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This study examined the satisfaction of seafarers and instructors with simulator-based training as a
means of reducing human error and reinforcing compliance with STCW Convention and Code require-
ments. A questionnaire covering four evaluation indices, namely the prevention of primary errors, the
avoidance of unsafe behaviors and actions, the correction of errors, and the overall contribution of simu-
lator training to accident reduction, was administered to 120 respondents, including captains, engineers,
cadets and instructors trained on the Navi-Sailor NTPRO 5000 bridge handling simulator and a Norcon-
trol Kongsberg full-mission engine room simulator at the Merchant Marine Academy of Aspropyrgos.
Non-parametric statistical tests (Mann-Whitney U and Kruskal-Wallis) were used to compare the four
indices across groups defined by onboard experience, rank, and status. Respondents with more than
six months of onboard experience and senior officers reported significantly higher satisfaction than
cadets and less experienced trainees, whereas no significant difference was found between instructors
and students. Overall satisfaction with simulator training was found to be high, although non-technical
competencies such as stress management and leadership development received comparatively lower
ratings. The findings support the adoption of a blended training approach that combines simulator ex-
ercises with onboard experience in order to strengthen maritime safety and reduce human-error-related
accidents.

© SEECMAR | All rights reserved

1. Introduction.

A sufficient number of statistics indicate that the main con-
tributor to marine accidents are human errors. Some studies
suggested that 80 to 95 percent of all maritime accidents, in-
cluding groundings, collisions, fires, explosions and various
other workplace accidents, are attributable to human error (Yisi
Liu Z. L., 2020). The human factor behind these accidents is
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also especially relevant to a study in Malaysia where just a few
of these incidents can greatly impact society, as revealed in the
article exploring this topic. To improve maritime safety and
prevent future similar incidents and tragedies, research should
focus on understanding the complex interactions among orga-
nizational factors, unsafe supervision, preconditions for unsafe
acts and the unsafe acts of the operators themselves (Suzanna
Razali Chan, 2016).

It is worth noticing that, on a more positive note, a detailed
study of maritime accidents within the waters of the European
Union (EU) for the year 2007 to the year 2010 indicated that
traditional incidents such as sinkings, collisions and ground-
ings have significantly decreased. However, accidents caused
by fires and explosions have increased, showing a change in the
character of maritime risks. This changing trend of accidents
indicates that safety behavior on board, the training of crew and
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multicultural communication can be made more effective. It is
a shocking example of how a lack of focus on the human el-
ement in maritime operations has detrimental real-world influ-
ence, and it is evident that no matter how sophisticated technol-
ogy gets, the maritime industry needs to find solutions in order
to mitigate the effects of human factors, preventing undesired
catastrophes (B. Ćorović, 2013). Maritime safety and human
error have become an issue that every seafarer has to deal with.

Human factors still represent a significant challenge to the
International Maritime Organization (IMO) with regards to the
improvements required in maritime safety, as evidenced by the
adoption of Resolutions such as A.850(20) and A.947(23), in
which human error was identified as a contributory factor to
the issue of accidents. Human error was the cause of 81% of
marine accidents from 2014 to 2020, and crew members also
caused 81% of deaths. Over this period, there were 6,921 in-
juries linked to 6,211 incidents that were complicated by ex-
ternal circumstances, such as the COVID-19 pandemic and a
shortage of workers. Latest studies show that situational and
social systems interactions are key enablers of shipboard safety.
Detailed analysis has shown that poor procedure adherence and
lack of awareness of regulations often contribute to incidents.
Additionally, training programs commonly overlook distraction
challenges and situations under high pressure. The enhance-
ment of onboard safety will require a detailed written policy
that includes a written marine accident resolution and investi-
gation of human factors. The three-dimensional approach to
maritime safety consists of developing safety culture, training
programs, and formal competence assessment. Even though
shipping has become safer with technology, there is a need
to focus on human errors. Understanding the human element
holistically is critical to prevent incidents and to promote safer
onboard behaviour (Lech Kasyk, 2023).

