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ABSTRACT

Approximately 85% of maritime accidents are accounted for by navigation acci-
dents, caused by human errors such as mistakes in impropriate decision-making.
Decision-making skills are the key to safe sailing. However, the assessment of decision-
making based on objective measurements is rarely studied. This paper aims to assess
the impact of safety factors on decision-making in maritime navigation. Two different
levels of complexity, each with a different number of safety factors, were designed
for the experiment. NASA-TXL rating was used to evaluate the participants’ perceived
workload and performance, while objective measures such as deviation from the plan-
ned route were used to analyze decision-making and performance. Results indicate
that a higher workload and stress level are associated with more complex scenarios
and safety factors and that safety is prioritized in decision-making under stress. The
research can be used to improve decision-making skills in maritime training programs.
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INTRODUCTION

According to the Safety System Project theory, the navigation system in
maritime operations is a complex interplay between the ship, human ope-
rators, and the environment (Inoue, 2000; Xiufeng et al., 2005). Hence,
approximately 85% of maritime accidents are caused by navigation acci-
dents such as collisions and groundings (Oh, Park and Kwon, 2016), with
human errors such as mistakes in decision-making being a major contribu-
ting factor (Wróbel, Montewka and Kujala, 2017; Wu et al., 2020). In order
to ensure safe sailing, decision-making skills are crucial in maritime navi-
gation (Norros and Hukki, 2003). Decision-making skills are influenced by
various safety factors including equipment maintenance, adherence to navi-
gation rules and regulations, effective communication among crew members,
and proper training and education for all personnel on board. Additionally,
understanding weather conditions, sea state, and potential hazards in the area
can aid in decision-making by allowing the crew to anticipate and plan for
potential risks.

Maritime operations are considered a high-risk industry due to the
stress-related nature of work at sea, which is characterized by peak wor-
kloads, high uncertainty, and complex tasks. The stress threatens the health
of seafarers and impairs their safety-related behavior. Therefore, developing
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maritime training programs to improve decision-making skills and promote
safety at sea is essential. However, the assessment of decision-making based
on safety performance is rarely studied.

The aim of the present study is to assess the impact of safety factors on
decision-making in maritime navigation. The study will focus on adding
unsafety factors and stressful events during navigation tasks, as this is con-
sidered critical for making correct decisions and associated risks are greater.
The conception and design of the study can be found in Figure 1. “How
do safety factors affect the decision-making of maritime students?” The
secondary research question is “Which decision models can be applied to
analyze the decisions made by maritime students?” The following section
will present a comprehensive literature review of relevant studies pertaining
to decision-making models in maritime navigation. This review will serve as
the theoretical framework for the current study and provide a foundational
understanding of the subject matter. Subsequently, the methodology used to
conduct the experiment, the results obtained, and a thorough discussion of
the findings will be presented. This will include an analysis of the impact of
safety factors on decision-making in maritime navigation and an examination
of navigators’ prioritization of safety participation and compliance based on
their decision-making.

Figure 1: Conception and design of the present study.

DECISION-MAKING IN MARITIME NAVIGATION

Decision-making in maritime navigation refers to the process of making
real-time decisions based on constantly changing conditions in the maritime
environment. This can include factors such as weather, sea state, traf-
fic, and navigation hazards. In maritime navigation, assessing the state of
the events, then taking appropriate actions and re-evaluating the results is
required for ensuring the safe and efficient operation of vessels (Li et al.,
2021). It requires the integration of data from multiple sources, inclu-
ding radar, AIS, meteorological and oceanographic sensors, and the use of
advanced navigation systems such as ECDIS (Electronic Chart Display and
Information System) and AIS-SART (Automatic Identification System-Search
and Rescue Transponder) (Conceição et al., 2018). It also requires the
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ability to quickly assess and respond to new information, and to make
decisions that balance safety, efficiency, and the mission objectives of the
vessel.

