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ABSTRACT

Within maritime education and training, the value of simulator-based training has long
been recognized. Simulation is a powerful tool in providing students with immersive
and experiential opportunities in practicing complex professional tasks in a controlled
environment. In an industry where mistakes can have catastrophic consequences, the
importance of providing students with an education which focuses on good seaman-
ship, rather than simply training individual skills, is evident, with strong emphasis on
training competencies such as communication, collaboration, and decision-making.
Much focus in existing literature is placed upon factors such as the fidelity of the sim-
ulator and the role of the instructor during the simulation, for example, but very little
has been published around the design of the scenario exercises themselves. This gap
in understanding what constitutes a well-designed scenario, and the process involved
in effective scenario design is addressed by this study. Semi-structured interviews
have been conducted with experienced instructors from a range of institutions across
Sweden, Norway, Finland, and the Netherlands. The goal of the interviews was to
uncover valuable insights into the process of designing and developing scenario exer-
cises, focusing on the key considerations that contribute to the success of such training
programs. While the initial aim of the study was to develop a systematic approach to
scenario design, the findings also revealed some key concerns that provide more in-
depth insight into the complexity of good scenario design. Instructors emphasize the
need for scenario exercises that not only mimic real-world situations, but also align
with specific educational objectives. This highlights the importance of designing sce-
narios that accommodate the varying levels of knowledge and experience found in a
group of students. The scenarios must be both concrete enough to ensure the objec-
tives are met, and flexible enough that the instructor can cater to these individual
student needs. In addition to the specific skills being trained, the scenario must be
designed in a way which further embeds the non-technical skills, such as communica-
tion, teamwork, and reflexivity, central to good seamanship. Through increasing the
understanding of effective scenario design, this study aims to contribute to the existing
body of knowledge on simulator-based maritime education and training. The use of a
recognized instructional design model, developed for training complex tasks, is rec-
ommended as complementing the existing approach taken by simulator instructors,
formalizing their current practice, and providing a much-needed resource in the form
of a systematic approach that captures the nuances of the instructors’ experience.
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INTRODUCTION

Simulator-based training features prominently in maritime education and
training (MET),where the overall aim is to equip learners with a combination
of knowledge, skills, and competencies enabling them to engage in success-
ful professional practice (cf. Bolmsten et al., 2021; Manuel, 2017). Although
there has been a shift from traditional vocational training to a university-
based approach to MET (Manuel, 2017), a combination of classroom-based
teaching and practical experience gained through simulator-based training
and time at sea is used when educating students on various aspects of
seafaring, for example, navigation and bridge operations (Sellberg et al.,
2018). Given the complex and safety-critical nature of professional maritime
practice, it is essential that students learn to operate as part of a team of
experts who can work together (Crichton, 2017), necessitating training that
results in reflective expertise transferrable from the simulator environment
to professional practice (cf. Dahlstrom et al., 2009; Sellberg, 2018).

Within current MET literature, simulator fidelity (cf. Hontvedt and
Øvergård, 2020), the instructor’s role (Sellberg, 2018), and the challenges and
opportunities of simulator-based training (Kim et al., 2021) are amongst the
topics addressed, but there remains a notable lack of a systematic approach
to scenario design. In this exploratory study, we draw upon the use of
instructional design for scenario in the similarly high-risk and safety-critical
healthcare field (cf. Frerejean et al., 2023; Tjiam et al., 2012), combined
with semi-structured interviews with experienced instructors, to tentatively
propose a framework for enhancing current practice.

METHODS

Semi-structured interviews were conducted with 16 simulator instructors
from eight institutions across Sweden, Norway, Finland, and the Nether-
lands. This method of interviewing was selected due its flexibility, enabling
the collection of rich, meaningful data and insights (Brinkmann, 2014). The
interviews were primarily conducted in person, with four taking place via
Zoom due to logistical constraints. As the objective was to select a model
suitable for the MET context, rather than specifically based upon instruc-
tors’ current practice, this initial process of identifying a suitable instructional
design model was deliberately conducted prior to in-depth analysis of the
interview data. Further analysis will feature in future stages of the research.
The preliminary findings from the interviews were combined with a review
of current use of instructional design models in MET, and research into their
use for complex learning elsewhere.

