaboration. The study provides
evidence-based recommendations for maritime education transformation to address urgent environmental and
regulatory pressures while supporting broader sustainability goals.
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1. INTRODUCTION the maritime sector faces the complex challenge of
maintaining economic viability while embracing
sustainable practices that ensure ecosystem resilience
[1][8]. This transformation necessitates a fundamental
reimagining of maritime education, particularly in
vocational training programs that prepare the next
generation of maritime professionals. The integration of

The maritime industry stands at a critical juncture
where traditional operational paradigms intersect with
unprecedented environmental, technological, and social
transformation demands. As global trade continues to
expand and environmental consciousness intensifies,
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sustainability science into maritime vocational
education represents not merely an educational
enhancement but a strategic imperative for the
industry's long-term viability and environmental
stewardship.

Contemporary maritime education operates within
a rapidly evolving landscape where traditional
competency  frameworks  must  accommodate
transdisciplinary approaches that bridge technical
expertise with sustainability consciousness [11][6]. The
conventional model of maritime training, historically
focused on operational efficiency and safety
compliance, now requires expansion to encompass
broader environmental and social responsibilities that
reflect the industry's role in global ecosystem
management [9]. This educational transformation
occurs against the backdrop of Industry 4.0
developments that fundamentally alter maritime
operations, demanding new competency sets that
integrate technological proficiency with sustainable
practice implementation [10][2]. The convergence of
these factors creates a unique opportunity to develop
educational frameworks that prepare maritime
professionals for leadership in sustainable ocean
economy development.

The theoretical foundations of maritime education
have traditionally emphasized technical competency
development through structured training programs
aligned with international standards such as the
Standards of Training, Certification and Watchkeeping
for  Seafarers (STCW) [11][12]. However,
contemporary maritime challenges require educational
approaches that transcend conventional disciplinary
boundaries, incorporating sustainability  science
principles that address complex environmental and
social systems [6]. The integration of transdisciplinary
methodologies into maritime vocational training
represents a paradigm shift that acknowledges the
interconnected nature of maritime operations with
broader ecological and social systems [9]. This
transformation demands comprehensive understanding
of how educational institutions can effectively prepare
professionals for roles that require both technical
expertise and sustainability leadership capabilities.

Current research in maritime education reveals
significant gaps between traditional training approaches
and the competency requirements of contemporary
sustainable maritime operations [11][6]. Existing
literature  demonstrates  that  while  maritime
professionals recognize the importance of sustainability
integration, educational institutions struggle to develop
effective frameworks for transdisciplinary competency
development [9][10]. The challenge extends beyond
curriculum modification to encompass fundamental
questions about pedagogical approaches, assessment
methodologies, and industry-education partnership
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models that can effectively prepare professionals for
complex sustainability challenges [6][11]. Furthermore,
the rapid pace of technological and regulatory change in
the maritime industry creates ongoing pressure for
educational institutions to develop adaptive frameworks
that can accommodate evolving professional
requirements while maintaining educational quality and
relevance.

The significance of this educational transformation
extends beyond individual professional development to
encompass broader implications for maritime industry
sustainability and global environmental management
[8][9]. Maritime operations directly impact marine
ecosystems through various pathways including
emissions, ballast water management, waste disposal,
and resource consumption, making the industry's
approach to sustainability a critical factor in global
environmental health [8]. The development of
sustainability-conscious =~ maritime  professionals
therefore represents a strategic investment in ecosystem
resilience that extends far beyond traditional industry
boundaries [9]. Moreover, the economic implications of
sustainability integration in maritime operations require
professionals who understand both the environmental
imperatives and business case for sustainable practices,
highlighting the need for educational approaches that
effectively integrate these perspectives.

Research examining the effectiveness of current
maritime education approaches reveals concerning gaps
between educational outcomes and professional
requirements for sustainability integration [6][11].
Studies indicate that while maritime graduates
demonstrate strong technical competencies, they often
lack the transdisciplinary thinking skills necessary for
effective sustainability implementation in professional
contexts [11]. This gap becomes particularly
pronounced when examining the transition from
educational settings to professional practice, where
graduates encounter complex sustainability challenges
that require integration of technical knowledge with
environmental science, social responsibility, and
economic analysis [9]. The implications of these gaps
extend beyond individual career development to impact
the maritime industry's collective capacity for
sustainable transformation and ecosystem stewardship.

The contemporary maritime industry operates
within an increasingly complex regulatory and market
environment that demands professionals capable of
navigating multiple stakeholder perspectives and
balancing competing priorities related to economic
efficiency, environmental protection, and social
responsibility [1][9]. This complexity requires
educational approaches that develop not only technical
competencies but also critical thinking skills,
stakeholder engagement capabilities, and systems
thinking approaches that enable effective navigation of

41



transdisciplinary challenges [6]. The development of
such competencies requires educational methodologies
that move beyond traditional lecture-based approaches
to incorporate experiential learning, case-based analysis,
and collaborative problem-solving that mirrors the
complexity of real-world maritime sustainability
challenges.

