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Abstract

In response to the growing need for decarbonization in the maritime industry, identifying
and prioritizing environmentally responsible shipboard behaviors has become increas-
ingly important. This study proposes an integrated Delphi-Interval Type-2 Fuzzy Ana-
lytic Hierarchy Process (IT2F-AHP) framework to identify and prioritize Employee Green
Behaviors (EGBs) among officer-class seafarers, who play a central role in implementing
sustainability practices during daily ship operations. First, a three-round Delphi process
was conducted to establish expert consensus on the most relevant green behaviors. Sub-
sequently, IT2F-AHP was employed to prioritize these behaviors while addressing the
uncertainty inherent in expert judgments. The results indicate that resource efficiency, en-
ergy conservation, and adherence to ballast water management regulations are the high-
est-priority behaviors for supporting sustainable ship operations. The proposed frame-
work provides a systematic and transparent decision-support tool for shipping compa-
nies, maritime education and training institutions, and policymakers to develop targeted
training programs, operational procedures, and sustainability strategies. By integrating
expert consensus with advanced multi-criteria decision-making, this study contributes to
the behavioral dimension of sustainable shipping and offers a practical framework for
promoting the green transformation in maritime operations.

Keywords: employee green behavior (EGB); Delphi method; interval type 2 fuzzy analytic
hierarchy process (IT2F-AHP); officer-class seafarers; sustainable shipping

1. Introduction

The maritime industry carries approximately 88% of world trade volume, playing a
strategic role in the sustainability of global supply chains [1]. However, the sector’s im-
pacts on greenhouse gas emissions (GHG), marine pollution, and ecosystem degradation
have become more intensely discussed, particularly in light of the International Maritime
Organization’s (IMO) First GHG Strategy and the United Nations Sustainable Develop-
ment Goals (SDGs) [2]. Within this framework, sustainable maritime paradigms have
gained importance as an integrated approach aiming to balance environmental protec-
tion, economic efficiency, and social responsibility [3,4].

Despite advances in technological innovations, legal regulations, and corporate sus-
tainability strategies, the crucial element in effectively translating these goals into daily
ship operations is the often-overlooked dimension of human behavior. In particular, ship
officers hold a critical position as primary decision-makers in translating sustainability
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policies into operational practices [5,6]. The behaviors of officers in processes such as fuel
efficiency, waste management, energy conservation, and compliance with environmental
regulations directly affect the ship’s environmental performance and are decisive in
achieving sustainable maritime goals [7,8].

In this context, Employee Green Behavior (EGB) is gaining increasing attention in the
literature as a micro-level sustainability mechanism explaining the contribution of indi-
vidual behaviors to corporate environmental performance [9,10]. Encompassing both
mandatory and proactive green behaviors [11], EGB is becoming even more critical in the
maritime sector, where resources are limited, risk levels are high, and isolated working
conditions prevail [12]. Under these conditions, environmentally conscious decision-mak-
ing processes among officers are not only a preferable approach but also an operational
necessity [13,14].

Previous studies on sustainable shipping have predominantly focused on technolog-
ical innovations, alternative fuels, energy efficiency measures, environmental regulations,
and organizational sustainability strategies as the primary drivers of maritime decarbon-
ization and environmental performance improvement [2-8]. More recently, the literature
has increasingly recognized that the successful implementation of these sustainability in-
itiatives also depends on the environmentally responsible behaviors of shipboard person-
nel, thereby highlighting the importance of integrating behavioral perspectives into mar-
itime sustainability research [9-14]. Nevertheless, existing studies have paid limited at-
tention to systematically identifying and prioritizing the operational green behaviors of
officer-class seafarers using structured, expert-based decision-support approaches.

Moreover, a review of the existing literature reveals limited attention to which green
behaviors of officer-class seafarers are most critical for contributing to sustainable ship
operations, what their relative importance is, and how these behaviors can be systemati-
cally prioritized. Although prior studies recognize that ship officers play a decisive role
in translating sustainability policies into operational outcomes [3,5,8,14], existing research
largely focuses on technological, regulatory, and organizational dimensions while provid-
ing insufficient guidance on behavior-specific prioritization in real onboard contexts. Re-
cent sectoral assessments similarly indicate that seafarer conduct constitutes a “missing
link” in the effective execution of sustainable shipping strategies and emphasize the ne-
cessity of structured, evidence-based behavioral frameworks to address this deficiency
[15]. This deficiency represents a significant gap, both in the theoretical literature for struc-
turing micro-level sustainability behaviors within the maritime context and in creating a
holistic framework that provide decision support for practitioners.

In addition, recent studies have increasingly emphasized that green development
and green transformation extend beyond technological innovation, financial mechanisms,
and environmental policies, requiring organizations to strengthen the behavioral and or-
ganizational dimensions of sustainability implementation [16]. In particular, sustainable
transformation ultimately depends on employees who translate organizational sustaina-
bility strategies into daily operational practices through environmentally responsible
workplace behaviors [17]. Likewise, recent evidence indicates that leadership, organiza-
tional identity, and environmental commitment play a pivotal role in fostering employees’
green behaviors and embedding sustainability into organizational culture [18,19]. Despite
these advances, limited attention has been devoted to systematically identifying and pri-
oritizing operational green behaviors among officer-class seafarers using expert-based
multi-criteria decision-making approaches. Therefore, this study complements the emerg-
ing green transformation literature by providing a behavioral decision-support frame-
work that identifies and prioritizes the green behaviors most critical to promoting sustain-
able shipboard operations.
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To further demonstrate the scientific novelty and positioning of the present study
within the existing literature, Table 1 summarizes the key differences between previous
research and the proposed framework.

Table 1. Positioning of the present study within the existing literature.

Main Limitation in Relation to

Aspect Existing Literature . Present Stud
P 8 this Study Y
Previ tudi d instituti 1 t
. rey 1ous's 1e§ an 1r?s.1 ttona rep(?r ®  These studies provide limited in- .
Sustainable mainly emphasize maritime decarboniza- ", . ..., . Focuses directly on the
. . . . sight into how sustainability is . . .
shipping and tion, green shipping management, environ- . . ... behavioral dimension of
) i .. operationalized through specific . ..
decarboniza- mental regulations, energy efficiency, and . sustainable shipping at
. . . green behaviors performed by )
tion technological or operational measures [1- . . the shipboard level.
ship officers.
4,6].
Role of sea Existing maritime studies acknowledge that The officer role is recognized, but Develops a ship-specific
farers and seafarers and ship officers influence officer-specific green behaviors operational green behav-

ship officers

onboard environmental performance and  are not systematically identified, ior framework for officer-
sustainability execution [6-8,14,15]. validated, and prioritized. class seafarers.

Employee
Green Behav-
ior literature

Most EGB studies are grounded

EGB i lain h 1 hav-
CB studies explain how employee behav in general organizational or Contextually adapts EGB

ior, organizational support, green HRM .. .
T8 . PPoT% 8 " shore-based workplace contexts to maritime operations
leadership, environmental awareness, and

organizational culture contribute to sustain-

ability [9-13].

rather than safety-critical and ~ and officer-class seafar-
regulated shipboard environ-  ers’ daily responsibilities.
ments.

Green devel-
opment and
green trans-
formation

Recent green transformation studies empha-
size that sustainability transitions require
behavioral, organizational, leadership, an
commitment-based mechanisms in addition

. Links green transfor-
These studies rarely translate &

g 8reen transformation into opera-
tional behavioral priorities for

mation to concrete ship-
board behaviors and pro-

.. . vides a behavioral deci-
maritime officers.

to technology and policy [16-19]. sion-support framework.
_ Integrates Delphi and
They do not off tegrated
. Existing related studies generally provide €y donot ofler an Iteerated  rrp AHP to identify,
Methodologi- expert-consensus and uncer-

cal contribu-
tion

conceptual, regulatory, technological, or-
ganizational, or behavioral explanations of

validate, and prioritize
green behaviors under
expert judgment uncer-

tainty-based prioritization model

fficer-cl f ’
sustainability and green behavior [2-19]. ‘i)oezZVilcC)iz class seatatets green
' tainty.

Practical deci-
sion-support
value

Previous studies mainly offer policy, tech- They provide limited actionable Produces a prioritized be-

nological, managerial, or organizational rec-
ommendations for improving sustainability
performance [1-8,15].

guidance on which officer-level havioral framework to
behaviors should be prioritized support maritime compa-
in training, procedures, and per- nies, training institutions,
formance monitoring. and policymakers.

As shown in Table 1, previous studies have made substantial contributions to sus-
tainable shipping, maritime decarbonization, green transformation, and Employee Green
Behavior research. However, the existing literature has not sufficiently addressed the sys-
tematic prioritization of operational green behaviors among officer-class seafarers. The
novelty of the present study lies in its integration of a ship-specific EGB perspective with
a hybrid Delphi-IT2F-AHP framework. In doing so, the study moves beyond general sus-
tainability discussions and provides a validated, uncertainty-sensitive, and practically ap-
plicable decision-support model for prioritizing green behaviors in sustainable ship oper-
ations.

The main objective of this study is to identify and prioritize the most critical em-
ployee green behaviors that support sustainable ship operations among officer-class sea-
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farers. To this end, the study uses the Delphi method to structure the behavior set by lev-
eraging expert opinions and applies the Interval Type-2 Fuzzy Analytic Hierarchy Process
(IT2F-AHP) method in an integrated manner to reduce uncertainty and the effects of sub-
jective evaluation. Thus, the study aims to contribute to the systematic evaluation of EGB
practices for officer-class seafarers within the framework of environmental, economic, and
social sustainability dimensions and to establish a reliable and contextually robust priori-
tization structure to support decision-makers. The findings are expected to guide policy-
makers, maritime companies, and maritime education institutions in developing sustain-
ability-oriented ship cultures.

Based on the identified research gaps, two research questions were formulated to
guide the study. The first research question addresses the lack of a systematically vali-
dated set of Employee Green Behaviors specifically tailored to officer-class seafarers,
while the second responds to the absence of a structured prioritization framework capable
of evaluating the relative importance of these behaviors within the environmental, eco-
nomic, and social sustainability dimensions. Together, these research questions provide
the foundation for the proposed Delphi-IT2F-AHP framework and directly reflect the the-
oretical and practical gaps identified in the existing literature.

Within this framework, the study focuses on the following research questions:

RQ1: What are the key employee green behaviors that support sustainable ship operations among
officer-class seafarers?

RQ2: What is the relative importance of these behaviors within the context of the sustainability
dimensions, and how should they be prioritized?

The rest of the study is structured as follows: The Section 2 examines employee green
behaviors and the sustainable maritime literature within the theoretical framework. The
Section 3 details the research methodology and hybrid approach. The Section 4 presents
the findings, and the Section 5 discusses the results and provides recommendations for
application and future studies.

2. Theoretical Background

Sustainability theory offers a conceptual and operational framework that aims to har-
monize the three fundamental elements of sustainable development: preserving ecologi-
cal integrity, achieving economic sustainability, and ensuring social justice [20,21]. This
tripartite structure is not only a normative approach but also a practical model that allows
for the alignment of contemporary organizational strategies with environmental and so-
cial well-being [22]. The maritime sector, characterized by high carbon intensity, complex
regulations, and global interdependence, faces increasing pressure to integrate sustaina-
bility principles into its policies and practices [23].

Green Shipping, considered a reflection of sustainability theory in the maritime con-
text, refers to a systematic transformation aimed at reducing environmental impacts while
increasing operational efficiency and stakeholder value [2,24]. However, achieving these
goals is not limited to technological advancements or legal compliance; it also necessitates
a transformation in organizational culture and, in particular, environmentally responsible
behavior among officers and seafarers who manage operational decision-making pro-
cesses [25].

At this point, Employee Green Behavior (EGB) constitutes the micro-level behavioral
equivalent of sustainability theory. Defined as voluntary and task-related behaviors that
contribute to the improvement of environmental, economic, and social sustainability out-
comes [26], EGB represents the micro-based component of organizational sustainability.
These behaviors are not merely symbolic attitudes; they play a decisive role in translating

https://doi.org/10.3390/su18147090


https://doi.org/10.3390/su18147090

Sustainability 2026, 18, 7090

5 of 45

sustainability principles into daily operations, especially in ship environments where hi-
erarchical structures are prominent, safety concerns are high, and resources are limited.
The literature provides strong evidence that sustainability-oriented behaviors exhibited
by employees, particularly those in leadership positions, have a ripple effect on opera-
tional processes and organizational norms [9,27].

Based on this theoretical foundation, the study examines EGB practices using a three-
dimensional classification: environmental, economic, and social. This classification reflects
the multidimensional nature of sustainability and makes it possible to analytically track
the impact of individual behaviors on organizational outcomes (see Table 2). Furthermore,
this structure aligns with international sustainability reporting standards and is consistent
with the performance approach that holistically evaluates the environmental, economic,
and social components of the maritime sector [28,29].

Table 2. Classification of GHRM Practices.

Category

Code

Practice Definition References

Environmental
Sustainability

P1

Energy conservation, a fundamental aspect of Em-

ployee Green Behavior (EGB), denotes the deliberate

measures employees engage in to diminish energy us-

age in the workplace and promote environmental sus-

tainability. This practice demonstrates individual eco-

logical consciousness and collective organizational ac- [26,27,30-34]
countability, aiding in the reduction in greenhouse gas

emissions and the overarching battle against climate

change. Within the EGB framework, energy saving pro-

Energy Conserva-
tion

motes operational efficiency and aligns employee be-
havior with the organization’s sustainability objectives.

P2

Waste reduction, a key component of Employee Green
Behavior (EGB), involves employee-initiated actions
and decisions aimed at decreasing waste production
and promoting sustainable workplace practices. This
Waste Reduction conduct demonstrates an organizational dedication to
environmental stewardship by reducing the ecological
footprint of routine operations. Waste reduction fosters

[26,27,30—
32,35-38]

the conservation of natural resources and the promotion
of long-term sustainability objectives.