The review that was conducted utilised search terms similar to those
used by Munim et al. (2023) for their systematic review of scenario design,
data measurement, and analysis approaches in MET, tailored to the use of
instructional design.
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Search 1 ((“maritime”AND
(“training”OR“education”)AND“instructional design”))

Search 2 ((“maritime”OR“marine”OR“sea”)AND
(“pilotage”OR“navigation”
OR“bridge”OR “seafarer”)AND
(“education”OR“training”)AND“instructional design”)

Search 1 returned 10 results, of which one was excluded as it related to
ship design rather than MET design, and one was excluded due to the full
text being unavailable. The remaining results were deemed recent enough not
to require any filtering by year of publication, with the earliest published in
2014. Search 2 returned six results. One of these was excluded as irrelevant,
as it contained the initialization “SEA” rather than relating to a maritime
context. The remaining five results had also appeared in the previous search.
The addition of further related terms, for example “nautical”, did not change
the results retrieved, so was deemed unnecessary. An overview of the eight
articles included in the review can be seen in Table 1.

Table 1. Current use of instructional design in MET.

Author Relevance

Gyldensten
et al. (2023)

Discusses the mapping of student perspective and use to inform
educational design. Mentions straightforward instructional design

Hontvedt
(2015)

Briefing - simulation - debriefing instructional design in a training exercise
for professional maritime pilots

Kandemir and
Cicek (2023)

Aims to develop a decision support system for MET instructors and
instructional designers selecting an appropriate instructional design
model. Discusses the difficulty of making an appropriate choice for MET
due to lack of guidelines

Nause et al.
(2017)

Refers to the design of a distance-learning M.Sc. that has been designed to
be accessible to nautical officers studying at sea. No formal instructional
design model mentioned.

Nikitakos et al.
(2017)

Uses ADDIE, Gagne’s nine levels of learning, and Dick and Carey model
for different aspects of designing and developing game-based learning for
MET.

Patil et al.
(2022)

Reviews literature and proposals relating to the use of AR in MET.

Shankar and
Balaji (2022)

Experiential learning model used in the context of an extracurricular
activity intended to measure knowledge of International Maritime
Organisation (IMO)

Szwed and
Rooks (2014)

Focuses on competency of cross-cultural awareness, with the objective of
improving cross-cultural learning through Maritime International
Exchange (MIX) program. Knirk and Gufstason instructional design
model used when designing and developing the program. This had 3
stages: problem identification, program design, program development.

INSTRUCTIONAL DESIGN IN THE CONTEXT OF MET

When we refer to instructional design, we are using its definition as “a sys-
tematic approach to the design, production, evaluation, and utilization of
complete systems of instruction, including all appropriate components and a
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management pattern for using them.” (Association for Educational Commu-
nications and Technology, 1977:172, cited in Branch and Kopcha, 2014:78).
While the current approach of briefing-scenario-debriefing may be consid-
ered a form of instruction design in some regards, it does not constitute a
systematic approach as per the definition, and as called for by Baldauf et al.
(2012).

Just as there are varying definitions of instructional design, there are also
numerous instructional design models in use. Many of these models adopt
the broad ADDIE format of analyze, design, develop, implement, evaluate
(cf. Branch, 2009), with each having its own strengths and limitations. As
such, there is not one instructional design model that is universally “best”,
with the onus on the instructional designer to choose that which is most
appropriate for a given learning environment (Branch and Dousay, 2015;
Branch and Kopcha, 2014). In this instance, the priority is to enhance the
current practice of maritime simulator instructors, rather than replacing it.
This requires a model that can capture the instructors’ invaluable experi-
ence, address the complex nature of MET, and facilitate the development
of pedagogically-sound scenario exercises to be delivered in the existing
briefing-scenario-debriefing format.

