
Vol XXII. No. II (2025) pp 9–25

ISSN: 1697-4840, www.jmr.unican.es

JOURNAL OF MARITIME RESEARCH

Modeling Analysis of Lecturer Digital Competence at Maritime Colleges
using Analytical Hierarchy Process and System Dynamics

Mukhlis Mukhlis1, Adi Bandono1, A.K. Susilo1,∗, A. R. Prabowo1

ARTICLE INFO ABSTRACT

Article history:
Received 20 Sep 2023;
in revised from 11 Oct 2023;
accepted 11 Nov 2023.

Keywords:
Lecturer Digital Competence;
Maritime Colleges; System dynamics
modeling; Tertiary Institution;
Education Quality.

This Assessing lecturers’ digital competence is necessary to understand educational technology and
learning processes from a sociocultural perspective, particularly within maritime tertiary institutions.
This research proposed a model and analysis of digital competency among lecturers at maritime uni-
versities in Indonesia. This qualitative research was performed based on the competency theory and
statistical measures including analytical hierarchy processes and system dynamics modeling. The re-
search revealed six main variables and 32 sub-variables, with the ”Digitality” variable having the high-
est value of 0.252. Within the global weight, the ”Digital literacy” sub-variable was a priority, with a
weight of 0.071. The analysis of Lecturer Digital Competence in Maritime Colleges in Indonesia scored
3.163 (63.26%) under the proficiency category (level 4). The analysis resulted in ”Personality” variable
obtaining the highest value at 3.254 (65.07%). The results of simulation showed “digital divide” as
the factor with the strongest influence on the decline in lecturers’ digital competence with a value of
1.180. Lecturers’ Digital Competence in Indonesian Maritime Colleges can be improved by lowering
the initial digital divide value.
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1. Introduction.

The maritime industry has witnessed significant develop-
ments in the evolution of seafarers throughout its history (Sen-
bursa, 2020). The examination of maritime incidents over time
has highlighted deficiencies in the capacity of operators to man-
age resources and respond to crises effectively. It is strongly
recommended that maritime universities implement advanced
educational strategies to enhance the learning experience of their
students (Elashkar, 2016). Various countries have distinct sys-
tems for assessing the knowledge of seafarers researching in
maritime colleges. It is essential to evaluate the competency
levels of educators in higher education, alongside students (E-
lashkar & Farag, 2015). To ensure the quality of education, it
is not only necessary to meet administrative requirements but
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also to possess professional competence as an instructor (Lam-
atokan & Rahmadhani, 2022).

The current code of ethics lacks specificity in its compe-
tency assessment criteria, as it primarily relies on general per-
formance outcome statements rather than specific behaviors (E-
lashkar, 2016). In the context of a knowledge society, dig-
ital competence stands out as a crucial distinguishing factor
(Zhao et al., 2021). Furthermore, professional digital compe-
tence is essential for comprehending educational technology
and learning processes from a sociocultural perspective, a ne-
cessity applicable even in maritime universities (Pinto-Santos et
al., 2022) (Hopcraft, 2021). Educators with digital competence
are adept at effectively utilizing digital technologies, creating
innovative teaching resources, and offering valuable guidance
and support to their students (Zhao et al., 2021).

Currently, there are notable limitations concerning the avail-
ability of specific data that require attention to achieve compre-
hensive development of digital competency within the univer-
sity context (Basantes-Andrade et al., 2022). Many universities
rely on self-reported data for evaluation, which may not accu-
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rately reflect the true level of digital competency (Zhao et al.,
2021). DeLuca et al. (2016) have pointed out the lack of cover-
age for all standards and potential assessment tools for assess-
ing lecturer digital competency, thereby highlighting the ab-
sence of an appropriate instrument for measuring digital com-
petency in higher education, especially in maritime universities
(Saltos-Rivas et al., 2021). Consequently, DeLuca et al. (2016)
have recommended the development of standards for assessing
lecturer competence as a vital area for future research. Further-
more, Basantes-Andrade et al., 2022 emphasize the importance
of focusing on identifying dimensions of digital competency
for substantive higher education in forthcoming research en-
deavors. Zhao et al. (2021) propose a more holistic approach,
suggesting the integration of quantitative and qualitative data
methods to yield comprehensive results on digital competencies
in higher education. Ersoy (2021) also underscores the need
for future studies to adopt the MCDM (Multi-Criteria Decision
Making) approach to bolster digital competency assessments
among lecturers.

This research aims to model and analyze the digital compe-
tency of lecturers within Indonesian maritime universities. This
investigation holds significance for several reasons. Firstly, lec-
turers in maritime universities must possess adequate digital
competence to effectively educate and prepare students (Basilotta-
Gómez-Pablos et al., 2022). Secondly, an understanding of the
current levels of digital competency can help pinpoint gaps and
areas in need of improvement (Saltos-Rivas et al., 2023; Torres-
Hernández & Gallego-Arrufat, 2022). To gather data, the re-
searchers employed a combination of surveys, interviews, and
observations to assess faculty members’ proficiency in using
digital tools, their familiarity with digital pedagogy, and their
ability to seamlessly integrate technology into their teaching
practices. Thirdly, this research identified best practices and
strategies (Bilbao-Aiastui et al., 2021) for the effective integra-
tion of technology into maritime education, with a focus on op-
timizing its benefits and enhancing student learning outcomes
(Pinto-Santos et al., 2022).

This research is grounded in competency theory and em-
ploys statistical qualitative research methods, aligning with the
framework outlined by Zhao et al. (2021), which includes an-
alytical hierarchy processes and system dynamics modeling.
Data collection is carried out across multiple maritime-focused
universities in Indonesia, with a particular focus on institutions
in East Java. This data serves as the foundation for the devel-
opment of digital competency and is enriched by insights from
18 expert panels with relevant expertise. Data analysis utilizes
Nvivo software for qualitative analysis and employs Microsoft
Excel and Stella for quantitative analysis.

This research offers several significant contributions. Firstly,
it introduces a comprehensive framework to comprehend the di-
verse dimensions and proficiency levels of digital competence
required by lecturers in maritime colleges. This framework
serves as a valuable tool for identifying areas in need of im-
provement and guiding professional development initiatives within
the maritime sector. Secondly, the research identifies key stake-
holders influencing the development of digital competence among
maritime university lecturers, enabling the design of strategies

aimed at enhancing lecturers’ digital skills. Thirdly, it illu-
minates the intricate relationship between digital competence
and teaching effectiveness in maritime education, facilitating
the seamless integration of technology into maritime education
while ensuring lecturers possess the necessary skills. Fourthly,
by pinpointing the specific digital competencies essential for
maritime college lecturers, this research assists in designing tar-
geted training programs to elevate teaching practices. Lastly,
the research lays the foundation for customized training initia-
tives, aligning technology use with maritime industry standards
and best practices, thereby enhancing overall educational out-
comes.