The literature records that the root causes of human error
on board are complicated. Human error on board may come
from things such as cognitive overload, fatigue, stress, poor
communication and failure to respond directly in adverse sit-
uations. Even with all the technical advancements in modern
vessels, human performance remains error-prone, particularly
under high-pressure situations. Moreover, psychological fac-
tors like loneliness, strain and long working hours can adversely
impact judgement, leading to poor decisions during critical mo-
ments (Yisi Liu X. H., 2016). Maritime accidents can also
result from cognitive errors, problems in the organization and
management of human resources, and issues regarding human-
technology interaction (Carine Dominguez-Péry, 2021).

As human factors play a primary role in the occurrence of
multiple serious accidents, such as the Thai Phoenix ferry dis-
aster, the Korean Sewol, and the Chinese Eastern Star, a new
human factors analysis and classification system for marine ac-
cidents (HFACS-MA) was developed. The HFACS-MA model
reveals four main groupings that lead to these collisions: inade-
quate supervision, organizational deficiencies, legislative gaps,
and ineffective ship-Vessel Traffic Services (VTS) communi-
cation. The literature discloses unsafe acts and supervision,
as well as organizational influences, as key contributors to the
sinking of the MV Sewol. Given its maritime significance and

possible threats in the Strait of Malacca, the authors advocate
for more in-depth studies, especially in Malaysia. While the ac-
cidents in Malaysia have a low rate, the authors support that hu-
man error must be addressed there, preventing deaths of people,
loss of third-party property, as well as environmental degrada-
tion (Suzanna Razali Chan, 2016).

Another recent study identified human error in the operation
and maintenance of ships as a key area to research to ensure the
integration of technology and maritime safety on merchant ves-
sels, in order to reduce mishaps. The research aims to delve
into practical mitigation techniques, leading to improvements
in ship management and safety through making sense of ac-
cident causation and the causes of human error. The findings
indicate that human factors such as seafarers’ ignorance and
complacency are crucial elements in marine accidents. By im-
proving seafarers’ capabilities and skills, a significant decrease
in marine accidents could be achieved. The study also provides
a methodology considering a range of factors, such as nation-
ality, the engineering field in which they operate, and the or-
ganizational structure. Furthermore, the study highlights the
need to establish a culture of good safety, communication and
environmental awareness, ensuring safer navigation with fewer
accidents and injuries (Muidun Nabi Chowdhury, 2024).

Another reason why human error can lead to accidents is
the utilization of technology in marine operations. Even though
technology was meant to enhance safety, 31% of marine acci-
dents can be traced to the improper application or comprehen-
sion of technology. Common problems include poorly designed
systems, inadequate training, and a lack of adaptation to new
technologies. The study suggests a design approach centered
on the user, high standards of crew training, and practices that
promote teamwork, as well as cultivating a safety culture (Toni
Bielić, 2017).

Established Maritime Education and Training (MET) still
tends to be biased toward aligning MET students with tech-
nical capability through classroom-formed education and con-
ventional simulation-based training, with the emphasis placed
on technical capability. Specifically, while seafarers know how
to perform their tasks, this does not help them cope with the
mental, emotional and psychological aspects of life onboard. A
study by Inger Johanne Kristensen (2023) records that conven-
tional approaches fail to address stress, cognitive overload, and
emotional behaviour under pressure, such as in high-risk train-
ing scenarios. As a result, there is a lack of such training, which
increases the chances of human error during onboard operations
(Inger Johanne Kristensen, 2023).