P3

Water conservation, as a component of Employee

Green Behavior (EGB), denotes employees’ proactive

initiatives to minimize water consumption and avert

wastage in the workplace. This practice encompasses
Water Conserva- conscientious actions, including reporting leaks, utiliz- [26,27,30,31,38-
tion ing water-efficient devices, and fostering awareness of 41]

responsible water consumption among peers. By con-

serving water, employees aid in sustainable resource

management and assist firms in diminishing their

environmental footprint.

P4

Green office habits, as an element of Employee Green

Behavior (EGB), entail the implementation of ecologi-
Green Office Hab- cally sustainable routines and activities in the work- [27,33,38,40,42—
its place. These practices encompass measures such as de- 44]

activating idle electronic devices, minimizing paper

usage, accurately categorizing recyclables, and maxim-
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izing the use of natural light whenever feasible. By in-
corporating these sustainable practices into daily work
routines, employees help diminish the organization’s
ecological footprint and promote a culture of environ-
mental accountability.

P5

Green Crafting

Green crafts, a facet of Employee Green Behavior
(EGB), pertains to employees’ initiatives to modify or
adapt their work duties and work environment to pro-
mote environmental sustainability. This may entail dis-
covering innovative, sustainable alternatives to conven-
tional work practices, such as repurposing resources,
reducing resource use, or incorporating environmen-
tally friendly technologies into routine activities.
Through eco-friendly practices, individuals voluntarily

[45-50]

redefine their roles to align with business sustainability
objectives, promoting both personnel empowerment
and environmental accountability.

Pe6

Resource Effi-
ciency

Resource efficiency concerning employee green behav-
ior pertains to the practices and actions undertaken by

1 t timi tilizati , e s
employees to oplimize resource utilization, minimize [26,27,31,38,40,

te, and t tainability within th k-
waste, and promote sustainability within the wor 41,50,51]

place. This concept is essential to corporate strategies
focused on attaining sustainable development objec-
tives and reducing environmental impact.

P7

Economic Sustain-
ability

Paperless Prac-
tices

Paperless practices, as an element of Employee Green
Behavior (EGB), encompass employees’ deliberate at-

tempts to reduce or eradicate paper usage in routine

work operations. This entails the adoption of digital

tools for documentation, communication, and record- [52-57]
keeping to minimize paper consumption and waste. By
adopting paperless processes, employees bolster organ-
izational sustainability efforts and aid in the preserva-

tion of natural resources.

P8

Sustainable Com-
muting

Sustainable commuting, a facet of Employee Green Be-
havior (EGB), denotes the utilization of eco-friendly
transportation means by employees for their journeys
to and from the workplace. This includes behaviors
such as carpooling, cycling, walking, utilizing public
transportation, or selecting low-emission automobiles. [27,58-63]
By selecting sustainable commuting alternatives, em-
ployees contribute to the reduction in greenhouse gas
emissions, alleviate traffic congestion, and advance
the organization’s overarching environmental and so-
cial responsibility objectives.
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P9

Sustainable Pur-
chasing

Sustainable purchasing, or green purchasing, is an en-
vironmentally conscious strategy that entails choosing
items and services with minimal adverse effects on the
environment. This approach encompasses the minimi-
zation or eradication of hazardous substances, the en-

couragement of recycling and reuse, and the reduction
in resources during procurement. It is an essential ele-
ment of EGB and significantly enhances a company’s
environmental performance.

[64-70]

P10

Environmental
Awareness

Environmental awareness, a key component of Em-
ployee Green Behavior (EGB), denotes employees’ con-
scious acknowledgment of the environmental conse-
quences of their actions and their readiness to make in-
formed, sustainable choices in the workplace. This ap-
proach entails remaining cognizant of environmental
challenges, comprehending organizational sustainability
objectives, and deliberately evaluating ecological rami-
fications in everyday choices. By promoting environ-
mental awareness, employees enhance a culture of sus-
tainability and instigate positive behavioral change in-
side the firm.

[30,71-77]

Social Sustainabil-
ity P11

Encouraging Oth-
ers

Encouraging others, as an element of Employee Green
Behavior (EGB), entails employees actively advocating
for and endorsing environmentally responsible prac-
tices among their peers. This technique encompasses
disseminating knowledge regarding sustainable prac-
tices, encouraging colleagues to embrace eco-friendly
habits, and cultivating a shared sense of environmental
accountability within the workplace. By motivating
others, employees foster a supportive culture that
strengthens and enhances the organization’s sustaina-
bility initiatives.

[9,10,26,41,71,7
3,78]

P12

Participation in
Green Initiatives

Participation in green initiatives, as part of Employee
Green Behavior (EGB), denotes employees’ active en-
gagement in company programs and activities de-
signed to foster environmental sustainability. This prac-
tice encompasses participation in recycling initiatives,
energy conservation programs, sustainability work-
shops, or corporate social responsibility (CSR) endeav-
ors aimed at environmental stewardship. By engaging
in these efforts, employees enhance the efficacy of
green programs and strengthen a shared dedication
to sustainable corporate practices.

[26,30,73,79-83]
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P13

Environmental mentorship, an important facet of Em-

ployee Green Behavior (EGB), is employees instructing,
educating, and motivating peers to embrace ecologi-

cally sustainable activities inside the workplace. This

practice encompasses disseminating knowledge,

providing support for sustainable efforts, and exempli- [9,84-89]
fying environmentally acceptable conduct. Employees,

Environmental
Mentorship

via environmental mentorship, promote a culture of
sustainability, enhancing long-term ecological
knowledge and behavioral

transformation within the firm.

However, a review of the existing literature reveals that the issues of which green
behaviors of officer-class seafarers are most critical for contributing to sustainable ship
operations and how these behaviors should be prioritized are addressed in a limited way.
Although previous research acknowledges the decisive role of ship officers in shaping
sustainability outcomes onboard, existing studies predominantly emphasize technologi-
cal advances, regulatory frameworks, and organizational-level strategies rather than sys-
tematically prioritizing behavior-specific contributions to sustainable maritime operations
[5,8,13,14]. A significant portion of current studies focuses on technological and regulatory
aspects; they do not adequately address behavior-based and prioritization-oriented inte-
grated approaches, despite increasing recognition that seafarer conduct constitutes a crit-
ical “missing link” in translating sustainability strategies into operational reality [2,15].
This indicates a significant gap, both at the theoretical level and in practice.

In this context, the integrated consideration of sustainability theory and employee
green behavior concepts explains how macro-level sustainability goals are embodied
through micro-level behavioral outcomes and provides a theoretical foundation for the
methodological choices of the study. Within this framework, the Delphi method is used
to structure the expert-based behavior set, and the Interval Type-2 Fuzzy Analytic Hier-
archy Process is used to prioritize behaviors by reducing uncertainty; thus, a theoretically
grounded and methodologically consistent evaluation framework is established.

To establish a clearer link between the theoretical background and the methodologi-
cal framework, Figure 1 presents the conceptual framework underpinning the study. The
framework illustrates how Sustainability Theory and the Employee Green Behavior (EGB)
perspective provide the theoretical foundation for identifying officer-specific green be-
haviors, which are subsequently refined through the Delphi process and prioritized using
the Interval Type-2 Fuzzy Analytic Hierarchy Process (IT2F-AHP). This integrated frame-
work forms the basis of the proposed decision-support model for promoting sustainable
ship operations.

Figure 1 illustrates the conceptual framework underpinning the present study by
linking its theoretical foundations with the proposed methodological approach. The
framework demonstrates how Sustainability Theory, through its environmental, eco-
nomic, and social dimensions, provides the overarching perspective for evaluating sus-
tainable ship operations, while the Employee Green Behavior (EGB) framework explains
the behavioral mechanisms through which individual actions contribute to organizational
environmental performance. Building upon these theoretical foundations, green behav-
iors specific to officer-class seafarers are identified from the literature and subsequently
refined through expert consensus, validated through the Delphi process, and prioritized
using the Interval Type-2 Fuzzy Analytic Hierarchy Process (IT2F-AHP). The resulting
prioritization framework provides a structured decision-support tool to guide maritime
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companies, training institutions, and policymakers in promoting sustainable ship opera-

tions.

THEORETICAL FOUNDATION

Ne
b

Employee Green Behavior (EGB)
Individual discretionary or required behaviors
that contribute to environmental sustainability
within organizational contexts.

Explains how individual
behaviors contribute to
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N (Triple Bottom Line Perspective) i e :
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v ’ .l.l/\l’l. :‘; i (Environmental, Economic, |
Environmental Economic Social Social) guiding the study. |
Protection Efficiency Responsibility )
4
v _ -

organizational and
environmental outcomes.

Officer-Class Seafarers Focuses the behavioral
Key decisi kers who 1 151 7o S| E— context on officer-class

policies into daily operational practices on board
ships.

= L —

EGB Practices (Criteria)
Thirteen (13) green behavior practices (P1-P13)

derived from an extensive review of the literature
and prior empirical studies.

T

8| |

Delphi Process

seafarers operating in the
maritime environment.

Establishes the initial pool
of criteria to be evaluated
and prioritized.

Ensures content validity,

1
4 F 'x Ein Panel i (offi R ) e contextual relevance, and
[ o [ ] Q and building = > th
‘-‘ + Finalization of relevant and context-specific eXpe contsensus OIRLe
EGB practices EGB practices.
.. IT2F-AHP | Provides a robust multi-criteria
A A\ + Handles uncertainty in expert judgments | decision-making approach
AN W . | E——
- | - using Interval Type-2 Fuzzy sets to prioritize the behaviors
!L * Determines the relative importance (weights) ideri 3
of validated EGB practices considering uncertainty.
/ Pnont}f Weights X . X Generates the final priority
Ranked list of EGB practices according to their [ ———— 5 :
P % : : ranking of EGB practices.
relative importance for sustainable ship operations.
Practical Implications & Decision Support Supportes stakeholders in |
3 promoting and implementing
Ox HEI 'v‘ piiig ” ______ effective green behaviors,
Shipping Maritime Ed Poli kers i Ship leading to improved
Companies & Training & Regulators Operations environmental performance
Develop policies and Design targeted Support regulations | Enhance environmental and sustainable shipping.
operational procedures | training programs and incentives performance

Figure 1. Conceptual framework linking Sustainability Theory, Employee Green Behavior, the Del-
phi process, and the IT2F-AHP prioritization framework.

3. Conceptual Background
3.1. Employee Green Behavior (EGB)

Employee Green Behavior (EGB) is a critical concept that represents the intersection
of individual behaviors with organizations’ sustainability goals [90]. As a comprehensive
framework, EGB includes individual actions that contribute to reducing environmental
damage through practices such as energy conservation, waste reduction, efficient resource
use, and raising environmental awareness [91]. These behaviors play a fundamental role
in embedding sustainability into organizational culture and shaping corporate environ-
mental identity.

The effectiveness of EGB is closely related to how employees perceive their organi-
zations’ genuine commitment to sustainability. Hsieh and Wang (2015) [92] show that em-
ployees’ tendency to participate in environmentally responsible behaviors increases sig-
nificantly when they perceive sustainability initiatives as realistic and consistent. Simi-
larly, drawing from the framework of Planned Behavior Theory, Khalid et al. (2022) [39]
emphasize that organizational support is crucial in transforming environmental inten-
tions into lasting behaviors; they state that perceived norms and a sense of control have a
critical mediating effect in this process.
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Green Human Resource Management (GHRM) practices offer important leverage
mechanisms for promoting and institutionalizing EGB. Including environmental metrics
in performance appraisal systems and integrating sustainability components into deci-
sion-making processes strengthens employee participation in environmental initiatives
[93]. Aukhoon et al. (2024) [51] show that voluntary environmental actions by employees
significantly increase in organizations with an environmentally focused strategic orienta-
tion; this confirms the transformative effect of a strong green organizational culture on
employee behavior.

Understanding environmental sustainability values requires considering not only or-
ganizational structures but also psychological and emotional processes. Findings indicat-
ing that changes in daily positive emotional levels directly affect employees’ environmen-
tal behavior [94] demonstrate the necessity of evaluating intrinsic motivation, personal
values, and identity perception together with external organizational factors. In this con-
text, aligning reward mechanisms with sustainability values stands out as a fundamental
element supporting the continuity of environmentally friendly behavior [17,95].

The literature also emphasizes that the psychological connection employees establish
with their organization’s environmental identity is one of the strongest determinants of
EGB. Bhattacharya et al. (2022) [96] state that employees who internalize organizational
environmental values show a higher level of participation in sustainability practices. In
this context, empowerment mechanisms that enable employees to perceive their environ-
mental contributions as meaningful and effective increase intrinsic motivation and en-
courage lasting behavioral change [97]. Therefore, EGB is not a one-dimensional and static
phenomenon; it is a multi-layered behavioral structure shaped by the interaction of or-
ganizational support, cultural structure, leadership styles, and individual agency [98,99].

EGB has evolved from a marginal area of initiative to a strategic necessity for sus-
tainability-focused organizations [11]. Organizations can promote widespread pro-envi-
ronmental behaviors by integrating corporate support, coherent incentive mechanisms,
psychological empowerment, and cultural entrenchment within a holistic framework,
thereby supporting not only corporate social responsibility goals but also global environ-
mental sustainability objectives [100].

Employee Green Behavior consists of voluntary actions in the workplace that directly
or indirectly support environmental sustainability. These actions go beyond formal job
descriptions and reflect employees” individual commitment to reducing ecological dam-
age, increasing resource efficiency, and fostering a culture of environmental responsibility
[26,27]. Therefore, EGB serves as a critical bridge in translating organizational sustaina-
bility policies into tangible operational outcomes, transforming employees from passive
implementers to active carriers of sustainability goals [30,31]. In this context, EGB prac-
tices are classified under the dimensions of environmental, economic, and social sustain-
ability, encompassing behaviors such as energy conservation, waste reduction, green
work habits, sustainable transportation choices, and environmental mentoring
[9,32,40,58,84]. This classification allows for a systematic explanation of how individual
behaviors align with organizational sustainability goals.

