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Abstract. The shortage of seafarers in the maritime industry persists
until fully autonomous maritime transportation is achieved. To address
this challenge, improving the efficiency and effectiveness of knowledge
delivery in maritime education and training (MET) is crucial. Currently,
MET relies on expensive scale maritime ship-bridge simulators to provide
immersive training experiences for apprentices. While effective, these
simulators come with high costs and safety concerns. Lower-cost alter-
natives are needed, and virtual-reality simulators (VRS) are considered
viable options. This study investigates the usability of VRS in MET
through qualitative experiments involving bachelor students in nautical
science and experienced seafarers. The suitability of VRS is evaluated in
comparison to traditional scale maritime ship-bridge simulators. By ex-
ploring the potential of VRS, this research aims to address the need for
cost-effective solutions in MET, particularly in less developed countries
and institutions with limited resources.

Keywords: virtual reality; maritime education and training; simulator-
based training.

1 INTRODUCTION

Although the advancement of maritime autonomous surface ships (MASS) in
the industry is underway, the shortage of skilled seafarers will persist until fully
autonomous maritime transportation is achieved and demonstrated to be ca-
pable of operating without human intervention. Therefore, improving the effi-
ciency and effectiveness of knowledge delivery in the maritime education and
training (MET) sector to maritime navigators and operators is a pressing issue,
given the rising demand for marine and other waterborne transportation [1].
Currently, the predominant pedagogical approach employs scale maritime ship-
bridge simulators (SBS) to provide apprentices with a realistic experience for
acquiring occupational skills on board before they can navigate an actual ship.
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This state-of-the-art technology has proven effective in MET, as it eliminates the
need to take apprentices on board, thereby reducing expenses and preventing any
safety issues or potential accidents that may arise from inexperienced operational
techniques. However, certain issues remain, such as the relatively high cost asso-
ciated with scale maritime ship-bridge simulators, which includes construction,
licensing, technical support, maintenance, and service. This issue is particularly
prevalent in less developed countries and institutions with limited funding. A
more cost-effective solution is required to meet the MET requirements, and vir-
tual reality simulators (VRS) are considered viable alternatives [2]. Practitioners
have developed VRS, integrating various ship-bridge configurations and types of
ships, as well as multiple navigational marine environments and water areas.
VR is also used to promote the navigation environment with more information
display and decision support [3].

On the other hand, modeling and analyzing the operational behavior of
mariners (including apprentices and experienced captains) remains crucial for
the traffic safety. Considering that MASS at human-in-the-loop levels (HITL)
will continue to dominate maritime transportation for the next few decades,
whether the operator is on board, at a shore-based remote operation center,
or intervening in the autonomous navigation system (ANS) of the vessel, it is
essential to address the issue of avoiding errors and accidents caused by hu-
man factors. Modeling their behavior can be approached from two perspectives.
Firstly, by analyzing log data of ship maneuvering control and considering fac-
tors such as current environmental conditions and vessel response to model spe-
cific maneuvering patterns [4]. However, the limitation of this approach lies in
its retrospective modeling, as it overlooks the operator’s pre-action behaviors,
including perception of the environment and the interaction with auxiliary sys-
tems (ECDIS, ARPA) leading to corresponding actions. Modeling this process
is particularly challenging as it involves capturing a range of biological signals,
such as EEG, eye movements, and body motions. This necessitates additional
monitoring devices and sensors, which may introduce interference as mariners
operate under different physical conditions compared to normal operations [5].
Furthermore, these devices often require significant preparation and calibration
time, which is unfavorable for extensive data collection.

However, Virtual Reality Simulators have the potential to address this issue.
In the case of traditional scale simulators, the main challenge lies in the fact that
having operators wear wearable devices fundamentally creates a scenario differ-
ent from normal maritime operations. Analyzing the impact of these wearable
devices on operations is difficult. VRS, on the other hand, does not have this
issue. As the biological signal sensors (such as EEG, eye movements, and motion
signals) are directly integrated into the VRS system, mariners using VRS are re-
quired to wear these devices regardless. Therefore, the problems present in scale
simulators are avoided. Additionally, the portability and low cost of VRS make
it more accessible and easier to widely adopt, creating possibilities for extensive
data collection.
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Fig. 1. Platforms used for MET (including (a) an immersive MET simulator; (b) stan-
dard scale martime simulator for MET; (c) developed VRS; (d) research vessel for
practical training).

Scholars in related domains have started investigated how VR can benefit the
MET and discuss its potentials, for instance, in maritime installation [6], safety
education for ship engine training on maintenance and safety [7] [8], evacua-
tion on passenger ships [9], crane operation [10], and specific navigation scenar-
ios, including watch change and collision avoidance [11]. Besides these practical
maritime applications, scholars also make efforts in enhance the user experience
considering the feature of ocean environment, for instance, reduce seasickness
through visual compensation of ship motions [12]. Apart from the interests from
researchers, students from the nautical science are also attracted by learning
enabling technologies to promote their skills and careers in the future [13].