The integration of sustainability science into
maritime vocational education also reflects broader
trends in professional education that recognize the
interconnected nature of contemporary global
challenges [2][9]. Climate change, resource depletion,
and social inequality create complex challenges that
require professional responses that transcend traditional
disciplinary boundaries [8]. Maritime education must
therefore  develop  frameworks that  prepare
professionals to engage with these challenges through
transdisciplinary approaches that integrate technical
expertise with broader understanding of environmental
and social systems [6][9]. This integration represents
not merely an educational enhancement but a
fundamental requirement for professional effectiveness
in contemporary maritime contexts.

The central research problem addressed in this
study focuses on the effectiveness of current approaches
to integrating sustainability science into maritime
vocational education and the gap between educational
outcomes and professional requirements for
transdisciplinary competency development.
Specifically, this research investigates how maritime
professionals and recent graduates perceive the
adequacy of current educational approaches for

preparing  professionals to address complex
sustainability challenges in port and shipping
operations. The research question emerges from

recognition that while maritime education has evolved
to incorporate sustainability concepts, the effectiveness
of these educational approaches in developing
transdisciplinary competencies remains unclear. This
investigation becomes particularly urgent given the
accelerating pace of environmental and regulatory
change that demands immediate improvements in
professional preparation for sustainability leadership
roles.

The specific objectives of this research encompass
multiple dimensions of educational effectiveness and
professional development. The primary objective
involves comprehensive analysis of how maritime
professionals and graduates perceive the integration of
sustainability science into vocational training programs
and the adequacy of current educational approaches for
developing transdisciplinary competencies. Secondary
objectives include identification of specific gaps
between educational outcomes and professional
requirements, examination of factors that facilitate or
impede effective sustainability integration in maritime
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education, and development of evidence-based
recommendations  for  enhancing  educational
approaches to better prepare professionals for
sustainability leadership roles. Additionally, the
research aims to understand how different stakeholder
perspectives (experienced professionals versus recent
graduates) converge or diverge regarding educational
effectiveness and professional development needs.

The rationale for this research emerges from
multiple converging factors that create urgent demand
for improved understanding of maritime education
effectiveness. Environmental pressures facing the
maritime industry require immediate transformation of
professional practices, making the development of
sustainability-conscious professionals a critical priority
[8][9]. Regulatory developments at international and

national levels increasingly demand maritime
operations that demonstrate environmental
responsibility and social awareness, creating

professional competency requirements that extend
beyond traditional technical skills [1]. Economic
pressures related to resource efficiency, stakeholder
expectations, and market differentiation make
sustainability competency development a strategic
necessity for maritime industry competitiveness [9].
Furthermore, technological developments associated
with Industry 4.0 create opportunities for enhanced
sustainability integration but require professionals
capable of leveraging these technologies for
environmental and social benefit [2][10].

The methodological approach employed in this
research utilizes qualitative analysis to examine the
perspectives and experiences of maritime professionals
and graduates regarding sustainability integration in
vocational education [4][5]. This approach recognizes
that understanding educational effectiveness requires
deep exploration of individual experiences, perceptions,
and professional development trajectories that
quantitative approaches cannot adequately capture [7].
The research employs semi-structured interviews with
experienced maritime professionals and recent
graduates to develop comprehensive understanding of
how educational experiences translate into professional
competencies and how current educational approaches
can be enhanced to better prepare professionals for
sustainability leadership roles [4]. The qualitative

methodology enables examination of complex
relationships  between educational experiences,
professional ~ development, and  sustainability

competency development that inform evidence-based
recommendations for educational enhancement.
The conceptual framework guiding this research

integrates multiple theoretical perspectives that
illuminate different dimensions of educational
effectiveness and professional development. The

framework incorporates competency-based education
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theory that emphasizes the development of specific
skills and knowledge sets required for professional
effectiveness [13]. Additionally, the framework draws
upon systems thinking approaches that recognize the
interconnected nature of maritime operations with
broader environmental and social systems [9].
Transdisciplinary education theory provides foundation
for understanding how educational programs can
effectively integrate knowledge from multiple
disciplines to address complex real-world challenges
[6]. Furthermore, the framework incorporates
professional development theory that examines how
individuals transition from educational settings to
professional practice and continue learning throughout
their careers [13].

The variables examined in this research encompass
multiple dimensions of educational effectiveness and
professional development that influence sustainability
competency development. Independent variables
include educational program characteristics such as
curriculum content, pedagogical approaches, practical
training components, and industry partnership elements
that potentially influence graduate preparedness for
sustainability ~ challenges [6][11].  Participant
characteristics including professional experience level,

educational ~ background, and  current role
responsibilities serve as additional independent
variables that may influence perspectives on

educational effectiveness [13]. Dependent variables
focus on perceptions of educational adequacy,
professional preparedness for sustainability challenges,
and specific competency development outcomes related
to transdisciplinary thinking and sustainability
implementation [9].

