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Abstract: The maritime industry has been experiencing a digital revolution and the high pace of
digitalization is expected to continue with enabling new generation artificial intelligence (Al) utilization.
There is no doubt that the impact of AI on maritime transportation in the future will be substantial. Therefore,
it is important to have seafarers having the technological thinking and savoir-faire in the merchant fleet. In
this study, an exploratory approach has been taken to establish a conceptual framework on Al utilization and
implementation in maritime education and training (MET). A set of questions on Al application in simulator
training, theoretical classes as well as mandatory safety of life at sea and ship security training were asked
to experts and decision makers in the MET comprised of ship captains and academics. Furthermore, the same
set of questions were asked to the recently popularized chatbot of the Al company OpenAl’s ChatGPT to
make a comparison of the answers. Acquired answers from both parties have been analyzed with respect to
the maritime education and training literature to set up a framework regarding the utilization of Al in MET.
Concludingly, the benefits, challenges, and limitations of using Al in MET were presented through an
exploratory approach.

Keywords: artificial intelligence, maritime education and training, e-learning, continuous learning,
simulation training.

1. Introduction

The maritime industry handles around 80% of global trade (UNCTAD 2022). This immense transportation
capacity, this system is non-comparable to majority of other modes of transportation regarding the impact on
global economics. Therefore, safe, and efficient maritime transportation is one of the focus areas of international
organizations, governments, and other regulatory bodies as well as stakeholders all around the world. For such
a system, digitalization is inescapable with concepts such as industry 4.0, blockchain, smart contracts and
autonomous ships being the leading trends in the maritime domain (Dede et al. 2021; Kdseoglu et al. 2021). IT
systems are expected to impact the maritime domain in the following years considering the increase in the
number of vessels and complexity of operational processes (Alop 2019).

In addition to logistics outsourcing services, Al is considered to be playing a crucial role in the maritime
sector in the upcoming years in line with the aforementioned trends. (Isiklar et al. 2007; Sharma et al. 2022).
The next generations of seafarers are expected to be able to comprehend and communicate with Al powered
decision support systems (Alop 2019). This comes with the requirement of establishing the mentality of future
seafarers with ethical concepts as well as legal thinking by bringing innovative solutions and while creating an
education and training environment that enables balancing soft and hard skills such as engineering and
humanities (Allam 2016; Simmons and McLean 2020). As stated by Jo et al. (2020), the industry shows the
tendency to enable new competencies for keeping up with the changes and remain relevant. Although maritime
industry is expected to be at low risk to be automated completely, the implementation of technology is imminent.
As Lee et al. (2019) presented, many aspects of the maritime industry including law, management, education,
and operations is under the influence of automation to some degree, while International Maritime Organization
encouraging the automation as well as trying to provide a framework for technical, safety and operational
aspects of automation under the concept of industry 4.0.
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MET required to be handled with a differentiating approach to be able to keep on track with these changes
(Burke and Clott 2016). For preparation of seafarers for the digital transformation and digitalized seaborne trade
environment of the near future, the Standards of Training, Certification, and Watchkeeping (STCW) regulations
and competency list within it needs to be updated as well as stakeholders in maritime industry are required to
reconsider conventional means of MET for enabling development and upbringing skills and supervised learning
for the digital competency and technological tendency by Al implemented MET (Baldauf et al. 2016; Munim
et al. 2020; Sharma and Kim 2021; Laperriére-Robillard et al. 2022). It can be argued that the main challenge
remains between incorporating digitization opportunities and still being able to build necessary skills for a
marine engineer and maritime transportation engineer (or deck and engine officers in general) which are strictly
outlined by STCW model courses.

Al has been steadily increasing in utilization and implementation in various fields with beneficial
functionality recently while being able to provide improvements in the field of education and training and setting
new learning outcomes surpassing conventional methods (Pedro et al. 2019; Sharma et al. 2022). Currently the
utilization of Al implemented systems made available with the developments in computer technology is
influencing and changing conventional education delivery (Chen et al. 2020). There are various research of Al
induced education proposals in the recent literature of MET including theoretical classes (S&ljo 2010; Strijbos
2011; Mallam et al. 2019; Sharma et al. 2019; Bartusevic¢iené 2020; Simmons and McLean 2020; Scanlan and
Hopcraft 2022) and practical training (Hontvedt and Arnseth 2013; Castells et al. 2016; Sellberg 2018;
Hjelmervik et al. 2018a, b; Sellberg and Lundin 2018) as well as inclusion of virtual or augmented reality
(Buttussi and Chittaro 2018). One of the better examples of Al utilization have been in the form of Al chatbot
for Collision Avoidance Regulation (COLREG) by Sharma et al. (2022), where the authors have developed and
utilized a custom chatbot named FLOKI and tested its applicability as a teaching aid for COLREG in addition
to the study of Choi et al. (2018) on the development of chatbot framework for ship safety education. Even
though it is still a long way for Al implementation, the concept exists and needs to be explored for creating a
satisfactory and sufficient curriculum. Additionally, the importance of having competent deck and engine
officers with technological tendencies and savoir-faire can be discussed to be substantial in the near future with
the increasing applications of digitalization such as maritime autonomous surface ships.

