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Abstract

:

Developing countries, despite being the major suppliers of maritime manpower, lag in their future-proof competence development. This study explores whether the current maritime education and training (MET) practices for marine engineering education in a developing nation are perceived as sufficient by the early-stage marine engineers. The current competence requirements set by the Standards of Training, Certification and Watchkeeping for Seafarers (STCW’74 as amended) are compared and contrasted against the current MET practices as well as the future needs for remotely controlled autonomous ship operations. Bangladesh, a maritime nation in the Southeast Asia region was selected as a developing nation for this study. An online survey was conducted among early-stage professional marine engineers. The analysis of 62 valid responses revealed that current MET practices are significantly perceived to be satisfactory for acquiring non-technical competencies, such as being proficient in the English language, but are less satisfactory for instilling technical competencies such as of electrical and electronics, knowledge regarding seaworthiness of ships, as well as medical first aid. In addition, the findings highlight the perceived gaps in existing marine engineering education as well as the need for future studies focused on re-training the future maritime workforce that could potentially improve MET strategies and practices in the developing nations.
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1. Introduction


The shipping industry is frequently termed as the lifeblood of the global economy, carrying almost 90% of traded goods worldwide [1]. The seafarers working onboard merchant ships serve as an important link between efficient operation and workplace safety within the industry. Maritime Education and Training (MET) plays a crucial role in instilling required skills and competencies in seafarers to perform efficiently in their workplaces [2]. Better on-the-job task performance of the involved personnel depends on their high quality education and training, whereas sub-standard training leads to accidents and incidents in ships [3].



The International Convention on Standards of Training, Certification and Watchkeeping for Seafarers (STCW’74 as amended) mandated by the International Maritime Organization (IMO) dictates the minimum standards of seafarers’ education and training all over the world [4]. There are numerous MET institutions globally that strive to equip seafarers with appropriate knowledge, skills, and attitudes in accordance to STCW’74 as amended to be able to operate efficiently in their workplaces [5]. However, with the emergence of new technology and changing work environments, the standards of education and training are also evolving. These disruptions could potentially challenge the MET institutions with the need for constant re-evaluation of their current practices and future strategies.



Differing statistics show how human error constitutes the majority of contributing factors in maritime accidents [6]. Autonomous ships are pitched as a recent solution that promises to reduce operational risks and increase efficiency by eleminating the onboard crew—thus, human related error [7,8]. Although there have been wider debates around the role of various factors in accident causation, the actions performed by the crew members have important ramifications. With the advances in the industry—such as automation and digitalization—the focus is again drawn to the need for appropriate training or re-training of seafarers—a prime responsibility of MET institutions. The inclusion of autonomous ships in the current maritime operational landscape would mean that the competency requirement of the the present workforce would also need to be redefined, which, in turn, would act as a driver of change in the stipulated competency regualtions (i.e., STCW) as well as in future MET practices [9,10]. For example, it is already hypothesized that prospective seafarers must be trained to account for the technical, environmental, and legislative aspects of future autonomous work environments [11].



IMO plays an instrumental role in overseeing the global regulatory requirements in the maritime industry, which necessiates exploring potential new regulations with the emergence of autonomous shipping technologies. Consequently, on the 98th session of Maritime Safety Committee in June 2017 at IMO headquarters in London, a scoping exercise to identify regualtory avenues related to Maritime Autonomous Surface Ships (MASS) was initiated. The focus of the scoping exercise was to explore the various aspects of human involvement as well as legal and environmental implications. The STCW convention, being one of the key pillars of the maritime regulatory framework providing a benchmark for standard competency requirement for seafarers worldwide, received extensive contemplation in the autonomous shipping context [12].



