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This paper conducts a comprehensive experimental study designed to investigate the effectiveness of
a maritime serious game called Maritime Leaders at Sea (ML@S). The 3D cutting-edge prototype targets to
enhance leadership and teamwork skills of undergraduate maritime students via engaging them in immersive
gameplay scenarios reflective of real-world challenges at sea. Competing the ML@S sessions, the number of
76 students were included in the feedback assessment survey to assess their perceptions and attitudes on the
simulated environment. The feedback is also linked to the learning analytics perspective to involve time and
scoring data of players through different levels at operational scenarios. Preliminary analyses reveal promising
results, suggesting a positive correlation between participation in ML@S, feedbacks after sessions, and
improvements in leadership and teamwork as key competencies. It is anticipated that this study will make
significant contributions towards game developers, technology start-ups, educational institutions, and global
shipping companies. The implications of the study offer valuable insights for the development of future serious
games aimed at enhancing essential skills of maritime human resources in dynamic and high-stakes
environments.

KEY WORDS

~ Serious games

~ Maritime competencies

~ Leadership and teamwork
~ Maritime human resources
~ Educational games

' Istanbul Technical University, Department of Marine Transportation Engineering, Istanbul, Tlrgiye
2 |stanbul Technical University, Department of Basic Science, Istanbul, Tirgiye

e-mail: gurbuz18@itu.edu.tr

doi: 10.7225/toms.v13.n02.019

Received 21 Mar 2024 / Revised on: 12 Jul 2024 / Accepted: 30 Aug 2024 / Published: 21 Oct 2024

This work is licensed under m

Tn Mq Trans. marit. sci. 2024; 02 ~ Gurbuz et al.: An Experimental Study... 1



1. INTRODUCTION

About two million seafarers are contributing to the transportation of around 90 percent of the world’s
trading products (ICS, 2020). The literature reveals that human error still is the primary cause for the majority of
ship accidents (Luo & Shin, 2019; Akyuz & Celik, 2018). In fact, lack of skills, training, and experience are the
main reason of human error on ships (Paolo et al., 2021). This being the case, well-trained and competent
seafarers are of significant importance for safe and efficient operation of shipping, as well as protection of the
maritime environment.

Seafarers need to function together as a team for most of the shipping operations, such as safe
navigation, cargo handling, repairing and maintenance, maintaining physical security, etc. For this reason,
serving onboard ships requires both soft skills and technical (hard) skills. Maritime technical skills are practical
skills which include theoretical knowledge and the competency to apply this knowledge (Mallam et al., 2019),
while soft skills can be defined as the ability to interact successfully with the environment, facilitating the
application of technical skills in the real world (Rao, 2014). Competencies in soft skills need to be paid more
attention to in MET for ensuring safety and efficiency of shipping operations (Sellberg et al., 2019).

International Convention on Standards of Training, Certification and Watchkeeping (STCW) 1978, as
amended in 2010 (referred as STCW in this study), issued by International Maritime Organisation (IMO), defines
minimum competency standards of seafarers. However, there is an important gap between the required on-
board competency level of seafarers and their actual level of competency. This gap partly originates from the
theoretical nature of MET and the lack of practical training in maritime institutions (ICS, 2020).

For providing maritime students with enhanced practical training, maritime industry needs to find
cheaper, easier, and more flexible ways of training. Game-based learning, as a technology-enabled instructional
method, offers a great potential for the maritime domain (Nikitakos et al., 2017). Serious games can enhance
MET practices in maritime institutions by providing active learning environments for practical competency
development, anytime and regardless of the physical location of the students (Bruzzone et al., 2013).

With this perspective, the current study aims to provide insight into design and utilisation of maritime
serious games. For doing this, application of a 3D maritime serious game prototype, namely “Maritime Leaders
at Sea (ML@S)”, has been conducted with 76 undergraduate maritime students. Based on the perception and
attitude of the students, as well as comprehensive statistical analysis, important results that might potentially
provide key insight into maritime serious gaming have been achieved.

The rest of the study is structured as follows: Serious game literature review, research objectives and
research questions are proposed in Section 2. Methodology of the study is explained in Section 3, while Section
4 presents the results. A discussion about theoretical implications of the study and utilisation of serious games
in maritime domain is provided in Section 5. Finally, the study is concluded in Section 6, which provides a short
summary on interpretation of the results, as well as future research directions and limitations of the study.

2. THEORETICAL BACKGROUND

2.1. Serious Games

The term “Serious Game” was first used in 1968 when Clark Abt examined war-games and simulations
and defined them as “having an explicit and carefully thought-out educational purpose and not intended to be
played primarily for amusement. This does not mean that serious games are not or should not be entertaining.”
(Abt, 1970, p. 9). Serious games are also defined as games which are developed for educational purposes and
engage players in significant learning experience (Djaouti et al., 2011).
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The literature reveals that game elements improve the learning efficiency in different ways. Firstly, it is
stated that game elements increase engagement and motivation and thus promote higher-order learning (Gray
et al., 2019; Zainuddin et al., 2020; Ranieri et al., 2021). In addition, Bai et al. (2020) state that game elements,
such as points, challenges, badges, and gaming goals improve learning outcomes by increasing participation in
learning. Serious games can also be successful in teaching knowledge, as well as optimising intrinsic motivation
and cognitive load (Ye et al., 2022). In addition, serious games develop understanding and retention (Wang &
Abbas, 2018), empower critical thinking (Haruna et al., 2021; Turner et al., 2018), and promote attitude change
(Chow et al., 2020), while fostering goal setting (Yildirnm & Sen, 2019).