As presented in Table 1, there is no commonly accepted instructional
design model for scenario design in MET, although the potential has been
explored to some extent for other aspects of training. This was confirmed dur-
ing the interviews, as instructors commented on designing scenarios based on
their experiences, and broadly using an intuitive approach. Instructors spoke
about tailoring scenario difficulty to student needs, the complexity of the
tasks students were learning to perform, and the importance of this learning
being transferrable to real-word practice. Clear learning objectives were a pri-
mary concern for all participants. Through a combination of this preliminary
analysis, the literature review conducted, and discussion on simulator-based
MET beyond the scenario design process in extant literature, we identified
some key factors and requirements for selecting an instructional design model
(see Table 2).

Table 2. Requirements of the selected instructional design model.

Factor Reason Requirement

Transfer of
learning

Common theme in instructor
interviews

Realistic learning
environment

Complexity of
tasks

High-risk, safety-critical environment
requires professionals who can act
appropriately in unfamiliar situations

Construction of
knowledge that can
be drawn upon when
required

Student needs Common theme in instructor
interviews

Learning structured
by increasing
difficulty

Communication of
expert knowledge

Difficulty in expressing knowledge
that has been automated (e.g., Clark,
2014)

Ability to capture all
information required
for effective learning
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The findings thus far make it apparent that there is a need for a systematic
approach to scenario design (Baldauf et al., 2012) confirmed by interviews
with instructors, and that the approach must account for the complexity of
MET (see Table 2), but that current literature does not include any use of
a formal instructional design model for the purposes of scenario design (see
Table 1). However, simulator-based training is also used successfully in other
high-risk, safety-critical fields, where formal instructional designmodels have
been applied effectively (cf. Frerejean et al., 2023; Tjiam et al., 2012). Due
to its focus on complex learning, and successful application in comparably
high-risk contexts, the instructional design model we propose for use inMET
is Four Component Instructional Design (4C/ID) (van Merriënboer et al.,
1992), bringing a proven approach from simulator-based healthcare training
toMET. Frerejean et al. (2023) recommend 4C/ID for its strengths in focusing
on whole tasks, and facilitating transfer of learning, providing an illustration
of how the model can be applied in training for a high-risk environment.
Tjiam et al. (2012) provide more detail on conducting a cognitive task anal-
ysis to capture the expert knowledge required for successful implementation
of a 4C/ID approach.

APPLYING 4C/ID TO SCENARIO DESIGN

The 4C/ID model was developed for training complex skills and reflective
expertise (van Merriënboer et al., 1992). The importance of reflection within
MET is recognized, and has been written about previously (Sellberg et al.,
2021), and the complexity of tasks encountered by MET students is evident
when we consider the definition of complex tasks as those requiring syn-
thesis of skills, knowledge, and attitudes (Kirschner and van Merriënboer,
2008; vanMerriënboer et al., 2006). The model guides educators in breaking
complex tasks into four components: learning tasks, supportive informa-
tion, just-in-time (procedural) information, and part-task practice (Kirschner
and van Merriënboer, 2008), in a way which enhances the benefits of intu-
itive instructional design based on expert knowledge (Hoogveld et al., 2002,
2005), and the transfer of learning to professional practice.

The application of 4C/ID requires careful analysis of the requirements for
scenario design, elicitation of expert knowledge, and eventual design of the
scenario. A ten step process of implementing the 4C/ID approach is detailed
by Kirschner and van Merriënboer (2008), whereby those using the model
must employ appropriate techniques for capturing expert knowledge, iden-
tify and analyse cognitive strategies and mental models within the maritime
domain, and use these to develop appropriate learning objectives, sequencing
of tasks by increasing levels of difficulty, and setting performance objec-
tives for assessment. Emphasis is placed upon the integration of tasks, to
promote effective transfer of learning.While structuring learning in this task-
centered way requires more time investment initially than simple sequencing
of tasks, the integrative nature of the learning makes it more time-effective
in the longer term (Kirschner and van Merriënboer, 2008). The aim here is
not to design scenario exercises as quickly as possible, but to design effec-
tive scenario exercises whose performance aids in equipping students with
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the knowledge, skills and competencies required for good seamanship, while
capturing the nuances of excellent scenario design. A simplified overview of
the proposed 4C/ID approach to scenario design is provided in Table 3.