Especially in high-risk, heavily regulated, and operationally complex sectors like
maritime shipping, Environmental Performance Certificates (EPCs) are becoming an in-
creasingly critical tool for mitigating environmental risks and aligning daily operations
with sustainability principles [2,28]. However, a review of the existing literature reveals
limited attention to which green behaviors of officer-class seafarers are most effective for
contributing to sustainable ship operations and how these behaviors should be priori-
tized. Although previous studies acknowledge that ship officers play a decisive role in
shaping sustainability outcomes onboard [5,8,13,14], a significant portion of the existing
literature continues to focus predominantly on technological developments, regulatory
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mechanisms, and organizational-level sustainability strategies rather than systematically
prioritizing behavior-specific contributions. Recent sectoral assessments further empha-
size that seafarer behavior remains a critical “missing link” in translating sustainability
strategies into operational reality, highlighting the need for structured, evidence-based
behavioral frameworks in maritime contexts [2,15]. This indicates a significant gap both
at the theoretical level and in practice.

Based on this point, a systematic classification and prioritization of the behavioral set
requirements are necessary. This study aims to address this gap by utilizing the Delphi
approach to structure the behavioral set based on expert opinions, and the Interval Type-
2 Fuzzy Analytic Hierarchy Process (IT2F-AHP) method to determine the relative im-
portance of behaviors while reducing uncertainty and subjective evaluation effects. This
approach provides a robust evaluation framework that is both theoretically grounded and
practically applicable.

Table 2 presents the classification of Employee Green Behavior (EGB) practices
within the tripartite sustainability framework comprising environmental, economic, and
social dimensions. This taxonomy systematizes EGB into distinct yet interrelated, catego-
ries that reflect how individual employee actions contribute to broader sustainability out-
comes at the organizational level. The environmental dimension encompasses behaviors
aimed at minimizing ecological footprints through energy conservation, waste reduction,
water efficiency, and eco-friendly workplace habits. The economic dimension emphasizes
practices that enhance efficiency, reduce operational costs, and support resource optimi-
zation, while the social dimension highlights behaviors that foster environmental aware-
ness, collective engagement, and the cultural reinforcement of sustainability norms. This
structured classification not only aligns with international sustainability reporting per-
spectives but also enables a more precise evaluation, prioritization, and strategic integra-
tion of EGB practices into organizational sustainability agendas, particularly in sectors
where environmental performance is operationally critical, such as the shipping industry.
Although these practices originate from the general EGB literature, they were refined and
validated through a Delphi process to ensure their operational relevance for officer-class
seafarers under real shipboard conditions.

3.2. Employee Green Behavior Practices Among Olfficer-Class Seafarers

In the context of maritime sustainability, officers play a critical role as both imple-
menters and facilitators of environmentally sound practices on board ships [101]. Through
their decision-making authority, technical expertise, and operational oversight responsi-
bilities, officers have the power to directly shape the environmental impact of ship opera-
tions and the behavioral norms of the crew under their management [102,103]. Therefore,
institutionalizing Employee Green Behavior (EGB) within this group becomes a strategic
necessity, going beyond individual responsibility and strengthening corporate commit-
ment to sustainable maritime transport [104]. Officer-level commitment to energy conser-
vation, waste reduction, environmental compliance, and responsible operational practices
forms the behavioral foundation of an environmentally conscious maritime culture.

While Employee Green Behavior (EGB) has traditionally been conceptualized in of-
fice-based, manufacturing, and service sector organizations, its application in the mari-
time industry requires important contextual adaptation. Unlike conventional workplaces,
shipboard environments are characterized by strict operational hierarchies, safety-critical
tasks, limited resources, and internationally regulated environmental requirements. Con-
sequently, officer-class seafarers do not merely exhibit generic workplace green behaviors;
rather, they perform environmentally responsible operational behaviors that are directly
associated with navigation, machinery operation, pollution prevention, resource manage-
ment, and compliance with international maritime regulations. Therefore, the behaviors

https://doi.org/10.3390/su18147090


https://doi.org/10.3390/su18147090

Sustainability 2026, 18, 7090

12 of 45

examined in this study should not be regarded as direct adaptations of conventional EGB
practices. Instead, they represent ship-specific operational green behaviors that were sys-
tematically identified through the literature, refined via a three-round Delphi process, and
prioritized using the IT2F-AHP approach to accurately reflect the unique environmental
responsibilities and decision-making roles of officer-class seafarers in sustainable ship op-
erations [5,13,26,101-106]. Consequently, the resulting behavioral framework reflects op-
erational practices that officer-class seafarers can directly influence through their daily
navigational, engineering, supervisory, and environmental management responsibilities.
Accordingly, the prioritized behaviors identified in this study should be interpreted as
operational sustainability practices embedded in officers” daily shipboard responsibilities
rather than as generic workplace environmental behaviors.

Given the increasingly complex nature of modern maritime transport, the adoption
of Environmental Conformity Practices (ECPs) by officers is becoming even more critical.
Compliance with environmental standards directly impacts navigation, technical opera-
tions, and daily decision-making processes, creating a structure where environmentally
responsible behaviors are directly linked to operational outcomes [24]. Examples of offic-
ers adopting sustainable maintenance practices, promoting environmentally friendly
work habits in bridge and engine control environments, and optimizing voyage planning
to reduce emissions demonstrate that behavioral interventions can translate sustainability
principles into measurable results [33,71]. These practices are consistent with the core
principles of Green Shipping and strengthen regulatory compliance, operational effi-
ciency, and environmental responsibility [105].

Environmental practices initiated by officers also play a decisive role in shaping the
environmental identity of maritime enterprises. In ship environments where hierarchy is
pronounced, pressure is high, and space is limited, officer behaviors have a multiplier
effect; consistently exhibited green behaviors at the officer level encourage the develop-
ment of collective participation across different crew strata. Officers who implement prac-
tices such as sustainable resource use, responsible procurement, participation in environ-
mental initiatives, and environmental mentoring are positioned as cultural carriers, bridg-
ing the gap between sustainability policies and reality on deck [26,106]. In this context, the
role of officers is not only operational but also symbolic; they represent sustainability from
the bridge to the engine room of the ship.

However, a review of the existing literature reveals that the issues of which EGB
practices among officer-class seafarers contribute most to sustainable ship operations and
how these behaviors should be prioritized are only minimally addressed. A significant
portion of the studies focuses on technological advancements, regulations, or institu-
tional-level strategies; behavior-based and prioritization-oriented frameworks specific to
the maritime context are not adequately explored. This situation points to a critical gap,
both theoretically and practically, in a sector where environmental performance is directly
linked to daily operational behaviors.

This study aims to systematically identify and prioritize EGB practices among officer-
level seafarers to address the aforementioned gap. To this end, the Delphi approach was
used to structure the behavior set, drawing on expert opinions, and the Interval Type-2
Fuzzy Analytic Hierarchy Process (IT2F-AHP) was applied to determine the relative im-
portance of the behaviors by managing uncertainty and subjective evaluation effects.
Thus, the study provides a theoretically grounded and methodologically consistent deci-
sion-making framework for evaluating officer-level green behaviors in the context of mar-
itime operations. This hybrid methodological approach is discussed in detail in the fol-
lowing section.
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4. Methodology

4.1. Research Approach and Process

This study aims to identify and prioritize Employee Green Behavior (EGB) practices
for officer-class seafarers to support environmentally responsible and sustainability-ori-
ented ship operations. To achieve this goal, a structured hybrid methodology was
adopted, integrating the Delphi technique with the Interval Type-2 Fuzzy Analytic Hier-
archy Process (IT2F-AHP). This framework enables the systematic transition from expert
consensus building to quantitative prioritization under uncertainty, ensuring both meth-
odological rigor and contextual relevance.

In the first phase, the Delphi method was applied to refine and validate the initially
identified EGB practices. Delphi is widely acknowledged as an appropriate technique for
addressing complex, context-dependent decision problems and for systematically consol-
idating expert knowledge through iterative consultation processes [107-109]. Its suitabil-
ity for maritime sustainability assessment is further supported by prior applications in
maritime environmental performance evaluations [110]. The iterative structure of Delphi
facilitates structured feedback, the reduction in bias, and progressive convergence toward
expert consensus, thereby enhancing the validity and credibility of the final behavioral
set.

Following consensus establishment, the second phase employed the Interval Type-2
Fuzzy Analytic Hierarchy Process (IT2F-AHP) to determine the relative importance of the
validated EGB practices. Classical AHP effectively structures hierarchical decision prob-
lems but assumes precise judgments, which is rarely realistic in high-risk operational en-
vironments such as shipping. Fuzzy AHP extends this capability by embedding uncer-
tainty into pairwise comparisons [111,112]. However, since maritime sustainability deci-
sions inherently involve linguistic ambiguity, expert variability, and higher-order uncer-
tainty, Interval Type-2 fuzzy sets offer a superior solution by capturing a spectrum of pos-
sible values rather than single-point estimates, thus improving robustness and reliability
[111,113,114].

Recent studies also confirm that IT2F-AHP is an effective tool for sustainability-ori-
ented multi-criteria evaluations in complex operational contexts [115-117].

The research process followed a sequential design. First, a comprehensive literature
review was conducted to identify a broad pool of potential EGB practices applicable to
maritime contexts. These practices formed the input for a multi-round Delphi study,
through which expert feedback was iteratively evaluated and consolidated, resulting in a
final validated set of 12 EGB practices. In the subsequent phase, IT2F-AHP was applied to
derive priority weights for these practices, incorporating uncertainty and expert subjec-
tivity into the decision process to produce a credible and realistic prioritization scheme.

This hybrid Delphi-IT2F-AHP framework therefore combines expert-driven contex-
tual insight with advanced decision-analytic rigor, ensuring that the resulting prioritiza-
tion supports both theoretical advancement and practical decision-making in sustainable
maritime operations. Figure 2 presents the research flowchart, illustrating the sequential
phases and interactions among the methodological steps.
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Figure 2. Research Flowchart.

4.2. Delphi Process

This study employed the Delphi method to identify, refine, and validate the most
appropriate Employee Green Behavior (EGB) practices for officer-class seafarers within
the tripartite framework of environmental, economic, and social sustainability. The Del-
phi technique was considered particularly suitable due to its iterative and structured na-
ture, its strong capability to integrate expert knowledge into complex decision contexts,
and its ability to facilitate consensus-building under uncertainty [118]. Through controlled
feedback and anonymity, it reduces group pressure, prevents dominance bias, and sup-
ports independent expert judgment, which is especially relevant in hierarchical and au-
thority-driven sectors such as maritime shipping [119].

In the maritime domain, organizational hierarchies and principal-agent dynamics
may restrict open expression of views in conventional group settings. Therefore, Delphi
offers a confidential and neutral platform enabling experts to articulate experience-based,
operationally realistic, and contextually grounded evaluations [120]. The technique has
been increasingly applied in shipping research to address multifaceted and uncertain de-
cision environments, including decarbonization policies, port sustainability transitions,
fleet optimization, and maritime operational strategy development [121-124]. Building
upon this methodological tradition, Delphi was adopted in the present study to ensure
that the identified EGB practices are not only theoretically sound but also feasible, action-
able, and meaningful within real shipboard conditions.

The data collection procedure included a survey based on Google Forms, using a 7-
point Likert scale items to evaluate each activity. The software facilitated a tailored land-
ing page that educated participants with the research technique. The system automatically
adjusted the layout according to the quantity of objects addressed and integrated input
validation mechanisms to guarantee response precision, such as mandating numeric en-
tries within a certain range of 1 to 7 (see Table 3).

The survey underwent a thorough expert evaluation to improve the instrument’s re-
liability and content validity. This process engaged five scholars from various institutions:
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an Associate Professor from Dokuz Eylul University, a Professor and an Assistant Profes-
sor from the University of Piraeus, an Associate Professor from Ankara Science Univer-
sity, and an Assistant Professor from Bursa Technical University. The reviewers assessed
the relevance, clarity, and comprehensiveness of the items in accordance with the study’s
aims. Additionally, two previous ship officers with academic qualifications engaged in
the pilot testing of the questionnaire. Follow-up interviews were administered one week
apart, and the consistency of their responses across both sessions validated the instru-
ment’s robustness and interpretative clarity.

Table 3. Statements of Delphi Scale.

No Statement Meaning

1.  Not Relevant The practice is not applicable or necessary for the shipping industry.

2. Slightly Relevant i?e practice has very limited applicability or relevance to the shipping indus-

3.  Somewhat Relevant The practice has limited applicability but may have some minor benefits.

4 Moderately Relevant The Practlce is somewhat applicable and could moderately impact the ship-
ping industry.

5. Very Relevant Thé pFact%ce is highly applicable and has a significant positive impact on the
shipping industry.

6.  Extremely Relevant The practice is crucial and has a profound impact on the shipping industry.

7. Absolutely Essential The practice is essential for promoting sustainability in the shipping industry.

4.3. Delphi Panel and Rounds

Panelist selection was conducted using purposive sampling, which is widely recom-
mended in Delphi studies where the objective is not statistical representativeness but the
inclusion of knowledgeable individuals capable of providing domain-specific, experi-
ence-based, and evaluative judgments [107,108]. In line with best practices in expert-
driven decision research, purposive sampling allows the intentional recruitment of par-
ticipants who possess demonstrable expertise, operational familiarity, and contextual
competence regarding maritime sustainability and shipboard behavioral practices [125].
This approach ensures that the Delphi outcomes reflect qualified judgment rather than
random opinion, thereby enhancing content validity and methodological rigor. Similar
sampling logic has been successfully applied in maritime and sustainability-focused Del-
phi studies, confirming its suitability for complex, context-dependent decision environ-
ments [110,121].

