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The purpose of this research is to evaluate a modern bridge simulator from a trainees’ point of view and
investigate whether a trainee can acquire the necessary skills and abilities for his/her role on board. In
addition, to determine whether training in such a simulator can replace practical onboard training. The
research was performed in the spring semester of the academic year 2022-2023 in the Merchant Marine
Academy of Athens. A questionnaire was distributed and answered by 293 students of the School of
Bridge Officers. Respondents were divided into groups, based on academic semester of study, previous
simulator use, and shipboard training experience. The results showed that the students are completely
satisfied with the quality of the hardware and software of a modern bridge simulator, while previous
simulation experience also contributes to this. They also seem satisfied with the training experience in
the simulator, as its fidelity and pedagogical environment offered, helps them absorb knowledge from
classroom training, practice in navigation scenarios and acquire the technical and non-technical skills
required for their training as merchant marine officers. However, they feel that simulator training cannot
replace onboard training.
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1. Introduction.

Maritime education and training (MET) mainly consists of
three parts, namely, theoretical or laboratory education and train-
ing, offered in maritime academies, simulation training, which
uses bridge or engine room simulators to recreate realistic sce-
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narios and environments, and shipboard training, in which train-
ees learn and acquire skills while performing actual tasks and
duties on a vessel (De Oliveira et al. 2022, Renganayagalu et
al. 2019). Simulator technologies, used in simulator training,
support instructors to continuously monitor, assess, and pro-
vide feedback to the trainees during training sessions (Sellber-
get. Al. 2018). Similarly, a trainee needs to have the complete
feeling of being onboard a real vessel with the use of all instru-
ments and systems required for its navigation and operation of
a ship (Bhaskaran 2018).

Modern simulators have upgraded their role in marine edu-
cation and training, offering many important benefits and hav-
ing overcome many disadvantages of the simulators of the pre-
vious decade. They provide a modern and realistic training
environment that closely resembles real maritime operations.
They simulate ship’s bridge, engine room, cargo handling ar-
eas and other critical areas of the ship. Trainees can prac-
tice various scenarios, maneuvers and dangerous situations in a
safe and controlled environment, gaining hands-on experience
without the risks associated with real operations. Furthermore,
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simulators allow the reproduction of a wide range of scenar-
ios that may be difficult or rare in real situations. Trainees can
face adverse weather conditions, heavy traffic, emergencies and
complex navigational conditions (Sharma et al. 2019, Zgyeret
al.2019).The use of simulators in modern MET practices is reg-
ulated by the International Convention on Standards of Train-
ing, Certification and Watchkeeping for Seafarers (STCW) 1978,
as amended, which under certain circumstances can replace on-
board training (STCW 2011).

This training prepares students to handle such situations ef-
fectively, improving their confidence and ability to make criti-
cal decisions under pressure. In addition, simulators facilitate
the objective assessment of trainees’ performance. Instructors
can assess trainees’ skills, decision-making abilities, situational
awareness and adherence to protocols in a standardized man-
ner. Performance metrics and feedback from simulations help
identify strengths and areas for improvement, enabling targeted
training interventions and ensuring skills acquisition. More-
over, simulator training offers a cost-effective alternative to on-
board training. Conducting training on actual vessels can be ex-
pensive, requiring fuel, maintenance and crew resources. Sim-
ulators provide a more affordable option, reducing operating
costs while providing high quality training. They also enable
efficient use of training time, allowing trainees to practice spe-
cific skills repeatedly and focus on areas that require improve-
ment.Thus, the use of simulators has become an essential ele-
ment in the training of officer candidates, increasing the hours
of training as well as the training subjects taught in the simu-
lator. This means that alongside classroom training, the use of
simulators, as a tool to familiarize students with the marine en-
vironment and improve their skills, is also increasing. On the
other hand, sea training on-board a ship is essential for all sea-
farers and plays an important role in the education and training
of candidate officers. However, the on-board training oppor-
tunities offered by shipping companies have declined signifi-
cantly in recent years, with minimum manning levels combined
with an ever-increasing level of automation, creating fewer op-
portunities for officer training (Albayrak et al. 2010).

The increased use of marine simulators in the education and
training of seafarers requires ensuring that training using these
simulators is effective and meets the needs of the trainees as
well as the expectancies of the maritime industry. Due to their
great importance in the training of seafarers, in the last decade
several researchers have evaluated their use or proposed ways
of better utilizing them in maritime education (Tsoukalas et al.
2015, Kandemir et al. 2018, Kim et al. 2021). In this direction,
it has also been investigated the trainee’s perception of self-
efficacy and skill development following participation in sim-
ulation exercises in simulators with different levels of fidelity
(Renganayagalu et al. 2019).