In this study, an exploratory approach has been taken for evaluating the implementation of artificial
intelligence as a tool in MET through the conceptualization of the use of Al in MET, while researching the
benefits, challenges, and limitations of the involvement of such technology into conventional ways of education
with qualitative data analysis.

2. Conceptual Framework

The role of artificial intelligence in maritime education and training is analyzed in a broad way within an
explorative approach through the development of a conceptual framework. This framework for this study
explores and brings the key concepts for the use of Al in MET by providing a structure and a guide for the
researchers to have a clear understanding of these concepts. As also provided within the methodological
background, the conceptual contexts are generated to bring more depth to the analysis of the use of Al in MET
and major components within the conceptual framework are illustrated in Figure 1 and 2 by also considering
the analysis of the results stemming from the interviews.

3. Methodology

To establish a framework on Al integrated MET, a set of questions was prepared regarding adoption
(questions 1-3), implementation (questions 4-8) and evaluation (questions 8-10) dimensions and were asked to
experts and decision makers in the MET comprise of ship captains, MET experts and academics. Furthermore,
the same set of questions were asked to the recently popularized chatbot of the Al company OpenAI’s ChatGPT
to make a comparison of the answers. Four separate replications have been carried out for ChatGPT, where two
of them with 3.5 Legacy version and two with GPT4 March 2023 version. Acquired answers from both parties
have been analyzed with respect to the literature to set up a framework regarding the utilization of Al in MET.
For the analysis process within the methodology, keywords and phrases matching with each other received from
the human experts and Al were conceptualized for showcasing common concepts while different opinions of
both parties have also been noted for further discussion. The demographics for the voluntary participants are
given in Table 1 below.
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Table 1. Voluntary Participants’ Demographics.

Latest Rank Experience in Maritime Industry ~ Education Current Profession
Master 15+ Master Maritime Lecturer
Chief Engineer 15+ PhD Academic
Marine Engineer 5-10 PhD Academic
Ooow 5-10 Master Academic
Ooow 5-10 PhD Academic
Ooow 5-10 PhD MET Specialist
OoOwW 5-10 Master Maritime IT Engineer

The following questions have been asked to experts and decision-makers in MET field for exploring
additional aspects of Al integration in MET, promoting a deeper understanding of the potential opportunities,
challenges, and limitations.

1. What collaboration opportunities exist between Al researchers, maritime experts, and educational
institutions to advance the integration of Al in maritime education training?

2. What are the potential long-term implications of adopting Al technologies in maritime education and
training, both for the industry and individual seafarers?

3. What ethical and legal considerations should be taken into account when implementing Al technologies in
maritime education and training, and how can stakeholders work together to address these challenges.

4. How can Al be used to facilitate remote and distance learning opportunities for supporting continuous
professional development and lifelong learning (i.e., online courses, virtual reality simulations) for seafarers
ensuring they remain up to date with the latest industry standards and best practices and what challenges
must be addressed to ensure successful implementation?

5. What are the key factors to consider when designing and implementing Al-driven simulation training in
order to ensure maximum effectiveness and accessibility for trainees?

6. How can Al-driven adaptive learning systems be used to tailor maritime education and training (including
theoretical classes, practical classes, and simulator training) for individual trainees' needs, and what impact
might this have on knowledge retention and skill development?

7. What are the potential applications of Al-driven scenario generation in survival at sea, cargo handling and
navigational training, and how might this lead to more engaging and realistic training experiences?

8. How can Al be employed to analyze historical accident and incident data in order to develop more effective
survival at sea, cargo handling and navigational training scenarios.

9. How can Al be used to help identify and address common challenges in practice (i.e., during emergency
situations, cargo handling, watchkeeping) such as improving communication, coordination, situational
awareness, and decision-making?

10. How can Al-powered data analysis be used to identify trends in trainee performance (i.e., areas of weakness,
skill gaps) and develop targeted interventions to enhance the effectiveness of practical training (simulation
training) outcomes?

