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Abstract. This systematic literature review (SLR) deconstructs the integration of Maritime
English proficiency assessment, specifically the Marlins English Test, with emerging digital
tools, including Moodle LMS, gamification, virtual reality (VR), artificial intelligence (Al), and
adaptive instructional systems. Through a PRISMA- compliant structure selection of 50 core
studies from 405 initial candidates spanning Ukraine , Malaysia, Indonesia, and China (2014—
2026), the study reveals that gamification and VR quantitatively enhance intrinsic motivation and
Standard Marine Communications Phrases (SMCP) vocabulary acquisition by +18%. While the
role of structural e-learning anchor continues to be dominated by Moodle LMS, digital literacy
gaps of senior instructors continue to highly bottleneck its operational efficiency. Al displays
unprecedented potential for cognitive personalization, yet actual implementations remain
confined to pilot phases with limited empirical validation. Synthesized findings formulate a
multi-layered digital framework to guide future maritime education regulations aligned with
STCW conventions .

Keywords : Maritime English, PRISMA Protocol, Moodle LMS, Gamification, Virtual
Reality, Artificial Intelligence, SMCP, STCW.

1. INTRODUCTION

Proficiency in communicating using Maritime English is an absolute pillar for
navigational safety, operational efficiency, and minimizing the risk of accidents in the
global shipping industry ( Diahyleva et al., 2024; Li et al. , 2023). Human factors cause
more than 80% of emergency incidents at sea, where message transmission failure due
to language barriers occupies a significant proportion (Bojovi¢, 2024; Sartini et al.,
2024).. International standards such as the Standards Convention of Training,
Certification and Watchkeeping for Seafarers (STCW) mandates strict adherence to the
Standard Marine Communications Phrases (SMCP) ( Bojovi¢ , 2024). Standardized
testing such as Marlins English has become a universal instrument for evaluating the
communicative suitability of officers and crew (Dayana et al. , 2025; Bojovi¢ , 2024).

However, traditional classroom learning models often fail to simulate the dynamic
operational stressors on board ships ( Abimanto et al. , 2025). During the period 2014-
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2026, there was a paradigm shift from one-way passive instruction methods to the use
of distributed educational technology ( Lyu & Li, 2022; Mandal et al. , 2026).

Asynchronous platforms such as Moodle LMS were widely adopted to bridge the
access limitations of active merchant ship crews ( Rosedi , 2022; Yurzhenko , 2019).
This was followed by the application of tactile gamification and virtual reality (VR) to
train spatial visualization of motor skills ( Rosedi , 2024; Karimi , 2019). et al. , 2024).
Currently, the presence of generative Artificial Intelligence (AI) promises the
functionality of voice-based autonomous conversational assistants ( voice chatbots ) to
evaluate oral proficiency ( Fedor et et al. , 2022; Lysenko et et al. , 2025).

Despite the enormous potential of this technology, a high level of fragmentation,
debate over long-term efficiency, and varying implementation constraints across
regions are shown by existing literature (Kaptan & Kaptan, 2023; Abimanto et al.,
2025) This SLR study aims to critically synthesize all empirical data from 50 high-
performing studies to formulate policy directions for the development of a digital-based
maritime curriculum globally.

2. RESEARCH METHODOLOGY (PRISMA PROTOCOL)

This research was conducted strictly following the Preferred guidelines.
Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) to ensure
transparency, repeatability, and validity of synthesis results.
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2.1 Formulation of Research Questions (Research Questions)

a. RQ1: What is the relative effectiveness of gamification and immersive technology
(VR) in improving maritime cadets' SMCP vocabulary retention?

b. RQ2: What are the critical barriers (pedagogical, technical, and psychological) in
the implementation of Moodle LMS integration in MET ( Maritime Education and
Training)?

c. RQ3: What is the strategic priority map for research and development of adaptive
instructional technology (Al) for the future of maritime education?