Gamification uses game mechanisms and elements for non-game related purposes (Zimmerling et al,
2019). Gamification approach is commonly adopted as it improves traditional educational methods (Swacha,
2021). To start with, gamification of traditional online learning experiences enhances motivation and
engagement of students in a way to help them focus better on the course contents. In comparison with the
traditional learning methods, gamification also provides students with a better insight into their achieved learning
level and helps them to remain connected with the target level of the overall learning process (Kaufmann, 2018).
Marin et al. (2019) explain that gamification facilitates increased and long-term learning of programming
language in comparison with traditional learning methods. They further state that gamification of traditional
learning increases interactions between students, thereby providing active learning experiences.

Serious gaming applications have been gaining popularity in different fields. To start with, they are
commonly utilised for providing healthcare personnel and students with authentic training experience in a risk-
free environment (Haruna et al., 2019; Sardi et al., 2017; Teschner, 2016). Serious games are also widely
employed in education (Wronowski et al., 2020; Zhao & Shute, 2019; Calvo-Morata et al., 2019). Increasing
bullying awareness (Alonso-Fernandez et al., 2023), business (Fu et al., 2016; Fotiadis & Sigala, 2015), music
(Margoudi et al., 2016), promoting leadership skills (Buzady et al., 2022), language learning (Alyaz et al., 2017),
are among other fields where serious games are used. If you are using graphs as figures, please do so in xls/xlsx
format (excel or similar graph embedded in this template). Low resolution graphs and charts saved as raster
image (gif, jpeg, png) imported copy/pasted into template are not acceptable.

Integration of immersive technologies, such as Augmented Reality (AR) and Virtual Reality (VR), with
gamification and serious games enhances the effectiveness of game-based learning in different ways. To start
with, AR and VR technologies enable interactive and realistic learning experiences (Pellas et al, 2019). AR and
VR technologies also support the 3D visualisation of abstract concepts, such as solar systems which are difficult
or impossible to observe using traditional educational methods (Yeh and Tseng, 2020). Akgayir and Akgayir
(2017) also concluded that AR approach might improve learning motivation and foster collaboration and
interaction among students. In this regard, utilisation of AR/VR-based serious games is common in foreign
language learning (Lee, 2022; Lee and Park, 2019), computing education (Petri and von Wangenheim, 2017),
healthcare education and training (Chang et al, 2022; Mohamad et al., 2021; Plotzky et al, 2021) military and
sports training (Ahir et al, 2020), as well as maritime education and training (Chae et al, 2021; Michailidis et al,
2020; Weng and Li, 2019; Bandara et al, 2020).

2.2. Evaluation of the Serious Games

Effectiveness of serious games has been evaluated using different approaches. The traditional
methodology utilises paired questionaries before and after the game to assess players and then compare the
results in order to evaluate the serious game (Calderon & Ruiz, 2015). Pre-test and post-test experimental
research designs are also commonly used instead of or together with questionnaires for the same purpose (Bai
et al., 2020; Fiellin et al., 2017; Haruna et al., 2019).
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Evidence-based internal evaluation approaches have lately been more commonly used instead of the
afore mentioned external measures. Learning analytics, which is defined as measurement, collection, and
analysis of educational data for the purpose of understanding and enhancing the learning experience (Long et
al., 2011), has arisen as a new approach for evidence-based evaluation of serious games. For instance, Udeozor
et al. (2022) used learning analytics approach for serious game evaluation and enhancing training effectiveness.
Cano et al. (2018) also utilised learning analytics approach for validating a serious game for training skills in
transportation. In addition, Alonso-Fernandez et al. (2023) offered combining traditional pre-post experiments
method, Game Learning Analytics approach, and data mining method for evidence-based serious games
evaluation.

Looking critically at serious game evaluation literature, it may be concluded that more studies explaining
standard procedures for combining traditional measures, such as questionnaires with more dynamic gameplay
data, are needed (Liu et al., 2017). In fact, maritime serious gaming literature lacks experimental studies utilising
both traditional (pre/post survey) and evidence based (learning analytics) methods. This study aims at filling this
research gap by providing a perspective on evaluating maritime serious games, using a combination of
traditional and evidence-based method in a way to shed light on their effective design and utilisation in the
maritime domain.

2.3. Maritime Serious Games

Serious gaming has been gaining popularity in maritime literature in the last decade. Researchers
proposed serious games for education and training of seafarers, as well as maritime students, on STCW-based
competencies. To start with, Gurbuz and Celik (2022) provided a step-by-step approach to the preliminary
design, development and prototyping of “Maritime Risk Assessment at Sea (MRA@S)” game. The game which
is conceptualised as the first module of the “Maritime Gamentor” platform aims to train the crew on task-based
risk assessment about the enclosed space entry operations onboard tanker ships. In addition, Nikitakos et al.
(2017) proposed alpha version of the “Trader of the World” game for navigational safety training of seafarers
and maritime students and reported receiving satisfactory feedback from undergraduate students.