Merchant ships today operate with high reliability and sophisticated equipment both in navigation and in engine room operations. Marine engineers are responsible for the operation and maintenance of shipboard propulsion systems, electrical equipment, and any other associated technical systems [13,14]. The minimum competency requirement of marine engineering officers and ratings are delineated in the STCW convention that all signatory flag states are bound to follow. In the context of autonomous ships, the future skills and competency requirements for navigation officers are explored in a study by Sharma et al. (2019) [15]. However, little is known about how the competency of future marine engineers will pan out in the coming decades. Different studies suggest that MET in the developed countries (e.g., USA, UK, Japan, South Korea, etc.) exceeds the requirement set by STCW, whereas the developing nations (e.g., India, Vietnam, Myanmar, Bangladesh, etc.) struggle to meet the minimum standards, especially due to the shortage of qualified professionals and/or lack of sufficient infrastructure [16,17,18]. Therefore, it is crucial to address the lack of MET sufficiency in developing countries in order to meet the skill and competency demands of the future.



There are close to 1.7 million certified and qualified seafarers worldwide according to the International Chamber of Shipping (2020) [19]. Developing nations account for more than half of global supply with approximately 900,000 seafarers [20], Philippine being the largest with a global 30% stake in crew supply [21]. Bangladesh, the country used as a case study here, is a small seafaring nation from the developing world compared to China, Philippines, India, Indonesia, and the Russian federation, with only 14,054 active seafarers [22,23]. Because developing countries are the significant supplier of maritime manpower [24], it is crucial that the current and future trends of MET in those countries follow the technological advancements in the workplaces to facilitate smooth transition of the operational landscape of the shipping industry on a global scale.



The goal of this study is to explore if the current MET practices are perceived as sufficient by early-stage marine engineers for acquiring the engineering competencies as required by STCW (STCW’74 as amended). In addition, the perception regarding the relevance of current competency requirements in the future is also explored. An online survey among early-stage marine engineers was employed where the case of Bangladesh is used as a representation of the developing countries.



The contents of this study are arranged as follows: Section 2 provides information about the current practices in MET institutions with regards to the requirements as stipulated in STCW; Section 3 elicits the potential changes in marine engineers’ role as well as the need for new skills with the advent of autonomous technologies in the shipping industry. Section 4, Section 5, and Section 6 contain information about the methods, results, and discussion on the results, respectively, before a summary of the findings of the study are presented in the conclusion section.




2. Marine Engineering Education and STCW


Traditionally, MET providers cater to the STCW regulations when developing curricula and arranging education and training programs. MET institutions from around the world offer diverse routes to become a professional marine engineer, especially through either of two educational streams: (1) mariner license oriented programs and (2) mariner license and academic degree oriented programs [25]. Both types of programs tend to comprise a certain period (6–18 months) of sea service included in the main curriculum depending on the local regulations, in order to provide hands-on experience to the future marine engineers. Through these programs differ in content and duration, the core courses are identical for both programs in most cases. Mathematics and basic science, mechanics, materials, thermodynamics, fluids, basic electricity, propulsion plant, power plant, and naval architecture are some of the common blocks of modules included in marine engineering curricula all over the world, whereas social science and some physical fitness courses may be offered optionally [25].



MET is primarily overseen by the local flag state administrators while the curriculum development and the implementation are guided by the STCW’ 74 as amended. It is stipulated that all seafaring officers should hold a certificate of competency approved by the local authorities that are formalized based on STCW regulations [11]. This STCW convention was later revised multiple times to best suit the seafaring needs and on-the-job competence requirement along with the required knowledge, understanding, and proficiency (KUP) for seafarers.



The STCW convention with 2010 Manilla amendments comprises both mandatory standards (in Part-A) and recommended guidance (in Part-B) for education and training of marine engineers. The expected minimum standard of competence along with associated learning objectives and assessment criteria for operation, management, and support level marine engineers are delineated in Table A-III/1 through Table A-III/5 in STCW Chapter III [4]. Minimum requirements of STCW competences for marine engineer officers in an operational role are listed below:




	
Maintain a safe engineering watch;



	
Use English in written and oral form;



	
Use internal communication systems;



	
Operate main and auxiliary machinery and associated control systems;



	
Operate fuel, lubrication, ballast and other pumping systems and associated control systems;



	
Operate electrical, electronic and control systems;



	
Maintenance and repair of electrical and electronic equipment;



	
Appropriate use of hand tools, machine tools and measuring instruments for fabrication and repair on board;



	
Maintenance and repair of shipboard machinery and equipment;



	
Ensure compliance with pollution-prevention requirements;



	
Maintain seaworthiness of the ship;



	
Prevent, control and fight fires on board;



	
Operate life-saving appliances required;



	
Apply medical first aid on board ship;



	
Monitor compliance with legislative requirements;



	
Application of leadership and teamworking skills;



	
Contribute to the safety of personnel and ship.