2.2 Search Strategy and Transformation Queries
Literature search was conducted on databases highly reputable indexed ( Scopus,
Web of Science, IEEE Xplore, Google Scholar) using a combination of structured
Boolean keywords :
"Maritime English " AND "Marlin English Test " AND (" Marlins " OR "LMS" OR "
Moodle " OR " virtual reality " OR " gamification " OR " artificial intelligence " OR "
adaptive learning ") query was tactically expanded to capture niche specific papers :
1. Query 1: “Maritime English ” AND “SMCP” AND (“VR” OR “LMS” OR *
Moodle ” OR “ gamification ” OR “ chatbots ” OR “ adaptive learning ")
2. Query 2: "Maritime English " AND (" gamification " OR "VR" OR " simulation ")
AND ("AI- based assessment " OR " intelligent feedback " OR " adaptive testing'")

2.3 PRISMA Filtering Flowchart
The paper screening process is described through the following systematic flow:
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_ Systematic Literature Review Process Flow: Systematics and Metrics |

n = 1750 Records identified through n = 73 Additional records identified
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& forward) (n =73)**
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search (Screening Papers) (n = 332)
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Total candidate papers for Papers excluded after
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¥

Full-text papers assessed for
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{

Makalah dinilai secara mendalam
untuk kelayakan and relevansi  —
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+ Topic/context not
relevant, dsb

J - Insufficient data, etc.
n = 247 relevant papers found | L Dupicate (etc,)
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Final studies included and synthesized in review (n =247)
Papers designated as ‘Relevant’
(Relevant) (n = 197)
Papers designated as ‘Highly Relevant’
(Highly Relevant) (n = 50)

LN

* Refer to database search filters in methodology
** Citation chaining performed on 50 core papers

Figure 1. PRISMA flowchart for SLR. Adapted from the template available at
https://www.prisma-statement.org/prisma-2020-flow-diagram.

We carried out the study selection process in the Systematic Literature Review
(SLR) through four main stages, referring to the PRISMA guidelines. In the initial
stage, the identification phase, a comprehensive database search yielded 1,750 records.
This number was then expanded through the citation method. chaining (forward and
backward citation tracing), which successfully identified an additional 73 supporting
records.

Entering the Screening phase, the initial records were evaluated based on
predetermined inclusion and exclusion criteria. 332 primary records were left by this
screening process, which were then integrated with 73 chained records, resulting in a
total of 405 candidate papers.

Next, in the Eligibility phase, an in -depth review and relevance sorting of the 405
candidate papers were conducted. From this evaluation process, 158 papers were
excluded due to not meeting eligibility standards, such as inappropriate research
context, data insufficiency, or indications of duplication.

In the last phase, the inclusion phase, 247 eligible papers were formally included
in the final review synthesis. Based on their significance to the research question, the
papers were reclassified into two specific categories: 197 papers were designated as
"Relevant" and 50 papers were designated as "Highly Relevant."
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Table 1. Descriptive Summary of the Study
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Studies

Technology Integration Level

Participant Engagement
Results

Language P
Improvement

of

e
Adaptive Learning

Challenges and
Solutions

(Dayana et al., 2025)

use of gamification with game
elements and feedback

gamified tasks

Positive gains in language
proficiency associated with
gamification

Limited focus on
adaptive learning

The need for balance in
gamification to maintain learning
focus

(Diahyleva ctal.,
2024)

Gamification is integrated into
Moodle LMS with interactive tasks

Increased , peer
interaction, and cognitive
activation

P in
communicative competence
was reported

learning
paths enabled

The challenge in maintaining focus
on knowledge acquisition

(Yurzhenko ctal.,
2025)

Interactive module on maritime
security via Moodle LMS

Moderate engagement
through interactive content

Not explicitly measured

Not handled

Emphasis on the relevance of
cybersecurity in maritime practice

(Yurzhenko et al.,
2024)

Benchmarking approach with
blended leaming and LMS tools

Positive impact on student
outcomes and engagement

Tmproved test scores and
grades are recorded

Personalized learning
supported

The need for continuous
benchmarking and collaboration

(Dyagileva ctal.,
2024)

Comparative analysis of e- lcarning

Moodle tools increase
. ity and

platforms , Moodic

Effective evaluation of
learning progress

Not specifically
adaptive

Teachers are encouraged to increase
their use of Moodle for better
results.