The recruitment process followed a structured purposive sampling strategy to ensure
the inclusion of experts with demonstrable seafaring competence, managerial insight, and
contextual familiarity with sustainability-related shipboard practices. In line with Delphi
best-practice recommendations, the objective was not statistical representativeness, but
the intentional selection of highly knowledgeable individuals capable of providing quali-
fied judgments [107,108]. Eligible participants were required to meet the following crite-
ria: (i) a minimum of three years of professional experience as officer-class seafarers, (ii)
prior service in key operational positions such as deck or engineering officers with respon-
sibility for decision-making in navigation, machinery management, or safety—environ-
mental compliance, and (iii) demonstrable familiarity with sustainability practices, envi-
ronmental performance requirements, or green operational procedures onboard ships.
Although the panel included maritime academics, all academic members possessed sub-
stantial prior sea-going experience as licensed officers, thereby ensuring that their per-
spectives were grounded in real shipboard practice rather than purely theoretical under-
standing.
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To enhance the representativeness of operational realities, care was taken to maintain
diversity across rank categories (e.g., Second Officer, Chief Officer, Chief Engineer, and
Master) and ship types (e.g., container vessels, tankers, and bulk carriers), ensuring a bal-
anced cross-section of expertise. Participants without direct operational responsibilities,
insufficient sea-time, or limited exposure to environmental management practices were
excluded. This structured yet selective recruitment ensured that the Delphi panel reflected
both operational expertise and strategic competence, thereby reinforcing methodological
rigor and content validity in line with previous expert-based maritime decision studies
[110,121].

The composition of the expert panel was intentionally designed to ensure a compre-
hensive evaluation of green behaviors among officer-class seafarers from operational,
managerial, and academic perspectives. Importantly, all Personnel Managers and Mari-
time Academics included in the panel had previously served as officer-class seafarers be-
fore transitioning to shore-based managerial or academic positions. Consequently, every
expert possessed substantial firsthand shipboard operational experience. Personnel Man-
agers contributed insights into the environmental competencies and green behaviors ex-
pected by shipping companies, whereas Maritime Academics provided theoretical and
sustainability-oriented perspectives informed by maritime research. Masters, Chief Engi-
neers, and active Deck and Engine Officers contributed their current operational expertise
and practical shipboard experience. Furthermore, both deck and engine officers were de-
liberately included to ensure a holistic evaluation across the two principal operational de-
partments onboard ships, recognizing that sustainable ship operations require the inte-
gration of navigational and engineering functions. Therefore, this multidisciplinary com-
position strengthened the content validity of the behavioral framework while ensuring
that the identified behaviors remained representative of officer-class seafarers’ opera-
tional green behaviors.

The size of the Delphi panel was determined in accordance with established meth-
odological recommendations and recent applications in maritime sustainability research.
Unlike survey-based research, the Delphi technique does not require statistically repre-
sentative samples; instead, its methodological rigor depends primarily on the expertise,
diversity, and relevance of the selected panel members. Accordingly, previous methodo-
logical studies have consistently emphasized that relatively small, purposefully selected
expert panels are sufficient for achieving reliable consensus in specialized research con-
texts. Okoli and Pawlowski (2004) recommend panels comprising approximately 10-18
experts [107], while Paré et al. (2013) argue that excessively large panels may reduce the
efficiency of consensus building without necessarily improving the quality of expert judg-
ments [108]. More recently, Strasser (2017) further emphasized that the credibility of Del-
phi studies is determined by the quality of expert selection, iterative feedback, anonymity,
and controlled consensus development rather than by the absolute number of participants
[126]. Likewise, recent Delphi-based methodological research has confirmed that expert
panels consisting of approximately 8—15 participants are generally adequate when panel
members possess substantial domain expertise and homogeneous professional compe-
tence [127].

The 12-member Delphi panel adopted in this study fully satisfies these methodolog-
ical recommendations. All panel members possessed extensive professional experience in
the maritime sector and were selected based on predefined eligibility criteria to ensure
high levels of operational knowledge, managerial competence, and academic expertise.
Furthermore, the selected panel size is consistent with recent expert-based maritime stud-
ies employing Delphi and expert consensus methodologies. For example, Laine et al.
(2024) developed a maritime risk maturity model through a Delphi process with maritime
risk management experts [128], while Bostooughli and Saraceni (2025) employed a two-
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round Delphi study with European port experts to evaluate the transferability of green
port strategies [129]. Similarly, Arican et al. (2025) applied a Fuzzy Delphi-based frame-
work to identify the critical impacts of carbon regulations on the maritime sector using
expert judgments [130]. Moreover, Govindan et al. (2024) established a research agenda
for enabling net-zero shipping by prioritizing techno-economic and policy research chal-
lenges through consultations with a diverse panel of maritime experts, further demon-
strating the widespread application of expert-based approaches in contemporary mari-
time sustainability research [131]. These recent studies demonstrate that carefully selected
expert panels of comparable size are widely accepted and methodologically appropriate
for addressing complex decision-making problems in maritime sustainability research.

Table 4 delineates the professional and demographic profiles of the twelve experts
who engaged in the Delphi panel, chosen by purposeful sampling to guarantee substantial
sectoral expertise and contextual pertinence. The panel consisted of a balanced combina-
tion of shipboard commanders and shore-based personnel managers, representing a var-
ied range of vessel types (tankers, tugboats, bulk carriers, etc.). This diversity guaranteed
that the green behavior practices being evaluated were analyzed from several operational
viewpoints. The participants occupied senior ship officers, including ocean-going masters,
chief officers, second engineers, and HR managers—roles that involve both operational
and personnel-related decision-making authority. Their professional experience varied
from 3 to 22 years, with most having over a decade of expertise in shipping operations or
human resource roles, thus enhancing the panel’s combined practical knowledge. More-
over, the educational qualifications of the experts were very robust; five possessed PhD
degrees, three had attained master’s degrees, and the rest held bachelor’s degrees. Despite
the panel’s largely male composition, it featured two female officers in technically chal-
lenging positions, providing crucial gender-based insights within a male-dominated field.
The makeup of the Delphi panel demonstrates significant academic and practical exper-
tise, guaranteeing the credibility and contextual relevance of the consensus achieved re-
garding Employee Green Behavior practices in the shipping industry.

Table 4. Profile of the Delphi respondents.

Years of Experience in HR/Logis-

Expert No Ship Type Position tics Gender Education
1 Bulk Carrier Personnel Manager 15 Male Master’s Degree
-Goi Engi-

2 Tugboat Ocean GOH;iS:COHd net 10 Female Bachelor’s Degree
3 Drillship Ocean-Going Master 15 Male PhD
4 Tanker Ocean-Going Second Engi- 6 Male PhD

neer
5 Bulk Carrler., Container Ocean—G01.ng Watch Of- 3 Vil Cadidlors D

Ship ficer

6 Bulk Carrier Ocean-Going Second Engi- 5 Male PhD

neer
7 Bulk Carrier Ocean-Going Watch Engi- 12 Male PhD

neer
8 Bulk Carrier Ocean-Going Chief Officer 15 Male  Bachelor’s Degree
9 Chemical Tanker Personnel Manager 22 Male  Bachelor’s Degree
10 Tanker Personnel Manager 17 Male Master’s Degree
11 Tanker Ocean-Going Master 10 Male Master’s Degree
12 Tanker Ocean-Going Chief Officer 14 Female Bachelor’s Degree

Each consenting expert received a personalized invitation via email, which outlined
the study’s objectives, methodological approach, and included a secure link to the survey
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platform. Prior to initiating the questionnaire, participants were asked to provide contex-
tual information regarding their professional expertise and current organizational affilia-
tion. In the first round of the Delphi process, participants were invited to assess the rele-
vance of 13 pre-identified Employee Green Behavior (EGB) practices (see Table 2) ex-
tracted from a comprehensive review of related literature using a 7-point Likert scale, as
defined in Table 3.

In the first round, consensus was reached on three of the proposed practices (Waste
Reduction, Green Office Habits and Encouraging Others) while the remaining ten did not meet
the predefined agreement threshold. Respondents were also given the opportunity to of-
fer qualitative feedback or suggest additional criteria. Alongside the quantitative consen-
sus established through multiple Delphi rounds, a comprehensive content analysis of par-
ticipants” open-ended responses was performed to reveal nuanced insights into the con-
textual relevance and perceived obstacles to implementing green behaviors in ship oper-
ations. The analysis included a systematic coding technique based on both deductive and
inductive methodologies. The responses were classified into three primary thematic do-
mains: (1) priority areas for the adoption of environmentally sustainable behaviors (e.g.,
energy efficiency, water conservation, waste management), (2) structural and operational
limitations (e.g., restricted control over procurement, obligatory use of single-use materi-
als for hygiene), and (3) facilitating mechanisms, including training, leadership, and in-
centive systems. A recurring theme in the comments was the essential role of deck officers
in merging environmental compliance with operational performance, particularly in bal-
last water management, eco-speed navigation, and MARPOL-regulated waste segrega-
tion. Furthermore, acknowledging the constraints dictated by inspection mandates and
regulatory documentation, such as the infeasibility of entirely paperless systems, illus-
trates the intricate relationship between policy and practice at sea.

Qualitative content analysis was systematically employed to assess the open-ended
replies obtained during the initial Delphi round, in accordance with the methodological
guidelines established by Mayring (2000) [132], Krippendorff (2004) [133], and Elo and
Kyngds (2008) [134]. The analytical procedure comprised four meticulous stages: data
preparation, open coding, categorization, and abstraction. Initially, all narrative replies
were meticulously examined to guarantee comprehensive immersion and familiarity with
the situation. Key terms were inductively categorized and arranged into theme clusters,
representing established characteristics of environmental, economic, and social sustaina-
bility. This inductive reasoning was underpinned by both theoretical principles and sec-
tor-specific significance [135]. The coding technique was perpetually enhanced to guaran-
tee internal consistency and conceptual coherence. The preservation of transparency and
analytical precision throughout the procedure improved the confidence and reliability of
the findings. This strategy facilitated the creation of a significant behavioral framework
for green behaviors among deck officers, while also addressing the practical limits, expec-
tations, and sustainability priorities pertinent to the shipping industry [136].

As a direct outcome of the content analysis conducted following the first Delphi
round, participants proposed the addition of Adhering to Ballast Water Management Regu-
lations as a distinct behavioral criterion, underscoring its ecological relevance and opera-
tional sensitivity in maritime contexts. This criterion was subsequently incorporated into
the second-round Delphi survey, exemplifying the analytical value of integrating open-
ended expert feedback into structured consensus-building methods.

Building upon this analysis, the second Delphi round incorporated the ten practices
that had not achieved consensus in the first round, along with an additional item, Adhering
to Ballast Water Management Regulations, which emerged from the qualitative content anal-
ysis of expert comments. This brought the total to eleven items under evaluation in the
second round. Notably, the criterion related to ballast water management quickly attained
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consensus, emphasizing its operational and ecological salience. Additionally, consensus
was reached on the inclusion of five other EGB practices: Energy Conservation, Water Con-
servation, Resource Efficiency, Sustainable Purchasing, and Environmental Awareness. Con-
versely, Sustainable Commuting was excluded based on strong agreement regarding its lack
of contextual relevance in shipboard environments. At the end of this round, four prac-
tices still failed to reach consensus, reflecting continued divergence in expert perspectives
and necessitating a third and final round of evaluation.

During the interval between the rounds, all experts received anonymized summary
feedback, which included median scores and interquartile ranges (IQRs) for each item.
This facilitated their reflection on the group’s collective evaluations and allowed for the
revision of prior judgments if considered necessary, a fundamental tenet of iterative Del-
phi methodology [137,138]. This organized feedback system was the principal method for
settling disputes, guaranteeing that differing viewpoints were harmonized by educated
reassessment instead of coerced agreement. Participants were able to compare their judg-
ments with the group medians and interquartile range dispersion levels, fostering intro-
spection and cognitive alignment devoid of interpersonal bias. Consensus was operation-
ally defined as an interquartile range (IQR) of <1 and a median score of >4 on the 7-point
Likert scale, criteria often accepted in Delphi studies for achieving a balance between rigor
and inclusivity [110,138]. This repeated feedback loop ensured a methodologically trans-
parent, data-driven reconciliation of differing opinions, enhancing both the legitimacy
and trustworthiness of the final agreement.

In the third and final round, these four unresolved practices were re-evaluated. Ex-
pert panelists achieved consensus on the inclusion of Green Crafting, Paperless Practices,
and Environmental Mentorship, affirming their relevance to officer-class seafarers. In con-
trast, Participation in Green Initiatives was excluded based on expert agreement, likely due
to limited structural opportunities for such engagement in maritime settings or its per-
ceived detachment from core officer responsibilities.

Ultimately, the Delphi process yielded a refined set of 12 EGB practices, grounded in
both empirical evidence and expert validation. This methodologically rigorous and con-
text-aware selection enhances the framework’s ecological validity and ensures its align-
ment with the lived realities of maritime professionals. The integration of qualitative and
quantitative insights reinforces the framework’s potential utility in informing policy de-
velopment, crew training programs, and operational strategies aimed at advancing sus-
tainability in the shipping industry.