The goal of these requirements was to provide a common ground of minimum standard for MET, which the signatory countries were obliged to meet or exceed. In addition, this would also allow seafarers to be able to gain and demonstrate required competence at a level that is internationally accepted [4].



Nevertheless, the emergence of new technologies necessitates retraining of the existing workforce. This trend of retraining seafarers has been observed on previous occasions where marine engineering education evolved to accommodate the use of high-tech control equipment on shipboard operations [26]. The increasing use of electrical systems in the marine power systems and the integration of marine propulsion to the shipboard electrical systems necessitated marine engineers to become conversant with those systems. As a result marine engineering education at bachelor level had to assimilate electrical engineering topics in addition to the knowledge from mechanical engineering and naval architecture domains [27]. Similarly, the emergence of autonomous technologies in shipping industry also has obvious repercussions in MET and beyond.




3. Impacts of MASS on Marine Engineering Education


The impact of MASS technology on MET has been a topic of research in recent years. However, according to Jo and D’agostini (2020) [28], most studies related to the implementation of STCW in developing nations, especially in Asian countries, focus on seafarer employment. These studies also report that future technologies will create new jobs that will offset the negative effect on seafarers’ employment, provided future seafarers are equipped with emerging skills (i.e., ICT, programming) where traditional competences may lose relevance. However, a comprehensive competency analysis is lacking in the literature that could give clear indication about how the future landscape of marine engineering education may look in the context of autonomous shipping, partly since the concept of autonomous shipping itself has not yet matured. As a result, there is still a general lack of understanding among MET providers on how to analyze the training needs for future seafarers [29]. Therefore, it is necessary to streamline the practical and regulator aspects along with mitigating the gaps in MET keeping the autonomous future in the horizon.



Attempts have been made to address these emerging aspects related to autonomous shipping from differing organizational and regulatory authorities starting with the classification of the same to better address the requirements on each level. Lloyd’s Register defined six (06) levels of autonomy in the ShipRight procedure guidance for autonomous ships [30]. DNV GL also classified autonomous ships for the ease of enforcing guidelines in the future [31]. While classification societies and local regulators are focusing on different automation aids and decision support systems in determining different levels of autonomous ships, the IMO has set its focus solely on human involvement in shipping operation. In the 100th session of IMO’s Maritime Safety Committee, as a part of the scoping exercise [32], IMO has differentiated four (04) levels of autonomy based on varying degree of human involvement (see Table 1).



In addition, the converging output of the overall scoping exercise will essentially address MET strategies to ensure future readiness of the seafarers.



Marine engineers today already work in highly automated engine rooms with unattended machinery spaces (UMS) where the engine room remains unmanned during a certain period of the day maintaining the risk profile of the ship. Here, engineers are required to take supervisory roles in their day-to-day tasks and monitor different parameters of propulsion, power generation, cargo gears, pumps, alarms, fire extinguishing systems, and associated machineries used in the overall operation [34]. Based on the classification of autonomous ships presented in Table 1, most ships operating today fall under degree-1 in the scale of autonomy, where shipboard crew are responsible for operation and control functions in ships. At an advanced level of autonomy, shipboard crews will only take over operation and control of systems if required under degree-2 operations while on a more advanced modes (i.e., in degree-3 or degree-4 operations), shipboard crews become irrelevant as ships would be either remotely controlled from shore or would become self-sufficient in decision making without any human intervention. In these remote-controlled set-ups, shipboard “operation and control” activities would become partially redundant for marine engineers, shifting their responsibilities towards higher level supervision tasks. Consequently, hands-on activities such as shipboard “repair and maintenance tasks” would become fully redundant for marine engineers [29]. Therefore, it is evident that current MET practices that stress on gaining competence on shipboard “operation and control” as well as shipboard “repair and maintenance” may not benefit marine engineers in the future.