The International Maritime Organization (IMO) mandates
and strongly supports the use of simulators in maritime train-
ing to address the complex reasons for human error as defined
by the STCW codes. The benefits of the IMO Model Course
2.07 regarding improving the technical proficiency and opera-
tional skills of seafarers, through engine-room simulation, help
mitigate human error by focusing on hands-on training and as-
sessing competencies, knowledge, and understanding, meeting
the requirements described in the STCW Code. In addition,
human skills such as leadership, teamwork, effective communi-
cation, situational awareness, and decision-making under pres-
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sure in both routine and emergency situations were practiced
through exercises. The findings indicated that seafarers’ capac-
ity to reduce human error and fulfil STCW competency stan-
dards was improved by the course, which also fosters these
non-technical skills in a safe simulated environment (Interna-
tional Maritime Organization(IMO), 2017; International Mar-
itime Organization, 2002).

Simulation-based training is among the most highly regarded
methods to reduce human error in the maritime working envi-
ronment and operations. Simulators introduce trainees to re-
alistic, controlled, but risk-free training situations to acquire
technical skills, decision-making and teamwork in a safe en-
vironment. Similar research by Francis A. Alterado (2018) has
shown that simulators play an important role in maritime train-
ing, as such training can enhance not only the technical knowl-
edge and skills of the trainee but also other non-technical at-
tributes such as leadership and teamwork, which are essential
for the efficient management of emergencies.

Full-mission simulators replicate engine room and bridge
functions, enabling trainees to rehearse common but high - stan-
dard tasks, such as preventing a collision, mooring under diffi-
cult conditions and responding to emergencies like engine fail-
ure, providing trainees with the ability to understand the impact
of their actions (Yisi Liu Z. L., 2020).

With the emergence of Virtual Reality (VR) and Immer-
sive Virtual Reality (IVR), simulators started to act as a one-
stop destination for an immersive and holistic learning experi-
ence. These advanced immersive training environments enable
trainees to face onboard and time-demanding scenarios, such as
piloting ships in bad weather and responding to onboard system
failures and malfunctions (Mohammud Hanif Dewan, 2023).
According to another study, immersive VR training improves
critical decision-making, crisis management, and teamworking
skills (Elsayed, 2023). However, cloud-based simulators may
have their effectiveness diminished due to connectivity issues
(W. Gyldensten, 2023).

The literature also points to a similar conclusion regarding
how to lessen human error through dynamic training. MET will
implement emerging technologies such as virtual reality, EEG
monitoring and gamified simulators to provide dynamic train-
ing. These advancements could, through improved decision-
making, resilience and teamwork in high-stress environments,
help mitigate human error. While solutions will be unique to
each ship and even each voyage, there is no doubt that simu-
lation technologies will be integral to preparing seafarers in a
way that reflects the challenges onboard, ultimately enhancing
safety and creating a culture of lifelong learning in the industry
(Mohammud Hanif Dewan, 2023). Interestingly, Tarkkanen et
al. found that maritime students preferred the hedonic richness
and engagement of a gamified VR system over environmental
realism, even if they rated it slightly lower in terms of prag-
matic quality than traditional simulators. This reinforces the
need to balance realistic system simulation with an engaging
virtual world (Kimmo Tarkkanen, 2023).

The literature also records the use of EEG (electroencephalog-
raphy) devices to track the mental state of cadets in real time,
such as stress, focus and attention. EEG technology is a sim-

ple, accessible and low-cost technology that is devoted to hu-
man factor studies in the maritime environment. By tracking
students’ brain activity in real time, trainers can record cogni-
tive overload or high stress, which could ultimately lead to poor
decisions. For example, by assessing these physiological re-
sponses alongside more traditional performance measures, such
as the error rate and the time required for task completion, train-
ers would be better positioned to provide feedback that informs
decision-making under pressure and in high-stress environments
(Yisi Liu X. H., 2016).

The advantage of simulator use is that it operates as a safe
and cost-effective means of fulfilling certification requirements,
reducing reliance on costly and potentially dangerous on-the-
job training. According to a Dutch study, time on a simulator
can be accepted as the equivalent of sea time: five days (40
hours) of simulation correspond to 10 days onboard, 10 days
(80 hours) correspond to 30 days, and 15 days (120 hours) cor-
respond to 60 days (Netherlands Maritime Study, 1994). The
use of simulators is an alternative that can be more cost-effective
and time-efficient than traditional onboard training, allowing
cadets to acquire experience (CHO THET MAUNG, 2019).