Table 3. Applying 4C/ID (adapted from Kirschner and van Merriënboer, 2008).

1. Learning Tasks
Identify the whole task to be trained. This should be a task or competency that students can
expect to perform as a maritime professional e.g., navigation, ship-handling, communication
procedures, or emergency response.
Break the task down into manageable chunks, creating clear, measurable, learning objectives
Draw upon real-world events requiring the performance of these tasks. The scenario should
be challenging enough to be engaging without being overwhelming, and should provide
learners with opportunities for practicing constituent skills
2. Supportive Information
Provide students with background information supporting the tasks, e.g., regulations, relevant
theoretical concepts. This should be provided before students attend the simulator, e.g., in a
lecture, or in text or multimedia format on a virtual learning environment.
Ensure that this information is integrated into the scenario to facilitate students increasing
understanding in context.
3. Just-in-Time Information
Expert knowledge and real-world experience should be used to identify critical points in the
scenario where students may require guidance or additional information
Provide clear, concise information at these critical points, to assist students in making
informed decisions or successfully handling challenging events
This information should be made easy for students to access when needed
4. Part-Task Practice*
Break whole tasks into smaller components (part-tasks) that students can practice individu-
ally before integrating them into the practice of the whole complex task. This facilitates the
automation of part-tasks that will be required regularly in professional practice, where the
whole task does not allow for sufficient practice.
The part-tasks should first be encountered as the whole task, before being introduced for indi-
vidual practice. Subsequent scenarios should include repetition of these part-tasks, increasing
in complexity to allow students to gradually improve their skills.
Feedback should be provided during part-task practice to correct any errors and encourage
good practice
*Part-task practice is not always necessary (Kirschner and van Merriënboer, 2008; van
Merriënboer and Kirschner, 2017). It may also be inappropriate where components of a task
are tightly coupled. In such cases, an alternative approach where increasing levels of
complexity and diversity are introduced during whole-task practice, such as Simplifying
Conditions Methodology (Reigeluth, 1999), may be required.

While selecting an appropriate instructional design model for this pur-
pose, various elements of MET were taken into consideration, to ensure that
the framework for scenario design complements the nature of education and
training in the field, and preserves the benefits of the current approach, for
example:

• Recognizing the instructor’s own experience as being an invaluable
resource and drawing upon it. The inclusion of real-life practice is essential
when using the 4C/ID model.

• Social learning from peers, and from reflecting upon one’s own perfor-
mance.
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• Designing scenarios appropriate for the students in question, that is,
building upon their existing knowledge, and teaching at an appropriate
level.

• Debriefing providing slightly delayed feedback, which can be more effec-
tive than that which is provided immediately (cf. Mullet et al., 2014).

The proposed approach is not intended to provide a one-size-fits-all check-
list for scenario design, rather a framework for an iterative process of
designing scenarios suitable for a given context.

CONCLUSION

In this paper, we have addressed the lack of a systematic approach to sce-
nario design within maritime education and training. Following review of
existing literature in the field and preliminary analysis of interviews with
experienced simulator instructors, the 4C/ID instructional design model has
been introduced. The focus upon training of complex tasks, and success-
ful implementation in similar high-risk, safety-critical fields suggests that
4C/ID has the potential to be a valuable addition to the scenario design
process. The approach that we have proposed recognizes the value and impor-
tance of instructors’ experience and expert knowledge, enhancing rather than
replacing current practice.

As simulator-based training in MET involves students working through
scenarios based on real skills and competencies they will require in their
professional lives, and mirroring real-life, or at least very realistic, events
and situations they could feasibly encounter. An appropriate instructional
design model, therefore, is one that allows the instructor to ensure that
all relevant elements of the task in question have been captured and incor-
porated in the scenario exercise, working as a complementary addition to
the tried-and-tested briefing-scenario-debriefing model. As such, the pro-
posed approach embraces the strengths of intuitive instructional design based
on extensive professional experience, while also reaping the benefits of a
systematic approach.
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