With regard to STCW-based competencies, Bruzzone et al. (2013) also created a serious game for
familiarisation of the crew with operating procedures onboard ships. In addition, Sartini (2020) put forward that
serious gaming approach enhanced maritime English-speaking skills of cadets. Lastly, Turkistanli and Kuleyin
(2022) designed and applied a serious game for enhancing decision-making skills of maritime students in
collision prevention situations. Applying traditional pre-test/post-test experimental design for evaluation of the
game, they found that the game-based training supported students in developing their decision-making skills.
In fact, it has been discovered that their study is one of the few studies in maritime literature evaluating the
effectiveness of a serious game. In this regard, it has been concluded that the maritime literature needs
comprehensive studies providing methods of serious game evaluation.

2.4. Research Objective and Contribution

Critical analysis of the literature reveals that there are some significant research gaps in maritime serious
gaming literature. To start with, there is a need for fundamental studies which would provide practical guidance
on design and development of maritime serious games. The existing studies, although providing maritime
serious games, fail to practically guide future maritime serious game design and development efforts as they do
not provide a specific design model or explanation regarding the procedure they follow during the design and
development process.

Secondly, experimental studies thoroughly analysing the experiences and perceptions of maritime
students on maritime serious games are also limited. Most of the existing experimental studies use a traditional
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pre/post survey approach and fail to provide a comprehensive insight into design, development, and utilisation
of maritime serious games. It is believed that a detailed experimental study of maritime serious games is needed
not only for enhancing their effectiveness but also for shedding light on their effective utilisation within the MET
practices.

For filling the research gap regarding experimental studies, the current study proposes a methodology
for evaluating maritime serious games using both traditional (pre/post survey) and evidence based (learning
analytics) methods. More specifically, this study collects data both from surveying students and from their
gameplay interaction, such as game time and game score, and analyse statistical relationship between them in
order to answer research questions, as explained in Chapter 4.2. For instance, Research Question-2 analyses
statistical relationship between previous gaming habit, collected by pre-survey, and ML@S total game time
which is recorded during gameplay experiences taking learning analytics perspective.

In broader perspective, the objective of this research is providing insight and guidance into the design
and utilisation of maritime serious games by conducting a comprehensive experimental study. We would like to
further emphasise that the research objective is closely rooted in the literature review regarding the evaluation
of the serious games. As well as providing practical contribution to maritime competency development, it is thus
believed that this study has the potential to contribute towards filling the existing gaps in maritime serious gaming
literature.

3. METHODOLOGY

3.1. Procedure and Participants

In this study, seventy-six (76) undergraduate maritime students have played the ML@S game. After that,
the students answered a 27-question survey regarding their experiences and perceptions about the game. All
the students were informed about the experimental design and their role in it.

The experimental study was conducted remotely in three online sessions as the classes were being held
online during the time of the study. Eighty-six (86) undergraduate maritime students attended the online sessions
and 76 (88 %) of them actually completed the study. Thirty (30), thirty-six (36), and ten (10) students completed
the study in the first, second, and third sessions respectively. The sessions lasted about two hours. In the first
thirty minutes of the sessions, the students were familiarised with the overall study and the ML@S game. Then
the students downloaded and played the game for about one hour. In the final thirty minutes of the sessions, the
students answered the survey about their perceptions of the game.

All the participants were deck students from Istanbul Technical University Maritime Transportation
Engineering programme. Seventy (92%) of the students were male and six (8%) of them were female. Twenty
(26%) of the students were from the 1st class, forty-five (59%) of them were from 2nd class, five (7%) of them
were from the 3rd class, and six (8%) from the 4th class of the school. Forty (53%) of these students reported
having taken theoretical leadership education at school before. In addition, forty-four (58%) students reported
playing at least one serious game, while six (8%) students reported having played a maritime serious game
before.

Information about the students’ previous gaming habits and perception of playing computer games have
also been collected. In this regard, eight (10.5%), seventeen (22%), eighteen (24%), fifteen (20%), eight (10.5%),
ten (13%) students have reported playing computer games less than one hour, one to four hours, five to ten
hours, eleven to fifteen hours, sixteen to twenty hours, and more than twenty hours a week respectively. Besides,
twenty (33%) students have reported that they certainly enjoy playing computer games, while two (3%3) of them
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have declared that they certainly do not enjoy it. Collected information about previous gaming habits and
perception of playing computer games is depicted in Table 1 and Table 2 respectively.

<1h 1t04 5t0 10 11to 15 16 to 20 >20 h
8 (%10.5) 17 (%22) 18 (%24) 15 (%20) 8 (%10.5) 10 (%13)

Table 1. Previous gaming habits of the students (hours in a week)

Cfartalnly Disagree S_Ilghtly Slightly Agree Certainly agree
disagree disagree agree
2 (%3) 4 (%5) 5 (%7) 14 (%18) 26 (%34) 25 (%33)

Table 2. Gaming perception of the students (I enjoy playing computer games)

Using the explained procedure, an experimental study to assess and validate the ML@S game by
investigating the maritime students’ perceptions and attitude has been conducted. In this regard, sixteen
research questions are intended to be answered (in Chapter-4) for providing insight into design, development,
and utilisation of maritime serious games. The research questions deal with the statistical relationship between
previous gaming habit, previous gaming perception, previous theoretical maritime education, as well as
motivation and engagement of the players with gameplay success, gameplay motivation, gaming time, and
intention concerning a future use of similar games.