4.Results and Discussion

Development of a conceptual framework for the integration of Al in the maritime education and training
within an exploratory approach has led the results to bring solutions and make interpretations under different
conditions to increase understanding, expanding knowledge, clarifying significant issues, exploring, and
examining existing situations, and providing further research suggestions. Al integration to MET has been
evaluated under three dimensions, adoption, implementation, and evaluation, which are given in Figure 1.
Adoption refers to the collaborations between Al experts and specialists, industry stakeholders and academy,
regulatory, ethical, and legal aspects, and potential effects on seafarers. Implementation dimensions comprise
of continuous learning, practical training (simulation training) and theoretical classes. Finally, evaluation
dimension represents the Al utilization for evaluating trainee performance and Al application performance.
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Figure 1: Dimensions of Al integrated MET.

4.1 Adoption

Common statements from both experts and chatbot included the collaboration between MET specialist
and Al specialists for developing and optimizing the learning algorithm for Al for each task:

“...The maritime industry’s unfamiliarity with Al applications can be resolved with the collaboration of
Al researchers and MET specialists for enabling a complete digitalization of MET.”

While this approach would also enable setting the minimum standards in the quality of the trainers,
utilizing an unsupervised Al training module in the recent future will not be enough for a complete MET
environment. Fast information access and transfer may allow an intensive education model with trainees acting
as assistant teachers rather than students since Al offers brief and practical information which can be verified.

Regarding practical training, generating simulated environments is costly and procedural generation of
onboard virtual reality environments with the Al is possible event with current technology. Development and
integration of Al-powered simulators will help seafarers to maintain their employability. Al integration will
surely enable a sustainable scientific infrastructure for academy and industry collaboration as well with reduced
cost and time, opening new opportunities for experiments and measurements as stated:

“...Procedurally generated simulation trainings should provide the necessary randomness for evaluating
the decision-making capabilities of seafarers as well as reduces the amount of work MET experts need to put

>

in for scenario generation. They may just train the Al and provide a random seed with minor interventions.’

Ethics and regulations are another important criterion for Al adoption, while Al can also enable objective
approaches:

“...Al is unaware of ethics and should provide an objective approach while human factor poses a danger
for ethical breaches currently...”

On the other hand, establishing data privacy and protection is a must with accountability. Establishing
independent audit and service approval processes with clear definition of legal limits and liabilities and
compliance with these laws and regulations must also be considered before generalization of Al integrated MET.

4.2 Implementation

The introduction of supervised Al training tools may provide cost effective MET with increased efficiency
by personalized continuous learning and distance learning. Al-prepared training aids also contribute to this
argument. This combined with learning tracking with MET experts increases the efficiency of MET even more.
The experts meet in the common ground of supervision and combined Al learning with conventional methods
of MET, without any qualified person to supervise Al induced learning whether it is distance or in-class, one
participant states:

“.... Who will decide if the Al says it wrong?”

For simulation training, Al-driven scenario generation has been emphasized by the majority of the
participants and chatbots as well. Combined with adapting learning, simulation training can be adjusted
according to the requirement of the trainee. Al-enhanced simulation training is a more generalized concept, that
supervising MET experts and Al experts working together to optimize the training experience, including
difficulty levels, deficiencies realism as well as scalability, interoperability, and user-friendliness. This can be
further enhanced by collaborating with shipping companies, which can feed event data such as near miss,
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accidents, type specific applications and rare events, which may provide a valuable experience for each seafarer
prior their working onboard.

4.3 Evaluation

Al-enhanced evaluation for MET establishes an environment for achieving the goals of education by
determining the measurement and evaluation criteria more accurately and more precisely. Optimum
performance evaluation can be achieved by eliminating human element, hence biased evaluation, and it reduces
prediction error for weaknesses and strengths of the trainee, uncovering performance trends and skill
deficiencies. Enabling tailored training paths, targeted interventions and setting new training outcomes based
on performance are the strong suites of Al integration to MET according to participants.

Utilizing Al for evaluating the performance of the trainees also provides feedback on the performance of
the training elements, which can further enhance the effectiveness of lecturers that can be correlated back to the
re-planning of training parameters in a perfect loop of planning-monitoring-execution-analysis.

4.4 Limitations

Certain limitations have been stated by participants considering three proposed dimensions of Al
integrated MET. Regarding data availability:

“... Al should be trained continuously with a healthy data stream while the data will be gathered from the
stakeholders in maritime industry, who shy away from sharing their data. This would affect the sustainability
of Al applications in MET. The stakeholders must be convinced that AI will reduce the cost of MET and
beneficial in the long-term, then maybe IMO or other regulatory bodies can find a way for data sharing.”