The current study investigates how efficient simulator train-
ing can be as a tool for enhancing skills and minimizing hu-
man errors with respect to the STCW Convention and Code.
During the debriefing phase, a questionnaire survey was carried
out among trainees in order to record their opinions regarding
simulator training. The primary distinction was between cadets
and officers, with cadets consistently rating the training’s influ-
ence lower, and statistically significant differences in satisfac-
tion were found across ranks. According to the survey, the eval-
uations of instructors and students were similar, which may be
due to the fact that, as both instructors and students use the sim-
ulator regularly, their views may be aligned. A key finding of
the present survey is the need for improvement in non-technical
competencies, including human factors such as stress manage-
ment, fatigue and leadership, which received lower satisfaction
ratings. In addition, the present work suggests that the best sce-
nario for training maritime professionals is a hybrid approach
combining simulator and onboard exposure.

2. Materials and Research Methodology.

A questionnaire was used for the present study, and stu-
dents, captains, engineers, and instructors, as well as those who
had trained on the Maritime Academy’s simulators, were asked
to complete it. This study was conducted using the Navi-Sailor
NTPRO 5000 ship bridge handling simulation system from the
Deck Officers department and a Norcontrol Kongsberg full -
mission engine room simulator from the Engineers department
of the Merchant Marine Academy of Aspropyrgos. All stu-
dents and instructors were invited to join the current project af-
ter completing the simulator training. Questionnaires were col-
lected anonymously and separated from information and con-
sent sheets in order to preserve confidentiality. There were four
sections in the questionnaire, described in the Appendix, that
dealt with: Part I, evaluation index of simulator training’s con-
tribution to preventing the primary mistakes that cause marine
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accidents; Part II, evaluation index of simulator training’s con-
tribution to preventing human behaviors or actions that cause
marine accidents; Part III, evaluation index of the contribution
of simulator training to the process of correcting errors that
cause marine accidents; and Part IV, evaluation index of the
overall contribution of simulator training to reducing marine
accidents. In June 2024, a total of 120 people responded to
the questionnaire. Groups of respondents were formed accord-
ing to their rank, onboard experience, and status (instructor or
student).

The following research hypotheses were formulated in rela-
tion to the independent variables:

H0.1a: Onboard experience does not affect the satisfaction
index about how much simulation training helps prevent the pri-
mary mistakes that cause a marine accident.

H1.1a: Onboard experience affects the satisfaction index
about how much simulation training helps prevent the primary
mistakes that cause a marine accident.

H0.1b: Onboard experience does not affect the satisfaction
index of simulator training’s contribution to preventing human
behaviors or actions that cause marine accidents.

H1.1b: Onboard experience affects the satisfaction index of
simulator training’s contribution to preventing human behaviors
or actions that cause marine accidents.

H0.1c: Onboard experience does not affect the satisfaction
index regarding the role that simulation training plays in cor-
recting errors that lead to a maritime accident.

H1.1c: Onboard experience affects the satisfaction index re-
garding the role that simulation training plays in correcting er-
rors that lead to a maritime accident.

H0.1d: Onboard experience does not affect the satisfaction
index of the overall contribution of simulation training to the
reduction of marine accidents.

H1.1d: Onboard experience affects the satisfaction index of
the overall contribution of simulation training to the reduction
of marine accidents.

H0.2a: Respondent’s rank does not affect the satisfaction
index about how much simulation training helps prevent the pri-
mary mistakes that cause a marine accident.

H1.2a: Respondent’s rank affects the satisfaction index about
how much simulation training helps prevent the primary mis-
takes that cause a marine accident.