3.2. Maritime Leaders at Sea (ML@S) Game

ML@S is a 3D maritime serious game intended to enhance the leadership and teamwork skills of young
seafarers and undergraduate maritime students. The game was designed using Serious Game Design for
Maritime (SGDM) model as proposed by Gurbuz (2021). SGDM is explained to be the first serious game design
model which is specific to the maritime domain. The model proposes eight steps in designing a maritime serious
game from the beginning to the end (Gurbuz, 2021). The game was then prototyped using Unity3D® game
engine (Version: 2019.4.12f1) for Windows® and Mac® platforms.

In the game, the player is the master of a merchant ship M/V Maritime Leaders-1. The master is on the
bridge, where a navigational watch is kept. On the navigational watch, 3™ Officer, who has just one year of
seagoing experience, is serving as officer of the watch. The lookout and the helmsman are also on the watch.
The duty of lookout is maintaining a continuous state of alert by sight and hearing against dangers to navigation.
Also, the helmsman is responsible for timely and correct application of rudder orders that the officer in charge
or the captain gives. Additionally, it is assumed throughout the game that there is no malfunction or failure in
any system onboard the ship. Outside view of the M/V Maritime Leaders-1 ship and a navigational watch on the
bridge of the ship are depicted in Figure 1 and Figure 2 respectively.
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Figure 1. Outside view of M/V Maritime Leaders-1 ship

Level-1

Figure 2. 3rd Officer and Helmsman during a navigational watch on the bridge

The game has three levels. In Level-1, there are four theoretical questions. In Level-2, the player is
involved in five short scenarios of a navigational watch on the bridge. The reactions of the player to his/her
teammates will affect their physical and/or mental conditions and thus their behaviours in Level-3, which is the
main and the most challenging level of the game. In Level-3, the player is on a navigational watch sailing in
Marmara Sea towards the entrance of Istanbul Strait from South. There is dense fog, which limits the visibility.
Throughout the level, the player, as the master, will be involved in some cases where s/he needs to use
leadership skills. Later in the level, M/V Maritime Leaders-1 will be involved in a risky situation with another ship
and try to avoid collision.

The player starts the game with 100 points and loses points for each incorrect answer/reaction, which
costs 1 point in Level-1, 2 points in Level-2, and 5 points in Level-3. The player gets a feedback after each
answer. More comprehensive and knowledge-building feedback is presented after wrong answers (compared
to correct answers), so that the player can develop the necessary skills by learning from his/her mistakes. The
player needs to both avoid collision and score higher than 70 points to be successful in the game and will fail in
case of a collision regardless of the score. The player has two minutes for answering each theoretical question
in Level-1 and 45 seconds for his/her reactions in Level-2 and Level-3. If not provided within these time limits,
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answers/reactions are assumed incorrect. An example of a challenge in the scenario and associated feedback
for the wrong reaction are shown in Figure 3 and Figure 4 respectively.

94 1100

What is your reaction to
the helmsman?

rumﬁummmmmtuml

* waint to see any
behavior again. Do you understand me?”

. You do not do anything. Because his beha
* did not cause any danger to the ship.

Figure 3. Challenge of the Level-2 Scenario-2

Leva;ée! 2
JEN Scenerio-2
Wrong Answer! You should have =
showed authority and assertiveness. His
mistakes might cause big dangers next

time. A good Jeader warns their team when

necessary,

Figure 4. Feedback for the challenge in Figure-3

3.3. Data Collection

3.3.1. The Survey

After the students have played the ML@S game, a survey has been applied to measure their
experiences and perceptions concerning the game. The survey includes twenty-seven (27) questions forwarded
to the students through e-mail. The questions have required close-ended answers on a 6-point Likert Scale with
1 being “Certainly Disagree”, 2 “Slightly Disagree”, 3 “Disagree”, 4 “Slightly Agree”, 5 “Agree”, and 6 being
“Certainly Agree”.

For creating survey questions, the literature has been reviewed with a focus on measuring technology
acceptance of students. Based on Technology Acceptance Model (TAM) by Davis (1985) and the Unified Theory
of Use and Acceptance of Technology (UTAUT) by Venkatesh et al. (2003), it was concluded that ‘perceived
ease of use’ and ‘perceived usefulness’ are important factors that affect intentions of students on playing
educational games (Bourgonjon et al., 2010; Fagan et al., 2012). Perceived ease of use is “the degree to which
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an individual believes that using a particular system would be free from physical and mental effort, while
perceived usefulness can be defined as the degree to which a person believes that using a particular technology
will enhance his or her job performance (Davis, 1993).