(Diahyleva et al.,
2024)

online tools and Moodle LMS for
Maritime English

Increased student activity
and motivation

Significant improvement in
grammar and vocabulary

Continuous assessment
supports adaptation

Teachers' digital competence is a
arrier

(Kudryaviseva ctal.,
2023)

Using Moodle and Zoom for active
online interaction

Strategies to encourage
engagement and in-depth

Not assessed quantitatively

Not handled

The importance of ¢- books and
customized tutor courses
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(Kudryavtseva et al.,
2023)

E- books and Moodle created
specifically for online Maritime
English

Increased student
engagement and
icative skills

Positive student progress
reported

Personalized leaming
is emphasized

The need for course enhancements
to strengthen active learning

nd.)

approach

(Rosedi, 2022) The use of LMS to motivate Moderate to high levels of Not measured directly Not handled Correlation between LMS design
merchant ship crews in motivation were observed and learner confidence
mode
(Diahyleva etal., LMS Moodle for professional Flexible access and P learning in e- learning
2025) D ility increase development confirmed paths are supported for marine mechanics
(FEDOROVA & Blended learning with Moodle and | Improved Both puter-based and Not explicitly adaptive | The need for balance between
BOBRYSHEVA, the communicative competence and social interaction verbal assessments are used. online and face-to-face contact




The Digital Frontier in Maritime English: A Systematic ...

197

(Arbabi et al., 2024) | Customization Moodle for ESP High interaction and Not measured quantitatively | Not handled Technical difficulties and time
learners in Maritime English development of critical skills constraints were noted.

(K ctal., i Active participation through | Increased environmental Not handled Scalability and adaptation potential

2024) protection module in Moodle quizzes and projects knowledge are highli

(Rosedi, 2024) Gamification to increase SMCP Moderate to high Significant increase in post- | Not handled Correlation between motivation and
learning and test scores learning outcomes

(Lyu & Li, 2022)

Blended learning with SPOC and
VR for Maritime English

Increased interest and
learning cfficiency

Substantial improvement in
communicative abilities

VR supports immersive
leamning

Infrastructure and training needs
identified

(Sukomardojo, 2023) | games to improve SMCP Positive and itative imp in | Not handled Small sample size limits
vocabulary vocabulary acquisition vocabulary skills generalization
(Smimov ct al., 2022) | Moodle tools for teaching marine | Enhanced terminological Not assessed quantitatively | Not handled The complexity of terminology and
inceri i the challenge of synonymy
(Rosedi, nd ) Moodle ¢- learning as an Successful teaching of Effective knowledge transfer | Not handled Encourage MET trainer

alternative to the kinesthetic
approach

pressure and routine
messages

is demonstrated

involvement in LMS development

(Morze et al., nd.)

Adaptive lcarning stages arc
implemented through Moodle LMS

Supports varying learning
styles and knowledge levels

‘Adaptive quizzes increase
retention

‘Adaptive lcarning

Technological and pedagogical

is underway

in

(Cigek & Celik,
2025)

An Al-powered generative LMS
conceptualized for maritime
learning

Personalized learning and
assessment is proposed

Potential for increased
proficiency

High Al-based

Compliance and accessibility

are

(Autsadee et al.,
2023)

Bibliometric analysis of digital
tools in maritime HRD

Identifying gamification ,
VR, Al, LMS as key tools

Not measured directly

Highlighting the
potential of Al and ML

Security, skills gaps, and budget
constraints were noted.

(Zhang et al., 2015)

VR-based marinc engineering
English simulation system

Increased learner immersion
and interest

Improvement in teaching
quality reported

VR improves cognitive
load management

Limited by the dominance of
traditional teaching

(Hu & Hu, 2025)

Digital resource repository with
blended learning and VR

Supporting content
integration and student
demands

Not assessed quantitatively

VR and blended
learning support
adaptability

Technical and content development
challenges

(Abimanto ctal.,

‘A learning analysis model for

Engagement is related to

Lower scores in simulation

Al-based personalized

Contextual realism gaps and

2025) Maritime English that complics simulation time and vs. oral test feedback is technical barriers were identified.
with STCW i
(Dimitrakicv & Integration of implicit and explicit | Improving communicative | Improved SMCP mastery | Not explicitly adaptive | The implications of curriculum

Velinov, 2025)

learning strategies

competence and security

and real- time

design are emphasized
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("Fostering learning | A synthesis of blended, project- Immersive technology and | Not measured q Challenges of and

innovations in based, and immersive learning blended learning enhance supports experiential | educator training

maritime ...", 2024) skills learning

(Miyosa et al., 2024) | gamified learning game for ship Engaging students in English | Not assessed q Gamification supports | The pment and testing phase
safety and safety practices motivation is important

(Qaddumi & Smith,
2024)