H0.2b: Respondent’s rank does not affect the satisfaction
index of simulator training’s contribution to preventing human
behaviors or actions that cause marine accidents.

H1.2b: Respondent’s rank affects the satisfaction index of
simulator training’s contribution to preventing human behaviors
or actions that cause marine accidents.

H0.2c: Respondent’s rank does not affect the satisfaction
index regarding the role that simulation training plays in cor-
recting errors that lead to a maritime accident.

H1.2c: Respondent’s rank affects the satisfaction index re-
garding the role that simulation training plays in correcting er-
rors that lead to a maritime accident.

H0.2d: Respondent’s rank does not affect the satisfaction
index of the overall contribution of simulation training to the
reduction of marine accidents.

H1.2d: Respondent’s rank affects the satisfaction index of
the overall contribution of simulation training to the reduction
of marine accidents.

H0.3a: Respondent’s status does not affect the satisfaction
index about how much simulation training helps prevent the pri-
mary mistakes that cause a marine accident.

H1.3a: Respondent’s status affects the satisfaction index
about how much simulation training helps prevent the primary
mistakes that cause a marine accident.

H0.3b: Respondent’s status does not affect the satisfaction
index of simulator training’s contribution to preventing human
behaviors or actions that cause marine accidents.

H1.3b: Respondent’s status affects the satisfaction index of
simulator training’s contribution to preventing human behaviors
or actions that cause marine accidents.

H0.3c: Respondent’s status does not affect the satisfaction
index regarding the role that simulation training plays in cor-
recting errors that lead to a maritime accident.

H1.3c: Respondent’s status affects the satisfaction index re-
garding the role that simulation training plays in correcting er-
rors that lead to a maritime accident.

H0.3d: Respondent’s status does not affect the satisfaction
index of the overall contribution of simulation training to the
reduction of marine accidents.

H1.3d: Respondent’s status affects the satisfaction index of
the overall contribution of simulation training to the reduction
of marine accidents.

Figure 1: Research hypotheses diagram.

Source: Authors.

Depending on the independent variable, the Kruskal-Wallis
or Mann-Whitney U tests were used to investigate the afore-
mentioned hypotheses. IBM SPSS Statistics was used for all
calculations.

3. Results.

3.1. Analyzing the Data.
The survey was completed by 130 participants, including

instructors, who were also captains or engineers in the mer-
chant navy, and students (captains or engineers) who had re-
ceived training in the Academy’s simulators, using the Navi-
Sailor NTPRO 5000 ship bridge handling simulation system
and a Norcontrol Kongsberg full-mission engine room simu-
lator. Upon completion of the questionnaires and analysis of
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the survey data, Table 1 displays the distribution of participants
across the chosen independent variables. The Likert scale, a
psychometric response scale commonly used in these surveys,
was employed, with five possible answers for each question:
“strongly disagree” (score 1), “disagree” (score 2), “neither dis-
agree nor agree” (score 3), “agree” (score 4), and “strongly
agree” (score 5).

Table 1: Research hypotheses diagram.

Source: Authors.

For the statistical analysis, the following continuous vari-
ables were created, expressing the average score of the responses
for each part of the questionnaire:

a) Evaluation index of Part I:

EI-I =
∑

(scores of questions I1–I2–I3)
3

b) Evaluation index of Part II:

EI-II =
∑

(scores of questions II1–II2–II3–II4–II5–II6)
6

c) Evaluation index of Part III:

EI-III =
∑

(scores of questions III1–III2–III3)
3

d) Evaluation index of Part IV:

EI-IV =
∑

(scores of questions IV1–IV2–IV3)
3

The mean value and standard deviation of each indicator are
displayed in Table 2. The respondents’ satisfaction level with
the contribution of simulation training to preventing the primary
errors that lead to marine accidents (EI-I), to preventing human
behaviors or actions that lead to marine accidents (EI-II), and to
correctly correcting errors that lead to marine accidents (EI-III),
is relatively high (3.94, 3.91, and 3.84, respectively). Addition-
ally, the satisfaction level increases when respondents are asked
about the overall satisfaction level with simulation training as a
tool for reducing marine accidents (EI-IV), with a mean value
of 4.13. The average score and standard deviation for every
question are shown in Table 3.

