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Abstract. Navigation instruments such as GPS, Radar, and ECDIS require sub-
stantial investment and continuous maintenance, which limits their availability
for routine hands-on practice in maritime training. As a result, cadets may have
fewer opportunities to experience learning conditions that closely resemble real
operational environments. This study, conducted at the Merchant Marine Poly-
technic of Makassar, aimed to develop an Augmented Reality (AR)-based
learning application that visualizes ten essential ship navigation instruments:
GPS, Radar, ECDIS, AIS, Gyrocompass, Echo Sounder, Autopilot, Speed Log,
VHF Radio, and NAVTEX. The development followed the Multimedia Devel-
opment Life Cycle (MDLC) model, including 3D object creation, marker inte-
gration, and Android application development using Unity and Vuforia. The
feasibility of the application was evaluated through expert validation and field
testing involving 115 cadets. Expert evaluation showed that functionality, usa-
bility, and reliability met the “Good” to “Very Good” categories, with an over-
all score of 84%. Cadet trials also indicated consistently positive responses, par-
ticularly in conceptual understanding, learning motivation, and ease of use, with
one minor issue related to longer scanning time for a marker. Overall, the find-
ings suggest that AR Marine NavTool is feasible for use in maritime vocational
education and can serve as a preparatory learning layer that supports more
structured progression to hands-on practice through accessible and interactive
visualization of navigation instruments.

Keywords: Augmented Reality, Learning Media, Maritime Education, Naviga-
tion Instruments, Vocational Education

1 Introduction
The rapid development of digital technology has transformed various educational

fields, including maritime vocational training. One of the persistent challenges in
maritime education is the limited availability of physical navigation equipment that
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cadets can use for practice. Instruments such as GPS, Radar, ECDIS, and Gyrocom-
pass are costly to procure and maintain, and access to them during training is often
limited. These limitations reduce opportunities for cadets to engage in meaningful
hands-on learning, even though vocational education strongly emphasizes skill mas-
tery that reflects actual industry conditions [1] [2].

Maritime vocational education requires repetitive practice with ship navigation in-
struments to build operational competence and safety awareness. However, access to
real navigation instruments is frequently constrained by the limited number of labora-
tory units, high maintenance costs, scheduling constraints, and the risk of improper
handling by novice cadets. These limitations may reduce practice opportunities and
create unequal learning experiences, while safety-critical competencies still must be
developed through structured training. Augmented Reality (AR) offers a controlled,
repeatable, and risk-free learning environment that enables cadets to visualize compo-
nents and operational procedures before interacting with real equipment, thereby sup-
porting safer and more efficient training [3].

To address these limitations while maintaining learning authenticity and safety, an
instructional technology that enables repeated practice without direct exposure to
equipment risk is needed. Augmented Reality (AR) offers an alternative solution that
can address these constraints by enabling digital visualization of navigation instru-
ments through handheld devices. With AR, learners can interact with three-
dimensional representations of equipment and explore their components in a more
flexible and low-risk environment [4][5]. In maritime learning contexts, AR is partic-
ularly relevant because cadets must understand navigation tools clearly before operat-
ing them in real situations. In this study, the AR media is designed to support learning
outcomes at three levels: cognitive understanding of instrument functions, procedural
knowledge of basic operation steps, and situational awareness in interpreting naviga-
tion information for safe decision-making. Several studies have shown that AR-based
systems can enhance situation awareness, reduce head-down time, and support deci-
sion-making processes on the ship’s bridge [6][7][6][8]. These findings reinforce the
potential of AR not only as a visualization tool but also as a medium that strengthens
safety-oriented learning.

This study aligns AR learning media development with fundamental principles of
vocational education: authenticity (learning tasks mirror real bridge operations), in-
dustry relevance (content reflects instruments commonly required in maritime prac-
tice), and competency-based learning (learning activities are designed to support ob-
servable competencies such as recognizing instrument functions, following operation-
al procedures, and interpreting navigation information for decision support). In this
context, AR is positioned not merely as visualization technology, but as an instruc-
tional strategy to strengthen work-oriented competence development through guided
practice and structured feedback [9].