Following the completion of the Delphi process, the initial literature-derived pool of
fourteen Employee Green Behavior (EGB) practices was systematically refined based on
predefined consensus criteria (median =5 and IQR <1), together with expert recommenda-
tions obtained during the iterative evaluation rounds. Accordingly, twelve practices sat-
isfied the consensus requirements and were retained for the subsequent IT2F-AHP anal-
ysis, whereas two practices (P8: Sustainable Commuting and P12: Participation in Green
Initiatives) were excluded because expert consensus indicated that they lacked sufficient
operational relevance and contextual applicability to officer-class seafarers” onboard re-
sponsibilities. In contrast, “Adhering to Ballast Water Management Regulations” (P14),
which emerged from expert recommendations during the Delphi process, was incorpo-
rated into the final framework because of its recognized operational significance for sus-
tainable ship operations and compliance with international maritime environmental reg-
ulations. Consequently, the validated set of twelve EGB practices was transferred without
further modification to the IT2F-AHP stage, ensuring methodological consistency be-
tween the qualitative consensus-building process and the quantitative prioritization anal-
ysis.
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The reliability of the Delphi instrument was assessed using Cronbach’s Alpha, yield-
ing a value of 0.626. This indicates an acceptable level of internal consistency among the
evaluated Employee Green Behavior (EGB) practices, particularly given the exploratory
nature of the study and the interdisciplinary composition of the expert panel. Although
not very high, this level aligns with thresholds considered adequate in early-stage re-
search within the social sciences and Delphi-based investigations, where moderate relia-
bility scores are frequently reported due to the heterogeneous nature of expert panels and
the complexity of behavioral constructs [118,137,139]. In this regard, the obtained alpha
value reflects both methodological adequacy and the inherent diversity of expert percep-
tions across different shipboard roles and sustainability dimensions.

Moreover, it should be noted that the objective of the present Delphi instrument was
not to measure a single latent construct but rather to evaluate a diverse set of operational
Employee Green Behaviors spanning environmental, economic, and social sustainability
dimensions. Consequently, extremely high internal consistency would not necessarily be
expected, as the evaluated behaviors intentionally represent conceptually distinct opera-
tional practices rather than highly homogeneous measurement items. Therefore, the ob-
tained Cronbach’s Alpha value should be interpreted within the context of exploratory
Delphi research involving heterogeneous expert panels and multidimensional behavioral
constructs rather than according to the standards typically applied to psychometric scale
development.

Furthermore, Kendall’'s W, a widely recognized measure of inter-rater agreement in
Delphi studies, was calculated as 0.450, indicating a moderate level of consensus among
participants. While this does not suggest complete uniformity, such values are commonly
observed in Delphi research dealing with complex, context-specific, and multi-dimen-
sional issues such as sustainability-related maritime practices [138,140]. Hasson et al.
(2000) [137] emphasize that moderate agreement levels are to be expected in expert-driven
Delphi panels, particularly when the panel intentionally incorporates diverse professional
backgrounds to enrich judgment quality rather than to enforce artificial homogeneity.

To further strengthen the reliability assessment, Kendall's W was complemented
with Interquartile Range (IQR) analysis, which is widely endorsed in Delphi methodology
as a granular and robust indicator of consensus [138]. Most of the assessed practices pro-
duced IQR values of <1, demonstrating limited dispersion in expert evaluations and rein-
forcing the presence of meaningful convergence despite varied professional perspectives.
This dual-indicator strategy mitigates the effect of statistical outliers and provides a more
nuanced depiction of agreement than Kendall’s W alone. In line with established Delphi
protocols, consensus in this study was defined as an IQR <1 combined with a median score
>5 on a 7-point Likert scale [110,138]. The complementary use of Cronbach’s Alpha, Ken-
dall’s W, and IQR therefore ensured methodological triangulation and analytical rigor,
confirming that the Delphi process achieved a reliable and credible level of consensus.
Table 5 summarizes the final Delphi outcomes, where low IQR scores substantiate the
stability and convergence of expert judgments.

It should also be emphasized that Cronbach’s Alpha and Kendall’s W assess different
methodological characteristics of Delphi studies and therefore should not be interpreted
using identical evaluation criteria. While Cronbach’s Alpha measures the internal con-
sistency of the evaluation instrument, Kendall’'s W assesses the degree of agreement
among experts. Since the primary objective of the Delphi technique is to establish expert
consensus rather than validate a psychometric measurement scale, consensus indicators
such as Kendall’s W, median values, and IQR are considered more informative than
Cronbach’s Alpha alone. Accordingly, the combined interpretation of Cronbach’s Alpha,
Kendall’'s W, median values, and IQR demonstrates that the Delphi process achieved an
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acceptable level of methodological rigor, reliability, and expert consensus for developing
the proposed behavioral prioritization framework.

Table 5. Delphi Process Final Results.

Practice Code Mean () Median IQR Consens;:lll(r:l(;nsensus Inclusion

Green ones reflects the ones reached consensus. Orange ones are the removed once regarding delphi
process and the blue one is the added through delphi process.

As shown in Table 5, the Delphi process resulted in a refined behavioral framework
by validating operationally relevant green behaviors through expert consensus. The final-
ized behavioral set was subsequently transferred without modification to the IT2F-AHP
stage, ensuring methodological consistency between the qualitative consensus-building
process and the quantitative prioritization process.

4.4. Delphi Findings

The results of the Delphi approach, as shown in Table 5, provide significant insights
into the Employee Green Behavior (EGB) practices deemed most essential by shipping
professionals for attaining sustainable maritime operations. Of the fourteen practices as-
sessed, “Adhering to Ballast Water Management Regulations” (P14) obtained the highest
mean score (X = 6.58) and a median of 7, achieving consensus in the second round. This
robust consensus underscores the practice’s ecological imperative and regulatory signifi-
cance. Unlike the behaviors initially identified through the literature review, P14 (Adher-
ing to Ballast Water Management Regulations) emerged during the Delphi process based
on expert recommendations. The panel emphasized that ballast water management has
become an essential operational responsibility of officer-class seafarers due to the imple-
mentation of the IMO Ballast Water Management Convention and its significant contri-
bution to preventing marine biological pollution. Therefore, P14 was incorporated into
the final behavioral framework prior to the IT2F-AHP analysis.

This outcome highlights the crucial role of officer-class seafarers in mitigating marine
biodiversity loss through appropriate ballast water discharge within the framework of the
IMO'’s Ballast Water Management Convention and the wider environmental governance
context. The incorporation of this behavior, suggested by experts in the qualitative content
analysis, further substantiates the integrative efficacy of the Delphi method in identifying
genuine operational goals that may be inadequately reflected in literature-based frame-
works.
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Resource Efficiency (P6) and Environmental Awareness (P10) were also significant, both
achieving a score over 6. These actions clearly correspond with the decarbonization objec-
tives outlined in the IMO Initial GHG Strategy (IMO, 2018 [95]) and the European Union’s
“Fit for 55” [29] legal framework. The priority of these practices by experts indicates an
acknowledgment that sustainable shipping starts with optimizing output from finite re-
sources and fostering cognitive engagement with environmental concerns. Water Conser-
vation (P3), Waste Reduction (P2), and Encouraging Others (P11) received substantial agree-
ment, as indicated by low interquartile ranges reflecting close alignment of expert evalu-
ations. These behaviors represent low-tech, high-impact tactics that police can employ
with immediate effect. The uniformity of these responses indicates a shared conviction
that significant environmentally friendly actions do not necessarily necessitate systemic
changes; instead, they rely on individual self-discipline and knowledge, particularly
among officers responsible for implementing daily shipboard protocols.

Energy Conservation (P1) was assessed as pertinent (median =5, IQR = 0) but garnered
a lower mean score (X = 5.00), suggesting potential perceived constraints on officers’ ca-
pacity to impact shipboard energy systems. This may indicate limitations arising from the
design of propulsion and auxiliary systems, which frequently lie outside the direct control
of officers. Sustainable Purchasing (P9) was deemed significant (median = 6); however, had
a wider interquartile range, potentially attributable to the centralized structure of mari-
time procurement. These findings underscore a persistent topic in the Delphi study:
whereas officers demonstrate a willingness to endorse environmental objectives, struc-
tural and institutional impediments persistently influence the practicability of specific ac-
tions.

Three practices, Green Crafting (P5), Paperless Practices (P7), and Environmental Men-
torship (P13), were incorporated only after the third Delphi round, indicating early skep-
ticism regarding their practical feasibility. Their eventual acceptance demonstrates a
changing perspective among marine professionals, who are progressively receptive to
embracing adaptable and proactive strategies for sustainability. These behaviors illustrate
the dynamic evolution of green capabilities, wherein innovation, digitization, and peer
learning are redefining conventional marine jobs. They also stress that environmentally
friendly practices should go beyond mere compliance and routine, cultivating a corporate
culture that prioritizes experimentation and ongoing enhancement.

Sustainable Commuting (P8) and Participation in Green Initiatives (P12) were, con-
versely, omitted. This omission underscores the importance of contextual relevance in be-
havioral frameworks: commuting is inconsequential in the maritime setting, whereas in-
volvement in organizational efforts may exceed the scope of ship commanders’” duties.
The intentional omission of certain activities signifies a sophisticated, experience-based
enhancement of the green behavior inventory, guaranteeing that all included items had
both theoretical significance and practical applicability.

The Delphi findings constitute a comprehensive and contextually relevant prioritiza-
tion of sustainable practices within the maritime sector. The chosen approaches demon-
strate a balance of ecological effect, practicality, and compliance with international regu-
latory standards. The elevation of ballast water compliance to the apex of the behavioral
ladder is notably symbolic, indicating a convergence between frontline operational con-
duct and global environmental governance. By integrating these verified techniques into
seafarer training, performance evaluation, and aboard culture, maritime enterprises can
more effectively connect their internal human systems with the external requirements of
sustainable shipping. This connection is crucial for achieving the ambitious decarboniza-
tion [28] and environmental preservation objectives established by both the IMO and the
European Union as the industry progresses towards net-zero emissions by 2050 [2].
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4.5. Interval Type-2 Fuzzy AHP

Van Laarhoven and Pedrycz (1983) [141] are widely acknowledged as the pioneers
who first introduced fuzzy comparative judgments in decision-making, representing pref-
erences using triangular fuzzy numbers. Their contribution laid the groundwork for sub-
sequent developments, including Chang’s (1996) [142] fuzzy synthetic extent method and
later enhancements to fuzzy decision frameworks. Although the Analytic Hierarchy Pro-
cess (AHP) has been extensively utilized to structure complex decision problems by cap-
turing expert opinions, conventional AHP relies on precise numerical inputs and thus falls
short of accurately representing the inherent vagueness and cognitive ambiguity associ-
ated with human decision processes. To address this limitation, the Fuzzy Analytic Hier-
archy Process (F-AHP) was proposed as an extension of AHP to handle perception-based,
linguistically expressed, and context-dependent judgments [143,144]. Through the use of
fuzzy linguistic scales, decision-makers can articulate preferences more realistically, and
these fuzzy evaluations are then aggregated to obtain meaningful perceptual priorities
[145-147].

F-AHP has been recognized as an effective methodological tool for multi-criteria sus-
tainability evaluations due to its capacity to address ambiguity in human judgment
[112,116]. In sustainability-oriented organizational and operational contexts, it has
demonstrated significant advantages over traditional AHP by integrating uncertainty
more explicitly and permitting a systematic evaluation of multidimensional criteria such
as waste reduction, resource efficiency, and green organizational practices [148,149].
However, even Type-1 fuzzy approaches assume a relatively stable membership function
and therefore accommodate only limited levels of uncertainty.

In the present study, the Interval Type-2 Fuzzy Analytic Hierarchy Process (IT2F-
AHP) was adopted as the most appropriate and robust methodological approach to eval-
uate and prioritize Employee Green Behavior (EGB) practices among officer-class seafar-
ers. Unlike classical AHP, which requires exact pairwise judgments, and Type-1 Fuzzy
AHP, which captures only first-level fuzziness, IT2F-AHP enables the modeling of higher-
order uncertainty through interval-valued fuzzy membership functions [113]. This is par-
ticularly important in the maritime domain, where expert judgments are shaped by dy-
namic operational environments, time pressure, safety-critical decisions, heterogeneous
vessel types, regulatory variability, and linguistically articulated expertise. Accordingly,
IT2F-AHP allows expert opinions to be represented not as fixed values but as bounded
intervals, thereby more accurately reflecting cognitive imprecision, subjective interpreta-
tion, and epistemic uncertainty [111,114].

To further justify the selection of IT2F-AHP, Table 6 compares the methodological
characteristics of Classical AHP, Type-1 Fuzzy AHP, and IT2F-AHP with respect to their
capability to handle uncertainty, expert hesitation, and linguistic ambiguity.

Table 6. Methodological justification for selecting the IT2F-AHP approach: Comparison of Classical
AHP, Type-1 Fuzzy AHP, and IT2F-AHP.

Handling  Expert Linguistic

Supporting

Method Uncertainty Hesitation Ambiguity Main Limitation Literature

Classical AHP  Low No Limited ~ cquires precise pairwise comparisonsand ;1 14,,
deterministic judgments
Represents uncertainty using fixed member-

Type-1 Fuzzy AHP Moderate  Partially Good ship functions but cannot fully capture [111,113]
higher-order uncertainty

Interval Type-2 Higher computational complexity but pro-

Fuzzy AHP (IT2F- High Yes Excellent  vides a more robust representation of uncer- [113-117]

AHP)

tainty and expert judgment variability
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As summarized in Table 6, Classical AHP assumes precise pairwise comparisons and
therefore provides limited capability for representing uncertainty inherent in expert-
based evaluations. Type-1 Fuzzy AHP partially addresses this limitation by incorporating
fuzzy linguistic judgments; however, it still relies on fixed membership functions that can-
not fully represent higher-order uncertainty associated with heterogeneous expert opin-
ions. In contrast, IT2F-AHP introduces an additional degree of freedom through interval
type-2 fuzzy sets, enabling a more effective representation of linguistic ambiguity, expert
hesitation, and variability in pairwise evaluations. Considering that the present study re-
lies on expert judgments obtained from maritime professionals with diverse operational
backgrounds, IT2F-AHP was considered the most appropriate method for deriving robust
and reliable priority weights.