In addition, “motivation and engagement” is stated as being one of the most important factors on
students’ acceptance of serious games (Beavis et al., 2015;). Measuring the future intentions of students on
playing ML@S or similar games is another purpose of the survey. In this regard, the questions were created
under four categories, which are; “Motivation and Engagement”, “Perceived Usefulness”, “Perceived Ease of
Use”, and “Intention on Future Use”. The survey questions are included in Appendix-1.

3.3.2. Gameplay Data

This study also utilises learning analytics perspective for making more detailed analysis of students’
learning experience. In this regard, some gameplay data is recorded to be used in the statistical analysis and
thus better understanding the students’ learning experience with ML@S game. The data is automatically
recorded to the game server for each student through adding the necessary coding lines in C# language. The
gameplay data recorded is shown in Table 3.

Number Recorded Data

1. Game Score

Lost Points in Each Level

Total Game Time

Total Time on Tasks (Questions)

Total Time on the Scenarios

Time on Questions in Each Level

Njo a | »owlN

Time on Scenarios in Each Level

Table 3. Recorded gameplay data

All of the data recorded has been used in the analysis. To start with, game score and lost points in each
level data are used as a representative of gameplay success of the students for the whole game and each level
respectively. Time on the scenarios data is considered as a sign of gameplay engagement. Possible relationship
of the time students spent on questions and perceived ease of use has also been analysed to gain insight into
behaviours of students when they experience difficulty in the game. It is assumed for the purpose of this study
that the time students spend in the game (both on the questions and on the scenario) is a good representative
of their gameplay experience and can be used for acquiring results on their gaming perceptions.

3.4. Data Testing

The survey and gameplay data are then analysed using IBM SPSS ® Version 28. Data analysis includes
normality test, and sampling adequacy analysis, as well as validity and reliability tests.

3.4.1. Normality Testing
The survey and gameplay data is firstly tested for normality. A normal distribution means that there is
neither skewness nor kurtosis. The survey and gameplay data in our study can be regarded as normally

distributed since the skewness and kurtosis of the data fall within the range of -3 to 3 (Farrell & Rogers-Stewart,
2006).

Tn Mq Trans. marit. sci. 2024; 02 ~ Gurbuz et al.: An Experimental Study... 9



3.4.2. Sampling Adequacy Testing

Kaiser-Meyer-Olkin (KMO) and Bartlett tests have been performed to analyse the sampling adequacy.
KMO test explores if the sampling size is suitable for factor analysis and the KMO value must be above 0.6 for
an adequate sampling size (Tabachnick et al., 2013). KMO test result of 0.854 in our study confirms that the
collected data was adequate for factor analysis. The Bartlett Sphericity test result of p=0.000 (p<0.5) has also
validated the correlation within the collected data and confirmed that factor analysis can be applied to it.

3.4.3. Validity Testing

Validity explains if an instrument correctly measures what it is supposed to measure (Sekaran & Bougie,
2010). In this study, validity of the dataset has been tested through examining convergent validity. Convergent
validity explains if the items measuring the same construct are correlated (Hair et al., 2014).

For examining convergent validity, factor loadings have been firstly calculated through factor analysis.
The calculated factor loadings are included in Table 4. Factor loadings are positively correlated with the
contribution each item (question) has to what it intends to measure. The loadings should be 0.4 or above,
meaning that each measure explains 40% or more of the variance and can be assumed reliable (Sekaran &
Bougie, 2010). As this is the case in our study, we have concluded that our data has convergent validity.

Question Factor Loading Question Factor Loading

1. 0,549 15. 0,853
2, 0,673 16. 0,848
3. 0,486 17. 0,702
4. 0,593 18. 0,803
5. 0,687 19. 0,594
6. 0,667 20. 0,415
7. 0,582 21. 0,669
8. 0,576 22, 0,773
9. 0,485 23. 0,816
10. 0,723 24, 0,882
11. 0,618 25. 0,866
12. 0,751 26. 0,783
13. 0,781 27. 0,754
14. 0,774

Table 4. Factor loading values for the survey questions.

3.4.4. Reliability Testing

Reliability measures how consistently a test measures a construct. For testing the reliability, Cronbach’s
Alpha values, which measure the internal consistency of the items, have been calculated at 95% Confidence
Level and depicted in Table 5. The Cronbach’s Alpha values for each category of items and the overall survey
are between 0.862 and 0.947, which can be considered acceptable as they are above the threshold level of 0.7
(Hair et al., 2014).
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Question Type Cronbach Alpha Value

Motivation and Engagement 0,872
Motivation and Engagement 0,903
Perceived Ease of Use 0,862
Intention in Future Use 0,887
Overall Survey 0,947

Table 5. Cronbach Alpha values for survey questions

4. RESULTS

This section presents the results of the descriptive analysis and statistical analysis conducted for
answering the Research Questions.

4.1. Descriptive Analysis

The analysis in this section provides a short summary of the research variables applied to create a clear
picture of the survey and gameplay data.

To start with, the average game score of the students is 86,75, the minimum score being 72, the
maximum score being 100. As the required score is 70 to win the game, the success rate in the game is 100 %.
The students have finished the game in 789.80 seconds (approximately in 13.5 minutes) on average. In fact, the
average time encountered is lower than anticipated before the experimental study. The total game time of the
students has varied within 320 and 1289 seconds. The descriptive statistics of the game score and total game
time are summarised in Table 6 below.