Another limitation emphasized is the vocational necessities of MET, which is discussed as follows:

“...Working on a ship is unlike any other job, it requires discipline, self-confidence, and most importantly,
knowledge and attention. ... Maritime training is not just vocational training; it is personality training.”

“...It is necessary to educate students from different cultures in the same way of thinking. If one of them
interprets, for example, COLREG rule 13 differently, it will cause accidents. Even in the classroom, we have a
hard time training as it is.”

The participants also discuss that these concerns for Al applications in MET are also present for
conventional MET. It should be noted that a one-size-fits-all solution is not available for MET, but Al
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Figure 2: Conceptual framework of Al integrated MET.
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integration is to be surely able to open new ways of preparing seafarers for the future of maritime transportation
as the framework given in Figure 2 sets out the criteria and concepts deemed necessary.

5. Conclusion

Concludingly, the benefits, challenges, and limitations of using Al in MET were analyzed and
examined by using data received from human experts and ChatGPT through an exploratory approach. When
compared, MET experts and both legacy version of ChatGPT and recent GPT4 version answered the questions
similarly, with expected answer quality between ChatGPT versions. The results indicate that in the current
conjuncture of MET, Al may provide benefits and support to a certain extent on providing perspective to
students in the form of research, basic knowledge, project development and career pathing. For MET lecturers,
Al tools enable to develop multiple scenarios for simulator training, analyze big data packs and ensure
interactive class environments and the tools can also be used as a personal teaching assistant. One of the major
current challenges for the lecturers is considered that the information acquired from the Al tools may not be
reliable and valid, hence it may cause a cumbersome workload for the lecturer to check the information received
from the Al platform as opposed to researching the information from the already acknowledged sources and
academic material. Overall, although it is clear that there will be benefits of using artificial intelligence
platforms in maritime education and training, as in many other fields, it still is considered to be a situation that
requires improvement and progress.

References

[1] Allam S (2016) The impact of artificial intelligence on innovation — an exploratory analysis. International Journal of
Creative Research Thoughts. 4(4):810-814.

[2] Alop A (2019) The Challenges of the Digital Technology Era for Maritime Education and Training. European Navigation
Conference, ENC 2019. https://doi.org/10.1109/EURONAV.2019.8714176

[3] Baldauf M, Schroder-Hinrichs JU, Kataria A, et al (2016) Multidimensional simulation in team training for safety and
security in maritime transportation. http://dx.doi.org/101080/194399622014996932 8:197-213.
https://doi.org/10.1080/19439962.2014.996932

[4] Bartuseviciené I (2020) Maritime education and training as a tool to ensure safety at sea in the process of introduction
of maritime autonomous surface ships in shipping. In: Transport Means - Proceedings of the International Conference. pp
368-374

[5] Burke R, Clott C (2016) Technology, collaboration, and the future of maritime education. RINA, Royal Institution of
Naval Architects - International Conference on Education and Professional Development of Engineers in the Maritime
Industry, EPD 2016 2016-Septe:20-21

[6] Buttussi F, Chittaro L (2018) Effects of Different Types of Virtual Reality Display on Presence and Learning in a Safety
Training Scenario. IEEE Trans Vis Comput Graph 24:1063—-1076. https://doi.org/10.1109/TVCG.2017.2653117

[7] Castells M, Ordas S, Barahona C, et al (2016) Model course to revalidate deck officers’ competences using simulators.
WMU Journal of Maritime Affairs 15:163—185. https://doi.org/10.1007/S13437-015-0092-2

[8] Chen L, Chen P, Lin Z (2020) Artificial Intelligence in Education: A Review. IEEE Access 8:75264-75278.
https://doi.org/10.1109/ACCESS.2020.2988510

[9] Choi S, Seo W, Choi S, Jang EK (2018) Development of a chatbot framework for ship safety education based on actual
communication data between a port control center and ships. ICIC Express Letters Part B: Applications. 9(11):1133-1137.
Doi: 10.24507/icicelb.09.11.1133.