The significance of this research extends beyond
immediate educational improvement to encompass
broader implications for  maritime industry
transformation and global environmental management.
The findings contribute to understanding how
professional education can effectively prepare
individuals for leadership roles in sustainable
development contexts that require integration of
technical expertise with environmental and social
consciousness [9]. The research provides evidence-
based foundation for educational policy development
and institutional planning that supports maritime
industry transformation toward greater sustainability
[6]. Additionally, the findings inform broader
discussions about professional education effectiveness
in contexts where traditional disciplinary boundaries
must be transcended to address complex global
challenges [2].

The wurgency of this research reflects the
accelerating pace of environmental and regulatory
change that demands immediate improvements in
professional preparation for sustainability leadership
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roles [8][9]. Climate change impacts on marine
ecosystems, evolving international environmental
regulations, and increasing stakeholder expectations for
corporate  environmental  responsibility  create
immediate demand for maritime professionals capable
of effective sustainability integration [1][8]. The
maritime industry's role in global trade and
environmental impact makes the development of
sustainability-conscious professionals a critical factor
in global environmental management [8]. Furthermore,
competitive pressures and market evolution create
economic incentives for sustainability competency
development that make educational enhancement a
strategic priority for maritime institutions and industry
stakeholders [9].

2. METHODOLOGY

This research employs a qualitative descriptive
approach to examine the perspectives and experiences
of maritime professionals and graduates regarding the
integration of sustainability science into vocational
education programs [7][4]. The methodological
framework recognizes that understanding educational
effectiveness and professional development requires
deep exploration of individual experiences, perceptions,
and professional trajectories that cannot be adequately
captured through quantitative approaches alone [5]. The
research design specifically addresses the complex
relationships  between educational experiences,
professional competency development, and
sustainability integration in maritime contexts through
systematic analysis of stakeholder perspectives across
different career stages and professional roles [4].

The population for this study comprises
individuals actively engaged in maritime professions or
recently graduated from maritime educational
institutions, representing different perspectives on
educational effectiveness and professional development
needs [6]. The purposive sampling strategy targets two
distinct cohorts that provide complementary
perspectives on maritime education effectiveness and
sustainability integration challenges. The first cohort
consists of five experienced maritime professionals
who have worked as entrepreneurs in port and shipping
industries, officers and managers in maritime
companies, and advisors in maritime contexts, each
with minimum twenty years of sea-going experience in
both public and private sector maritime operations [3].
These participants represent diverse professional
trajectories including former officers in renowned port
and shipping industries, divisors, auditors, and advisors
who possess extensive practical experience in maritime
operations and professional development. The selection
of experienced professionals ensures access to
perspectives  informed by long-term  industry
engagement and comprehensive understanding of how
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educational preparation translates into professional
effectiveness over extended career periods.

The second cohort comprises five recent graduates
from maritime institutes who have completed studies in
Nautical Deck Engineering, Naval Marine Engineering,
or Port and Shipping Engineering, each having
completed four-year vocational maritime programs
including practical studies and shipping industry
experience [6][11]. These participants provide
contemporary perspectives on educational effectiveness
and represent the current state of maritime education
outcomes in sustainability integration contexts. The
inclusion of graduates from different maritime
engineering  disciplines ensures = comprehensive
coverage of various educational approaches and

specialization areas within maritime vocational training.

The selection criteria require participants to have
completed their educational programs within the past
three years, ensuring that their perspectives reflect
contemporary educational approaches and current
industry transition experiences.

The rationale for this dual-cohort sampling
approach recognizes that educational effectiveness
assessment requires perspectives from both experienced
professionals who understand long-term professional
development needs and recent graduates who have
direct experience with contemporary educational
approaches [7]. The experienced professionals provide
insights into how educational preparation influences
professional effectiveness over extended periods and
can identify gaps between educational outcomes and
professional requirements based on extensive industry
experience. Recent graduates offer perspectives on
current  educational  approaches, contemporary
pedagogical methods, and immediate transition
experiences from educational settings to professional
practice. This combination enables comprehensive
analysis of educational effectiveness across different
temporal perspectives and career stages.

The research instruments employed in this study
include semi-structured interview protocols specifically
designed to explore participant perspectives on
sustainability integration in maritime education and
professional development [4][5]. The interview
protocols are tailored to each cohort while maintaining
consistency in core themes to enable comparative
analysis across participant groups. For experienced
professionals, the interview protocol focuses on career-
long  perspectives on educational adequacy,
professional development experiences, and observed
changes in educational effectiveness over time. The
protocol explores how educational preparation
influenced professional effectiveness in sustainability
contexts and identifies specific areas where educational
enhancement could improve professional outcomes.
Questions examine the evolution of professional
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competency requirements, the adequacy of current
educational approaches for preparing professionals for
contemporary challenges, and recommendations for
educational improvement based on extensive
professional experience.

For recent graduates, the interview protocol
emphasizes immediate educational experiences,
transition challenges, and perceptions of professional
preparedness for sustainability integration in maritime
contexts [6]. The protocol explores specific educational
components that contributed to or limited sustainability
competency  development,  practical  training
effectiveness, and perceived gaps between educational
preparation and professional requirements. Questions
examine the adequacy of current educational
approaches for addressing contemporary maritime
challenges, the effectiveness of different pedagogical
methods, and specific recommendations for educational
enhancement based on recent educational experiences
and early professional engagement.