2. Literature Review.

2.1. Lecturer Competence.
Competency, as defined by Ismail et al., (2018), serves as an

indicator of an employee’s work performance within an organi-
zation, signifying excellence or highlighting areas for profes-
sional development. In the realm of lecturers, it encompasses
attributes such as subject matter expertise, pedagogical skills,
effective communication, and the ability to motivate students,
as articulated by Baryanto, (2021). Yan et al., (2022) further
expand on lecturer competency, describing it as a comprehen-
sive amalgamation of knowledge, skills, attitudes, and beliefs
that empower effective problem-solving. A competent lecturer,
as outlined by Do et al., (2020), not only excels in their field
of research but also possesses the teaching techniques neces-
sary for impactful content delivery. Lecturer’s competency in-
volves the timely execution of responsibilities based on compe-
tence, experience, and dedication, emphasizing its crucial role
in achieving educational goals and ensuring the success of edu-
cators and students alike (Retnowati et al., 2021).

2.2. Digital Competency.
Digital competency, as defined by Fernández-Batanero et

al., (2021), represents an individual’s capacity to effectively
and efficiently harness digital technology for problem-solving,
communication, and navigation within the digital realm. This
encompassing concept includes a range of skills, knowledge,
and attitudes essential for thriving in the digital age (Falloon,
2020). In an era marked by rapid technological advancement
and its pervasive integration into various facets of human life,
digital competence has assumed paramount significance in both
personal and professional spheres (Fatkhurrochman et al., 2022;
Shahbakhsh et al., 2022). Within the context of shipping com-
panies, competence in this domain relies on the awareness and
knowledge of staff, their proficiency in technology utilization,
and their ability to leverage assets, such as ships, to bolster tech-
nological capabilities (Gavalas et al., 2022).

At its core, digital competency encompasses fundamental
technical skills, such as proficiently operating digital devices
(Basantes-Andrade et al., 2022), along with adeptly using vari-
ous software applications and effectively navigating online plat-
forms (Vishnu et al., 2022). However, digital competency ex-
tends beyond mere technical proficiency. It also embraces crit-
ical thinking skills, as emphasized by Lorencová et al., (2019),
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which are indispensable for evaluating online information in
terms of credibility and accuracy (Sofyan et al., 2021). This
entails the capacity to discern trustworthy sources from misin-
formation or fake news. Furthermore, digital competence en-
compasses the ability to safeguard personal information and
uphold privacy and security while engaging with digital tech-
nology (Vishnu et al., 2022).

2.3. Maritime Digital Competence.
Maritime digital competency encompasses the capacity of

individuals, organizations, and industries within the maritime
sector to effectively harness digital technologies and tools in
their operations (Cabaron, 2023; Hopcraft, 2021). In an in-
creasingly interconnected and technology-driven world, the mar-
itime industry is embracing digitalization as a means to en-
hance efficiency, safety, and sustainability (Shahbakhsh et al.,
2022). This competence within the maritime sector encom-
passes a wide range of components, including technical skills,
knowledge of digital tools and systems, proficiency in data anal-
ysis and cybersecurity, and adaptability to emerging technolo-
gies (Cabaron, 2023; Gavalas et al., 2022). It extends beyond
the mere use of digital tools to encompass the ability to lever-
age data-driven insights for informed decision-making and ef-
fective problem-solving. Maritime digital competency plays a
pivotal role in optimizing ship performance, streamlining logis-
tics and supply chain management, enhancing safety measures,
and mitigating environmental impact (Chlomoudis et al., 2022;
Shahbakhsh et al., 2022).

The development of maritime digital competencies neces-
sitates individuals to acquire a set of specialized skills aligned
with the digital technologies prevalent in the industry. These
skills encompass proficiency in utilizing electronic navigation
systems, comprehension of maritime communication protocols,
expertise in data analysis techniques, knowledge of cyberse-
curity measures, and command of utilizing Internet of Things
(IoT) devices for monitoring and control purposes (X. Li et al.,
2021; Shahbakhsh et al., 2022). Moreover, individuals must
demonstrate adaptability to emerging technologies and stay a-
breast of the latest advancements in the field (Yuen et al., 2022).

The effective utilization of digital tools and systems in the
maritime sector yields substantial benefits. Maritime profes-
sionals can significantly enhance operational efficiency by op-
timizing routes, minimizing fuel consumption, and reducing
downtime (Gavalas et al., 2022). Furthermore, digitalization
allows for real-time monitoring of vessel performance, enabling
proactive maintenance and bolstering safety measures. Through
data analysis, valuable insights into operational patterns are gle-
aned, empowering informed decision-making and efficient re-
source allocation (Li et al., 2021). Digital competencies play a
pivotal role in promoting environmental sustainability by facili-
tating the adoption of eco-friendly practices and curbing carbon
emissions (Kilpi et al., 2021).

3. Methodology.

This research employed a qualitative descriptive statistical
method approach, combining qualitative and quantitative data

collection sequentially (Manca et al., 2022; Yates et al., 2021).
Initially, qualitative data were gathered to identify variables re-
lated to digital competency among lecturers in maritime univer-
sities. Subsequently, descriptive statistical analysis was used
to present statistics, including the percentage weight of each
variable derived from the Saaty scale, mean values, and com-
petency level assessments. Primary data were obtained from
experts, specifically maritime experts who encompassed both
practitioners and academics. The criteria for selecting these
experts included: 1) Academic experts with a minimum of a
Master’s degree (Hult Khazaie & Khan, 2020; Rioja-Lang et
al., 2020); 2) Practitioners with relevance to the lecturer com-
petency level in maritime colleges (Fallah & Ocampo, 2021); 3)
Professionals with more than 5 years of work experience in the
field (Khalilzadeh et al., 2020; Kim & Kim, 2022). Secondary
data sources encompassed various materials such as news arti-
cles, information from print media, findings from previous re-
search in online media, archival records, regulations and poli-
cies, official institutional documents, and content from official
social media accounts.

This research was conducted in Jakarta, involving several
maritime-based high school areas in East Java as representa-
tive samples reflecting lecturers’ digital competence. The re-
search entailed distributing questionnaires to experts, leverag-
ing insights from several secondary data sources. Notably, as-
sessing lecturers’ digital competence has been a longstanding
focus of researchers. In Indonesia, where there is a substantial
demand for seafarers, this investigation assumes critical impor-
tance. Therefore, researchers recognize a significant opportu-
nity to contribute to this field by offering theoretical insights
and expanding the body of knowledge in the assessment of lec-
turers’ digital competence in maritime universities.

3.1. Analytical Hierarchy Process (AHP).
AHP (Analytic Hierarchy Process) is a method used to rep-

resent intricate multi-factor or multi-criteria problems through
a structured hierarchy. As defined by Saaty, this hierarchy con-
stitutes a multi-level structure wherein the top level represents
the primary goal, followed by subsequent levels consisting of
factors, criteria, sub-criteria, and so forth, cascading down to
more detailed levels. Another noteworthy aspect of AHP is that
it allows complex problems to be grouped and organized hier-
archically, resulting in a more systematic and structured repre-
sentation (Saaty, 2006). One of AHP’s distinctive advantages,
setting it apart from other decision-making models, is its flexi-
bility regarding absolute consistency requirements. This means
that while problems can be perceived and assessed, the method
does not require complete numerical data for quantitative prob-
lem modeling (Siekelova et al., 2021).