Decision-making models are used to understand how individuals make
decisions in realistic settings (Knox Clarke and Campbell, 2020). Despite
the absence of a unified decision theory, various models have been proposed
by researchers in different contexts (Klein, 1993). In the maritime domain,
seafarers are required to possess situational awareness. Depending on their
assessment of risk, one or more methods of decision-making, such as rule-
based, analytical, intuitive, and creative methods can be applied to their
decisions. A simplifiedmodel of decision-making can be visualized in Figure 2
(Flin andO’Connor, 2017). The development of decision-making skills is par-
ticularly crucial in the maritime industry, as seafarers may be operating under
time constraints and stress. Consequently, training maritime students to enh-
ance their decision-making abilities is crucial. The selection of appropriate
decision-making methods is fundamental for making decisions. For insta-
nce, rule-based decision-making relies on a set of predefined rules to guide
decision-making, which can be used to make decisions swiftly and efficien-
tly but may not be adaptable to new or unexpected situations (Norros and
Hukki, 2003). For students with less experience, rule-based decision-making
is a prioritized option. As their knowledge and experience increase, they can
analyze the situation, search their memory store, and identify similar patterns
to the current situation, subsequently making decisions based on such pat-
terns. Therefore, it is essential to investigate the impact of safety factors on
decision-making for improved training outcomes.

Figure 2: Simplified model of decision-making (Flin and O’Connor, 2017).

METHODOLOGY

The current study was designed to first two different stressful scenarios with
a different number of stressful events in sailing in high latitude areas, and
secondly to use it to assess the decision-making skills based on their per-
formance. A total of 22 nautical science students (mean age = 22.36 years,
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standard deviation = 2.38 years) participated in this experiment volunta-
rily. The experiment is conducted on a full-mission ship bridge simulator.
A couple of statistical tests have been used to assess the stress level from
the NASA-TLX rating. NASA TLX rating includes six categories: Mental
Demand, Physical Demand, Temporal Demand, Performance, Effort, and
Frustration Level (Hart and Staveland, 1988; Sharek, 2011). The ratings are
then converted to a ten-point scale score, with 0 representing low levels of
workload and 10 representing high levels of workload. The experiment set
up can be found in Figure 3.

Experiment Set Up

In order to investigate the impact of safety factors in decision-making,
two distinct levels of complexity were evaluated using a simulated environ-
ment with no current, tidal stream, or wind. The control task scenario was
conducted under fair weather conditions with six events, while the experi-
mental task scenario was performed under snowy weather conditions with
an additional four events compared to the control task scenario. The event
design in the two scenarios is presented in Table 1. Other simulated vari-
ables, such as location and traffic situation, were kept constant across the
two trials. In order to control for the potential influence of the order of
the scenarios on the results, participants were instructed to complete the
navigation tasks twice during the experiment. They were randomly assi-
gned to one of three groups: a control group (Group C), an experimental
group 1 (Group E1), or an experimental group 2 (Group E2). The con-
trol group (Group C) performed the easy navigation scenario twice, while
the experimental groups (Group E1 and Group E2) completed either an
easy scenario followed by a complex scenario or a complex scenario follo-
wed by an easy scenario, respectively, with a 10-minute break between the
two sections.

The experiment was conducted on three different simulator bridges, all of
which were equipped with the K-sim Navigation software from Kongsberg
Digital and featured a 240◦ and 360◦ view. Each simulator bridge was

Figure 3: Experiment set up. Two distinct stressful scenarios were sail by the
participants. Three types of questionnaires were filled out during the experiment.
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Table 1. Events design in the two scenarios. Note that F1 is steering pump fai-
lure, VHF is weather forecast VHF, F2 is echo sounder failure, T1 and T 2
are meeting a fishing vessel, F3 is gyro failure, F4 is GPS failure and T4
is meeting a tug. At 16 min, the snow is added intensively 100%, then
change the snow intensive back to 50% at 18 min, and stop the snow after
18.5 min. After 20 min participants need to pass a narrow bridge. After
22 min, the visibility will be reduced by adding fog intensive100%.

Time (min) 0.5 2 4 6.5 9 13 16-18.5 20 22 After 22

Event F1 VHF F2 T1 F3 T2 Snow Narrow bridge F4 Fog T4

Con.
√ √ √ √ √ √

Exp.
√ √ √ √ √ √ √ √ √ √

equipped with an independent instructor station, enabling the simultaneous
execution of three exercises. The vessel model utilized in the study was the
BULKC11 Hagland Saga, a small bulk carrier with a length between per-
pendiculars of 85 meters, and was deemed appropriate for the tasks being
evaluated. Additionally, all participants were familiar with the vessel model
as a result of their prior navigational training. The designed sailing route is
in the Sandnessundet area near Tromsø in the north of Norway and is about
14 kilometers long in narrow water with a sharp turn and passes under a tall,
narrow bridge.