The application of AR in this research is grounded in experiential learning and
simulation-based learning, where learners build understanding through guided experi-
ence, reflection, and re-application in practice. AR also supports the cognitive theory
of multimedia learning, emphasizing the meaningful integration of visual representa-
tions and concise explanations to reduce cognitive overload and strengthen conceptual
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transfer. These perspectives are particularly relevant for maritime training because
navigation instrument operation requires both conceptual understanding and proce-
dural fluency in safety-critical situations.

In Indonesia, research on AR-based instructional media has grown steadily in re-
cent years. [10] demonstrated that AR use in virtual laboratories can improve produc-
tive learning outcomes, while other studies have reported gains in student motivation,
engagement, and conceptual understanding across various disciplines from ethno-
mathematics to medical education [11][12][13]. In addition, AR applications in in-
formation technology education have been found to increase learner interest and con-
tribute positively to learning quality [14][15][16]. Overall, these studies suggest that
AR integration in vocational education provides a more authentic and immersive
learning experience that aligns with contemporary industrial needs and digital learn-
ing trends [17][18].

Although AR has been widely explored in educational settings, studies that specifi-
cally develop AR media for ship navigation instruments and explicitly link the con-
tent to competency development and safety-oriented training outcomes in the Indone-
sian maritime higher vocational context remain limited. Prior works in maritime edu-
cation often emphasize general AR/VR engagement or focus on single topics, while
the need for structured learning media covering multiple bridge instruments and com-
petency mapping is still under-addressed. Therefore, the novelty of this study lies in:
(1) developing AR-based learning media for a defined set of navigation instruments,
(2) mapping the media features to vocational competency development (cognitive,
procedural, and situational awareness aspects), (3) positioning AR as a preparatory
learning layer to reduce risk before hands-on practice, and (4) discussing feasibility
for integration into maritime curricula.

Based on this rationale, the purpose of this study is to develop and evaluate an
AR-based learning application for ship navigation instruments at the Merchant Ma-
rine Polytechnic of Makassar. The study contributes by providing: (1) a structured AR
learning application design for key bridge instruments, (2) an evaluation of media
quality using recognized software quality dimensions, and (3) empirical user feedback
from cadets to inform practical implementation in maritime vocational curricula. This
contribution is expected to support safer and more scalable learning preparation prior
to hands-on training sessions.

2 Method

This study employed a Research and Development (R&D) approach using the Multi-
media Development Life Cycle (MDLC) model. The MDLC framework was selected
because it provides a clear and systematic structure for multimedia-based product
development, particularly for applications that combine visual, interactive, and tech-
nical components. The model consists of six sequential phases: concept, design, mate-
rial collecting, assembly, testing, and distribution, which together guide the process of
transforming initial ideas into a functional learning product.
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Fig. 1. Stages of the MDLC

The research was carried out at the Merchant Marine Polytechnic of Makassar with
115 cadets participating as respondents in the product trial. Their involvement was
based on their direct engagement with navigation-related coursework, ensuring that
the feedback obtained reflected real user needs within maritime vocational learning.
Thus, the evaluation results are expected to represent the practical learning context at
the institution.

The development process began with the concept phase, which focused on defining
the objective of creating AR-based learning media capable of visualizing ten primary
navigation instruments. The selection of these ten instruments was based on both
pedagogical and professional considerations. Pedagogically, the instruments represent
core navigation functions that must be understood by cadets: positioning, route moni-
toring, situational awareness, collision-avoidance support, and bridge communication.
Professionally, these instruments are commonly introduced in navigation-related
courses and bridge operation training, making them highly relevant to industry-
oriented competency development. Therefore, focusing the AR content on these in-
struments ensures that the learning media remains authentic, curriculum-relevant, and
aligned with competency-based maritime vocational training.

In the design phase, the application’s interface was structured by preparing four
main menus: Scan AR, QR-Code, Information, and Exit. The material collecting
phase involved gathering both technical and visual data related to the ten navigation
instruments as the basis for developing three-dimensional objects.