Moreover, IT2F-AHP has been increasingly employed in complex maritime decision-
making problems due to its methodological robustness and suitability for uncertainty-
driven operational systems. Previous studies have demonstrated its effectiveness in mar-
itime safety management, sustainability assessments, and decision environments requir-
ing nuanced prioritization under ambiguity [115,117,150,151]. In line with this literature,
the adoption of IT2F-AHP in the present research ensured not only technical rigor but also
operational realism. By integrating interval type-2 fuzziness with hierarchical prioritiza-
tion, the method captured the linguistic variability and expert heterogeneity inherent in
assessing shipboard environmental behaviors, thereby yielding results that are both ana-
lytically reliable and practically meaningful. This methodological choice strengthens the
credibility of the final prioritization outcomes, ensuring that the identified EGB practices
reflect realistic behavioral priorities within sustainability-driven maritime operations.

4.6. Data Collection for IT2F-AHP

The purposive sampling strategy employed in the Delphi phase was also adopted for
the IT2F-AHP data collection, reflecting its suitability for expert-driven decision-making
studies. Purposive sampling is widely endorsed in fuzzy and expert-based multi-criteria
decision-making research because the objective is not random representativeness but the
inclusion of highly knowledgeable participants capable of providing informed, experi-
ence-based, and contextually grounded evaluations. Accordingly, participants for the
IT2F-AHP phase were selected among qualified ship officers and shore-based maritime
personnel managers who demonstrated (i) substantial professional experience in ship op-
erations or human resource management, (ii) familiarity with environmental performance
and sustainability-oriented practices, and (iii) active involvement in decision-making or
supervisory responsibilities within their organizations. Participation was voluntary, and
only those who confirmed their willingness and availability to engage meaningfully in the
evaluation process were included (see Table 7). This approach ensured methodological
rigor by prioritizing expert competence over numerical sample size, aligning with best
practices in expert-judgment research.

Table 7 provides a comprehensive profile of the 15 experts who participated in the
IT2F-AHP phase, illustrating substantial diversity in demographic and professional at-
tributes. The expert panel comprised both shore-based personnel managers and senior
officer-class seafarers, including masters, chief officers, and engineering officers, repre-
senting key operational roles across different ship types, particularly bulk carriers and
tankers. Their professional experience ranged from 3 to 22 years, ensuring a balanced
composition of senior expertise and emerging professional insight. Although the panel
predominantly consisted of male experts (11), the inclusion of four female officers, partic-
ularly in engineering roles, contributed to gender diversity. Academically, nine experts
held bachelor’s degrees, three possessed master’s degrees, and three held doctoral quali-
fications, demonstrating robust academic grounding alongside operational competence.
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The diversity in rank, ship type exposure, gender composition, and educational attain-
ment strengthens the contextual validity of the IT2F-AHP findings and enhances the in-
terpretive depth of the prioritization outcomes.

Table 7. Profile of the F-AHP respondents.

Years of Experience in

Expert No Ship Type Position HR/Logistics Gender Education
1 Bulk Carrier Personnel Manager 15 Male Master’s Degree
5 Tugboat Ocean—Goi.ng Second En- 10 Female Bachelor’s De-
gineer gree
3 Drillship Ocean-Going Master 15 Male PhD
4 Tanker Ocean—Gm.ng Second En- 6 Male PhD
gineer
Bulk Carrier, Container Ocean-Going Watch Of- Bachelor’s De-
5 ) . 3 Male
Ship ficer gree
6 Bulk Carrier Ocean—Gm.ng Second En- 5 Male PhD
gineer
7 Bulk Carrier Ocean-GOIIrlg Watch En- 12 Male PhD
gineer
8 Bulk Carrier Ocean—Go%ng Chief Of- 15 Male Bachelor’s De-
ficer gree
Bachelor’s De-
9 Chemical Tanker Personnel Manager 22 Male ac egroeres ¢
10 Tanker Personnel Manager 17 Male Master’s Degree
11 Tanker Ocean-Going Master 10 Male Master’s Degree
1 Tanker Ocean-GO%ng Chief Of- 14 Female Bachelor’s De-
ficer gree
-Going Watch Of- Bachelor’s De-
13 Container Ocean G01.ng atch O 3 Female achelors e
ficer gree
14 Rowro Ocean-G01.ng Second En- 5 Female Bachelor’s De-
gineer gree
15 Container Ocean—G01.ng Watch En- 3 Male Bachelor’s De-
gineer gree

To evaluate the relative importance of the 12 validated Employee Green Behavior
(EGB) practices, a structured questionnaire was administered. The EGB practices were
systematically categorized under environmental, economic, and social sustainability di-
mensions based on an extensive review of the literature, while their operational relevance
to maritime contexts had been previously verified through the Delphi phase. Participants
were asked to perform pairwise comparisons of the EGB practices within the sustainabil-
ity hierarchy, evaluating the extent to which each behavior contributed to the enhance-
ment of environmental, economic, or social sustainability in shipping operations. The sur-
vey design emphasized the elicitation of individual expert judgments rather than forcing
consensus, thereby preserving the uniqueness of experiential insight and avoiding con-
formity bias. A standardized linguistic pairwise comparison scale (see Table 7) was used
to enable clear, structured articulation of expert perceptions. This approach facilitated the
extraction of nuanced, perception-based evaluations and ensured methodological rigor
and reliability in the IT2F-AHP prioritization process.
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4.7. Interval Type-2 F-AHP Model

This research utilized the Fuzzy Analytic Hierarchy Process (F-AHP) using Interval
Type-2 fuzzy sets to evaluate and rank Employee Green Behavior (EGB) practices perti-
nent to ship officers. The Analytic Hierarchy Process (AHP), conceived by Saaty in 1980
[152], is a multi-criteria decision-making (MCDM) framework that organizes problems
hierarchically, delineating objectives, criteria, and alternatives. AHP often employs pre-
cise numerical assessments; however, actual decision-making frequently encompasses
uncertainty and subjectivity. Fuzzy logic is incorporated into the process to improve the
accuracy of expert assessments. This study employs Interval Type-2 fuzzy numbers,
which include a spectrum of potential values instead of fixed points, thereby more effec-
tively encapsulating the uncertainty in expert assessments [153]. The methodology em-
ploys systematic procedures to guarantee consistency, reduce expert bias, and improve
the reliability of pairwise comparisons [154]. Fuzzy sets enhance decision-making by im-
proving precision. Furthermore, the introduction of IT2Fs provides a superior solution
compared to IT1Fs due to the variable membership features of IT2Fs [111]. IT2F-AHP has
been utilized in numerous issues since its introduction in the literature [116,117]. The lin-
guistic variables of IT2Fs are displayed in Table 8.

Table 8. Linguistic scale of the research.

Linguistic Variables Interval Type-2 Fuzzy Sets

AS Absolutely Strong ((7,89,91,1), (72,82, 8.8,9.0;0.8,0.8))
VS Very Strong (5,658,91,1), (52,62, 7.8 8.8;0.8,0.8))
FS Fairly Strong ((3,4.6,7;1,1),(32,42,558,6.8;0.58,0.8))
SS Slightly Strong ((1,24,5;1,1), (12,22, 3.8,4.8;0.8,0.8))
E Exactly Equally (1,1,1,1;1,1), (1, 1,1, 1; 1, 1))

If parameter i has one of the linguistic variables appointed to it Reciprocals of the above when

matched with parameter j, then j has the mutual value when matched with i. Source: [111].

The IT2F-AHP method is presented step by step as follows [111]:

Step 1: The problem is defined with a goal. The hierarchical structure is built up along
with its main factors and sub-factors at all levels.

Step 2: Build the IT2FSs pairwise comparison matrix as A4 and the average decision ma-

trix 4 .In Equations (1) and (2), the pairwise comparison matrix is presented as below.

1 a1k2 l];l 1 a12 alkn
147 = (a:]/( )nxn = (1;{1 1 a;n = l/alkz 1 aé{n (1)
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The geometric mean of k IT2FSs is evaluated for kth decision makers. In Table 8, the
linguistic variables are represented for evaluation. The decision makers’ decisions in the
pairwise comparison matrices are aggregated by means of the geometric mean method in
Equation (3). The IT2FSs linguistic variables are presented in Table 8.

5 N Lk - - .
aij.z[a:/®aj®-~-®af} =’§/a2®ai®---®af (3)

where

ol T U U U U .U Uy,
\ % _(('\n’a[jl"\n,al'ja oA Qi3 5[ Qs 3 H, (a[j)?HZ (a[j)’j’
L L L L .7l L,
(\n’a[jl oAl B2 oA Gz oA Dy sHy (a;),H, (aij)’jj'

Step 3: Analyze the consistency of the IT2FSs pairwise comparison matrices. When con-

a=[a,] a=|q,

sidering as a positive reciprocal matrix, [ } is supposed to be a posi-

[a,] i-la]
tive rec1procal matrix. As a result, Y1 s consistent, so is also con-
sistent.

Step 4: '7 is computed by means of Equation (4) based on the IT2FSs weight's geometric

a..

i-a,|
mean of each row of " for applying each criterion as below.

~ ~ ~ - 1/n
rizlian@aiz@ ®ain:| 4)

where,

ol T U U U U .U v,
\ % _([\ln iRy 8 @y e s Hy (@), 1 (ai/.),j,
L L L L .yrlg L,
[\/n >R @y { s {4y s H (), H, (ai/)’jj’

Step 5: The IT2FSs weight £ " criterion is computed by applying Equation (5), below.

u

e e . -l
.:rl.®|:r‘1®--~€l-)rl.@---®rnj| (5)

where,
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Step 6: The ranking of the obtained results through defuzzification is consistent with the
expected order of trapezoidal IT2FSs (Drwr) as in Equation (6).

https://doi.org/10.3390/su18147090


https://doi.org/10.3390/su18147090

Sustainability 2026, 18, 7090 28 of 45

4
J{(uL—ZL)+(,BLm1L—IL)+(aLm2L—ZL)+lL} (6)
D —

(g~ + (B 1) H(emy 1)
| ]

4

TraT — 2

where g and f are the maximum membership degrees of the lower membership function
of the considered IT2FSs. uu is the largest possible value, lu is the least possible value and,
miu and m2u are the second and third parameters in the upper membership function. Also,
ut is the largest possible value, I. is the least possible value and, mi. and mo2t are the second
and third parameters in the lower membership function.

To ensure the reliability of the pairwise comparisons, consistency ratios (CRs) were
calculated for all comparison matrices following Saaty’s consistency criterion [152]. The
CR values were found to be 0.0385 for the main criteria matrix, 0.0413 for the Environ-
mental Sustainability matrix (C1), 0.0358 for the Economic Sustainability matrix (C2), and
0.0296 for the Social Sustainability matrix (C3). Since all CR values were below the recom-
mended threshold of 0.10, the consistency of the expert judgments was considered satis-
factory, confirming the reliability of the derived priority weights.

To evaluate the robustness of the proposed IT2F-AHP model, a one-way sensitivity
analysis was performed by systematically varying the weights of the three main sustain-
ability dimensions (Environmental, Economic, and Social Sustainability). In addition,
structural weight profile analyses were conducted for the sub-criteria within each main
criterion to examine the influence of alternative weighting scenarios on the resulting pri-
ority rankings. The analysis further investigated potential rank crossover points and
threshold values to determine whether the obtained rankings remained stable under var-
ying decision conditions (see Figures 3-5).
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Figure 3. One-Way Sensitivity Analysis of Main Categories, Structural Weight Profiles, and Rank
Stability Analysis for Environmental Sustainability (C1). Sensitivity analysis results for the Environ-

mental Sustainability criterion (C1): (A) one-way sensitivity analysis of the main criteria under +20%
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weight variations, (B) structural weight profiles of the C1 sub-criteria under the baseline and alter-
native scenarios, and (C) dynamic robustness and rank stability analysis illustrating the effects of
varying the C1 weights on the overall performance scores and potential rank crossover regions.
Note: The light grey shaded area indicates the rank crossover zone, where changes in cri-
terion weights may lead to changes in the relative ranking of alternatives.
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Figure 4. Structural Weight Profiles and Rank Stability Analysis for Economic Sustainability (C2).
Figure 4. Sensitivity analysis results for the Economic Sustainability criterion (C2): (A) structural
weight profiles of the C2 sub-criteria under the baseline and alternative weighting scenarios, and
(B) rank stability and threshold analysis illustrating the effects of varying the weight of Economic
Sustainability (C2) on the overall performance scores and potential rank crossover regions. Note:
The light grey shaded area represents the rank crossover zone, indicating the weight in-
terval in which rank changes may occur.
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Figure 5. Structural Weight Profiles and Rank Stability Analysis for Social Sustainability (C3). Figure

5. Sensitivity analysis results for the Social Sustainability criterion (C3): (A) structural weight pro-

files of the C3 sub-criteria under the baseline and alternative weighting scenarios, and (B) rank sta-

bility and threshold analysis illustrating the effects of varying the weight of Social Sustainability (C3)
on the overall performance scores and potential rank crossover regions. Note: The light grey

shaded area represents the rank crossover zone, indicating the weight interval in which

rank changes may occur.

The sensitivity analysis demonstrated that the obtained rankings remained generally
stable under moderate changes in the criterion weights. Although alternative weighting
scenarios resulted in slight variations in normalized scores, the overall prioritization
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structure exhibited high robustness. Rank reversals occurred only beyond specific thresh-
old regions, while no substantial rank reversal was observed around the baseline
weighting configuration. These findings confirm that the proposed IT2F-AHP model pro-
vides reliable and robust prioritization results that are not unduly influenced by moderate
variations in expert judgments.

To enhance methodological transparency while maintaining the readability of the
manuscript, the complete linguistic pairwise comparison matrices, aggregated IT2F deci-
sion matrices, consistency ratio (CR) values, normalized weights, and detailed weight der-
ivation results are provided in the Supplementary Materials (Supplementary Materials),
thereby ensuring the transparency and reproducibility of the IT2F-AHP analysis.