Humans can instinctively estimate simple quantities by com-
paring two objects. For this reason, Saaty established a quan-
titative scale of 1 to 9 to assess the comparative importance of
other elements. There are 7 pillars of AHP modeling, includ-
ing (Marzouk & Sabbah, 2021; Saaty, 2012): The ratio scale
is a comparison of two values (a/b) where the values a and b
are of the same type (units); 2) Pairwise comparison; 3) Eigen-
vector sensitivity conditions; 4) Homogeneity and grouping; 5)
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Synthesis; 6) Maintaining and reversing the order of weight and
order in the hierarchy; 7) Group considerations.

Table 1: AHP Rating Scale.

Source: Authors.

The steps of the AHP method include:

a. Creating a pairwise comparison matrix:

A = aim =


1 a12 · · · a1n
1

a12
1 · · · a2n

· · · · · · · · · · · ·
1

a1n

1
a2n

· · · 1

 (1)

i, m = 1, 2, ...... , n = related criteria index.
b. Creating a matrix value criteria.
c. Creating an additional Matrix for Each Row.
d. Assessing Consistency Index (CI) and Consistency Ratio

(CR).

CI =
λmax − n

n
; (2)

CR =
CI
RI

(3)

N = Number of Elements,
RI = Random Consistency Index.

If the CR (Consistency Ratio) is 0.1 (i.e., 10%), the matrix is
considered consistent, and the decision is accepted. Conversely,
if CR is greater than that, it means there are too many contra-
dictions in the matrix. Anticipating the latter situation involves
reviewing the matrix and then revising the weights loaded by
the vector.

Table 2: Random Consistency Index Value.

Source: Authors.

3.2. System dynamics.
Modeling serves as an invaluable approach to tackling real-

world problems, especially when direct implementation or ex-
perimentation becomes impractical. It enables system optimiza-
tion before real-world execution, involving the abstraction of
real-world issues into a model and subsequent analysis for im-
plementable solutions (Sterman, 2018). In contrast, simulation

is the operationalization of a system model, typically employed
to anticipate and mitigate the impacts of changes in an existing
system, eliminate unexpected challenges, conserve resources,
and optimize system performance (Forrester, 2009).

According to the System Dynamics Society, System Dy-
namics (SD) is described as ”a method for acquiring knowl-
edge and handling complex comment structures.” Originally
proposed by Jay W. Forrester in the 1950s, System Dynamics
offers a systematic approach to solving complex problems that
arise due to various factors, trends, and the influence of multiple
variables within a system. This approach was initially applied
to address control problems, including issues such as stock fluc-
tuations, business activity volatility, and market share decline.
To implement System Dynamics, a model is constructed in the
form of a centralized diagram, which is then translated into a
flowchart that represents simulation variables and parameteri-
zation. This modeled system is subsequently prepared for sim-
ulation (Forrester, 2016). The definitions of variables within a
dynamic structure are provided in Table 3.

Table 3: Symbol of system dynamics.

Source: Authors.

System Dynamics models often employ different types of
diagrams to represent the structure of feedback loops. One
common type is the Causative Loop Diagram (CLD), which
serves as a cause-and-effect diagram. CLDs illustrate the di-
rection of variable flow modification and its polarity, with flow
polarity categorized as positive and negative. Another graph-
ical representation used in System Dynamics is the flowchart.
Flowcharts provide a comprehensive depiction of the relation-
ships between variables, building upon the cause-and-effect di-
agram by using clear and standardized symbols to represent var-
ious interconnected variables (Forrester, 2010).

A Causative Loop Diagram (CLD) serves as a graphical
language that interconnects different variables within a system
using a circular diagram. Arrows in CLDs are used to indi-
cate cause-and-effect relationships among variables. The ar-
rowhead signifies the effect, while the base of the arrow repre-
sents the cause. For modelers, it is imperative to have a deep
understanding of real-world processes to ensure that their log-
ical model aligns with reality. This understanding is achieved
through characterizing causal variables and distinguishing be-
tween dependent and independent variables (Sterman et al., 20-
15). In this particular research, the analysis of system dynamics
is facilitated using Stella 9 software, which provides tools and
capabilities for modeling and simulating complex systems.
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Figure 1: Minimal stock and flow diagrams in System Dynam-
ics.

Source: Forrester, 2009; Morshedi & Kashani, 2020;
Schoenenberger et al., 2021.

3.3. Conceptual Framework.

Figure 2: A Conceptual Framework for Assessment of Lecturer
Digital Competence at Maritime College in Indonesia.

Source: Authors.

This research focuses on examining the resilience of the
maritime cyber domain within Indonesian maritime regions, struc-
tured into three distinct stages. The first stage employs a liter-
ature review, brainstorming sessions with questionnaires, and
expert assessments to identify critical variables and analyze the
relationships between these variables concerning maritime cy-
ber resilience. In the second stage, the measurement process
involves assigning weights and evaluating maritime cyber re-
silience. Weighting is conducted using the Analytic Hierarchy
Process (AHP) method, leveraging data collected from selected
experts representing relevant stakeholders. Subsequently, as-
sessment is carried out using a Likert scale. Finally, the third
stage involves evaluating and analyzing the value of maritime
cyber resilience through the application of system dynamics
modeling, providing a comprehensive perspective on the re-
silience of the maritime cyber domain in the Indonesian con-
text.

In the assessment of maritime cyber resilience analysis, the
process begins by computing the average score for the resilience
dimensions across all sub-variables identified. Subsequently,
the overall resilience rating is calculated for each variable and
its associated sub-variables, with the weights assigned based on
expert evaluations. Experts are tasked with distributing a total
weight of 100% among the variables and sub-variables, ensur-
ing proportional allocation. The resilience rating calculation
follows a methodology adapted from previous research sources
such as Herrera (2017), Li et al. (2020), and Mbanaso et al.
(2019).

Resilience Index =
(Variable 1 × weight) + (Variable 2 × weight) + · · · + (Variable x × weight)

100
(4)

Table 4: AHP scale values and Likert scores and Resilience
Categories values.

Source: Octavian et al. (2021); Aksha et al. (2019); Rehak et
al., (2019).

Table 5: Resilience Level of Maritime Cyber.

Source: Authors.