In addition to visualization, the AR learning media was designed to support three
levels of learning outcomes: (1) cognitive understanding, enabling cadets to recognize
instrument components and functions; (2) procedural knowledge, supporting basic
operational sequences through guided interaction; and (3) situational awareness, en-
couraging cadets to interpret instrument information as part of safe navigation deci-
sion-making. These outcome targets were used to frame the development features and
to guide the evaluation indicators in both expert validation and cadet trials.

During the assembly phase, the collected materials were processed into 3D models
using Blender, followed by marker integration through Vuforia, and the compilation
of the application in Unity for Android-based use. These activities ensured that each
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instrument could be displayed interactively when scanned by a mobile device. The
application was intentionally developed for Android smartphones to improve practical
feasibility and accessibility in classroom settings. This platform choice supports
scalability because cadets can use their own devices for repeated practice, and instruc-
tors can integrate the AR activity as a pre-lab module prior to limited hands-on ses-
sions in the navigation laboratory.

The testing phase included two complementary evaluation methods. First, black-
box testing was conducted to examine whether each feature and function of the appli-
cation operated correctly. Second, validation by a media expert was carried out to
assess the feasibility of the product in terms of functionality, usability, and reliability
using the ISO 9126 standard. The questionnaire content was reviewed together with
the media expert validation process to ensure clarity, relevance, and alignment with
the evaluation indicators. In addition to expert validation, the application was tested
with 115 end users (cadets) using a structured questionnaire. The questionnaire con-
sisted of two parts: (1) ten general items capturing perceived ease of use, engagement,
motivation, and perceived learning support; and (2) ISO 9126-based indicators (func-
tionality, usability, and reliability) to obtain a more comprehensive perspective on
software quality from end users.

The collected data were analyzed using descriptive statistics by calculating mean
scores and percentages for each indicator. The results were then categorized into five
rating levels “Very Good,” “Good,” “Fair,” “Poor,” and “Very Poor” referring to the
assessment criteria proposed. Through this analysis, a clear overview of the feasibility
and effectiveness of the developed AR based learning media was obtained from both
expert and user perspectives.

3 Result and Discussion

The research product developed is the AR Marine NavTool application, an Augment-
ed Reality-based learning media that visualizes ten ship navigation instruments. The
application was built using Unity, Vuforia, and Blender, and then packaged as an
Android application. Its interface presents four main menus: Scan AR, QR-Code,
Information, and Exit. The simple interface design makes the application easy for
cadets to understand and operate without requiring additional training.
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Fig. 2. Main Interface of the AR Marine NavTool Application

1606 This is an openaccess article under CC-BY-SA license



Journal of Science and Education (JSE)

Vol 6, Issue 2, March 2026, Pages 1602-1612
ISSN: 2745-5351 (Media Online)

DOI: https://doi.org/10.58905/jse.v6i2.651

When the Scan AR menu is used, the smartphone camera is directed at the prepared
markers. Each marker represents a specific navigation instrument, such as GPS or
Radar. The scanning process displays a three-dimensional object of the instrument,
complete with its visual details. Users can also access the /nformation menu to read a
description of the instrument’s function and listen to an audio explanation. For exam-
ple, the GPS marker generates a 3D model of a GPS receiver along with an explana-
tion of its function as a device that accurately determines the ship’s latitude and longi-
tude position.

Tombol SCAN

AIS (Automatic Identification N
System)

Fig. 3. Example of AR Marker Display Generating a 3D Object

The validation results from the media expert indicated that the application met the
feasibility criteria for functionality, usability, and reliability based on the ISO 9126
standard. For functionality, the average score reached 86%, categorized as “Very
Good.” For usability, the score was 82%, or “Good,” confirming that the application
interface is easy to use and understand. Meanwhile, for reliability, the application
obtained a score of 84%, also categorized as “Good,” as the system ran stably despite
a minor technical note regarding slightly longer scanning times for certain QR codes.
Overall, the average validation score from the media expert was 84%, indicating that
the application is feasible to be used as a learning medium.
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Fig. 4. Graph of Media Expert Validation Results Based on ISO 9126 Aspects

Field trials were conducted with 115 cadets of the Merchant Marine Polytechnic of
Makassar using a general instrument consisting of ten statements. The analysis
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showed that for indicator P1 (conceptual understanding), 67.8% of cadets rated the
media as “Very Good,” 24.3% as “Good,” and only 7.9% as “Fair.” For P2 (learning
interest), 71.3% of cadets rated “Very Good” and 20.9% rated “Good.” For P3 (en-
gagement), 28.7% of cadets rated “Very Good” and 62.6% rated “Good.” For P4
(ease of use), 75.6% of cadets rated “Very Good” and 17.4% rated “Good.”