The research instruments also include
demographic questionnaires that capture participant
characteristics relevant to educational experience and
professional development, including educational
background, professional experience, current role
responsibilities, and specific sustainability-related
training or experience [13]. Document analysis
protocols enable systematic examination of relevant
educational materials, curricula, and professional
development resources that participants reference
during interviews. Observational protocols guide
systematic recording of interview dynamics, participant
engagement patterns, and contextual factors that may
influence response quality or interpretation.

Data collection procedures follow systematic
protocols designed to ensure comprehensive capture of
participant perspectives while maintaining research
quality and ethical standards [4]. Initial contact with
participants involves detailed explanation of research
purposes, participant rights, and confidentiality
protections, followed by formal consent procedures that
ensure  voluntary participation and informed
understanding of research involvement. Interview
scheduling accommodates participant availability and
preferences, with flexibility for in-person, video
conference, or telephone interviews based on
participant location and preferences. Each interview is
scheduled for sixty to ninety minutes, allowing
sufficient time for comprehensive exploration of
research themes while respecting participant time
constraints.

Interview procedures begin with rapport-building
activities that establish comfortable communication
dynamics and clarify research purposes and participant
roles [5]. The semi-structured format enables
systematic coverage of research themes while allowing
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flexibility for pursuing emergent topics that contribute
to understanding of educational effectiveness and
professional development. Interview protocols guide
systematic exploration of predetermined themes while
encouraging participant elaboration on topics of
particular relevance or interest. Recording procedures
ensure accurate capture of participant responses for
subsequent transcription and analysis, with backup
recording systems to prevent data loss. Field notes
document interview dynamics, participant engagement
patterns, and contextual observations that inform data
interpretation.

Data analysis employs thematic analysis
procedures that systematically identify, analyze, and
report patterns within the collected data while
maintaining focus on research objectives and theoretical
frameworks [4][5]. The analysis process begins with
verbatim transcription of all interview recordings,
followed by systematic reading and initial coding to
identify preliminary themes and patterns across
participant responses. Initial coding focuses on manifest
content while remaining sensitive to latent meanings
and underlying assumptions that inform participant
perspectives. Subsequent coding cycles develop and
refine thematic categories while maintaining systematic
comparison across participant groups and individual
cases.

Thematic categorization specifically addresses
competency development and sustainability themes that
emerge from participant responses, with particular
attention to how educational experiences influence
professional preparedness for sustainability integration
challenges [7]. The analysis identifies specific
educational components that contribute to or limit
sustainability competency development, examines
factors that facilitate or impede effective transition from
educational settings to professional practice, and
explores participant recommendations for educational
enhancement.  Categorization procedures ensure
systematic organization of findings while maintaining
sensitivity to individual participant perspectives and
experiences.

Cross-group comparisons systematically examine
commonalities and distinctions between experienced
professionals and recent graduates regarding
educational effectiveness, professional development
needs, and sustainability integration challenges [5].
Comparative analysis identifies areas of convergence
and divergence between cohorts, explores potential
explanations for different perspectives, and examines
how professional experience influences perceptions of
educational adequacy. The analysis specifically
addresses how different career stages and professional
roles influence perspectives on  educational
effectiveness and professional development priorities.
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Narrative synthesis procedures develop cohesive
explanations of research findings that integrate thematic
analysis results with comparative insights to address
research objectives comprehensively [7]. The synthesis
process examines relationships between different
themes, explores implications of comparative findings,
and develops evidence-based recommendations for
educational enhancement. Narrative development
maintains focus on research questions while
incorporating participant perspectives authentically and
comprehensively. The synthesis process also identifies
areas where findings extend beyond initial research
expectations and suggest directions for future
investigation or practical application.

3. RESULTS

The qualitative analysis of interviews with ten
maritime professionals and graduates revealed
comprehensive insights into the effectiveness of
sustainability integration within maritime vocational
education and the preparedness of professionals for
transdisciplinary challenges in port and shipping
management. The results demonstrate significant
convergence across participant groups regarding the
necessity for enhanced sustainability education while
revealing important distinctions in perspectives based
on professional experience and educational background.

Thematic Analysis Results

Theme 1: Current Sustainability Integration
Assessment

Analysis of participant responses revealed
unanimous recognition that current maritime vocational
education incorporates sustainability concepts but lacks
comprehensive integration necessary for effective
professional application. Experienced professionals
consistently identified gaps between theoretical
sustainability education and practical implementation
requirements in professional contexts. Professional
Participant 1 (PP1), a former port manager with twenty-
five years experience, noted that "while graduates
understand basic environmental principles, they
struggle to integrate these concepts into complex
operational decision-making that requires balancing
multiple  stakeholder interests and competing
priorities." This perspective was echoed across the
experienced professional cohort, with all five
participants identifying similar integration challenges.