Mean Median Standard Deviation Min-Max Success Rate (%)
Game Score 86,75 86 6,75 72-100 100
Total Game Time (sec.) 7898,80 808,5 182,49 320-1289 N/A

Table 6. The descriptive statistics of game score and total game time

Looking at the student answers in the survey, we may conclude that they mostly have positive
perception of the game. 61.3 % of the students have stated that they either agree or certainly agree to have
motivation and engagement in the game. The average of students’ answers to this group of questions is 4.68,
which is between slightly agree and agree. Besides, 65.2 % of the students have perceived (agreed or
completely agreed) the game as useful for their leadership skills.

The average of the answers to the perceived usefulness questions is 4.81, which is between slightly
agree and agree, coming closer to agree. In terms of ease of use, 70 % of the students agreed or certainly
agreed that the game was easy for them to understand, control, and also succeed. The average answer in this
group is 4.94, which is close to agree. Moreover, 77 % of the students have stated that they are willing to use
similar serious game in the future for educational purposes. The average of the answers as regards future
intention is 5.00, which means agree in the scale.
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4.2. Research Questions

This section presents the results for sixteen (16) research questions of the study for providing insight
into design and utilisation of maritime serious games.

4.2.1. Research Question-1

Is there a statistically significant relationship between previous gaming habits (gaming hours in
a week) and ML@S game success of the students?

One way Anova test (F=8,289, p=0,000) has shown that there is a statistically significant relationship
between gaming habits and game success (score) of the students at 95 % confidence level. In addition, Scheffe
Test reveals that the students who play computer game between 16-20 hours a week score statistically higher
than the ones who play less than 1 hour, 1-4 hours, and 5-10 hours.

4.2.2. Research Question-2

Is there a statistically significant relationship between previous gaming habits (gaming hours in a week)
and ML@S total game time of the students?

One way Anova test (F=2,596, p=0,033) has shown that there is a statistically significant relationship
between previous gaming habits and total time the players spend in the game. Besides, Bonferroni Test revealed
that the students who played computer game between 5-10h a week (709,89) spent statistically less time in the
game than the ones who play between 16-20h (953, 75).

4.2.3. Research Question-3

Is there a statistically significant relationship between previous gaming perception (enjoyment of the
game) and ML@S game success of the students?

Pearson Correlation Coefficient test has defined at 95 % confidence level that (r=0,299, p=0,009) there
is a statistically positive but almost weak (r<0,3) (Cohen, 1988) relationship between gaming perception and
game success of the students.

4.2.4. Research Question-4

Is there a statistically significant relationship between previous gaming perception (enjoyment of the
game) and ML@S total game time of the students?

Pearson Correlation Coefficient test (r=0,005, p=0,964) shows at 95 % confidence level that there is no
statistically significant relationship between gaming perception and total game time of the students.

4.2.5. Research Question-5

Do the students who have previously taken leadership education at school score statistically higher
than the students who have not taken this education?

Independent sample t test (t=2,196, p=0,031) has proved at 95 % confidence level that the students
who have taken leadership education before (88,33) score statistically higher (85,00) than the ones who have
not taken such an education before.
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4.2.6. Research Question-6

Do the students who have previously taken leadership education at school spend statistically more time
in the game scenarios than the students who have not taken such education?

Independent sample t test result between taking leadership education before and time spent in
scenarios in each level is shown below:

Level-1: (t=1,809, p=0,074, p<0,05) No relationship
Level-2: (t=1,861, p=0,067, p<0,05) No relationship
Level-3: (t=2,667, p=0,009, p<0,05) Yes

The test reveals at 95 % confidence level that the students who have taken leadership education before
(404,25) spend more time (341,17) in Level-3 (but not in Level-1 and Level-2) than the ones who have not taken
leadership education.

4.2.7. Research Question-7

Do the students who have previously taken leadership education at school exhibit statistically higher
motivation and game effectiveness than the students who have not taken such education?

Independent sample t test result between taking leadership education before and perceived motivation
and game effectiveness is presented below:

Motivation: (t=-0,16, p=0,873, p<0,05) No relationship
Game Effectiveness: (t=1,861, p=0,067, p<0,05) No relationship

The test shows at 95 % confidence level that there is no statistically significant relationship between
previous leadership education and their perceived motivation and game effectiveness.

4.2.8. Research Question-8

Is there a statistically significant relationship between the gameplay success and the time spent in the
scenarios on each level?

Pearson Correlation Coefficient test result for the time spent and game scores in each level is explained
below:

Level-1: (r=-0,340, p=0,003, p<0,05). Yes, medium strength relationship (0,3<r<0,5)

Level-2: (r=-0,365, p=0,001, p<0,05). Yes, medium strength relationship (0,3<r<0,5)

Level-3: (r=-0,420, p=0,000, p<0,05). Yes, medium strength relationship (0,3<r<0,5)

The test has proved at 95 % confidence level that the time spent in the scenarios and the gameplay
success have statistically significant relationship at medium strength (Cohen, 1988).
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4.2.9. Research Question-9

Is there a statistically significant relationship between the gameplay success and the time spent on
tasks (for answering the questions) on each level?