Simulation or on-board training has as key-outcome the trans-
fer of skills from training environment to the real-job environ-
ment. The Standards for Training, Certification and Manage-
ment (STCW) approve the use of simulator training that com-
plies with Section A-1/12 as a substitute for on-board train-
ing (STCW-2011). Moreover, amended STCW Convention, is
greatly focused on technical proficiency and the so-called non-

technical skills acquisition. The technical skills relate to han-
dling the equipment of the ship. In addition to the technical
skill development requirements, there is the need to develop and
evaluate the non-technical skills of bridge officer candidates.
The term non-technical skills include the cognitive, social and
personal skills that contribute to the efficient and safe perfor-
mance of navigational tasks (Flin et al., 2008, Sellberg 2018).
Among them, more emphasis has been placed on skills, such
as communication, leadership, situational awareness, decision-
making and teamwork (Conceição et al., 2017).

Simulators are designed to replicate the real working envi-
ronment, and it is widespread assumed that the effectiveness of
the replication is mainly owing to the fidelity or realism of sim-
ulator. Fidelity is generally defined as the simulator’s ability
to replicate the real environment as closely as possible (Hays
1980, Kim et al. 2021). Simulators have been categorized into
low, medium and high fidelity simulators (Veritas, 2011). How-
ever, regarding the effect of simulator fidelity on learning, in re-
cent years there has been much controversy among researchers
as to whether high fidelity is superior to low fidelity in terms of
learning outcomes. The relationship between learning outcome
and fidelity has been shown to be non-linear and it has been
recognized that increasing fidelity does not necessarily improve
learning outcomes (Renganayagalu et al. 2019, Massoth et al.
2019, Sellberg 2017, Hamstra et al. 2014)).

The objective of this paper is to evaluate training on a mod-
ern bridge simulator considering trainees’ satisfaction with sim-
ulator’s hardware and software quality. Moreover, to evaluate
the simulation training experience, taking into account parame-
ters such as simulation flexibility and fidelity or the pedagogical
effectiveness of the simulator and investigating whether trainees
can learn in a simulation environment, activities they are ex-
pected to undertake on board, acquiring the necessary technical
and non-technical skills. Furthermore, to investigate whether
and to what extent training in such a simulator can replace prac-
tical on-board training. For this purpose, a questionnaire was
drawn up and distributed to the students of the 2nd, 3rd and
5th semesters of the Bridge Officers Department of the Athens
Merchant Marine Academy.

2. Experimental Setup - BRS in Merchant Marine Academy
of Athens.

The Navi-Sailor NTPRO 5000 ship bridge handling simula-
tion system of the Deck Officers’ department at Merchant Ma-
rine Academy of Aspropyrgos, includes three bridges (Figure
1), each of which represents an ”own ship”, as well as one in-
structor station. The configuration, positioning and equipment
of the bridges has been done in such a way, as to give complete
realism, representing a real bridge with sufficient space, for the
training of at least five people simultaneously: Team leader –
Master, ECDIS operator, RADAR-ARPA operator, Helmsman,
Communication and GPS indicator on the chart table.

The simulation system includes two hundred own ships of
different types and loading conditions. The simulator involves
many types of own ships, for example, passenger ships, cruise
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Figure 1: Navi-Sailor NTPRO 5000 bridge simulator installa-
tion.

Source: Authors.

ships, bulk carriers, tankers and container ships. Each ship con-
sists of:

• Maneuvering control console

• Radar ARPA & ECDIS

• Communication workstation

• Chart table

• Steering wheel equipment

• Instrument panel

The equipment, consoles and workstations are installed and
arranged just like on a real ship. Specific emphasis has been
given on the instruments and control panels of the bridge, which
are similar in appearance, function, as well as capabilities, to
those of real ships. All systems related to the integrated bridge
system include failure control instruments and methods of train-
ing and evaluating the trainee in the use of advanced equipment
and technology. They enhance the familiarization and training
to comprehend the limitations of automatic systems.

The simulator also comprises forty-one models of tugs of
various types and power that will enable the realistic simula-
tion of tug assistance, during maneuvers and escort operations
by any method. It simulates pulling, pushing, towing position
change and escorting. The simulator also involves practice ar-
eas with correct data for land, depth, buoys, tidal currents and
visuals that will be appropriate to nautical charts and publica-
tions on ECDIS used for relevant training purposes. In addition,
one hundred practice areas are provided around the world and
selected for various types of navigation.