The subsequent indicators also showed positive results. For P5 (relevance), 64.3%
of cadets rated the media as “Good” and 25.2% as “Very Good.” For P6 (self-
confidence), 61.7% rated it “Good” and 27.8% “Very Good.” For P7 (learning moti-
vation), 65.2% rated “Good” and 24.3% “Very Good.” For P8 (recommendation for
use), 68.7% rated “Good” and 20.9% “Very Good.” For P9 (satisfaction), 63.5% rated
“Good” and 26.1% “Very Good.” Finally, for P10 (overall benefits), 66.1% rated
“Good” and 21.7% “Very Good.” These data indicate that the average cadet responses
consistently fell within the “Good to Very Good” categories, showing a positive dis-
tribution overall.
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Fig. 5. Graph of Cadet Responses to the General Instrument (P1-P10)

In addition to the general instrument, cadets were also asked to evaluate the appli-
cation based on the ISO 9126 aspects. The analysis results showed that for functional-
ity, the average respondent score was 83% (“Good”). For usability, the average score
reached 81% (“Good”), while for reliability the score was 84% (“Very Good”). The
overall average score across the three aspects was 82.7%, confirming that cadets con-
sidered the application to be highly feasible for use in learning.
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Fig. 6. Graph of Cadet Evaluation of the Application Based on ISO 9126 Aspects
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Overall, the media expert validation and cadet trials provide consistent evidence
that AR Marine NavTool meets technical feasibility and learning-support criteria.
Expert validation produced an overall score of 84% across functionality, usability,
and reliability, while cadet evaluations showed predominantly “Good” to “Very
Good” responses on both the general instrument (P1-P10) and ISO 9126-based indi-
cators (overall average 82.7%). These results suggest that the application is feasible
for learning use and supports conceptual understanding, engagement, and motivation,
with scanning optimization identified as a practical area for future improvement.

From a safety and risk-reduction perspective, AR Marine NavTool functions as a
preparatory learning layer before cadets interact with real navigation instruments. By
enabling repeated exploration of instrument components, menu structures, and basic
operating logic in a controlled environment, the application can reduce trial-and-error
behaviors during limited laboratory sessions and minimize the likelihood of incorrect
operational steps by novice users. This approach supports safer learning progression
because cadets enter hands-on practice with clearer conceptual readiness and proce-
dural familiarity, which is particularly important in maritime training where incorrect
instrument interpretation may contribute to operational risk. Therefore, AR-based
learning is positioned as a low-risk rehearsal strategy that complements, rather than
replaces, hands-on practice.

In terms of practical implementation, the consistently positive usability and relia-
bility scores from both expert validation and cadet evaluation indicate that the appli-
cation can be adopted without extensive additional training. The Android-based plat-
form supports scalability because cadets can access the learning media using com-
monly available devices, allowing repeated practice outside scheduled laboratory
time. Instructors may integrate the application as a pre-lab activity (e.g., introduction
and guided exploration) and as a reinforcement tool after laboratory sessions, thereby
optimizing limited access to physical instruments while maintaining curriculum
alignment.

These findings are consistent with the results [4], who conducted a systematic re-
view on the application of AR in vocational education and concluded that the tech-
nology enhances both conceptual understanding and student engagement. Similarly
[5]. emphasized through a meta-analysis that AR and mixed reality significantly im-
pact the quality of vocational learning. In the context of maritime navigation, [19]
demonstrated that the use of AR in multi-user collaboration improves situation
awareness on ship bridges. This study is also in line with the findings of [6], who
reported that AR reduces operators’ head-down time and increases attention to the
navigational environment. Thus, the integration of AR Marine NavTool into naviga-
tion learning aligns with international studies that highlight the effectiveness of AR in
both maritime and vocational contexts.