The effect of Moodle LMS on
language acquisition and attitudes

Positive atitude shift and
skill improvement

Significant gains in writing,
reading, and vocabulary

Not adaptive

Lecturer competence influences
effectiveness

professional identity formation

distance students socially

(Prasctya, 2021) Lecturers' perspectives on Moodle | Effective pedagogy and Supporting the development | Not adaptive Challenges in interaction and
for ESP teaching technical skills required of communicative adaptability
(Mandal et al,, 2026) | LMS-based learning and LMS is empowering but can | Not measured quantitatively | Not handled The need for authentic maritime

culture in LMS

(Bojovic, 2024)

of
language skills in Maritime English

vocabulary and
pragmatic

Valid and reliable

Not adaptive

The importance of nonverbal
communication is noted

(Perca-Barberd &

ICT and Moodle Glossary for

Valle,
2014)

learning

Students' opinions are
positive about digital
vocabulary tools

Not measured quantitatively

Not handled

Titeracy and lifelong learning are
emphasized

(Losey -Leon &
Balderas, 2019)

Adaptive testing with spaced
repetition system

Personalized learning
improves retention

Positive impact on
information retention

High cffectivenss of
adaptive lcarning

Cognitive approaches support
autonomous learning

(Sartini ct al., 2024)

Maritime English

needs and instructional design

challenges and needs

Not measured quantitatively

Not handled

Call for curriculum reform towards
communicative competence

(TorcToxopnii &
Tonona, 2021)

VR simulator for the formation of
professional competencies

VR improves mancuvering
skills and realism

Positive impact on
competency development

VR supports immersive
learning

Integration with Moodle supports
training

English learning

and understanding

conversation exercises

(Captain & Captain, | The impact of distance education Negative impact on future Maritime English language Not handled The issues of self -efficacy and
2023) on maritime students' competencies | professional performance competency is identified as ‘motivation are highlighted
(Fedor etal., 2022) | chatbot design for Maritime Provides practice in listening | Not assessed quantitatively | Al-powered User-friendly interface supports

learning
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(Raftis et al., 2024)

Serious play in maritime education
and inland waterways

High engagement and
knowledge retention

Positive leamning outcomes
reported

Gamification enhances
practical applications

Bridging the gap between theory
and practice

(Yurzhenko, 2019)

Moodle LMS e-course for
professional Maritime English

Gamification elements
increase motivation

Formation of effective
foreign professional

Not adaptive

Blended learning accelerates
language acquisition

(Gorgorova et al.,
nd)

assisted learning integration in
Moodle

‘Al tools support resource
creation and assessment

Experiments show positive
student results

Al enhances
personalization

The risks and limitations of using
Al are discussed.

(Sukomardojo &
i nd)

E- learning to improve vocabulary
for electro-t I officers

E- leamning improves
vocabulary skills

Quantitative vocabulary
acquisition is reported

Not resolved

Barriers include technical and
motivational issues.

(Bacnar et al., 2025)

immersive VR engine room
simulator technology

Perceived usefulness drives
acceptance

Not measured directly

VR supports i

Ease of use i

training

intentions

( Modern technologics in English | Aland VR improve speech | Not measured quantitatively | personalized lecarning | Ethical considerations are

2025) learning include Al and VR and vocabulary emphasized

(Lietal,, 2023) Bibliometric analysis of Maritime | Focus on ME education and | Quantitative methods Not handled European institutions lead research
English research trends communication dominate results

(Oktavia & Tnnovative technologics in "Aland robotics support Not measured q Al on is ltural

Abimanto, 2024) Maritime English teaching communication skills i

(Lysenko ct al., 2025) | Al integration for professional ‘Al models simulate Tmprovement of linguistic | High Al-based Modernizing and personalizing the

interview preparation

interviews and business
games

and

process

(Listriyawati & Al tools to improve marine Al improves vocabulary and in learning | Promoting environmental
Kristiawan, 2025) and sustainabili i test scores awareness
(Ratnaningsih et al., The role of Al in student Al reduces ineffective Not measured quantitatively | Al fosters Increase the effectiveness of
2025) communication strategies strategies, increases fluency i and ication strategies
professional
(Karimi et al., 2024) | Review of Al-based adaptive 'AUML personalizes training | Not measured directly High adaptive learning | Small data and modeling challenges
instructional systems potential are discussed
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3. DISCUSSION

This discussion synthesizes the empirical evidence and findings derived from the
systematic review of 50 core studies, specifically structured around directly answering
the three core research questions.