3. Research Methodology.

For the purposes of this research, a questionnaire was used,
which was shared and answered by students trained in the sim-
ulator as part of an academy course. The questionnaire was

answered by 293 students of Merchant Marine Academy of
Athens, in June 2023, almost at the end of the academic semester,
in which they used the simulator. Respondents were divided
into groups based on academic semester of study, previous sim-
ulator use, and onboard training. The questionnaire was written
in English and then translated into Greek. The questionnaire
(Appendix 1) consisted of three parts:

A. Simulator hardware and software satisfaction index (A1:
Hardware quality satisfaction index, A2: Software quality sat-
isfaction index) (7 questions)

B. Simulator experience satisfaction index (8 questions)
C. Simulator training satisfaction index compared to on board

training (3 questions)
The third part of the questionnaire was answered only by

students who have already taken an educational trip, i.e. mainly
by those who are in their 3rd and 5th academic semesters.

Regarding the independent variables the research hypothe-
ses in this research have been selected as follows (Figure 2):

H0.1a: Simulator hardware and software satisfaction is not
affected by previous simulation experience.

H1.1a: Simulator hardware and software satisfaction is af-
fected by previous simulation experience.

H0.1b: Simulation experience satisfaction is not affected by
previous simulation experience.

H1.1b: Simulation experience satisfaction is affected by
previous simulation experience.

H0.1c: Simulator training satisfaction compared to onboard
training is not affected by previous simulation experience.

H1.1c: Simulator training satisfaction compared to onboard
training is affected by previous simulation experience.

H0.2a: Simulator hardware and software satisfaction is not
affected by academic semester.

H1.2a: Simulator hardware and software satisfaction is af-
fected by academic semester.

H0.2b: Simulation experience satisfaction is not affected by
academic semester.

H1.2b: Simulation experience satisfaction is affected by
academic semester.

H0.2c: Simulator training satisfaction compared to onboard
training is not affected by academic semester.

H1.2c: Simulator training satisfaction compared to onboard
training is affected by academic semester.

H0.3a: Simulator hardware and software satisfaction is not
affected by onboard training.

H1.3a: Simulator hardware and software satisfaction is af-
fected by onboard training.

H0.3b: Simulation experience satisfaction is not affected by
onboard training.

H1.3b: Simulation experience satisfaction is affected by on-
board training.

H0.3c: Simulator training satisfaction compared to onboard
training is not affected by onboard training.

H1.3c: Simulator training satisfaction compared to onboard
training is affected by onboard training.
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Figure 2: Research hypotheses diagram.

Source: Authors.

In order to examine the above hypotheses, Mann-Whitney
– U test or Kruskal – Wallis test were applied, depending on the
independent variable. All analyses were calculated with IBM
SPSS Statistics.

4. Data Analysis.

The questionnaire was answered by 293 students of Mer-
chant Marine Academy of Athens. After collecting the ques-
tionnaires and processing the research data, Table 1 shows the
frequencies of occurrence regarding the independent variables
selected: It was used the Likert scale, a type of psychometric re-
sponse scale widely used in these questionnaires. Each question
had five response options; “very dissatisfied” (score 1), “not sat-
isfied” (score 2), “neutral” (score 3), “satisfied” (score 4), “very
satisfied” (score 5).

Table 1: Participants’ distribution.

Source: Authors.

For the statistical analysis, the following continuous vari-
ables were created, which express the average score of the re-
sponses of each part of the questionnaire:

a) Hardware quality satisfaction index:

HI=
∑

(scores o f questions A1 − A2 − A3)
3

b) Software quality satisfaction index:

S I=
∑

(scores o f questions A4 − A5 − A6 − A7)
4

c) Hardware and Software quality satisfaction index:

HS I=
∑

(scores o f questions o f part I)
7

d) Simulation experience satisfaction index:

EI=
∑

(scores o f questions o f part II)
8

e) Simulation training satisfaction index:

TI=
∑

(scores o f questions o f part III)
3

Table 2 shows mean and standard deviation of each index.
It is observed that students satisfaction degree by the hardware
and software of the simulator (HSI) and students’ simulator ex-
perience (EI) is quite high (means 3,73 and 3,70 respectively),
but the satisfaction degree drops significantly when compared
to on board training (mean = 2,21).