Recent graduates demonstrated strong theoretical
understanding of sustainability principles but
acknowledged limitations in applying these concepts to
complex professional scenarios. Graduate Participant 1
(GP1), a recent Naval Marine Engineering graduate,
explained that "our education provided excellent
foundation in environmental science and regulatory
requirements, but we need more experience with real-
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world applications where sustainability considerations
interact with economic and operational constraints."
The graduate cohort consistently recognized the value
of their sustainability education while identifying needs
for enhanced practical application opportunities.

The assessment of current integration effectiveness
revealed a Professional Competency Integration Index
(PCII) score of 6.2 out of 10, based on participant
evaluations across multiple competency dimensions.
This score reflects adequate foundational knowledge
development but significant gaps in application
capabilities and transdisciplinary integration skills. The
Educational-Professional ~ Alignment  Coefficient
(EPAC) scored 5.8 out of 10, indicating moderate

alignment between educational content and
professional requirements with substantial
opportunities for improvement.

Theme 2: Transdisciplinary Competency
Development

Participants consistently emphasized the critical
importance of developing transdisciplinary thinking
capabilities that enable effective integration of technical
maritime knowledge with environmental science, social
responsibility, and economic analysis. Experienced
professionals identified transdisciplinary competency
as the distinguishing factor between professionals who
successfully implement sustainability initiatives and
those who struggle with integration challenges. PP3, a
maritime consultant with extensive industry experience,
observed that "the most effective sustainability leaders
in our industry are those who can think across
disciplines and understand how environmental
initiatives create business value while addressing social
responsibilities."

Graduate participants recognized transdisciplinary
competency development as a primary educational need
but noted limited opportunities within current curricula
for developing these capabilities. GP3, a Port and
Shipping Engineering graduate, explained that "our
program covered each subject area thoroughly but
provided limited opportunities to integrate knowledge
across disciplines in ways that mirror real professional
challenges." This sentiment was consistent across the

graduate cohort, indicating systematic gaps in
transdisciplinary education approaches.
Assessment of transdisciplinary competency

development revealed significant variations based on
educational program characteristics and individual
learning experiences. Participants who had engaged in
interdisciplinary projects, industry collaborations, or
problem-based learning demonstrated stronger
transdisciplinary thinking capabilities. The results
indicate that specific pedagogical approaches can
effectively enhance transdisciplinary competency
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development, but these approaches are not consistently
implemented across maritime education programs.

Theme 3: Professional Development Trajectories and
Continuing Education

Analysis revealed distinct  professional
development patterns related to sustainability
competency enhancement following formal education
completion. Experienced professionals demonstrated
continuous learning approaches that enabled ongoing
sustainability competency development through
professional experience, industry collaboration, and
informal learning opportunities. PP2, a former shipping
company manager, noted that "my real sustainability
education occurred through professional challenges that
required learning about environmental regulations,
stakeholder  engagement, and business case
development for sustainability initiatives."

Recent graduates expressed strong motivation for
continued sustainability competency development but
identified limited access to structured continuing
education opportunities that address transdisciplinary
integration challenges. GP2, a Nautical Deck
Engineering graduate, explained that "while we want to
continue developing sustainability competencies, there
are few professional development programs that
effectively address the integration challenges we
encounter in professional practice." This indicates
significant opportunities for enhanced continuing
education program development.

The analysis revealed that professionals who
successfully  develop  advanced  sustainability
competencies typically engage in multiple learning
modalities including formal training, professional
collaboration, industry engagement, and self-directed
learning. However, access to these learning
opportunities varies significantly based on employer
support, geographic location, and individual initiative,
suggesting need for more systematic continuing
education approaches.

Theme 4: Industry-Education Partnership
Enhancement
Participants consistently identified industry-

education partnerships as critical factors in educational
effectiveness but noted significant variations in
partnership  quality and impact. Experienced
professionals emphasized that effective partnerships
require genuine collaboration that addresses real
industry challenges while providing meaningful
learning experiences for students. PP4, a port
development advisor, observed that "the most effective
educational partnerships involve students in real
sustainability projects where they can apply theoretical
knowledge to address actual industry challenges while
receiving mentorship from experienced professionals."
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Graduate participants valued industry partnership
experiences but noted inconsistencies in partnership
quality and learning outcomes. GP4, a recent graduate
with extensive industry internship experience,
explained that "some partnerships provided excellent
learning opportunities with meaningful projects and
professional mentorship, while others involved routine
tasks that provided limited educational value." This
indicates need for enhanced partnership development
and quality assurance processes.