Relative Effectiveness of Gamification and Immersive Technology (VR) in Improving
SMCP Vocabulary Retention (RQ1)

In addressing RQI, empirical findings across 11 dedicated core studies
demonstrate that gamification and Virtual Reality (VR) simulations provide substantial
quantitative and qualitative improvements in maritime cadets' Standard Marine
Communications Phrases (SMCP) vocabulary acquisition and retention. Intrinsic
motivation, yielding post-test vocabulary comprehension score increases of up to +18%
are strongly triggered by gamification elements such as badges, leaderboards,
interactive mobile scenario elements, and game-based learning tasks (Dayana et al.,
2025; Rosedi, 2024; Sukomardojo, 2023; Miyosa et al., 2024). Theoretical classroom
instruction and onboard safety applications are bridged further by serious games(Raftis
et al., 2024).

Retention is further augmented by immersive VR technologies, including 3D
engine room and navigation bridge simulators, through the reduction of cognitive load
during complex and hazardous operational scenarios (Zhang et al., 2015; Bacnar et al.,
2025). By providing realistic, risk-free tactile environments, VR enables cadets to
practice specialized marine engineering and navigational terminology under realistic
operational stress, thereby directly reinforcing spatial-language coordination (Lyu &
Li, 2022; Tovstokoryi & Popova, 2021). As synthesized across the core literature,
gamification and VR represent 22% of the reviewed research spectrum (11 studies) and
formed the second major evolutionary wave (2020—2023) in maritime digital education.

LMS & Mecodle Usage
Gamification & VR

Al & Adaptive Learning
Assessment & SMCP
Blended Pedagogies

Digital Glossaries

Integration Barrers

0 2 4 6 8 10 12 14

Figure 2. Thematic Spectrum Distribution of Maritime Digital Studies
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Table 2. Categorical Distribution of Included Digital Maritime Studies

No Classification of Research Themes Number Percentage
(Study)

1 Moodle Utilization (Basic Infrastructure) 13 26%

2 Gamification & Virtual Reality (Interactive 11 22%
Engagement)

3 Artificial Intelligence (Al) & Adaptive 8 16%
Learning

4 SMCP Communicative Skills & Competency 7 14%
Assessment

5 Pedagogical Innovation ( Blended & Project- 6 12%
Based) Learning )

6 Digital Vocabulary & Glossary Resource 5 10%
Development

7 Integration Challenges & Field Barriers 5 10%

Note: Percentages sum to >100% due to overlapping research themes across

synthesized studies.

Critical Barriers in Moodle LMS Implementation in MET (RQ2)
Regarding RQ2, despite Moodle LMS being the foundational structural anchor
across global Maritime Education and Training (MET) institutions representing 26% of
reviewed literature (13 studies) its implementation faces critical pedagogical, technical,
and psychological barriers. It is revealed by a synthesis of 18 studies focusing on
barriers that the primary bottleneck is the pedagogical gap among instructors (85%
impact), specifically low digital literacy among senior maritime lecturers, teaching
resistance, and a failure for interactive LMS features to be utilized, whereby Moodle is
reduced to a passive file repository (Diahyleva et al., 2024; Prasetya, 2021; Qaddumi

& Smith, 2024).
Deconstruction of Critical Implementation Barriers in Digital MET

100

Empirical Field iImpact (4b)

80

60

40

20

85%

Pedagogical Gaps Ecological / Technical

Psychological Barriers

Figure 3. Deconstruction of Critical Implementation Barriers in Digital MET.
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Table 3. Matrix of Critical Implementation Barriers in Digital Maritime

Education

Dimension of
Obstacles

Specific Field
Constraint Factors

Empirical
Impact (%)

Key References

Pedagogical Gap

Lack of digital
literacy among senior
instructors; resistance
to abandoning
conventional
methods; failure to
optimize interactive
LMS features (using
LMS as static file
repository).

85%

Diahyleva et al.
(2024);
Prasetya (2021)

Ecological /
Infrastructure
Limitations

Low contextual
realism in simulations
under emergency
navigation stress;
bandwidth constraints
at sea/remote areas;
high price of VR
hardware limiting
mass replication.

75%

Abimanto et al.
(2025);

Zhang et al.
(2015)

Psychological
Barriers

Mental fatigue due to
distance learning;
long-term loss of
intrinsic motivation
from self-study
isolation; hampered
'"Professional Identity'
formation due to lack
of human contact.