RESULT AND DISCUSSION

A couple of statistical tests have been used to assess the stress level from
the NASA-TXL rating. The results of the Welch t-test show that the par-
ticipants felt a significantly higher workload of doing the experiment task
(29.3633 ± 8.0871) than doing the control task (19.9862 ± 8.5724)
(t(29.945) = −3.5714, p = 0.0012) with a difference of 9.3771 (95% CI,
−14.7398 to −4.0144). The effect size (Lakens, 2013) is large (ds = 1.1145).
In addition, the Spearman rank correlation coefficient (Zar, 2014) was
applied to test the association between performance and workload. The
results showed that there was a significant moderate association betw-
een how workload the participants rated, and the score of the parti-
cipants got by the performance assessment. The Spearman correlation
coefficient rs = −0.3171226, p-value = 0.03595. That is, the higher
workload rated, the lower score in performance graded, and vice versa.
The results are presented in Table 2. The findings indicate that there
is a correlation between complexity scenario and their perceived stress
levels.

Table 2. Welch t-test results of the NASA TLX rating.

Groups Mean SD Welch Two Sample t-test 95% CI Effect size Cohen’s ds

t-statistic p-value

Con. 19.9862 8.5274 −3.5714 0.0012 −14.7398 −4.0144 1.1145
Exp. 29.3633 8.0871 (large)
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In addition to the statistical results of the perceived workload and stress
levels, an examination of the deviation from the planned route is conducted
for the assessment of performance and decision-making. The result, as illu-
strated in Figure 4, indicates that the students are more focused on safety
matters when the situation is complex. In the easy scenario, the students may
find the situation easy to handle. All equipment is available and functional,
the external factors, such as visibility, do not affect the situation, and the
traffic scenario is uncomplex and easy to assess. Due to this, it is reasonable
to believe that the students increase the margins for what they consider to
be safe, for instance when it comes to acceptable deviation from the planned
route. It is obvious that the students are able to detect and establish the devi-
ation from the route in both scenarios, but in the easy scenario, they feel so
comfortable in the situation that they allow themselves to deviate from the
route and not implement measures to correct the situation immediately. In
the complex scenario, the students are unsure about the situation and seek to
correct the position as soon as possible. This is might be the reason that they
consider the planned route the safest place to be, and they feel that they can
use more of their available resources on other factors than positioning when
they are on the planned route.

If the deviation from the planned route is assessed independent of the other
factors in the scenarios, it can be argued that a given deviation represents

Figure 4: The deviation between the planned route and the sailed route is presented
both in the control and experimental scenarios. Note that the result only presents the
greatest deviation occurring between the point at which participants began turning
and the point where they aimed to cross the narrow bridge.
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the same risk in the two scenarios. The distance to other objects, land con-
tours, and infrastructure will be the same. It is also clear that the planned
route should be considered the safest position to be in, as this route has been
assessed during the planning phase and found to be the desired option. From
this, we can draw the conclusion that the decision not to immediately cor-
rect the position when being aware of the deviation is more unsafe than the
decision to implement measures of correction. There can, of course, be other
relevant factors when making the decision, such as practical considerations.
When applying these thoughts to the findings from the experiment, it beco-
mes apparent that the students reduce the limit for acceptable risk when the
complexity rises. This is natural for other factors, such as for instance speed.
But increased speed represents an increased risk in all conditions and levels
of complexity. The deviation from the route represents, in general, the same
risk in both scenarios.

Regarding the decision-making models, it can be argued that the decision
to deviate from the route in the easy scenario can be explained as a creative
decision. The students are probably familiar with the situation and prioritize
the task of sailing the ship to the designated ending station over the safety
factor that deviation from the route represents. In the complex scenario, the
situation is more difficult to assess for the students, and therefore the model
of rule-based decision-making can be applied to the decision to not deviate
from the route, as the general rule is that the planned route is the safest place
to be.

The findings above imply that the students act safer in complex situations.
They value safe decisions higher and decrease the acceptable safety margins.
This can be for instance related to their lack of experience regarding such
situations.

CONCLUSION AND FUTURE WORK

This study shows that safety factors affect the decision-making of maritime
students. In easy scenarios, the task to be accomplished seems to be the main
focus for the students. In more complex scenarios, the safety factors seem
to affect decision-making. Further, different decision models can be applied
to the decisions made by the students under different levels of complexity.
This can be used for the improvement of the teaching and education in mari-
time simulator training. In future work, the obtained knowledge regarding
decision-making under different levels of complexity should be used in the
development of training scenarios in maritime simulator-based training.
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