From an interface design perspective, the simplicity and clarity of the AR Marine
NavTool interface are in line with the AR bridge interface design framework intro-
duced by [7]. A clean and straightforward layout generally helps users interact more
easily with digital objects, particularly when engaging with AR-based learning con-
tent. This is also reflected in the observations of [20], who highlighted that user expe-
rience plays a crucial role in the development of AR interfaces for navigation simula-
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tors. In this regard, the accessible design of AR Marine NavTool provides cadets with
a more intuitive entry point to explore navigation instruments, supporting key princi-
ples for effective AR implementation in maritime learning environments.

Within the Indonesian context, the results of this study support earlier findings by
[1], who showed that integrating AR into vocational education can strengthen stu-
dents’ practical skill development. A similar trend was reported by [2], whose AR-
based media for automotive power transmission systems improved learners’ under-
standing of technical concepts. [10] also demonstrated the usefulness of AR in virtual
laboratory settings to enhance productive learning. These studies are consistent with
the positive responses from cadets in this research, indicating that AR-based media
can offer meaningful support for practical learning across different vocational do-
mains.

The increase in cadets’ learning motivation observed in this study is in line with
the findings of [11], who reported that AR-based ethnomathematics media could en-
hance students’ motivation to engage with learning materials. Similar patterns were
also noted by [12], who found that AR helped improve learning satisfaction among
medical students studying heart anatomy. [13] further emphasized the value of
AR/VR technology in supporting clinical skills during the pandemic, demonstrating
the broader relevance of immersive media across various educational fields. Taken
together, these studies support the results of the present research, suggesting that AR
can serve as an effective approach for strengthening practical learning experiences in
vocational settings.

The findings have implications for maritime vocational education policy and prac-
tice. For institutions, AR-based learning media can be positioned as a cost-effective
strategy to expand access to training resources when physical instruments are limited,
supporting digital transformation in higher vocational education. For instructors, AR
Marine NavTool can standardize introductory instruction, reduce time spent on basic
familiarization during laboratory sessions, and provide a structured pathway toward
competency-based learning. For policymakers and institutional leaders, supporting the
development and adoption of scalable digital learning media such as AR may
strengthen the quality and safety orientation of maritime training while maintaining
alignment with industry needs and curriculum requirements.

This study also contributes a new perspective by applying AR specifically to ship
navigation instruments, an area that has received relatively little attention in previous
research. While many earlier studies focused on AR applications in science, medicine,
or general engineering, the present research highlights its potential within maritime
vocational learning [18], for example, examined AR limitations in navigation primari-
ly from a technical standpoint, whereas this study places greater emphasis on peda-
gogical use for cadets. Likewise, [17] explored AR/VR for navigation safety in inland
waterways, while the current study demonstrates its application directly in maritime
training. These distinctions illustrate how the present research extends existing
knowledge by introducing AR as a tool for supporting the mastery of core competen-
cies required of maritime cadets in Indonesia.
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4 Conclusion

This study developed AR Marine NavTool as an AR-based learning application that
visualizes ten core ship navigation instruments. The development process followed
the six stages of the MDLC model, enabling the creation of functional 3D representa-
tions and an interactive mobile application that supports cadets in understanding in-
strument components and functions without relying solely on physical equipment.

Expert validation indicated that the application meets feasibility criteria in terms of
functionality, usability, and reliability, with an overall score of 84%. Field trials in-
volving 115 cadets further reinforced the feasibility of the application, with most re-
sponses falling within the “Good” to “Very Good” categories across indicators such
as conceptual understanding, motivation, ease of use, and overall learning experience.
A minor technical issue related to scanning responsiveness for one marker was identi-
fied, but it did not affect the overall functionality and can be addressed in future up-
dates.

From a maritime training perspective, AR Marine NavTool can be used as a pre-
paratory learning layer that supports safer learning progression by reducing trial-and-
error during limited hands-on laboratory sessions. Practically, the application offers a
scalable alternative for institutions with constrained access to navigation instruments,
and it can support instructors in standardizing introductory instruction and strengthen-
ing competency-based learning implementation. Future development may focus on
optimizing scanning responsiveness, expanding learning content, and incorporating
more interactive simulations to further enhance engagement and instructional value.
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