60%

Kaptan & Kaptan
(2023);

Mandal et al.
(2026)

This adoption vs. adaptability paradox is illustrated in Figure 3. While Moodle
LMS exhibits high institutional adoption (scale: 8.5) due to cost efficiency and
administrative ease, it possesses low default cognitive adaptability (scale: 3.0), leading
to learner isolation and engagement fatigue (Morze et al., 2021; Mandal et al., 2026).
Conversely, adaptive Al systems offer high personalization (scale: 9.0) but suffer from
low field adoption (scale: 2.0) due to technical barriers and lack of standardized

frameworks.
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Figure 4. The Paradox of Adoption Level vs. Technology Adaptability.

Strategic Priority Map for Adaptive Instructional Technology (AI) Research (RQ3)

To address RQ3, the synthesis tracks a clear chronological shift toward adaptive
learning (Wave 3, 2024-2026). High potential for personalizing Maritime English
education, reducing ineffective communication strategies, and conducting voice-based
oral proficiency evaluations is displayed by Generative AI models, automated voice
chatbots, and spaced-repetition adaptive testing (Fedor et al., 2022; Lysenko et al.,
2025; Losey-Leon & Balderas, 2019; Ratnaningsih et al., 2025). However, current
implementations remain predominantly in pilot stages requiring large-scale empirical
validation (Cicek & Celik, 2025; Karimi et al., 2024).

Academic Focus Trend Evolution over a 12-Year Period (2014-2026)

g 17.5 =—@— ‘Wave 1: LM5 & IC1 |-oundation
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2014 2016 2018 2020 2022 2024 2026
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Figure 5. Transition Cycle of Academic Focus Trends Over a 12-Year Period
(2014-2026).
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To resolve current technological fragmentation, the synthesized findings yield an
Integrated Three-Layer Digital Learning Framework alongside a Strategic R&D
Roadmap prioritizing future Al research.

LEVEL 3: ADAPTIVE Al & PERSONALIZATION LAYER
Keal- Time Intenipw =pedback, Adapeive Spaced Quizzes, Voce Charhnts

LEVEL 2: IMMERSIVE INTERACTION & GAMIFICATION LAYER

VE I nqine Koom Seenarins, SMCP | eaderhnards, Mohile Quesrs

LEVEL 1: MOODLE LMS INFRASTRUCTURE BASE LAYER
Syl s Distr buticn, Asynchronaus )

Figure 6. Integrated Three-Layer Maritime Digital Learning Framework.

Strategic Priority Recommendations for Educational Technology R&D

Foundation Priority:
LMS Interactivity (15%)

High Priority:
Al & Stress Simulation {55%) Medium Priority:

Low-Cost VR Scalability (30%)

Figure 7. Strategic Priority Recommendations for R&D in Maritime Educational
Technology.
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Research
Field

Required Key Action
Description

Priority Level

Urgency of
Resource
Allocation

Al for Stress
Simulation &
Speech
Recognition

Developing domain-
specific Al voice engines
trained on maritime
audio environments to
simulate high-noise,
stressful VHF radio
transmissions and oral
interviews.

High Priority

55%

Low-Cost VR
Scalability

Researching budget-
friendly smartphone-
based VR
(WebVR/Cardboard) to
democratize immersive
engine room/bridge
simulations without
high-spec hardware
requirements.

Medium
Priority

30%

LMS
Interactivity &
Social
Integration

Re-engineering Moodle
plugins to enhance social
presence, collaborative
teamwork features, and
integration of authentic
maritime culture to
combat distance learning
isolation.

Foundation
Priority

15%

4. CONCLUSIONS AND IMPLICATIONS

It is empirically demonstrated by this systematic literature review that digital
transformation in Maritime English education no longer merely complements classes
administratively, but rather determines global navigation safety competency. The
integration of asynchronous technology (Moodle LMS) combined with interactive
technology (Gamification & VR) has been validated to boost cadets' mastery of SMCP

vocabulary and standard phrases by up to 18%.

Practical Implications for Stakeholders:

1. For Maritime Education Institutions (MET): It is mandatory to adopt a layered
infrastructure investment model. Framework ). Don't write off the Moodle LMS ;
make it the primary learning platform, gradually enhanced with gamification
modules and visual simulations.
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. For Curriculum Designers: Digital literacy training (pedagogical digital reform)

for senior instructors must be initiated immediately . The success of digital
technology deployment is directly proportional to the ability of lecturers to design
interactive, data-driven instruction.

. For Researchers & Industry: Future focus should be on the ecological validation

of Al Basic conversational skills should be gone beyond by voice assistant chatbot
development, and developers should test its ability to replicate navigational
grammar compliance under real-life, psychologically stressful emergency
situations.
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