This paper investigates the usability of VRS in MET, employing qualitative
method by conducting experiments with experienced seafarers. The eligibility of
VRS is discussed in comparison to the traditional scale maritime SBS. Through
this study, our main aim is to verify the usability of VRS in MET, which is
of great significance for the future promotion of VRS replacing traditional SBS,
and/or as a complementary option to the current simulator facilities (as shown in
Fig. 1) [14]. Firstly, we need to verify that the basic requirements and conditions
for seafarer training in MET can be achieved on VRS with no less effectiveness
than SBS. This includes basic operations such as navigation, ship handling, re-
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mote traffic control, construction of maritime traffic scenes, and other related
ship operations (such as lifting operations), which are the most basic require-
ments for the widespread use of VRS in MET. Secondly, we need to compare the
similarities and differences between MET and SBS as well as real ship bridges
in terms of operational logic. This requires an intuitive comparison of the op-
erational interface of the two methods, as well as subjective evaluations from
trainees and experienced seafarers after actual experience. Finally, we need to
identify the shortcomings of VRS at the current stage and explore to what ex-
tent these shortcomings will affect training effectiveness and crew performance,
as well as how to compensate for these shortcomings.

2 METHODOLOGY

The research methodology and technical approach of this study are illustrated
in Fig. 2. The study requires apprentices/experienced seafarers to conduct com-
parative testing on both SBS and VRS. The experimental procedure includes
the following steps:

Usability validation

Design navigation/operation scenarios

Apprentices/seafarers test simulators
Reflection & comparison between SBS & VRS

Summarize pros & cons of VRS in MET

Transit from SBS to VRS

sBS VRS

Fig. 2. Workflow of the study.

— Discuss and determine the navigation or operation scenarios and design
with the Navigation course coordinator. The scenarios should include some
challenging operational environments to better understand the interaction
threshold between the navigator/operator and simulators.

— Participants are required to conduct tests on both simulators simultaneously.

— Collect participants’ usage experience and comparative feedback on the two
simulators to conduct a qualitative analysis of VRS usability.

— Meanwhile, record the participants’ actual operating/navigating data, mainly
ship log data.

— Summarize the advantages and disadvantages of VRS and provide feedback
to the VRS development team to continuously improve the VRS perfor-
mance, making it more suitable for MET requirements.
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Starting location

Fig. 3. Sketch of the proposed docking maneuvering operation.

In this study, the testing experiment scenario is set to docking operations.
The simulated environment is a harbor in the western part of Stavanger, Nor-
way. A sketch of the scene and route is illustrated in Fig. 3. The simulated
navigational vessels are passenger ferries with a length of 170 meters and a
beam of 27.5 meters, featuring the same ship bridge layout. The selection of
docking operations as the test scenario is based on the requirement for a chal-
lenging routine operation, as mentioned earlier in the text. Docking represents
a critical phase in general vessel navigation that requires a high level of over-
all navigation skills from the mariners, including environmental perception and
vessel maneuvering. It is also a task that current Autonomous ANS cannot fully
handle autonomously [15] [16]. Furthermore, since this study aims to assess the
usability of VRS, the level of realism in the VRS scene construction (not limited
to the marine environment but also including coastlines and harbor facilities) is
an important evaluation factor regarding its suitability for MET.

The experiment is conducted with a group of bachelor students from nau-
tical science in their third year (final year) and an experienced seafarer. Fig. 4
and 5 show that they are operating on different simulators. Prior to the formal
commencement of the experiment, participants spent 60-90 minutes familiariz-
ing themselves with and adapting to the use of the Virtual Reality Simulator
(VRS).

3 RESULT & DISCUSSION

In this section, we will present the results of the experiments, briefing from
participants, and the corresponding discussions.
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Fig. 4. Navigator on the traditional SBS. Fig. 5. Navigator using VRS.

3.1 Performance on different simulators

Table 1. Time to complete the task

No. SBS (mm:ss) VRS (mm:ss) Difference (s)
1 12:56 13:55 59
2 12:15 11:46 -29
3 12:45 12:30 -15
4 13:04 13:05 1
Average 12:45 12:49 4
Standard Deviation 18.58 47.28 -

First, we assessed the overall performance of the experiments by primarily
evaluating the completion time of the tasks by the participants. All participants
successfully completed the designated tasks of docking the vessel into the speci-
fied berth using both the SBS and VRS. The completion times for each task are
presented in Table 1.

From the average completion times, participants took an average of 12 min-
utes and 45 seconds to complete the task in SBS, slightly higher than the aver-
age completion time of 12 minutes and 49 seconds in VRS. However, it is worth
noting that the standard deviation for completion times in SBS was 18.58, sig-
nificantly lower than the standard deviation of 47.28 observed in VRS.

Given that the participants were experienced students or seafarers who were
already proficient in using SBS, the smaller individual differences observed in
SBS performance can be explained. On the other hand, the larger standard
deviation in VRS can be attributed to differences in individual adaptability and
acceptance of the new platform.

Since docking is a complex operation and all participants were deemed to
have performed within operational standards and successfully completed the
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docking task, the observed differences, both at the individual and overall levels,
are considered reasonable.