Pearson Correlation Coefficient test results for the relationship between time spent answering the
questions and game scores for each level are presented below:

Level-1: (r=-0,324, p=0,004, p<0,05) Yes, medium strength relationship (0,3<r<0,5)
Level-2: (r=-0,236, p=0,040, p<0,05) Yes, weak relationship (r<0,3)
Level-3: (r=-0,111, p=0,341, p<0,05) No relationship

The test has proved at 95 % confidence level that the time spent for answering the questions and the
gameplay success have medium strength and weak (Cohen, 1988) correlation in Level-1 and Level-2
respectively, but no correlation in Level-3.

4.2.10. Research Question-10

Is there a statistically significant relationship between the total time spent on tasks (for answering the
questions) and the perceived difficulty of the game?

Pearson Correlation Coefficient test results are explained below:

Level-1: (r=0,125, p=0,283, p<0,05). No relationship
Level-2: (r=0,042, p=0,716, p<0,05). No relationship
Level-2: (r=0,042, p=0,716, p<0,05). No relationship

The test illustrates that at 95 % confidence level there is no statistically significant relationship between
difficulty perception of the students and the time they spend on answering the questions.

4.2.11. Research Question-11

Is there a statistically significant relationship between the gameplay success of the students and their
perceived motivation and engagement?

Pearson Correlation Coefficient test (r=0,125, p=0,283, p<0,05) depicts that at 95 % confidence level
there is not a statistically significant relationship between perceived motivation of the students and their
gameplay success.

4.2.12. Research Question-12

Is there a statistically significant relationship between the gameplay success of the students and their
intention concerning future use of serious games?

Pearson Correlation Coefficient test (r=0,199, p=0,085, p<0,05) shows that at 95 % confidence level that
a statistically significant relationship between students’ intention concerning future use of similar serious games
and their gameplay success does not exist.
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4.2.13. Research Question-13

Is there a statistically significant relationship between the perceived motivation and engagement of the
students and their intention concerning future use of serious games?

Pearson Correlation Coefficient test (r=0,564, p=0,000, p<0,05) illustrates that at 95 % confidence level
there is a statistically significant and strong relationship (0,5<r) (Cohen, 1988) between motivation and
engagement of the students’ and their intention concerning future use of similar serious games.

4.2.14. Research Question-14

Is there a statistically significant relationship between the perceived motivation and perceived game
effectiveness?

Pearson Correlation Coefficient test (r=0,823, p=0,000, p<0,05) has proved that at 95 % confidence
level there is a statistically significant and strong (r>0,5) (Cohen, 1988) relationship between perceived
motivation and engagement and perceived game effectiveness of the students.

4.2.15. Research Question-15

Is there a statistically significant relationship between previous gaming perception of the students and
their motivation and engagement in the ML@S game?

Pearson Correlation Coefficient test (r=0,365, p=0,001, p<0,05) has shown that at 95 % confidence level
there is a statistically significant and medium strength (0.5>r>0,3) (Cohen, 1988) relationship between previous
gaming perception of the students and their motivation and engagement in the ML@S game.

4.2.16. Research Question-16

Is there a statistically significant relationship between the motivation and engagement of the students
and the total time they spend in the game?

Pearson Correlation Coefficient test (r=0,234, p=0,042, p<0,05) shows that motivation and engagement
of the students has statistically significant but weak relationship (r>0,3) (Cohen, 1988) with the total time they
spend in the game.

Table 7. and Table 8. summarise the results of the research questions for a clear presentation. In the
tables “+” and “-“ indicate that there is and there is not a statistically significant relationship between two
variables respectively, while “N/A” shows that such a result is not available as it has not been analysed in the
study.
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Game Success Total Game Time in Game Time Spent for Answering

(Score) Time Scenarios Questions

Previous Gaming Habit + + N/A N/A

Previous Gf':\mmg . i N/A N/A
Perception

Previous Tht.eoretlcal + . . N/A
Education

Perceived Difficulty N/A N/A N/A -
Perceived Motivation and i . N/A N/A
Engagement
Intention on Future Use of i N/A N/A N/A
SGs

Table 7. Availability of statistical relationship about gaming experiences

. . Time Spent for Intention on ) Previous
Time in Game R Perceived Game .
f Answering Future Use of . Gaming
Scenarios ] Effectiveness ;
Questions SGs Perception
Game Success . N N/A N/A N/A
(Score)
Perceived
Motivation and N/A N/A + + +
Engagement

Table 8. Availability of statistical relationship about gaming experiences and different variables

5. DISCUSSION

Serious games, as a technology-based method of learning, can provide maritime students in MET
institutions with authentic interactive learning environments. Such environments can also contribute towards
enhanced safety in maritime transportation through competency development. They also cause less risk and
cost compared to onboard trainings. In addition, compared to simulators, they are cheaper, easier to maintain
and therefore more accessible. Considering the significant potential serious games offer, facilitating their
effective utilisation in maritime domain was the research objective of this study.