Table 2: Mean of scores and standard deviation.

Source: Authors.

Table 3: Average score and standard deviation of each question.

Source: Authors.

4. Hypothesis Testing.

It was investigated whether there is a significant difference
in the mean score of each of the four indices between groups
of the independent variables: a) onboard experience, b) rank,
and c) status. The significance level was set at 0.05. Data
were tested for normality using the Kolmogorov-Smirnov and
Shapiro-Wilk tests. The results, depicted in Table 4, show that
none of the four variables were normally distributed (p-value <
0.05), and therefore non-parametric tests were used.

Table 4: Results of normality tests.

Source: Authors.
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The Mann-Whitney test was used to determine whether the
mean score of the indices differed statistically significantly be-
tween those who had a longer onboard experience (more than 6
months) and those who had a shorter onboard experience (less
than 6 months). The p-values in Table 5 (Asymp. Sig.) are all
less than 0.05, showing that there is a statistically significant
difference between the two groups in all four indices.

Table 5: Results of the Mann-Whitney test.

Source: Authors.

Table 6 shows that respondents with more than six months
of onboard experience had significantly higher mean scores for
all four indices than respondents with less than six months.
Boxplots (Figure 2) further confirm that respondents who had
more than six months of onboard experience scored higher than
those with less.

Table 6: Mean score and standard deviation of the indices de-
pending on the duration of onboard experience.

Source: Authors.

The Kruskal–Wallis test was used to determine whether the
mean score of the indices varies statistically significantly based
on rank. Given that every p-value was less than 0.05, the results
indicate that there is a significant difference across all indices
(Table 7). The average values of the cadet Captain/Engineer
group are lower than those of all other ranks, but there is no
significant difference in the means of the indices between Cap-
tain/Engineer Class A, Class B and Class C (Table 8). The box-
plots in Figure 3 lead to the same conclusion regarding the en-
gineers and cadet masters.

Figure 2: Boxplots of indices depending on onboard experi-
ence.

Source: Authors.

Table 7: Results of the Kruskal–Wallis test.

Source: Authors.

Table 8: Mean score and standard deviation of the indices de-
pending on rank.

Source: Authors.

In order to examine whether there is a statistically signifi-
cant difference in the mean score of the indices between trainees
and teachers, the Mann-Whitney test was used. According to
the results, there is no significant difference in any of the in-
dices, since all the p-values are over 0.05 (Table 9).

Table 9: Results of Mann Whitney Test.

Source: Authors.
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Figure 3: Boxplots of indices depending on rank.

Source: Authors.

5. Discussion.

Maritime training based on simulation provides trainees with
the ability to refine their technical skills while simultaneously
gaining essential decision-making and teamwork skills in a safe
environment. These systems present students with realistic but
safe scenarios of real-world operations that can be outstanding
regarding extreme situations (severe weather, failed equipment,
heavy traffic in navigation) that are hard or risky to encounter in
the real world. This method enhances not only the preparedness
of trainees but also their ability and confidence to address com-
plicated and dangerous circumstances (Yisi Liu Z. L., 2020;
Mohammud Hanif Dewan, 2023). It is worth noting that mod-
ern simulators provide real-life environments designed to mir-
ror the configuration of a ship’s bridge, engine room and nav-
igation systems. Such realistic environments allow trainees to
receive training similar to real-life operations. Crew members
are trained on how to respond to simulated emergencies such as
fire, flooding or engine failure. By rehearsing such responses
without being in real danger, anxiety and poor decision-making
in real-life crisis circumstances can also be reduced. This also
prepares the crew for making high-risk decisions by simulat-
ing scenarios such as disembarkation, collision avoidance and
several extreme situations, reducing the likelihood of human
errors occurring when facing such scenarios for the first time
(Elsayed, 2023).