[10] Dede S, Koseoglu MC, Yercan HF (2021) Learning from early adopters of blockchain technology: A systematic review
of supply chain case studies. Technology Innovation Management Review 11:19-31.
https://doi.org/10.22215/timreview/1447

[11] Hjelmervik K, Nazir S, Myhrvold A (2018a) Simulator training for maritime complex tasks: an experimental study.
WMU Journal of Maritime Affairs 17:17-30. https://doi.org/10.1007/S13437-017-0133-0

[12] Hjelmervik K, Nazir S, Myhrvold A (2018b) Simulator training for maritime complex tasks: an experimental study.
WMU Journal of Maritime Affairs 17:17-30. https://doi.org/10.1007/S13437-017-0133-0

[13] Hontvedt M, Arnseth HC (2013) On the bridge to learn: Analysing the social organization of nautical instruction in a
ship simulator. Int J Comput Support Collab Learn 8:89—112. https://doi.org/10.1007/S11412-013-9166-3

[14] Isiklar G, Alptekin E, Biiyiikozkan G (2007) Application of a hybrid intelligent decision support model in logistics
outsourcing. Comput Oper Res 34:3701-3714. https://doi.org/10.1016/j.cor.2006.01.011



Proceedings of the International Association of Maritime Universities Conference 2023 7

[15] Jo S, D’agostini E, Kang J (2020) From seafarers to e-farers: Maritime cadets’ perceptions towards seafaring jobs in
the industry 4.0. Sustainability (Switzerland) 12:1-18. https://doi.org/10.3390/SU12198077

[16] Koseoglu MC, Dede S, Yercan HF (2021) Applicability of Blockchain and Distributed Ledger Technologies in
Maritime Logistics : An Evaluation of Current and Future Practices. 29th Conference of the International Association of
Maritime Economists 1-18

[17] Laperriére-Robillard T, Morin M, Abi-Zeid I (2022) Supervised learning for maritime search operations: An artificial
intelligence approach to search efficiency evaluation. Expert Syst Appl 206:. https://doi.org/10.1016/J. ESWA.2022.117857
[18] Lee C-H, Yun G, Hong J-H (2019) A Study on the New Education and Training Scheme for Developing Seafarers in
Seafarer 4.0 - Focusing on the MASS -. Journal of the Korean Society of Marine Environment & Safety 25:726-734.
https://doi.org/10.7837/KOSOMES.2019.25.6.726

[19] Mallam SC, Nazir S, Renganayagalu SK (2019) Rethinking maritime education, training, and operations in the digital
era: Applications for emerging immersive technologies. J Mar Sci Eng 7:1-9

[20] Munim ZH, Dushenko M, Jimenez VI, et al (2020) Big data and artificial intelligence in the maritime industry: a
bibliometric review and future research directions. Maritime Policy and Management 47:577-597.
https://doi.org/10.1080/03088839.2020.1788731

[21] Pedro F, Subosa M, Rivas A, Valverde P (2019) Artificial intelligence in education: challenges and opportunities for
sustainable development

[22] Séljo R (2010) Digital tools and challenges to institutional traditions of learning: Technologies, social memory and the
performative nature of learning. J Comput Assist Learn 26:53—64. https://doi.org/10.1111/J.1365-2729.2009.00341.X

[23] Scanlan J, Hopcraft R (2022) Maritime Education for a Digital Industry. NECESSE. Royal Norwegian Naval Academy.
Monographic Series 7:23-33

[24] Sellberg C (2018) From briefing, through scenario, to debriefing: the maritime instructor’s work during simulator-
based training. Cognition, Technology and Work 20:49-62. https://doi.org/10.1007/S10111-017-0446-Y

[25] Sellberg C, Lundin M (2018) Tasks and instructions on the simulated bridge: Discourses of temporality in maritime
training. Discourse Stud 20:289-305. https://doi.org/10.1177/1461445617734956

[26] Sharma A, Kim T eun (2021) Exploring technical and non-technical competencies of navigators for autonomous
shipping. https://doi.org/101080/0308883920211914874 49:831-849. https://doi.org/10.1080/03088839.2021.1914874
[27] Sharma A, Nazir S, Wiig AC, et al (2019) Computer supported collaborative learning as an intervention for maritime
education and training. Advances in Intelligent Systems and Computing 785:3—12. https://doi.org/10.1007/978-3-319-
93882-0_1/COVER

[28] Sharma A, Undheim PE, Nazir S (2022) Design and implementation of Al chatbot for COLREGs training. WMU
Journal of Maritime Affairs. https://doi.org/10.1007/s13437-022-00284-0

[29] Simmons E, McLean G (2020) Understanding the paradigm shift in maritime education: The role of 4th Industrial
Revolution technologies: an industry perspective. Worldwide Hospitality and Tourism Themes 12:90-97

[30] Strijbos JW (2011) Assessment of (Computer-Supported) Collaborative Learning. IEEE Transactions on Learning
Technologies 4:59-73. https://doi.org/10.1109/TLT.2010.37

[31] United Nations Conference on Trade and Development. (2022) Review of Maritime Transport 2022. United Nations



	1. Introduction
	2. Conceptual Framework
	3. Methodology
	Table 1. Voluntary Participants’ Demographics.
	4.Results and Discussion
	References