4.8. Findings of Interval Type-2 F-AHP

Table 9 presents the interval type-2 fuzzy weights, normalized values, and final rank-
ings of the three main sustainability dimensions, namely Environmental (C1), Economic
(C2), and Social (C3), in the context of officer-class seafarers’ green behavior practices. The
obtained hierarchy signifies a pragmatic prioritization structure that mirrors both opera-
tional realities and strategic preferences within the maritime sector.

Table 9. Interval type-2 fuzzy weights, normalized values, and rankings of main categories.

Category IT2 Fuzzy Weights Weight Normalized Rank
C ((0.268, 0.327, 0.506, 0.733; 1, 1), (0.266, 0.343, 0.483, 0.612; 0.8, 0.8)) 0.422 0.407 2
C: ((0.163, 0.351, 0.560, 0.634; 1, 1), (0.282, 0.370, 0.531, 0.691; 0.8, 0.8)) 0.425 0.411 1
Cs ((0.096, 0.121, 0.185, 0.533; 1, 1), (0.103, 0.127, 0.176, 0.230; 0.8, 0.8)) 0.189 0.182 3

The Economic dimension (C2) emerged as the most influential category, achieving
the highest normalized weight (0.411). This finding demonstrates that, within the decision
environment of maritime professionals, economic considerations constitute the primary
driver of sustainability-related behavioral decisions. In an industry characterized by fuel-
intensive operations, volatile market conditions, and demanding cost-efficiency expecta-
tions, economic gains derived from sustainable practices such as fuel savings, reduced
maintenance costs, and optimized resource utilization are perceived as the most immedi-
ate and tangible outcomes. Accordingly, sustainability is not conceptualized merely as an
environmental ideal but as a financially rational and performance-enhancing imperative
deeply integrated into operational and strategic decision-making.

Closely following, the Environmental dimension (C1) holds a normalized value of
0.407, indicating almost parallel importance to economic considerations. Although
slightly secondary, the very narrow difference between C1 and C2 reveals that environ-
mental stewardship has gained substantial strategic prominence in modern shipping. This
reflects a structural transition within the industry, where environmental objectives are no
longer viewed as competing with financial imperatives but rather as reinforcing cost effi-
ciency, global reputation, and regulatory compliance. The convergence of environmental
and economic significance suggests the emergence of a sustainability paradigm in which
ecological responsibility, operational performance, and corporate competitiveness are
mutually reinforcing.

The Social dimension (C3) ranks third with a normalized score of 0.182. Despite its
comparatively lower weight, its inclusion and measurable relevance indicate that socially
oriented sustainability components such as awareness, engagement, and mentoring re-
main integral to the sustainability architecture. However, their lower prioritization sug-
gests that maritime decision-makers currently emphasize measurable, performance-re-
lated, and regulation-driven behaviors over culture-building and softer social enablers.
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This reflects a prevailing operational mindset where results perceived as directly quanti-
fiable and outcome-oriented are prioritized.

Table 10 synthesizes the final normalized weights of all EGB practices, structured
within their respective sustainability dimensions. The dominance of the Economic dimen-
sion is further substantiated by the leading position of P6-Resource Efficiency (0.270),
which ranks first among all behavioral practices. This demonstrates that behaviors con-
tributing to optimized resource usage, fuel efficiency, and operational productivity are
considered the most valuable enablers of green shipping. In a sector where marginal effi-
ciency improvements can translate into significant cost reductions and emission de-
creases, resource efficiency becomes a strategic rather than merely environmental objec-
tive.

Interestingly, the next two highest-ranked practices are environmentally driven: P1-
Energy Conservation (0.136) and P2-Waste Reduction (0.100). Their strong prioritization
reflects the growing recognition that energy-efficient operations and effective waste man-
agement are not only moral or regulatory necessities, but also operationally advantageous
and economically beneficial. These practices also correspond with key regulatory devel-
opments such as MARPOL Annex V and EEXI requirements, further reinforcing their stra-
tegic importance by directly linking environmental responsibility with compliance and
the reduction of reputational risk.

The fourth-ranked criterion, P10-Environmental Awareness (0.096), belonging to the
social sustainability dimension, highlights an acknowledgment that sustainable behavior
is ultimately rooted in awareness, cognition, and individual value systems. Officers’ ca-
pacity to understand environmental implications and internalize sustainability values
plays a pivotal role in facilitating autonomous, proactive, and situationally appropriate
eco-friendly decisions on board.

Mid-ranked practices such as P9—-Sustainable Purchasing (0.095) and P3—Water Con-
servation (0.063) further emphasize the multidimensional nature of sustainability, extend-
ing beyond fuel and emissions toward responsible operational consumption. Although
positioned below energy-related behaviors, they signify a progressive orientation toward
comprehensive environmental stewardship.

Conversely, the relatively lower weights assigned to P5-Green Crafting (0.024), P4-
Green Office Habits (0.028), and P11-Encouraging Others (0.030) suggest a limited em-
phasis on voluntary behavioral innovation, workplace cultural transformation, and peer
influence mechanisms. This outcome may be attributed to structural characteristics of the
maritime industry, such as highly formalized procedures, rigid hierarchies, and limited
discretionary autonomy in shipboard environments, which can constrain the perceived
relevance of discretionary and socially constructed sustainability behaviors.

Overall, the prioritization hierarchy reflects a pragmatic sustainability logic:

e  First, behaviors yielding direct economic and operational performance gains;
e  Second, environmentally compliant and regulation-aligned activities;
e  Finally, social and cultural enablers of sustainability.

This layered structure implies that achieving a successful and enduring green transi-
tion in maritime operations requires a simultaneous focus on economically driven perfor-
mance efficiency, environmentally constrained compliance, and gradual cultural transfor-
mation. The findings highlight that, for sustainability to move beyond being policy rhet-
oric, shipping companies must invest not only in technological solutions but also in be-
havioral capabilities, training systems, and supportive organizational cultures that em-
power officers to enact, sustain, and diffuse green behavior.
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Table 10. Integrated weighting and ranking of criteria and sub-criteria for green behavior in the

shipping context.
Main Criteria Weight Normalized Rank Sub-Criterion IT2F Weight Weight Normalized Rank
((0.105, 0.271, 0.458, ((0.028, 0.089, 0.232, 0.579;1,
0.7891, 1), 1),
P .197 .1 2
1 (0.211, 0.288, 0.433, (0.056, 0.099, 0.209, 0.350;0.8, 019 0136
0.571;0.8, 0.8)) 0.8))
((0.097, 0.174, 0.316, ((0.026, 0.057, 0.160, 0.461;1,
0.629;1, 1), 1),
P; .14 .1
2 (0.131, 0.186, 0.297, (0.035, 0.064, 0.143, 0.251;0.8, 0145 0100 3
0.410;0.8, 0.8)) 0.8))
((0.050, 0.115, 0.212, ((0.013, 0.038, 0.107, 0.268;1,
0.366;1, 1), 1),
. . . P, .092 .
E)((;’J’ZE’?E];I 2 327,0.506, 3 (0.088, 0.123, 0.198, (0.023, 0.042, 0.096, 0.173;0.8, 009 0.063 6
C1 (6 266,0 ;,43 0.483 0.422 0.407 2 0283,08, 08)) 08)
0 612.6 8. T ’ ’ ((0.035, 0.039, 0.067, ((0.009, 0.013, 0.034, 0.175;1,
o 0.239:1, 1), 1),
0.8 p .041 .02 11
) 4 (0.032, 0.041, 0.063, (0.008, 0.014, 0.030, 0.054;0.8, 00 0.028
0.089;0.8, 0.8)) 0.8))
((0.033, 0.033, 0.057, ((0.009, 0.011, 0.029, 0.143;1,
0.195;1, 1), 1),
P .034 .024 12
> (0.027, 0.035, 0.053, (0.007, 0.012, 0.026, 0.046;0.8, 0.08 00
0.076;0.8, 0.8)) 0.8))
((0.083, 0.120, 0.218, ((0.022, 0.039, 0.110, 0.191;1,
0.261;1, 1), 1),
P . . 7
H (0.092, 0.128, 0.204, (0.025, 0.044, 0.099, 0.179;0.8, 0.085 0.059
0.292;0.8, 0.8)) 0.8))
((0.171, 0.574, 0.847, ((0.028, 0.202, 0.475, 1.086;1,
1.714;1, 1), 1),
P 392 27 1
6 (0.476, 0.601, 0.812, (0.134, 0.222, 0.431, 0.687;0.8, 039 0270
0.994;0.8, 0.8)) 0.8))
0.163, 0.351, 0.560,
(()(634'1/ 1) ’ ! ((0.057, 0.080, 0.124, ((0.009, 0.028, 0.069, 0.305;1,
A 0482;1,1), 1),
C 0.282,0.370, 0.531 0.425 0.411 1 P 0.077 0.053 8
2 (() 691’(/) 8 ! ’ 7 (0.069, 0.084, 0.117, (0.019, 0.031, 0.062, 0.108;0.8,
0.8)) o 0.157;0.8, 0.8)) 0.8))
((0.111, 0.161, 0.255, ((0.018, 0.057, 0.143, 0.475;1,
0.750;1, 1), 1),
P .1 .
9 (0.134, 0.169, 0.242, (0.038, 0.063, 0.129, 0.223;0.8, 0138 009 >
0.322;0.8, 0.8)) 0.8))
((0.323, 0.436, 0.730, ((0.031, 0.053, 0.135, 0.503;1,
0.945;1, 1), 1),
P 0.139 0.096 4
10 (0.339, 0.461, 0.694, (0.035, 0.059, 0.122, 0.208;0.8,
0.905;0.8, 0.8)) 0.8))
. 121,01
E)(g;:j’ 2) 0185, ((0.105, 0.124, 0.216, ((0.010, 0.015, 0.040, 0.168;1,
NN 0.315;1, 1), 1),
C. 0.103, 0.127, 0.176, 0.189 0.182 3 P 0.044 0.030 10
3 8230.0 8 1 (0.100, 0.130, 0.203, (0.010, 0.017, 0.036, 0.067;0.8,
0.8)) o 0.291;0.8, 0.8)) 0.8))
((0.162,0.210, 0.352, ((0.028, 0.089, 0.232, 0.579;1,
0.436;1, 1), 1),
P . .04
13 (0.168, 0.222, 0.333, (0.056, 0.099, 0.209, 0.350;0.8, 0.066 0.046 ?
0.451,0.8, 0.8)) 0.8))

5. Discussion

The findings of this study present a compelling synthesis of expert-informed consen-

sus and robust computational decision modeling, offering substantive evidence regarding

the prioritization of environmentally sustainable behaviors among officer-class seafarers.

The Delphi results revealed strong agreement among maritime professionals concerning

the necessity of operationally grounded and context-specific practices, such as resource
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efficiency, waste reduction, and ballast water management, as essential levers for achiev-
ing sustainability at sea. These outcomes reflect earlier scholarly assertions emphasizing
the pivotal role of officers as frontline implementers who convert environmental policies
into actionable routines [8,9].

The subsequent IT2F-AHP analysis advanced this understanding by differentiating
the relative strategic importance of these practices under conditions of uncertainty. While
the Delphi method confirmed what matters, the IT2F-AHP method clarified what matters
most, revealing that resource efficiency (P6) emerged as the highest priority, followed
closely by energy conservation (P1) and waste reduction (P2). This result illustrates the
growing alignment between economic rationality and environmental stewardship in mar-
itime operations, supporting prior arguments that sustainability in shipping can and
should serve both ecological and economic imperatives [24,31]. The dominance of eco-
nomic sustainability (C2) reflects a pragmatic perspective: actions perceived as generating
measurable financial gains and operational performance improvements receive greater
empbhasis, echoing wider industry trends documented by UNCTAD (2023) [28] and IMO
(2023) [2].

It is important to distinguish “Adhering to Ballast Water Management Regulations”
(P14) from several other prioritized green behaviors in terms of its conceptual nature. Un-
like behaviors such as energy conservation or resource efficiency, ballast water manage-
ment is fundamentally a mandatory environmental compliance requirement established
under the IMO Ballast Water Management Convention. Nevertheless, its effective imple-
mentation relies heavily on the operational diligence, environmental responsibility, and
day-to-day behavioral decisions of officer-class seafarers. Accordingly, P14 should not be
interpreted as a purely voluntary Employee Green Behavior (EGB), but rather as a com-
pliance-oriented environmental behavior whose successful execution depends on individ-
ual pro-environmental commitment. Therefore, the high priority assigned to this behavior
reflects not only the importance of regulatory compliance but also the critical role of offic-
ers in translating mandatory environmental regulations into effective shipboard environ-
mental practice.

Importantly, although environmental sustainability (C1) ranked slightly below eco-
nomic sustainability, the marginal difference between their weights reveals a converging
paradigm in which environmental and financial considerations are increasingly interde-
pendent rather than antagonistic. This reinforces contemporary debates that position sus-
tainability as a value-creating mechanism rather than a compliance burden. Conversely,
the comparatively lower emphasis on social sustainability (C3) suggests that softer, cul-
ture-driven enablers, such as awareness, mentoring, and engagement, remain underprior-
itized despite being theoretically recognized as critical behavioral catalysts [71,96]. This
divergence highlights an important tension within maritime sustainability: while tech-
nical and operational behaviors receive strategic focus, cultural and identity-based deter-
minants are still developing.