An important lesson for future experiment design is to incorporate an as-
sessment of participants’ proficiency in using VRS prior to the experiment. This
would enhance the rigor of the formal experiment results.

3.2 Layout of ship bridges

Fig. 6. Standing-out maneuvering panel at the starboard.

As mentioned in the Introduction, one of the most significant advantages
of VRS is their cost-effectiveness. Traditional SBS are pre-designed, and the
layout of an SBS space generally corresponds to only a few specific ship bridge
configurations found in real vessels. However, various types of vessels such as
commuter ships, ferries, cargo ships, cruise ships, tankers, and specialized vessels
like research vessels may have different ship bridge layouts.

The limitation of traditional SBS lies in its ability to meet the layout require-
ments of specific vessel types, while only partially fulfilling the functionality for
different layout requirements. This discrepancy between SBS and real vessels re-
sults in differences in the training experience provided. In contrast, VRS is not
constrained by these limitations. Ship bridge scenes in VRS are created through
software-based 3D modeling and projected onto VR headsets. This enables easy
modifications or complete reconstruction of the ship bridge layout, accurately
replicating the ship bridge layout found on real vessels.

For example, larger tankers or cruise ships often have separate conning panels
on the port and starboard sides of the ship bridge, specifically used for opera-
tions like docking. However, due to factors such as limited space and equipment
procurement, SBS may not include these separate conning panels. In contrast,
VRS is not restricted by these factors, making it easy to implement features such
as separate conning panels within the virtual environment (as shown in Fig. 6).
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3.3 Feedback from participants

According to the accounts of the participants, they all found the experience on
VRS to be highly engaging and enjoyable. However, they also noted distinct
differences compared to SBS. Their negative feedback regarding VRS mainly
centered around two aspects: the sensation of dizziness while wearing the VR
headset and the lack of realistic tactile feedback during interactive operations,
particularly when using the ECDIS and ARPA interfaces. Participants empha-
sized that the lack of tactile feedback from the control lever was particularly
notable. This is important, especially during operations that require precise ma-
nipulation of course and thruster orders, such as docking.

Conversely, participants recognized that VRS primarily meets the needs of
maritime students in terms of mastering the practical operation of ECDIS and
ARPA. Additionally, VRS provides a fully immersive environment, surpassing
the flat projection used in SBS, particularly in terms of modeling and displaying
the external scene.

3.4 Summary

In this section, we presented the results of the experiments and the comparative
evaluations of SBS and VRS from the participants. Overall, both in terms of
experiment completion and participant feedback, VRS is capable of meeting
some of the requirements for MET. As the participants mentioned, at least in
lower-level maritime courses, VRS provides students with the opportunity to
directly engage with practical ECDIS and ARPA systems. However, there are
still deficiencies in human-computer interaction, whether it be specific methods
of using ECDIS and ARPA or the feedback from control levers. These aspects
are worth considering for developers, as the ultimate goal of MET remains to
train crew members who can perform operations on actual vessels.

Due to the uncertainty surrounding whether VRS meets the requirements of
MET, complies with existing regulations, and how to utilize it effectively, the
framework for MET in relation to future technologies is still open for discussion.
Regarding the repeated mention of tactile feedback by participants, if current
VR devices are indeed unable to provide it, should Augmented Reality (AR)
also be considered as a technological category for MET? Additionally, the ap-
plication of VRS should not be limited to offine MET in the long run. Given
that VRS inherently incorporates characteristics of the internet of things and
the metaverse, it is worth exploring how to promote the widespread use of VRS
in more MET institutions and increase user participation to establish a MET
metaverse [17]. This would enhance communication between different MET in-
stitutions and improve the efficiency of MET. For example, in traditional col-
lision avoidance exercises, either computer agents need to be programmed in
SBS (lacking the communication abilities of real human navigators) or multiple
interconnected local SBS systems are required. However, with the development
of a MET metaverse, in response to such exercises, one could simply issue a re-
quest or proposal and await the cooperation of other online players to complete
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the task, enabling all participants to gain training in navigational skills to some
extent. Furthermore, VRS itself has the potential to be used as an operational
platform for remote control centers.

4 Conclusion

As introduced, VRS has its unique advantages in achieving educational equity
and reducing costs, and there are more advantages worth exploring. Every evolu-
tion in educational technology is not accomplished overnight, just as before the
emergence of SBS, seafarers could only train on real ships. Today, the emerging
VRS technology is reshaping MET, and we explore the positive potential of VRS
technology in this paper. It is unquestionable that the existing VRS can be used
in simple navigational/operational tasks; however, we also discovered the urgent
problems that need to be solved, including its incapability in providing necessary
tactile feedback and dizziness under using. If VRS aims to replace SBS, further
efforts are needed in this regard. Nevertheless, existing VRS systems may al-
ready be suitable for use by lower-level students and for maritime simulation
training in regions or countries where acquiring SBS is not feasible. The appli-
cation prospects of VRS in MET are promising, and further experiments will be
conducted to validate its usability in various scenarios.
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