4. Results and Discussion.

4.1. Identification of key variables in Lecturer Digital Compe-
tence in Maritime Colleges.

Identifying key variables is a pivotal step in the compre-
hensive analysis of lecturers’ digital competence within mar-
itime universities. Through the identification and comprehen-
sion of these variables, researchers and educators can gain valu-
able insights into the factors that contribute to lecturers’ digi-
tal competence and craft effective strategies for enhancing their
proficiency in this domain. The evaluation of lecturers’ tech-
nological aptitude yields critical information concerning their
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preparedness to embrace and effectively utilize digital tools in
their instructional practices. These essential variables can be
ascertained via a thorough examination of existing literature,
expert consultations, or exploratory research. Key variables,
being those that exert a substantial influence on research out-
comes, are of paramount importance for comprehending the
phenomenon of Lecturer Digital Competence in Maritime Col-
leges.

In the realm of maritime universities, the significance of lec-
turers possessing digital competence cannot be overstated, as it
plays a pivotal role in preparing students to navigate the chal-
lenges and advancements within the maritime industry. Given
the swift integration of technology across various facets of mar-
itime operations, lecturers must possess digital competence to
effectively educate and train the next generation of profession-
als in this domain. Digital competence, in this context, en-
compasses the aptitude to confidently, critically, and creatively
harness digital technology to attain objectives related to work,
learning, and societal participation. Within maritime universi-
ties, lecturers endowed with digital competence are equipped
with the requisite knowledge and skills essential for harnessing
digital tools and resources in their pedagogical, research, and
administrative pursuits.

To conduct a thorough analysis of Lecturer Digital Compe-
tence in Maritime Colleges, it is essential to identify the pri-
mary variables. In the process of selecting variables as indi-
cators, this article takes into account the context and frame-
work established by the primary objective of this research: the
identification of Lecturer Digital Competence in Maritime Col-
leges. Several modifications are necessary to tailor these vari-
ables to this specific context. Therefore, the variables asso-
ciated with Lecturer Digital Competence, while not generally
deemed representative, have been either eliminated or replaced
with more pertinent alternatives. The approach employed here
involves utilizing expert judgment as a valuable tool to exten-
sively validate the empirical determination of the indicators out-
lined above, including:

Having successfully identified six main variables and 32
sub-variables for Lecturer Digital Competence in Maritime Col-
leges, the subsequent phase involves establishing relationships
between these variables and sub-variables. This is accomplished
through the utilization of a stock-flow diagram, which aids in
identifying cause-and-effect connections within the system. The
primary objective of this stage is to construct a quantitative
model conducive to simulation. The modeling process entails
the translation of each relationship between variables and sys-
tem model components into mathematical equations, rendering
them amenable to operation by a simulation program. The
stages in the development of the quantitative model encom-
pass the selection of the overarching quantitative structure of
the model, determination of the fundamental time unit for sim-
ulation, identification of the functional form of the model equa-
tion, estimation of the model equation’s parameters, inputting
the equation into the simulation program, executing the refer-
ence simulation, and finalizing the model equation as seen in
Figure 5.

Table 6: Selected Variables for Lecturer Digital Competence in
Maritime Colleges.

Source: Dervenis et al. (2022).

Figure 3: Causal loop diagram of Lecturer Digital Competence
in Maritime Colleges.

Source: Authors.

In evaluating dynamic system modeling for Lecturer Digital
Competence in Maritime Colleges, alignment with the model’s
objectives and scenarios is crucial. This evaluation scenario as-
sumes that the results emanate from a simulation devoid of in-
terventions, serving to gauge the consistency of Lecturer Dig-
ital Competence. The close relationship between predictions
for Lecturer Digital Competence from 2022 to 2026 and their
impact is intricately linked to six key factors: Personality (A),
Professionalism (B), Educational (C), Scienti?city (D), Com-
munication (E), and Digitality (F). The model’s development
is focused on identifying behavioral patterns and the complex
relationships among variables to ensure its suitability to real-
world conditions (Octavian et al., 2021).
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4.2. Weighting of Variable and Sub-variable.

At this stage, each expert is tasked with evaluating the pri-
mary indicators deemed most crucial for defining or predict-
ing Lecturer Digital Competence. They assess these indicators’
significance based on their extensive experience across various
maritime college domains. Experts are allowed to conduct mul-
tiple ranking alternatives to reflect their nuanced perspectives.
Furthermore, experts are prompted to consider whether differ-
entiation among the primary indicators representing Lecturer
Digital Competence is warranted. The weighting process is
conducted employing the Analytical Hierarchy Process (AHP)
method, aligning with the established criteria for evaluating the
relationships between variables and sub-variables over time.

The model’s outputs vary, contingent upon the specific prob-
lem under examination. It yields a vector comprising the local
weights assigned to the considered alternatives for each sub-
criterion. Subsequently, this local vector, representing sub-criteria
weights, undergoes normalization and is then multiplied by the
global vector, which encapsulates the weights assigned to higher-
level criteria (parent criteria). This process culminates in the
final vector for the decision problem as made by Improta et
al., (2018). To summarize, this hierarchical simulation entails
the consideration of each criterion, accounting for not only the
intricate interdependencies among sub-criteria under the same
parent criterion but also their temporal variability, mirroring the
principles of system dynamics modeling.

By utilizing the weights assigned to the scenario rating cri-
teria, it becomes possible to derive decision vectors at each
time step within the simulation process. This approach effec-
tively transcends the static nature of conventional AHP method-
ologies and facilitates the implementation of dynamic, time-
varying decision-making processes. The AHP formula is ap-
plied to both criteria and sub-criteria, with the resulting out-
comes being compared to the simulation results generated by
the model. This decision-making process yields evaluation val-
ues and scenarios, ultimately identifying the optimal combina-
tion of parameters. The results of the weighting process are
presented in Figure 4 and Table 14.

Table 7: Pairwise comparison matrix aggregation for Lecturer
Digital Competence in Maritime Colleges.

Source: Authors.

Table 7 highlights the priority criterion variables, with Dig-
itality (F) bearing the highest weight value at 0.252, followed
by Scienti?city (D) with a weight of 0.200, and Educational

(C) ranking third with a weight of 0.196. The emphasis on
Digitality underscores the acceleration of workflow, rendering
low-skilled tasks, bureaucratic processes, paperwork, and sim-
ple duties obsolete (Edler & Infante, 2019). The increasing
importance of digital information literacy skills and competen-
cies for maritime professionals and students is evident (Chlo-
moudis et al., 2022). Ensuring seafarers possess adequate dig-
ital skills for safe operations is imperative (Hopcraft, 2021).
Moreover, lecturers must grasp the significance of digital com-
petence to adapt to the evolving educational landscape, where
technology plays a pivotal role in teaching and learning pro-
cesses (Cabaron, 2023). 3). The advent of digitalization of-
fers opportunities for maritime educators to integrate immer-
sive technologies like virtual reality and augmented reality into
training programs, bridging the gap between classroom-based
and real-life training (Yuen et al., 2022).

Table 8: Pairwise comparison matrix aggregation pada variable
Personality for Lecturer Digital Competence in Maritime Col-
leges.

Source: Authors.