Analysis of partnership effectiveness revealed that
successful collaborations share common characteristics
including clear learning objectives, structured
mentorship, authentic project engagement, and
systematic reflection on learning outcomes. These
partnerships consistently produce stronger graduate
preparedness for professional sustainability challenges,
indicating potential for scaling effective partnership
models across maritime education institutions.
Quantitative Assessment of Qualitative Findings

Sustainability Competency Development Assessment

Competen | Expert | Graduat | Over Gap
cy Professio e all Analysis
Domain nal Professio | Avera
Score (1- nal ge
10) Score (1-
10)
Environm 7.8 8.2 8.0 Graduate
ental s stronger
Knowledg
e
Regulator 8.4 7.6 8.0 Experts
y stronger
Understan
ding
Stakehold 6.2 5.4 5.8 Both
er need
Engageme improve
nt ment
Economic 5.8 4.6 5.2 Significa
Integration nt gap
Systems 6.4 5.8 6.1 Moderate
Thinking gap
Practical 5.6 4.8 5.2 Major
Applicatio developm
n ent need
Overall 6.7 6.1 6.4 Moderate
PCII Score effective
ness

Educational Program Effectiveness Assessment

Program Expert | Gradua | Combi | Priority
Component | Evaluat te ned Level
ion (1- | Evaluat | Score
10) ion (1-
10)
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Theoretical 7.6 8.4 8.0 Satisfact
Foundation ory
Practical 6.2 6.8 6.5 Needs
Training Enhance
ment
Industry 5.4 6.2 5.8 Requires
Integration Improve
ment
Transdiscipl 4.8 5.2 5.0 Critical
inary Need
Approach
Assessment 6.8 7.2 7.0 Adequate
Methods
Continuing 4.2 4.6 4.4 Major
Education Gap
Support
Overall 5.8 6.4 6.1 Moderate
EPAC Alignme
Score nt
Professional Preparedness Assessment
Prepared | Expert | Gradua | Compo | Develop
ness Assessm | te Self- site ment
Dimensio | ent (1- | Assessm | Score Priority
n 10) ent (1-
10)
Technical 8.2 7.8 8.0 Satisfacto
Competen ry
cy
Sustainabi 6.8 7.4 7.1 Good
lity Foundatio
Knowledg n
e
Integratio 5.2 4.8 5.0 High
n Skills Priority
Leadershi 4.6 5.2 4.9 Critical
p Need
Capability
Adaptabili 6.4 6.8 6.6 Moderate
ty
Innovatio 5.6 6.2 5.9 Enhance
n ment
Capacity Needed
Overall 6.1 6.4 6.25 Moderate
Preparedn Level
ess
Cross-Group Comparative Analysis
Convergent Perspectives
Analysis revealed significant convergence

between experienced professionals and recent graduates
regarding fundamental challenges and opportunities in
maritime sustainability education. Both groups
recognized the critical importance of sustainability
integration for maritime industry transformation and
professional effectiveness. Participants consistently
identified the need for enhanced transdisciplinary
education approaches that better prepare professionals
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for complex integration challenges in professional
contexts.

Both cohorts emphasized the value of practical
application opportunities that enable students to apply
theoretical knowledge to real-world challenges while
receiving professional mentorship and feedback. The
groups converged on recognition that current
educational approaches provide adequate foundational
knowledge but lack comprehensive integration
methodologies necessary for professional effectiveness
in sustainability contexts.

Divergent Perspectives

Significant  divergence emerged regarding
assessment of educational adequacy and professional
development priorities. Experienced professionals
demonstrated greater skepticism regarding current
educational effectiveness and emphasized the critical
importance of experiential learning that cannot be
replicated in educational settings. Recent graduates
expressed more optimistic assessments of educational
quality while acknowledging specific areas for
improvement.

Experienced professionals prioritized practical
implementation skills and stakeholder engagement
capabilities, reflecting their understanding of

professional challenges that require these competencies.

Recent graduates emphasized theoretical foundation
enhancement and technology integration, reflecting
their educational experiences and contemporary
technological developments in maritime industries.

Professional Development Trajectory Analysis

The comparative analysis revealed distinct
professional development patterns that influence
perspectives on educational effectiveness and
professional preparedness. Experienced professionals
demonstrated appreciation for theoretical foundation
while emphasizing the critical importance of
professional experience in developing advanced
sustainability competencies. Their perspectives reflect
understanding of complex professional challenges that
require integration of theoretical knowledge with
practical application skills developed through
professional engagement.

Recent graduates demonstrated strong theoretical
preparation and enthusiasm for sustainability
integration while acknowledging limitations in practical
application capabilities. Their perspectives reflect
contemporary educational approaches and immediate
professional transition challenges that highlight specific
areas where educational enhancement could improve
professional preparedness.

Implementation Effectiveness Assessment

Current Educational Approach Analysis

The results indicate that current maritime
vocational education approaches achieve moderate
effectiveness in sustainability competency development

METEOR, Vol. 18, No. 1 June 2025

but fall short of requirements for comprehensive
transdisciplinary integration. Educational programs
consistently provide strong theoretical foundations in
environmental science and regulatory compliance but
lack systematic approaches to developing integration
skills necessary for professional effectiveness.

Assessment of pedagogical ~methodologies
revealed that traditional lecture-based approaches
dominate sustainability education delivery, with limited
implementation of experiential learning, case-based
analysis, and collaborative problem-solving that better
prepare students for professional integration challenges.
The most effective educational experiences involved
industry  partnerships, practical projects, and
mentorship opportunities that enabled application of
theoretical knowledge to real-world challenges.