Automation and innovative technology, such as automated
engine control, dynamic positioning systems, and electronic
chart displays, are used on board and have increased in com-
plexity (Toni Bielić, 2017). Nevertheless, inadequate training
or defective equipment may lead to human errors that have been
attributed to 80–90% of maritime accidents. Real-life environ-
ments used to train crew members are created by simulators,
allowing them to integrate these systems and reducing human
errors (Elsayed, 2023). These environments cultivate techni-
cal skills, decision-making, teamwork, and self-esteem (Toni
Bielić, 2017; Elsayed, 2023), overcoming over-reliance on au-
tomation. To minimize the time needed for familiarization with
basic behaviors and to facilitate the transition process, simula-

tors should closely emulate what will be found onboard. More-
over, safety is also strengthened by encouraging open commu-
nication and feedback. Thus, simulators play a significant role
in crew training to safely operate advanced technologies and
prevent technology-related errors.

Simulators can also create stress situations, such as circum-
stances that occur in bad weather or at night, for crews to prac-
tice in. This lessens the possibility of making mistakes in real
life due to stress or fatigue. Through simulator training, crews
learn how to manage their cognitive load, sustaining their atten-
tion on their responsibilities without being overwhelmed during
an emergency situation. Similar themes are apparent in andra-
gogical development models designed for adult learner groups,
placing a strong emphasis on real-life experience and practical
implementation (Angelique Bosker, 2021). The findings of An-
gelique Bosker et al. record that managing the gap with real
life is essential to enhance training effectiveness, for example,
through incorporating more complicated and dynamic scenarios
and better integrating human factor training parameters such as
leadership and stress management, as well as involving techni-
cally advanced options such as virtual and augmented reality to
provide more sophisticated, real-life training environments.

In the present study, the demographic data of the partici-
pants, as depicted in Table 1, showed that the majority of partic-
ipants were male (89.23%), with more than half (54.3%) being
under 30 years old. This suggests that the sample was primarily
composed of young people, mostly students (91.5%). Specifi-
cally, 39.2% of respondents were cadets, and 73.1% had more
than six months of onboard experience when giving their as-
sessments of simulator training aspects. The technical aspects
of handling emergencies (II-5: 4.05/5), understanding automa-
tion (II-3: 4.12/5), believing in VR simulators (IV-2: 4.15/5),
and extended training hours (IV-3: 4.19/5) were deemed highly
acceptable based on the mean satisfaction scores depicted in Ta-
bles 2 and 3. However, leadership development (II-6: 3.77/5)
and stress management (II-1: 3.69/5) received lower scores,
suggesting that human factors are not being adequately man-
aged.

Statistical analyses showed that rank and experience had an
important effect. As shown in the indices, respondents with
over six months’ sea time rated simulator training significantly
higher. Specifically, cadets had a much lower EI rating than
officers (4.33 vs. 3.24), with the difference in exposure being
significant (Tables 5 and 6). The finding from the EI-I index
for primary errors is noteworthy, recording that more experi-
enced seafarers particularly favored the simulator’s reinforce-
ment of fundamentals (Table 6). The boxplots demonstrate
good separation: the group with more experience had narrower
interquartile ranges and higher medians, indicating higher lev-
els of agreement and satisfaction overall. Cadets performed
worse (Table 8) regarding rank-based differences. There was
also a difference across rank (Table 7); cadet Captains or En-
gineers generally rated the training lower than more senior of-
ficers, as presented in Table 8 and Figure 3, particularly with
respect to the prevention of human behaviors/actions that lead
to accidents (EI-II: 3.32 vs. 4.46 for Class A officers). Senior
officers are likely to have significantly more practical experi-