Table 8 sheds light on the priority sub-variables within the
Personality variable, with Morality (C5) garnering the highest
weight value at 0.286. Following closely is the sub-variable
Personal Integrity and Reliability (C3) with a weight of 0.249,
and in third place is the Energy sub-variable (C1) with a weight
of 0.190. This prioritization of Morality aligns with the ob-
servation that individuals tend to attach greater importance to
negative behaviors when assessing morality over positive be-
haviors (Kharouf & Lund, 2019). Despite the advancements in
digitalization, human morality remains reliant on direct com-
munication and interaction among individuals (Rahmawati et
al., 2021). The cultivation of morality from the outset of one’s
professional journey is vital, as it instills values that contribute
to the establishment of an ethical organizational culture (Wan-
tanakomol & Silpcharu, 2020).

Table 9 highlights the priority sub-variables within the Pro-
fessionalism variable, with Discipline (C9) commanding the
highest weight value at 0.323. Following closely is the sub-
variable Practical Knowledge (C7) with a weight of 0.213, and
in third place is the Theoretical knowledge sub-variable (C6)
with a weight of 0.188. This prioritization of Discipline aligns
with the observation that current educators exhibit strong emo-
tional control and discipline when dealing with students requir-
ing additional teaching efforts (Ismail et al., 2018). Discipline
emerges as a pivotal factor influencing the level of digital in-



M. Mukhlis et al. / Journal of Maritime Research Vol XXII. No. II (2025) 9–25 16

Table 9: Pairwise comparison matrix aggregation pada variable
Professionalism for Lecturer Digital Competence in Maritime
Colleges.

Source: Authors.

formation literacy (Saltos-Rivas et al., 2023). In the maritime
sector, which draws from diverse disciplines and practical ex-
perience, a profound understanding of maritime concepts and
the ability to integrate knowledge from various scientific fields
are essential to achieving learning objectives and preparing stu-
dents for the workforce (Yuen et al., 2022).

Table 10: Pairwise comparison matrix aggregation pada vari-
able Educational for Lecturer Digital Competence in Maritime
Colleges.

Source: Authors.

Table 10 reveals the priority sub-variables within the Edu-
cational variable, with Adaptability (C14) claiming the highest
weight value at 0.222. Following closely is the sub-variable
Planning (C13) with a weight of 0.216, and in third place is
the Coaching sub-variable (C15) with a weight of 0.188. This
prioritization underscores the growing recognition of the need
to enhance adaptability in the face of rapid change (Mikkonen
et al., 2019). The concept of adaptability can be likened to re-
silience in the context of coping with external shocks, as ex-
emplified by the proposed adaptive cycle model by Dziembała,
(2021). Furthermore, internal flexibility, represented by adapt-
ability, pertains to the capacity to adjust to new circumstances
and demands, thereby enabling more effective responses and
the exploitation of existing opportunities that can foster innova-
tion (Silva et al., 2021).

Table 11: Pairwise comparison matrix aggregation pada vari-
able Scientificity for Lecturer Digital Competence in Maritime
Colleges.

Source: Authors.

Table 11 highlights the priority sub-variables within the Sci-
entificity variable, with both Imagination (C19) and Effective-
ness (C22) sharing the top position, each with a weight of 0.219.
In third place is the sub-variable Innovativeness (C18) with a
weight of 0.201. Imagination and effectiveness emerge as piv-
otal factors in the scientific facets of digital competence among
maritime lecturers. In this context, imagination pertains to the
capacity for creative thinking and the generation of innovative
ideas, while effectiveness refers to the ability to achieve desired
results or goals.

Lecturers should possess the ability to envision the seam-
less integration of technology into their teaching methodolo-
gies, with the ultimate aim of elevating the overall learning
journey for their students. For instance, they could consider
the utilization of virtual reality simulations to offer practical,
hands-on training to maritime students, or harnessing online
collaborative tools to streamline group projects. In the realm
of digital competence, the efficacy factor carries equal weight.
Lecturers must ensure that technology deployment harmonizes
with educational objectives and contributes positively to stu-
dent learning achievements. This necessitates meticulous plan-
ning and a rigorous evaluation of how digital tools impact the
teaching and learning processes.

Table 12: Pairwise comparison matrix aggregation pada vari-
able Communication for Lecturer Digital Competence in Mar-
itime Colleges.

Source: Authors.

As seen in Table 12, within the Communication variable,
the sub-variable Empathy (C25) holds the highest priority with
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a weight of 0.287, followed closely by the Listening sub-variable
(C23) at 0.251, and in third place, the Presentation sub-variable
(C26) with a weight of 0.201. In the context of maritime edu-
cation, empathy in communication assumes critical importance
for effective interpersonal interaction. Maritime educators with
strong digital competencies can leverage various elements to
enhance their empathetic communication skills, fostering emo-
tional connections with students and creating a supportive, in-
clusive learning environment. This empathy, in turn, helps in-
structors better understand students’ needs and challenges, lead-
ing to improved communication and enhanced learning out-
comes. In a rapidly evolving maritime industry influenced by
technological advances, educators must stay updated and inte-
grate relevant digital tools into their teaching practices. Em-
pathy plays a crucial role in this process, aiding instructors in
comprehending students’ struggles with technology adaptation
and providing tailored guidance and support for a smooth tran-
sition to digital platforms.

Table 13: Pairwise comparison matrix aggregation pada vari-
able Digitality for Lecturer Digital Competence in Maritime
Colleges.

Source: Authors.

Referring to Table 13, it is evident that within the Digi-
tality variable, the sub-variable Digital literacy (C28) assumes
top priority, carrying a weight of 0.283. Following closely, the
Digital Communication and Cooperation (C30) sub-variable se-
cures the second position with a weight of 0.224, while the
Safety sub-variable (C31) takes the third spot with a weight
of 0.223. Digital literacy encompasses the competence to ef-
fectively and responsibly utilize digital technology, covering a
broad spectrum of skills, including navigating online platforms,
conducting efficient information searches, critically evaluating
digital content, proficiently communicating and collaborating
through digital tools, and safeguarding personal information
and privacy within the digital realm. In the context of maritime
college lecturers, digital literacy plays a pivotal role in enhanc-
ing their digital competence, necessitating a strong foundation
in navigating online platforms, conducting research using on-
line databases and search engines, critically assessing the relia-
bility and credibility of online content, and effectively utilizing
communication tools for interactions with students. To bolster
digital literacy among maritime higher education lecturers, in-
stitutions must extend adequate support and resources, such as
training programs, technology access, and a culture of innova-
tion and collaboration.

4.3. Consistency test results.
To assess the data’s consistency from the completed ques-

tionnaire, we conducted a comparison matrix consistency test
for each method before calculating the total weight for each
variable/criterion. In the Analytic Hierarchy Process (AHP)
method, this consistency test is represented by the Consistency
Ratio (CR). Data is considered consistent if the CR value is ≤
0.1; if it exceeds 0.1, it indicates (Arora et al., 2020; Maletič et
al., 2021; Sharma et al., 2019). Based on our calculations, it is
evident that the consistency test using the AHP method yielded
CR values of < 0.1 for each variable and sub-variable (Table
7; Table 8; Table 9; Table 10; Table 11; Table 12; Table 13),
confirming the consistency of the pairwise comparison results.