This study has provided some valuable insight into design and utilisation of maritime serious games. To
start with, the study has proved that the number of gaming hours per week is related to the students’ serious
gaming success (RQ-1) and time spent in the serious game (RQ-2). Besides, it has also been shown that
previous gaming perception of the students has statistically significant relationship with their serious gaming
motivation (RQ-15) and success (RQ-3). From these findings, it can be claimed that students can potentially be
more successful and learn better in serious games that are played on a voluntary basis.

In addition, the study also shows that the students who have previously taken leadership class have
scored higher in the game (RQ-5) and spent more time in Level-3 (RQ-6). In this regard, it can be proposed that
serious games might be useful if they are applied as a supplementary means of maritime education and training
after the theoretical classes.

The study also illustrates that students who spend more time in the scenarios are more successful in all
levels of the game (RQ-8). Besides, the students with higher motivation and engagement regard the game as
more effective (RQ-14). These students also tend to spend more time in the game (RQ-16) and have higher
intention concerning future use of similar serious games (RQ-13). Although the finding in RQ-11 seem to have
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weakened the argument that students with higher motivation and engagement can be more successful at the
game, it is believed that serious games should be fun and engaging, so that the more time the students spend
in the games, the more useful they are bound to be for them.

In fact, this study is the fundamental basis for our further development plan. Achieving the final version
of the ML@S game by improving the prototype according to the feedbacks of this study constitutes the first step
of our plan. In this regard, enhancing the graphics, modification of some scenarios in a way to make the
questions more substantial, and adding more fun features, are among the planned improvements. Then the
efficiency of the final version of the game will be re-analysed, along with a more comprehensive experimental
study, according to which additional improvements to the final version of the ML@S game can also be made.
Using the SGDM model, more maritime serious games will be designed and added to the Maritime Gamentor
platform, which is being developed by Gurbuz and Celik (2022). Enhancing the SGDM model (if necessary),
based on our experiences, will be the next step of our further development plan.

6. CONCLUSION

Serious games can provide maritime students and young seafarers with the practical education and
training they need in a cost-effective way. It is believed that serious games have a significant potential for
competency development in maritime domain. In this regard, the current study aims at providing a valuable
insight into design and utilisation of maritime serious games by evaluating the ML@S game prototype.

This paper conducts a comprehensive experimental study for evaluating the effectiveness of a maritime
serious game, namely Maritime Leaders at Sea (ML@S). For the evaluation process, this study proposes a
methodology that utilises both traditional (pre/post survey) and evidence-based (learning analytics) methods.
This methodology contributes towards filling the existing research gap in the maritime serious gaming literature.
In fact, it is believed that employment of the methodology hereby proposed might also be extended to other
domains.

Based on the survey answers, it may be concluded that the ML@S game prototype has been
successfully tested by the students in all four categories (motivation and engagement, game effectiveness, game
clearness, future use) as their average remarks have ranged between ‘I slightly agree’ and ‘I agree’. Besides,
important results regarding the utilisation of maritime serious games have been achieved as a result of the
statistical analyses of the survey and gameplay data. The insight provided by this study can be followed by
various maritime factors, such as game developers, technology start-ups, educational institutions, and global
shipping companies, etc. for development and utilisation of future serious games aimed at enhancing essential
skills of maritime human resources in dynamic and high-stakes environments.

In spite of the novel approach and significant potential of the study, there are some limitations worth
mentioning. To start with, the evaluated version of the ML@S game is a prototype instead of the final version. In
fact, the game prototype has been played by the students for the first time. This being the case, more
dependable results might be achieved in a similar study conducted with later versions of the game. Although
the collected data has passed the statistical sampling adequacy test, conducting the study with more participants
might enable us to make a more accurate evaluation of the game, leading to more representative results.
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Appendix 1 ~ Survey Questions

Category Survey Questions

Motivation and | had fun playing the game

Engagement | enjoyed playing ML@S serious game.

I was highly engaged and involved in the game from beginning to the end.
| stayed focused on the game from beginning to the end.

| wish the game was longer.

The game was exciting.

Game graphics attracted my attention and enhanced my willingness to play.

Perceived Usefulness The game has enhanced my leadership and team working skills.

© ® N o o kN2

The game is useful for maritime education and training.

-
o

. The game will change my (future) leadership behaviors onboard ships.

—
-

. | think playing the game enabled me learn more quickly than theoretical education.

-
N

. ML@S serious game increased the quality of my learning experience.

-
w

. The game increased my interest in leadership and teamworking education.

—
=Y

. ML@S game fits well with the way | learn.

-
b

Perceived Ease of Use | could easily understand the short scenarios in Level-2.

-
(=]

. The questions in Level-2 were easy.

—
~

. | could easily understand the scenario in Level-3.

-
©

The questions in Level-3 were easy.

-
©

. The game was clear and understandable.

N
o

. It was easy for me to become in complete control of the game.

N
-

. lunderstood the game scenarios easily.

N
N

. | DID NOT feel any pressure or stress during the game.

N
w

. Considering all, the game was easy and not-challenging for me.

N
B

Intention on Future Use . 1 will use serious games for maritime education and training, if made available to
me.
25. | am open to using serious games to improve my leadership and teamworking
skills, if made available to me.
26. | would prefer playing similar games to theoretical education at school.

27. | am excited about playing similar games at school.
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