Author et al. / Journal of Maritime Research Vol XXIII. No. II (2026) 149–158 156

ence than junior officers, meaning they will have a better un-
derstanding of the difficulties of maritime operations and the
potential consequences of human error. They might thus have
higher expectations for training programs and be more capa-
ble of understanding the value of simulator training in reduc-
ing these errors. They are also more aware of the small ac-
tions and decisions that can cause mishaps. Each correspond-
ing rank has different experience and responsibilities onboard,
so training should be tailored accordingly: cadets would benefit
from more primary training on guiding principles, while senior
officers would gain more from facing advanced scenarios that
challenge them to make decisions in difficult situations. Sim-
ulator training is probably not a “one-size-fits-all” approach.
There are differences between ranks according to the statistical
hypothesis testing, but on closer inspection the differences are
mainly between cadets and officers rather than among the dif-
ferent ranks of officers. This implies that years of experience
are more relevant than the difference in rank between a junior
officer and a captain, and that having some officer experience is
more important than rank itself (Table 8; Figure 3).

The mean scores of teachers and trainees did not show a sta-
tistically significant difference, since using the Mann-Whitney
test, p > 0.05 was obtained. One explanation could be that both
groups have similar outlooks due to regular interaction and en-
gagement with the simulators. Conversely, it may indicate that
varied perspectives on the effectiveness of simulator training
are not necessarily proportional to instructor experience. These
findings are in accordance with previous studies demonstrating
the role of simulators in bridging the gap between theory and
practice in maritime education (E. Demirel, 2022). The lower
scores for both groups indicate the need for better stress man-
agement and leadership skills development, which in turn raises
doubt about the effectiveness of existing simulator training in
addressing non-technical skills, as highlighted by responses to
questions II-1 and II-6 (Table 3). These abilities are crucial
for effective decision-making and performance under pressure.
Future studies should address how simulator training may be
tailored to support these skills.

In summary, officers, instructors and students have a gen-
erally favorable view of simulator training, particularly with
regard to dealing with emergencies and reinforcing technical
skills. Those who had greater real-world experience (more than
six months at sea) reported greater satisfaction and a greater
ability to apply the training to real-world situations. However,
enhancing simulation training remains an important area for
improvement, in order to reduce primary errors. While sta-
tistically significant differences in satisfaction were observed
across ranks, most of the variation came from the comparison
between officers and cadets, with cadets scoring the training
lower; officers were less divided along those lines. Curiously,
although instructors were more experienced, no distinction was
found in the perceptions of instructors compared to students.
Finally, since these skills had lower satisfaction ratings, the
study highlights the importance of simulator training focusing
more on non-technical skills such as stress control and leader-
ship. Hence, the present study suggests a mixed educational ap-
proach that prepares maritime professionals by integrating both

simulator training and onboard exposure.

Conclusions.

There is a high “gap” between simulator usage and real-
life situations. More experienced seafarers (over six months
on ship) transferred skills to a greater degree, showing higher
satisfaction and better transfer of learning. The finding of the
present work highlights how invaluable onboard training is, even
when simulation training is included. This study focuses on the
quantitative impact of maritime simulator training on effective-
ness with respect to maritime safety and human error minimiza-
tion, which is highly relevant for shipping companies within
STCW standard measures.

While statistically significant differences in satisfaction ex-
isted between ranks, the primary difference was between offi-
cers and cadets, with cadets in particular rating the effectiveness
of the training lower. Thus, there is a need for experience-based
training strategies. Specifically, the instructors’ perceptions did
not differ significantly from those of the students, indicating
that their perspectives may be aligned due to their regular expo-
sure to the simulator. The present study concludes by highlight-
ing the need to reinforce non-technical skills, namely the hu-
man factors of stress management and leadership, which were
assessed with lower ratings.

Thus, the study recommends a blended training approach
that encompasses both simulator and onboard experiences in or-
der to enhance overall maritime safety and better prepare mar-
itime specialists for the challenges of the marine field.
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