Table 14: Pairwise comparison matrix aggregation pada vari-
able Digitality for Lecturer Digital Competence in Maritime
Colleges.

Source: Authors.

Table 14 presents both local and global weights for factors
and subfactors. The AHP methodology allows for the incor-
poration of assessments based on intangible qualitative criteria
alongside tangible quantitative criteria. This approach involves
pairwise comparisons of the primary criteria as well as pairwise
comparisons of multiple subcriteria for each primary criterion.
Once these pairwise comparisons for primary and sub-criteria
are completed, the global weight of the sub-criteria is deter-
mined by multiplying the local weight of the sub-criteria by
the weight of the primary criteria. Subsequently, weights are
calculated through a series of four steps, leading to the deter-
mination of both local and global weights. Local weights sig-
nify the significance of factors within their respective groups,
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while global weights indicate the priority of these factors con-
cerning Maritime cyber resilience. These global weights enable
decision-makers to make conclusions regarding the ranking of
subcriteria in terms of their importance, aligning with the per-
spective of decision-makers (Sharma et al., 2019). In practical
applications, obtaining these weights can be achieved by di-
rectly soliciting the opinions of stakeholders. It becomes essen-
tial to ensure that these weights accurately reflect the spectrum
of criteria values, as demonstrated in the research conducted by
Mustajoki et al., (2020).

Figure 4: Global weight of Sub-variable Lecturer Digital Com-
petence in Maritime Colleges.

Source: Authors.

Table 14 and Figure 4 provide a comprehensive overview
of the local and global weights, as well as the overall rankings
for each main criterion and sub-criterion. In terms of global
weights, the Digital literacy sub-variable (C28) within the Dig-
itality category emerges as the top priority with a weight of
0.071. Following closely, both the Digital Communication and
Cooperation (C30) and Safety (C28) sub-variables in the Dig-
itality category share the same weight of 0.056. Within the
context of maritime universities, digital literacy holds immense
significance for lecturers as it empowers them to effectively en-
gage with students and deliver educational content through dig-
ital technology. Digital communication entails the utilization
of various digital tools and platforms, including email, instant
messaging, video conferencing, and social media, to interact
with others. Proficiency in digital communication equips lectur-
ers to provide timely feedback on assignments, address student
queries, and facilitate meaningful online discussions. It also en-
ables collaboration with peers on research projects and curricu-
lum development. In an era marked by increasing reliance on
digital technology, it is crucial to acknowledge potential risks
associated with online communication and data sharing. Fac-
ulty members must remain vigilant regarding these risks and
take appropriate measures to safeguard themselves and their
students. Ensuring digital security encompasses protecting per-
sonal information from unauthorized access or identity theft,
avoiding phishing scams and malicious software, and promot-
ing responsible online conduct among students.

To enhance lecturers’ digital competence, focusing on digi-
tal literacy, digital communication, and safety, maritime univer-
sities can implement customized training programs and work-
shops tailored to these specific areas. These initiatives may en-

compass a range of topics, including honing information lit-
eracy skills, mastering the effective utilization of digital com-
munication tools, and implementing strategies for maintaining
online safety.

4.4. Assessment of Maritime Cyber Resilience.
The assessment of Lecturer Digital Competence is conducted

using a simulation model, wherein each model represents the
values of variables and sub-variables within decision-making
problems. These values are determined using the AHP weight-
ing method and Likert scale assessments. Moreover, it is pos-
sible to create simulation models for each criterion within the
dynamic system hierarchy. Each simulation model takes as in-
put a vector, with the vector’s size matching the number of al-
ternatives considered in the decision-making process. Each row
of this vector signifies an alternative or preference related to a
specific decision problem, encompassing all relevant data about
that particular alternative (Octavian et al., 2021). Figure 3 illus-
trates the simulation model, with its primary purpose being to
facilitate the assessment of maritime cyber resilience. The out-
comes of the model simulation are presented in Figure 5.

Table 15: Evaluation value of Lecturer Digital Competence on
Personality (A) criteria.

Source: Authors.

Table 16: Evaluation value of Lecturer Digital Competence on
Professionalism (B) criteria.

Source: Authors.

Table 17: Evaluation value of Lecturer Digital Competence on
Educational (C) criteria.

Source: Authors.
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Table 18: Evaluation value of Lecturer Digital Competence on
Scientificity (D) criteria.

Source: Authors.

Table 19: Evaluation value of Lecturer Digital Competence on
Communication (E) criteria.

Source: Authors.

Table 20: Evaluation value of Lecturer Digital Competence on
Digitality (F) criteria.

Source: Authors.

The evaluation of Lecturer Digital Competence encompasses
six key variables. In the Personality (A) variable, there are
five sub-criteria, with four sub-variables falling within the Pro-
ficiency category at level 4, while one sub-variable is catego-
rized under Competency at level 3. Overall, the Personality
(A) variable is rated at the Proficiency level, attaining a value
of 0.6244 (Table 15). Moving to the Professionalism (B) vari-
able, it encompasses five sub-variables, all of which are situated
within the Proficiency category (Table 16). In the Educational
(C) variable, three sub-variables are classified as Competency
level, while the remaining three are rated at the Proficiency
level. The overall assessment places the Educational (C) vari-
able within the Proficiency category (Table 17). Similarly, in
the Scienticity (D) variable, four sub-variables are rated at the
Competency level, while two are at the Proficiency level, result-
ing in an overall Proficiency categorization for the Scienti?city
(D) variable (Table 18). Within the Communication (E) vari-
able, two sub-variables are categorized as Competency level,

while the other three are situated at the Proficiency level. Over-
all, the Communication (E) variable falls within the Proficiency
category (Table 19). Lastly, in the Digitality (F) variable, one
sub-variable is deemed Competency level, while the remaining
four are at the Proficiency level, resulting in an overall Profi-
ciency categorization for the Digitality (F) variable (Table 20).

Table 21: The evaluation value of Lecturer Digital Competence
in Maritime Colleges.

Source: Authors.

According to Table 21, the assessment of Lecturer Digi-
tal Competence in Maritime Colleges yields a score of 3,163
(63.26%), placing it within the proficiency category. Among
the variables, one variable is rated at level 3 (Competence),
while the remaining five variables are positioned at level 4 (Pro-
ficiency). Notably, the Personality variable (A) boasts the high-
est score at 3,254 (65.07%). Personality variables can signifi-
cantly influence the determination of digital competence among
lecturers in maritime universities. These personality traits can
impact an individual’s motivation, attitudes, and behaviors con-
cerning the adoption and utilization of technology. Several per-
sonality variables have been identified as potential predictors
of digital competence among lecturers in maritime universities.
Lecturers with a high level of openness are more inclined to de-
velop advanced digital competencies, as they actively seek op-
portunities to enhance their technological skills. Moreover, lec-
turers who possess a positive disposition toward technology us-
age tend to engage in technology-related activities, actively pur-
sue professional development opportunities, and demonstrate
resilience in overcoming technological challenges.