Although the Social Sustainability dimension (C3) received the lowest overall prior-
ity weight, this finding should not be interpreted as indicating that social factors have a
lower influence on sustainable shipboard operations. Rather, the IT2F-AHP results reflect
the experts’ relative prioritization of the sustainability dimensions within the proposed
decision framework. Employee Green Behavior literature suggests that leadership-ori-
ented behaviors, such as encouraging others and environmental mentorship, contribute
to organizational sustainability by promoting environmental awareness and strengthen-
ing collective pro-environmental behaviors among employees [9,26]. Within maritime set-
tings, officer-class seafarers further reinforce this process by acting as operational leaders
who translate sustainability policies into daily shipboard practices and influence the en-
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vironmental behaviors of other crew members [5,101-106]. Consequently, leadership-ori-
ented behaviors may exert an indirect but substantial influence by facilitating the adop-
tion of higher-priority operational practices, particularly Energy Conservation (P1) and
Resource Efficiency (P6), which emerged as the two highest-ranked behaviors in the IT2F-
AHP analysis. Furthermore, compared with tangible environmental and economic prac-
tices, leadership, organizational culture, and other social factors are inherently more dif-
ficult to evaluate through pairwise comparison-based MCDM techniques because their
effects often emerge indirectly through behavioral diffusion rather than immediate oper-
ational outcomes [27,30,31]. Therefore, the relatively lower weight assigned to the Social
Sustainability dimension should be interpreted as a prioritization outcome within the
IT2F-AHP framework rather than as evidence of a lower practical contribution to sustain-
able ship operation.

These findings are closely aligned with broader regulatory and corporate develop-
ments. The IMO’s revised GHG strategy and the European Commission’s regulatory
frameworks increasingly emphasize behavioral efficiency, energy optimization, and re-
duction in environmental footprint as core compliance expectations. Corporate sustaina-
bility reports from leading maritime companies (e.g., Hapag-Lloyd, CMA CGM, and NYK
Line) similarly underscore crew engagement, training, and onboard efficiency programs
as critical performance pillars. Consistent with the World Maritime University’s (2024) [15]
identification of seafarer behavior as the “missing link” in maritime sustainability, the
present study provides an empirically grounded prioritization framework that helps op-
erationalize this missing component.

At the same time, the results reveal that certain sustainability practices widely
acknowledged in land-based organizations, such as sustainable commuting or broad vol-
untary green participation programs, have limited direct applicability in maritime con-
texts. This supports calls for contextualized sustainability frameworks that recognize the
distinctive structural, operational, and organizational features of shipboard environments
[105]. Moreover, the relatively lower ranking of practices such as green crafting and peer
encouragement points to institutional constraints stemming from hierarchical command
structures, procedural rigidity, and restricted discretionary autonomy on board ships.
Without organizational empowerment, leadership backing, and structured incentives, the
behavioral potential of officers may remain only partially realized [5].

The prioritization results further demonstrate that the identified behaviors are oper-
ationally embedded within the daily responsibilities of officer-class seafarers. For in-
stance, resource efficiency is reflected in voyage planning, machinery operation, and the
optimal utilization of onboard resources, while energy conservation is achieved through
fuel-efficient operational practices and effective auxiliary machinery management. Simi-
larly, adherence to ballast water management regulations constitutes a critical operational
responsibility governed by international maritime conventions and directly contributes to
marine environmental protection. These findings confirm that the prioritized behaviors
are not generic workplace environmental practices but ship-specific operational green be-
haviors that are inherently integrated into officers’ daily decision-making processes and
sustainability responsibilities onboard ships.

Overall, the dual-method strategy applied in this research successfully bridges the
gap between strategic sustainability aspirations and human behavioral execution. Delphi
ensured conceptual and contextual validity through evidence-based expert insight, while
IT2F-AHP translated these insights into a precise and hierarchically robust prioritization
structure. Together, they produce a scalable, flexible, and industry-relevant framework
capable of guiding policymakers, shipping companies, and maritime educators in design-
ing targeted interventions. The results highlight a layered sustainability pathway: first
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strengthening economically rational efficiency behaviors, then reinforcing environmen-
tally aligned operational practices, and progressively nurturing the social-cultural foun-
dations that sustain long-term behavioral transformation in maritime operations.

6. Conclusions

This study proposes a methodologically rigorous and context-sensitive framework
for prioritizing Employee Green Behavior (EGB) practices among officer-class seafarers,
addressing the maritime industry’s urgent need to operationalize sustainability at the be-
havioral level. By integrating Delphi with the Interval Type-2 Fuzzy Analytic Hierarchy
Process (IT2F-AHP), the study effectively manages the inherent uncertainty and variabil-
ity in expert judgments while validating a structured set of EGB practices aligned with
the environmental, economic, and social pillars of sustainability. The findings demon-
strate that practices such as resource efficiency, energy conservation, and waste reduction
constitute not only feasible but also strategically critical behavioral priorities for advanc-
ing sustainable maritime operations and supporting global decarbonization initiatives.

An important theoretical contribution of this research is the contextual adaptation of
Employee Green Behavior (EGB) to the maritime domain. Unlike previous EGB studies
that predominantly focus on conventional organizational environments, this study
demonstrates that environmentally responsible behaviors performed by officer-class sea-
farers are embedded within operational decision-making processes, environmental com-
pliance requirements, and shipboard safety management systems. Accordingly, the iden-
tified behaviors extend the traditional EGB framework by incorporating operational re-
sponsibilities that are unique to maritime transportation and directly linked to sustainable
ship operations [2,5,26,101-106].

Beyond its applied significance, the study contributes to sustainability theory by em-
pirically illustrating how micro-level actions, particularly those undertaken by ship offic-
ers serve as decisive enablers for achieving macro-level environmental and economic out-
comes. In doing so, the research helps close the conceptual gap between normative sus-
tainability discourse and practical implementation, offering a behaviorally grounded tax-
onomy and a robust prioritization methodology that can inform decision-making in other
safety-critical and highly regulated sectors as well.

The results hold substantial strategic value for maritime policymakers, fleet manag-
ers, and human resource practitioners seeking to embed sustainability into shipboard cul-
ture and operational systems. By identifying behaviors that are both influential and ac-
tionable, the study provides a foundation for designing targeted training programs, com-
petency frameworks, performance assessment mechanisms, and incentive structures.
These insights are particularly relevant in light of tightening international regulatory
frameworks such as the IMO GHG Strategy and the European Union’s Fit for 55 initiative,
which increasingly demand behavioral alignment alongside technological advancement.

To facilitate the practical translation of the IT2F-AHP prioritization results into oper-
ational practice, Table 11 presents an action matrix that links each high-priority green be-
havior with corresponding training modules, onboard procedures, responsible actors,
monitoring indicators, and expected sustainability outcomes. Rather than serving solely
as a summary of the findings, the framework functions as a practical decision-support tool
that can assist shipping companies, maritime education and training institutions, and reg-
ulatory authorities in integrating environmental behaviors into organizational policies,
competency development, and sustainability management systems.
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Table 11. Practical implementation framework for promoting prioritized green behaviors among

officer-class seafarers.

Prioritized
Green Behavior

Training Module = Onboard Procedure

Responsible Monitoring Indi- Expected Sustaina-
Actor cator bility Outcome

Energy conserva- Energy-efficient

Speed optimization, ma-

. . . Master, Chief Fuel consump- Reduced GHG emis-
chinery efficiency moni-

tion ship operation . Engineer tion, EEOI sions

toring
Resource conser- Resource efficiency Water and consumables Chief Officer Water/fuel con- Reduced resource
vation training management sumption use

Ballast water

IMO BWM Con- BWMS operation and

Chief Officer PSC compliance, Prevention of ma-

management vention training  compliance BWMS records rine invasive species
. Environmental . . . - .
Environmental . Toolbox meetings, envi- Company and Training partici- Improved environ-
management train- - . . .
awareness . ronmental briefings Ship Officers pation mental culture
ing
Encouraging

crew participa-
tion

Green leadership Environmental suggestion

training

Crew participa- Stronger environ-
Master .
systems tion mental engagement

Table 11 translates the prioritized green behaviors into a practical implementation
framework for the maritime sector. Specifically, the highest-ranked behavior, energy con-
servation, can be operationalized through energy-efficient ship operation training, speed
optimization practices, and machinery efficiency monitoring under the responsibility of
Masters and Chief Engineers, with fuel consumption and the Energy Efficiency Opera-
tional Indicator (EEOI) serving as key performance indicators to support greenhouse gas
emission reductions. Similarly, resource conservation can be promoted through resource
efficiency training and onboard management of water and consumables, monitored
through resource consumption metrics to improve operational efficiency. Ballast water
management requires dedicated training on the IMO Ballast Water Management Conven-
tion and strict compliance with ballast water management system (BWMS) procedures,
with Port State Control (PSC) compliance records providing measurable indicators of en-
vironmental performance. In addition, strengthening environmental awareness through
environmental management training and regular toolbox meetings can foster a stronger
environmental culture onboard, while encouraging crew participation through green
leadership training and environmental suggestion systems can increase crew engagement
and facilitate the long-term integration of sustainable practices into daily shipboard oper-
ations. Overall, the proposed action matrix operationalizes the IT2F-AHP prioritization
results by providing a structured implementation pathway for shipping companies, mar-
itime education and training institutions, and maritime regulators. Accordingly, the pri-
oritization exercise is transformed from a ranking framework into an actionable decision-
support tool capable of guiding sustainability-oriented behavioral interventions across
the maritime sector.

It should be emphasized that the priority weights obtained through the Delphi-IT2F-
AHP framework reflect the experts” perceived importance of the identified green behav-
iors rather than their directly measured environmental impacts. Accordingly, higher pri-
ority weights should not be interpreted as evidence that a particular behavior produces
greater reductions in greenhouse gas emissions, waste generation, water consumption, or
environmental compliance risks. Instead, the prioritization results should be interpreted
as reflecting expert consensus regarding the relative strategic importance of these behav-
iors for promoting sustainable shipboard operations rather than as empirical estimates of
their environmental effectiveness. Future empirical studies may validate these findings
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by examining the quantitative environmental outcomes associated with the implementa-
tion of the prioritized behaviors.

Nevertheless, certain limitations should be acknowledged. Although Delphi and
IT2F-AHP enhanced methodological robustness, reliance on expert judgment, despite be-
ing systematically managed, inevitably introduces an element of subjectivity. Addition-
ally, the exclusion of some commonly cited EGB practices due to contextual inapplicability
(e.g., sustainable commuting) highlights the need for continual adaptation of sustainabil-
ity frameworks to the lived realities of seafaring life. Future research may therefore extend
this work through longitudinal analyses to observe behavioral change over time, expand
expert participation across broader geographic regions to enhance generalizability, or
conduct comparative studies across different vessel types and organizational contexts.

Although the present study does not include an independent empirical validation
stage (e.g., application in a real shipping company or evaluation by a second expert panel),
several procedures were implemented to enhance the credibility and robustness of the
proposed framework. The Delphi process ensured iterative expert consensus, consistency
ratios confirmed the reliability of pairwise comparisons, and comprehensive sensitivity
analyses demonstrated that the prioritization results remained stable under alternative
weighting scenarios. Nevertheless, future studies may further validate the proposed
framework through real-world case applications, independent expert panels, or compar-
isons with observed environmental performance indicators.

Further inquiry may also investigate whether the prioritization of green behaviors
changes under emerging autonomous and digitally supported ship operations, where the
roles, responsibilities, and decision-making processes of officer-class seafarers are ex-
pected to evolve substantially. Examining how increasing levels of automation influence
the relative importance and practical implementation of the identified green behaviors
would provide valuable insights into the future of sustainable maritime operations. In
addition, organizational enablers such as green leadership, supportive policy environ-
ments, and digitalization may be examined as moderating factors affecting the adoption
and effectiveness of the prioritized green behaviors. Mixed-method designs combining
observational data, onboard performance analytics, and advanced decision-support mod-
els could further enhance understanding of the long-term effectiveness and adaptability
of these behaviors across different operational contexts.

Although the robustness of the proposed IT2F-AHP framework was evaluated
through consistency analysis and comprehensive sensitivity analyses based on criterion-
weight variations, all expert judgments were treated with equal importance throughout
the Delphi and IT2F-AHP processes. Recent methodological studies have emphasized that
assuming equal importance among experts may not always adequately capture differ-
ences in professional experience, domain expertise, or familiarity with the decision prob-
lem and that alternative expert-weighting strategies can provide additional insights into
the robustness of MCDM results. In particular, previous studies have recommended com-
paring equal weighting, experience-based weighting, and familiarity-based weighting
schemes to examine how different assumptions regarding expert importance influence
prioritization outcomes and improve the generalizability of decision-support frameworks
[131,155,156]. Therefore, future research may extend the proposed framework by incor-
porating alternative expert-response weighting schemes and comparing their effects on
the prioritization of green behaviors among officer-class seafarers. Such comparative anal-
yses would provide additional evidence regarding the stability, robustness, and transfer-
ability of the proposed decision framework across different expert panel configurations.
Moreover, such analyses would complement the criterion-weight sensitivity analysis con-
ducted in the present study by evaluating the influence of alternative expert-response
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weighting assumptions on the final prioritization results, thereby providing a more com-
prehensive assessment of the robustness of the proposed IT2F-AHP framework.

Future research may compare the prioritization of green behaviors between ship-
board officers and shore-based maritime managers by establishing separate expert panels
for each stakeholder group. Since the present study included both operational and shore-
based experts within a single evaluation panel, future studies could investigate whether
the relative importance of sustainability dimensions and green behaviors differs across
these stakeholder groups. Such comparative analyses would provide valuable insights
into potential differences in sustainability priorities and help identify possible alignment
or misalignment between shipboard and shore-based perspectives in implementing mar-
itime sustainability strategies throughout shipping organizations.

In conclusion, this study advances the operationalization of sustainability in the ship-
ping industry by transforming abstract environmental ideals into prioritized, evidence-
based behavioral strategies.

Recognizing ship officers not as passive policy recipients but as proactive drivers of
sustainable transformation marks a critical step toward a more responsible, resilient, and
environmentally aligned maritime future.
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