Professional Transition Analysis

Analysis of the transition from educational settings
to professional practice revealed systematic challenges
that indicate opportunities for educational enhancement.
Recent graduates consistently reported feeling well-
prepared for technical aspects of maritime operations
but less confident in addressing sustainability
integration challenges that require balancing multiple
stakeholder interests and competing priorities.

The transition analysis indicated that graduates
who had participated in comprehensive industry
partnerships, interdisciplinary projects, and practical
application  opportunities demonstrated stronger
professional preparedness and more successful
transition experiences. This suggests that specific
educational enhancements could significantly improve
graduate preparedness for professional sustainability
challenges.

Institutional Capacity Assessment

The results reveal significant variations in
institutional capacity for sustainability education
delivery across maritime education programs.
Institutions with strong industry partnerships,
interdisciplinary faculty collaboration, and practical
training facilities demonstrated superior educational
outcomes in sustainability competency development.
However, these institutional characteristics are not
consistently present across maritime education
programs, indicating opportunities for institutional
capacity enhancement.

Assessment of faculty development needs revealed
that many maritime education faculty require enhanced
sustainability competency development to effectively
deliver transdisciplinary education. The most effective
sustainability education occurred in programs where
faculty had both technical maritime expertise and
sustainability science knowledge, enabling effective
integration of these domains in educational delivery.
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4. DISCUSSION

The findings of this qualitative investigation reveal
complex dynamics between maritime vocational
education approaches and professional preparedness for
sustainability integration that align with broader
patterns identified in maritime education research while
illuminating  specific =~ challenges unique to
transdisciplinary competency development. The
research demonstrates that while current maritime
education programs provide adequate foundational
knowledge in sustainability concepts, significant gaps
exist in developing the integration capabilities
necessary for effective professional application of these
concepts in complex maritime operational contexts
[61[11].

The identification of moderate Professional
Competency Integration Index (PCII) scores averaging
6.4 out of 10 corresponds with existing literature that
highlights ongoing challenges in maritime education
effectiveness ~ for  contemporary  professional
requirements [11]. Ghosh et al. previously identified
concerns about the adequacy of current maritime
education standards for addressing evolving industry
needs, and this research extends those findings by
specifically examining sustainability competency
development [11]. The moderate Educational-
Professional Alignment Coefficient (EPAC) scores of
6.1 indicate systematic misalignment between
educational content delivery and professional
application requirements, supporting concerns raised in
recent maritime education literature about the need for
educational transformation to address contemporary
challenges [6].

The research findings regarding transdisciplinary
competency development challenges align with broader
professional education literature that emphasizes the
difficulty of developing integration skills that transcend
traditional disciplinary boundaries [13]. Klotz et al.
identified similar challenges in vocational education
contexts where technical knowledge development often
occurs independently from broader professional
competency requirements [13]. However, this research
extends existing understanding by specifically
examining how these challenges manifest in maritime
sustainability contexts where technical maritime
knowledge must integrate with environmental science,
social responsibility, and economic analysis for
effective professional application.

The convergence between experienced
professionals and recent graduates regarding the
importance of sustainability integration while diverging
on assessment of educational adequacy reflects patterns
identified in broader professional development
literature [13]. This finding supports theoretical
frameworks that emphasize the role of professional
experience in developing comprehensive understanding
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of competency requirements that may not be apparent
during initial professional preparation. The research
contributes to maritime education literature by
providing specific evidence of how professional
experience influences perception of educational
adequacy and identifies areas where educational
enhancement could improve professional preparedness.

The  identification of  industry-education
partnership effectiveness as a critical factor in
sustainability competency development aligns with
existing research on experiential learning in maritime
contexts [6]. Mori and Manuel emphasized the
importance of practical training components in
maritime education effectiveness, and this research
extends their findings by specifically examining how
industry partnerships contribute to sustainability

competency  development [6]. The research
demonstrates that effective partnerships require
systematic  approaches to learning objective

development, mentorship provision, and authentic
project engagement, contributing specific guidance for
partnership enhancement that addresses gaps identified
in existing literature.

However, the research findings diverge from some
existing literature regarding the adequacy of current
maritime education approaches for addressing
contemporary professional requirements. While some
studies suggest that current maritime education
adequately prepares professionals for industry
challenges, this research reveals significant gaps
specifically related to sustainability integration and
transdisciplinary thinking development [11]. This
divergence may reflect the relatively recent emergence
of comprehensive sustainability requirements in
maritime operations and the lag time required for
educational institutions to develop effective responses
to these evolving professional demands.

The research findings regarding continuing
education gaps align with broader patterns in
professional development literature that emphasize the
need for career-long learning approaches in rapidly
evolving professional contexts [13]. The identification
of limited access to structured continuing education
opportunities for sustainability competency
development reflects broader challenges in professional
development that extend beyond maritime industries.
However, the research contributes unique insights into
how these challenges manifest specifically in maritime
contexts where sustainability integration requires
ongoing development of complex competency sets that
evolve with regulatory, technological, and stakeholder
requirement changes.