In the contemporary digital landscape, educators must pos-
sess the requisite skills and knowledge to seamlessly incorpo-
rate technology into their teaching methodologies. This not
only enhances the learning experience for students but also e-
quips them with the digital acumen required by the maritime
industry. The digital competence of lecturers in maritime uni-
versities pertains to their proficiency in employing technology
and digital tools for educational purposes within the maritime
education sector. In the case of maritime higher education lec-
turers in Indonesia, their digital competence stands at the profi-
ciency level. In recent years, the integration of digital technol-
ogy into education has gained substantial importance, under-
scoring the vital need for educators to be well-versed in digital
skills. This proficiency is essential for effective teaching and
interaction with students in digital learning environments, par-
ticularly in maritime-focused universities.

Maritime universities in Indonesia have recognized the para-
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mount significance of digital competence among their lecturers
and have taken proactive measures to enhance the digital skills
of their teaching faculty. These initiatives are geared toward
furnishing lecturers with the requisite knowledge and abilities
to adeptly harness digital tools and resources in their teach-
ing methodologies. Operating at the Proficiency Level empow-
ers lecturers to craft captivating and interactive learning mate-
rials, facilitate dynamic online discussions, offer prompt and
constructive feedback, and effectively evaluate student perfor-
mance. Equally vital is the capacity to seamlessly integrate
technology into pedagogical practices. Lecturers must possess
the aptitude to devise and implement technology-driven learn-
ing activities that align with the learning objectives of their
courses. This entails the judicious selection of appropriate teach-
ing strategies, the design of meaningful assessments, and the
provision of opportunities for students to collaborate and en-
gage with course content using digital tools, thereby fostering
an enriched learning experience.

4.5. Model simulation of Lecturer Digital Competence in Mar-
itime Colleges.

Figure 5: Stock-flow diagram of Lecturer Digital Competence
in Maritime Colleges.

Source: Authors.

Stella 9 software was used to simulate the dynamic process
of Lecturer Digital Competence in Maritime Colleges with re-
sults as shown in Figure 6. Figure 6 shows the dynamic process
of Lecturer Digital Competence in Indonesia Maritime Col-
leges. From 2022 to 2026 Lecturer Digital Competence will
still be at level 4 (proficiency), however, this value tends to
decrease, due to aspects of digitalization that tend to continue
to develop (Figure 6a). The decline in digital competence of
maritime university lecturers in Indonesia is affected by several
factors; a) Lack of training and support; b) Remain unchanged;
c) Limited access to resources; d) Inadequate infrastructure; e)
Digital imparity.

Figure 6a reveals a noteworthy pattern in the assessment of
Lecturer Digital Competence at maritime-based universities in
Indonesia. In the initial year of evaluation (2022), there is a
discernible decline. However, as we progress into the third and
fourth years, the trend becomes more dynamic and eventually

Table 22: The value and Factors of decreasing Lecturer digital
competence in Indonesian Maritime Colleges.

Source: Authors.

Figure 6: Output value of Lecturer Digital Competence in Mar-
itime Colleges every year within 60 months.

Source: Authors.

stabilizes, settling at level 4 (Proficiency) after experiencing a
decline to that level. The decrease in lecturer digital compe-
tence in Indonesian maritime colleges can be attributed to a
combination of five variables. Among these variables, the most
influential one is the ”digital divide,” which holds a substantial
value of 1,180 (Table 22).

In the context of Maritime Universities in Indonesia, the
digital divide emerges as a pivotal factor profoundly affecting
the digital competence of lecturers. This digital divide within
Indonesia is rooted in a multitude of factors, including lim-
ited infrastructure, unequal distribution of resources, and socio-
economic disparities. Numerous maritime universities in In-
donesia grapple with insufficient technological infrastructure
required to facilitate digital learning effectively. This deficiency
encompasses inadequate internet connectivity, reliance on out-
dated computer systems, and a shortage of funding for essential
technology upgrades.

The impact of the digital divide on the digital competence
of maritime university lecturers in Indonesia is multifaceted.
Firstly, it leads to knowledge and skills disparities among lec-
turers, with those having access to resources and training out-
performing their peers. Secondly, it adversely affects the qual-
ity of education as digitally incompetent lecturers may struggle
to deliver engaging learning experiences and utilize technol-
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ogy effectively, impeding students’ skill development for future
maritime careers. Thirdly, it exacerbates existing social and
economic disparities, as students from privileged backgrounds
or better external educational resources may already possess
digital familiarity, while lecturers lacking digital competence
may struggle to bridge this gap, further disadvantaging students
from less privileged backgrounds. Consequently, the digital di-
vide not only impacts lecturer competence but also significantly
influences equity and education quality within Indonesia’s mar-
itime universities, necessitating concerted efforts to address this
divide.

Scenarios and Simulations. The simulation analysis pre-
sents three distinct scenarios regarding the digital competence
of lecturers in maritime-based universities in Indonesia. In the
first scenario, where the primary factor causing the decline is
the Digital Divide with the highest value, the results (Figure
6b) indicate a continuous decrease in Lecturer Digital Com-
petence over the years until the fifth year (2026). In the sec-
ond scenario, the focus is on enhancing the values of digital
competency factors, particularly Digital Literacy (C28), Digi-
tal Communication and Cooperation (C30), and Safety (C28),
while the Digital Divide remains unchanged. The results (Fig-
ure 6c) show a decline in Lecturer Digital Competence until the
fourth year (2025), followed by a stabilization trend in 2026.
In the third scenario, the emphasis is on increasing the value of
the digital competency factor with the highest value while con-
currently reducing the Digital Divide. The results (Figure 6d)
demonstrate a decline initially, followed by a rebound in the
third year (2024) and a subsequent increase, which continues
beyond 2026. From these simulation outcomes, it can be in-
ferred that enhancing Lecturer Digital Competence in Indone-
sia’s Maritime Colleges is significantly influenced by reducing
the impact of the digital divide.

To bridge the digital divide and enhance the digital com-
petence of maritime university lecturers in Indonesia, a multi-
faceted approach is essential. Firstly, concerted efforts must be
made to expand internet connectivity, even in remote maritime
university locations. This may entail collaborative initiatives in-
volving government support and private-sector partnerships to
ensure universal access to reliable and affordable internet ser-
vices. Secondly, maritime universities need to prioritize invest-
ments in technological and infrastructure resources, equipping
faculty members with essential tools like personal computers,
tablets, or other devices that facilitate effective digital teaching
and learning. Adequate funding should be allocated for the con-
sistent maintenance and upgrading of technological resources.
Thirdly, implementing professional development programs is
pivotal to improving lecturers’ digital competence, including
training sessions, workshops, and online courses focused on
digital literacy and effective technology-enabled teaching. Col-
laboration with education technology experts and organizations
can offer valuable insights and support.