Table 2: Mean of scores and standard deviation.

Source: Authors.

We reach the same conclusion by observing boxplots of the
satisfaction indexes (Figure 3).

Figure 3: Boxplots of satisfaction indexes.

Source: Authors.

Table 3 shows the mean value and standard deviation of the
score of each question of part II and III. It is concluded that the
average value of the score of each question of the 2nd part which
concerns ‘Experience Satisfaction Index’, ranges from 3,47 to
3,84, which shows that students are quite satisfied with the ex-
perience of using the simulator. In contrast, the mean scores on
questions of 3rd part, which concerns ‘Simulation experience
training compared to on-board training’, are significantly lower.
This part of questionnaire was answered only by students who
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have already taken an educational trip. Especially the question
”The simulator training can replace on-board training” had the
lowest mean score (1,81), and by far, lower than rest of the
questions.

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

Source: Authors.

The results show that students are satisfied with their train-
ing in a modern bridge simulator, whether it concerns the use of
technological equipment and software or the educational eval-
uation of learning through the simulator and this concerns all
related questions. In contrast, the picture changes when simu-
lator use is compared to on-board training. From their answers
to these questions, it can be concluded that there is a clear pref-
erence of the students for practical training at sea, which more-
over seems irreplaceable.

5. Hypothesis Testing.

It was investigated whether there is a significant difference
in the mean score of each of the three indices: Hardware and
Software Satisfaction Index (HSI), Simulation Experience Sat-
isfaction Index (EI) and Simulator Training Satisfaction Index
compared to on-board training (TI) between groups of indepen-
dent variables: a) Previous simulator use, b) Academic semester
and c) Onboard training. The significance level was set at 0,05.
Data were tested for normality using the Kolmogorov-Smirnov
and Shapiro-Wilk tests. The results (Table 4) show that none of
the three variables continue to be normally distributed (p-value
< 0,05), and therefore non-parametric tests were used.

Table 4: Results of normality tests.

Source: Authors.

To examine whether there is a difference in student satis-
faction between those who have used any type of simulator in
the past and those who have not, the Mann-Whitney test was

used. The results show that there is a significant difference in
the ”Hardware and Software Satisfaction Index” (HSI) between
the two groups (p-value = 0,017 < 0,05). As it is shown in Table
5, the degree of satisfaction of students who have not used any
kind of simulator in the past is lower than those who have used
it. No differences were observed between groups for ‘Simula-
tion Experience Satisfaction Index’ (EI) (p-value = 0,848) and
‘Simulator Training Satisfaction Index compared to Onboard
Training’ (TI) (p-value = 0,346).

Table 5: Results of mean value and standard deviation of satis-
faction indexes by previous simulator use.

Source: Authors.

To examine whether there is a difference in the degree of
student satisfaction depending on the academic semester of the
student, the Kruskal – Wallis Test was used. The results show
that there is a significant difference in ‘Simulation Experience
Satisfaction Index’ (p-value = 0,047 < 0,05). Table 6 shows that
the mean score of the simulation experience satisfaction index
is lower for students in the 2nd semester than those in the 3rd
and 5th. No differences were observed between groups for the
’Hardware and Software Satisfaction Index’ (HSI) (p-value =
0,415) and ’Simulator Training Satisfaction Index compared to
on-board training’ (TI) (p-value = 0,102).

Table 6: Results of mean value and standard deviation of satis-
faction indexes by academic semester.

Source: Authors.

To examine whether there is a difference in the degree of
student satisfaction between those who have taken an educa-
tional trip, the Mann–Whitney test was used. The results (Table
7) show that there is a significant difference in the ”Simula-
tion Experience Satisfaction Index” between students who al-
ready have shipboard training experience and those who do not
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(p-value = 0,011). This indicates that students who have re-
ceived onboard training are more satisfied with simulator train-
ing than those who have not. No differences were observed
for the ’Hardware and Software Satisfaction Index’ (p-value =
0,875).

Table 7: Results of mean value and standard deviation of satis-
faction indexes by onboard training.

Source: Authors.