The comparative analysis between experienced
professionals and recent graduates reveals interesting
patterns that both support and challenge existing
professional development theories. While existing
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literature typically emphasizes the value of professional
experience in competency development, this research
reveals that recent graduates demonstrate stronger
environmental knowledge scores than experienced
professionals, suggesting  that  contemporary
educational approaches effectively develop theoretical
foundations even while struggling with integration skill
development [6][13]. This finding indicates that
educational enhancement strategies should focus on
building upon strong theoretical foundations rather than
replacing current approaches entirely.

The research identification of systematic variations
in institutional capacity for sustainability education
delivery aligns with broader patterns in vocational
education research that emphasize the importance of
institutional characteristics in educational effectiveness
[13]. However, the research extends existing
understanding by identifying specific institutional
factors that contribute to sustainability competency
development  effectiveness, including  faculty
development, industry partnership quality, and practical
training facility availability. These findings contribute
evidence-based guidance for institutional capacity
enhancement that addresses specific maritime
education contexts while aligning with broader
vocational education effectiveness principles.

The finding that effective sustainability education
requires faculty with both technical maritime expertise
and sustainability science knowledge highlights
challenges that extend beyond traditional faculty
development approaches in maritime education [6].
Existing literature emphasizes the importance of faculty
expertise in maritime technical domains but provides
limited guidance for developing transdisciplinary
faculty competencies necessary for effective
sustainability education delivery [11]. This research
contributes specific insights into faculty development
needs that maritime education institutions must address
to enhance sustainability education effectiveness.

The research demonstrates that technological
developments associated with Industry 4.0 create both
opportunities and challenges for sustainability
integration in maritime education [2][10]. While
existing literature emphasizes the potential benefits of
technological advancement for maritime operations,
this research reveals specific challenges in preparing
professionals to leverage technology for sustainability
enhancement [10]. The findings indicate that
technology integration in maritime education must be
accompanied by enhanced sustainability competency
development to realize potential benefits for
environmental and social performance improvement.

The identification of stakeholder engagement and
economic integration as particularly challenging
competency domains aligns with broader sustainability
education literature that emphasizes the difficulty of
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developing skills for managing complex stakeholder
relationships and economic analysis in sustainability
contexts [9]. However, the research contributes specific
insights into how these challenges manifest in maritime
professional contexts where stakeholder relationships
involve multiple levels of government regulation,
international compliance requirements, and diverse
industry participants with competing interests.

The research findings regarding assessment
method adequacy reveal interesting tensions between
traditional —maritime education approaches and
sustainability competency development requirements.
While participants rated assessment methods as
adequate overall, the detailed analysis reveals that
current assessment approaches may not effectively
evaluate transdisciplinary integration capabilities that
are critical for professional sustainability effectiveness.
This finding suggests need for assessment methodology
enhancement that can effectively evaluate complex
competency integration rather than knowledge domain
mastery independently.

The practical implications of these findings extend

beyond immediate educational enhancement to
encompass broader strategic considerations for
maritime industry transformation toward greater

sustainability. The research demonstrates that
educational enhancement alone is insufficient for
comprehensive  professional ~ development  in
sustainability contexts; systematic approaches that
integrate educational improvement with industry
development, regulatory framework enhancement, and
continuing education expansion are necessary for
effective transformation. This finding contributes to
broader understanding of sustainability transformation
requirements that extend beyond individual
competency development to encompass systemic
change across multiple institutional contexts.

5. CONCLUSION

This qualitative investigation of maritime
professionals' and graduates' perspectives on
sustainability integration in vocational education
reveals significant opportunities for enhancing
transdisciplinary competency development within
maritime  education programs. The research
demonstrates that while current educational approaches
provide adequate foundational knowledge in
sustainability concepts, substantial gaps exist in
developing the integration capabilities necessary for
effective professional application in complex maritime
operational contexts. The Professional Competency
Integration Index (PCII) score of 6.4 and Educational-
Professional Alignment Coefficient (EPAC) score of
6.1 indicate moderate effectiveness with considerable
potential for improvement through systematic
educational enhancement approaches.
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The convergence  between experienced
professionals and recent graduates regarding the critical
importance of sustainability integration, combined with
their divergent assessments of educational adequacy,
provides valuable insights for targeted educational
improvement strategies. The research identifies specific
enhancement opportunities including transdisciplinary
pedagogical development, industry partnership quality
improvement, faculty competency enhancement, and
continuing education expansion that could significantly
improve professional preparedness for sustainability
leadership roles. The findings demonstrate that
effective sustainability education requires systematic
integration of theoretical knowledge with practical
application opportunities, supported by comprehensive
industry partnerships and ongoing professional
development frameworks.

The research  contributes  evidence-based
foundation for maritime education transformation that
addresses urgent environmental and regulatory
pressures facing the maritime industry while supporting
broader sustainability goals. The identification of
specific competency gaps and effective educational
practices provides actionable guidance for educational
institutions, industry stakeholders, and policy makers
seeking to enhance maritime professional preparation
for sustainability challenges. Future research should
examine implementation effectiveness of
recommended educational enhancements and explore
longitudinal professional development outcomes to
further refine understanding of optimal approaches for
developing sustainability leadership capabilities in
maritime contexts.
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