4.6. Implications.

Theoretical. Research on the evaluation model for Lec-
turer Digital Competency in Indonesian Maritime high schools

has several noteworthy theoretical implications. Firstly, it ad-
vances the field of digital competency assessment by introduc-
ing a specialized evaluation model tailored to the distinctive
context of maritime universities in Indonesia, considering the
unique needs and challenges of lecturers in this domain. This
extends digital competency theory within the maritime educa-
tion field. Secondly, the research underscores the paramount
significance of digital competence for lecturers in maritime uni-
versities, highlighting the critical role of technology integration
in teaching practices. The developed evaluation model offers
a structured framework for assessing and enhancing lecturers’
digital competence, ultimately elevating education quality in
this sector. Thirdly, the research identifies influential factors af-
fecting lecturers’ digital competence, encompassing technolog-
ical skills, pedagogical knowledge, and attitudes towards tech-
nology. This understanding allows educational institutions to
design targeted interventions and training programs to bolster
lecturers’ digital competence effectively. Consequently, this re-
search informs strategies for enhancing digital proficiency a-
mong maritime university lecturers while considering the unique
maritime education context in Indonesia.

Practical. The research findings hold significant implica-
tions for maritime universities on multiple fronts. Firstly, they
empower these institutions to discern the digital strengths and
weaknesses of their lecturers comprehensively, utilizing the eval-
uation model as a tool for precise assessment and identification
of areas requiring improvement. Secondly, the model facilitates
informed decisions in faculty recruitment and selection, ensur-
ing that maritime universities hire educators equipped with the
essential digital competencies necessary for effective technol-
ogy integration in teaching. Lastly, the standardized framework
provided by the evaluation model has the potential to be em-
braced by regulatory bodies and policy-makers, paving the way
for the establishment of minimum digital competency standards
for lecturers across maritime universities which in turn fosters a
commitment to delivering high-quality education aligned with
the evolving demands of the digital era throughout the maritime
education sector.

Conclusions.

In the context of maritime education, each country pos-
sesses its unique system for cultivating and evaluating the com-
prehension of aspiring seafarers within their respective mar-
itime colleges. However, it is equally imperative to scrutinize
the competency levels of educators, namely teachers, at these
institutions. In the era of the knowledge society, digital com-
petence emerges as a paramount distinguishing factor. Yet, it
is essential to emphasize the necessity for professional digital
competence, especially in comprehending educational technol-
ogy and learning processes through a sociocultural lens, even
within the specialized domain of maritime universities. The
overarching objective of this research is to furnish a compre-
hensive modeling and analysis of lecturer digital competency
within the maritime university landscape in Indonesia, thus ad-
dressing a vital aspect of the evolving maritime education sec-
tor.
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The research findings unveiled a comprehensive structure
comprising six main variables and 32 sub-variables, with Digi-
tality (F) emerging as the most substantial variable, boasting a
weight value of 0.252. It was closely followed by Scienticity
(D) with a weight of 0.200 and Educational (C) at 0.196. In
the global weighting scheme, the Digital literacy sub-variable
(C28) took precedence, commanding a weight of 0.071, trailed
closely by Digital Communication and Cooperation (C30) and
Safety (C28) sub-variables, both with identical weights of 0.056.
Moreover, the analysis of Lecturer Digital Competence in Mar-
itime Colleges culminated in a proficiency rating of 3,163 -
(63.26%), firmly establishing it within the proficiency category
at level 4. Notably, the Personality variable (A) claimed the
highest score at 3,254 (65.07%), underscoring the pivotal role
of personality traits in shaping the digital competence levels of
maritime university lecturers.

The simulation results highlighted the digital divide as the
most influential factor leading to a decline in lecturers’ digi-
tal competence, with a substantial value of 1,180. Across the
three scenarios, distinct trends emerged: In the first scenario,
Lecturer Digital Competence at maritime-based universities in
Indonesia consistently declined each year, reaching its lowest
point by the fifth year (2026). In the second scenario, the de-
cline persisted until the fourth year (2025), followed by signs of
stabilization in 2026. The third scenario indicated a more mod-
erate decline, with a resurgence in the third year (2024) and a
subsequent steady increase until 2026. These simulation out-
comes underscore the critical role of reducing the digital divide
in enhancing Lecturer Digital Competence within Indonesia’s
Maritime Colleges, suggesting that targeted efforts to address
this factor can substantially influence competence levels.

Limitations and Future Work.
This research is subject to several limitations. Firstly, it em-

ploys a relatively limited number of variables. In introducing
the HR approach to lecturer digital competence, the research
deliberately adopts a simplified model with a minimized num-
ber of variables to effectively illustrate the potential utility of
this methodology. Notably, despite these imposed limitations,
the model reveals unforeseen patterns in the interaction between
lecturer digital competence and various influencing variables
contributing to the decline in lecturer digital competence scores.
Future research endeavors can explore increased model com-
plexity by incorporating additional strategic variables aimed at
enhancing lecturer digital competence.

Secondly, the research acknowledges that variables associ-
ated with factors influencing the decline in lecturer digital com-
petence may not fully capture real-world conditions. Validating
the questions of these influencing factors would offer valuable
insights into the practical applicability of the proposed simula-
tion model. Thirdly, the limitations stem from the subjective
nature of the content analysis method, the assessment process,
the involvement of a limited number of experts, and the delib-
erately broad scope of the research. A more focused analysis
of the identified system dynamics models within colleges from
diverse fields (e.g., defense, transportation, economics) could
provide deeper insights into system dynamics modeling.

Fourthly, further exploration of model-based studies can en-
hance our comprehension of the role of stakeholder influence
and the associated risks linked to lecturer digital competence,
along with their consequential impacts. This review has demon-
strated that System Dynamics (SD) modeling serves as a potent
method for capturing intricate interactions and dynamic rela-
tionships among various causal factors which contribute to the
advancement and broader utilization of SD models in future re-
search about lecturer digital competence.

Fifthly, while the assessment model presented in this pa-
per is comprehensive and applicable for estimating dynamic
changes in lecturer digital competence at maritime colleges in
Indonesia, it does have some inherent limitations within its frame-
work. Notably, trends in changes in lecturer digital compe-
tence at these colleges may evolve gradually or exhibit an av-
erage progression, primarily due to the unavailability of daily
data. Therefore, future enhancements to the digital competency
assessment model for maritime college lecturers should focus
on variable selection and data collection improvements. Addi-
tional pertinent factors can be incorporated into the model to
provide a more precise and nuanced description of digital com-
petence.
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Lorencová, H., Jarošová, E., Avgitidou, S., & Dimitriadou,
C. (2019). Critical thinking practices in teacher education pro-
grammes: a systematic review. Studies in Higher Education,
44(5), 844–859. https://doi.org/10.1080/03075079.2019.1586-
331.
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