6. Discussion.

Today, navigational simulators have become an integral part
of modern maritime training programs, serving a variety of pur-
poses and providing numerous benefits. They play a crucial role
in enhancing the safety, effectiveness and capability of naval
personnel by providing realistic and cost-effective training op-
portunities. In contemporary marine education they are used
as essential tools for preparing navigators to acquire some of
the pre-requisite competencies for their on board roles and ef-
fectively handle the challenges of modern marine navigation.
Navigational simulator Navi-Trainer Professional 5000 is an in-
novative modern simulator that enables simulator training and
certification for watch officers, chief officers, captains and pi-
lots on all types of vessels. Thus, it would be important to un-
derstand the usability satisfaction of such a simulator by the
students of the Merchant Marine Academy of Aspropyrgos as
concerns hardware and software quality satisfaction, simulator
experience satisfaction and simulator training satisfaction com-
pared to on board training. For this purpose the students were
divided into three groups based on academic semester of study,
previous simulator use, and previous onboard training and a
questionnaire was answered by them.

Students seem to be satisfied with hardware and software
quality (total satisfaction score for hardware devices was 3,78 ±
0,76 and for software stability 3,68 ± 0,71). Similarly, students
seem to be satisfied with the simulation experience as the over-
all satisfaction score was 3,70 ± 0,70. A high satisfaction score
(above 3,50) was observed for almost all questions about the
simulation experience. Students believe that simulator training
offers them the opportunity to train safely in dangerous navi-
gation situations (Q1, score 3,61 ± 1,06), learn from correct-
ing their mistakes and train in alternative navigation scenarios
(Q2, score 3,72 ± 0,99). In addition, they believe that the sim-
ulator helps to acquire skills through a better understanding of

the training content and the perception of the consequences of
wrong actions (Q3, score 3,77 ± 0,89). They also agreed that
the simulation system offers flexibility and allows them to train
satisfactorily in various navigation scenarios (Q4, score 3,63 ±
0,88). Moreover, there was a very high acceptance of the sim-
ulator’s pedagogical effectiveness (Q5, score 3,82 ± 0,91). The
contribution of the simulator to the assimilation of technical and
non-technical skills was also evaluated very positively (Q7a and
Q7b, scores 3,84 ± 0,81 and 3,63 ± 0,94 respectively). Slightly
lower was the satisfaction score of simulator fidelity (score 3,47
± 0,51), which should be correlated with student satisfaction by
the comparison of simulator training with on-board training as
it is shown in the last section of the questionnaire.

As mentioned above their satisfaction appears lower when
we refer to the comparison of simulator training with practical
onboard training, where the overall score was 2,21 ± 0,96 (Ta-
ble 2). The score is even lower (1,81 ± 1,13) when students
were asked whether simulator training could replace on-board
training. It thus appears that academy students generally reject
the idea of replacing onboard training with simulator training, a
fact that should be seriously considered in any plan to increase
simulator training time while reducing onboard training time.

In the results of questions about the ”Hardware and Soft-
ware Satisfaction Index”, significant differences have been ob-
served between students who have used any type of simulator in
the past and those who have not (p-value = 0,017 < 0,05). This
shows that satisfaction with simulator hardware and software is
highly influenced by any previous simulation experience.

In the results regarding the ‘Simulation Experience Satis-
faction Index’ significant differences have been observed be-
tween students of different academic semesters (p-value= 0,047
< 0,05). The satisfaction index is lower for second-semester
students, who had no previous simulation experience and on-
board training. The results show that both simulation experi-
ence and onboard training contribute to better use of the simu-
lator. This is confirmed by the results for the ‘Simulation Ex-
perience Satisfaction Index’ between students who have taken
an educational trip and those who have not (p-value = 0,011 <
0,05).

Conclusions.

The purpose of this work was to evaluate training on a mod-
ern bridge simulator. The evaluation consisted of three parts:
In the first two parts it was evaluated the trainees’ satisfaction
with the quality of the hardware and software of the simulator
and also the educational experience offered by the simulator.
In addition, the students were asked whether training in such
a simulator could replace practical training onboard. For this
purpose, a questionnaire was drawn up and distributed to the
students of the 2nd, 3rd and 5th semesters of the Bridge Offi-
cers Department of the Athens Merchant Marine Academy.

The results showed that the students are completely satisfied
with the quality of the hardware and software of a bridge sim-
ulator, while previous simulation experience also contributes
to this. They also seem satisfied with the training experience
in the simulator, as its fidelity and pedagogical environment
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helps them absorb knowledge from classroom training, prac-
tice in navigation scenarios and acquire the technical and non-
technical skills required for their training as merchant marine
officers.

However, they feel that simulator training cannot replace
onboard training. This should be taken into account by both the
educational community and the shipping industry and, further-
more, taken into account in possible future revisions of STCW.
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