Moreover, full-scale implementation of MASS may cause loss of onboard seafarers’ job and increase new shore-based employment opportunities [28]. Those future seafarers (both navigators and engineers) would require ICT, programming and even gaming skills along with traditional seafaring competences [35,36]. Thus, the MET providers are faced with a two-fold challenge; first, to satisfy STCW requirements and then to facilitate practical experience onboard to advance in a seafaring career [11].



Transitional shifts within any industry impose a challenge to maintain a steady supply of competent workers. Unlike the traditional academic curriculum, the MET takes a vocational approach, focusing on the acquisition of practical skills and specific competence development, whereas the increasing global trend is to equip students with necessary knowledge leading to certain academic qualifications [37]. Nevertheless, the challenges associated with flexibility, responsiveness, and assurance of lifelong inclusive and equitable maritime education for the unpredictable future remains [11].




4. Methods


An online survey was carried out to understand seafarers’ perception on the suitability of current MET practices as well as their future relevance. Early-stage professional marine engineers with the Certificate of Competency (COC, Class-3) and a maximum of 10 years of professional experience were sampled during the survey. The digital platform “Cognito forms” was used to conduct the survey and the form was open for participation from January through April of 2021. No personally identifiable data were collected. The link to the online survey was distributed via emails and posted in several social media groups targeting marine engineers. A total of 17 mandatory competencies for marine engineers as mandated in STCW Part-A, chapter-III, table A-III/1 (specification of minimum standard of competence for officers in charge of an engineering watch in a manned engine-room or designated duty engineers in a periodically unmanned engine-room [4]) were used in the survey to be rated against the following two statements:




	
Current Maritime Education and Training (MET) in Bachelor level is sufficient for developing this competence.



	
This competence is relevant for future Degree 2 level of autonomy (remotely controlled ship with seafarers onboard).








Both statements represent the “current MET sufficiency” and the “future relevance”, respectively, for each corresponding competence. Only the “degree-2 level of autonomy (remotely controlled with seafarers’ onboard)” is used as a probe in question b because other higher levels of autonomy (i.e., degree 3 and degree 4) do not involve humans working onboard. A Likert Scale of 1–5, 1 being “strongly disagree” and 5 being “strongly agree”, was used as a rating scale for each of the 17 competencies.



A total of 75 participants responded the survey, among which seven were removed either due to more experience (in excess of 10 years) or their country of origin as this study was aimed at a particular demographic of marine engineers. Six responses were omitted due to straight lining. The remaining 62 samples were analyzed for the final output (see demographic overview in Table 2). Paired samples test is recommended when comparing means of a variable under two conditions based on data collected from the same participants [38]. Therefore, the mean score of the ratings for each competence were compared and paired sampled t-test of those means was performed to elicit any statistically significant difference between the statements (a) and (b) from above.




5. Results


It is observed that the difference between the mean scores for “current MET sufficiency” and “future relevance” vary depending on the competence (see Table 3). Positive difference with a higher mean score for “current MET sufficiency” indicates that the current MET practices are perceived to be sufficient by the early-stage marine engineers for the corresponding competencies (i.e., the competencies 1, 2, 4, and 16). In contrast, negative difference with higher mean score for “future relevance” indicate that the corresponding competencies (i.e., the competencies 3, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, and 17) are perceived to be highly relevant in the future to efficiently operate degree-2 autonomous ships (see Figure 1).



Further, a paired sample t-test (p < 0.10) between the two means indicate that there is a statistically significant difference between the mean scores of “current MET sufficiency” and “future relevance” for the competences 2, 6, 7, 11, and 14, all of which has negative mean difference except for competence 2 (see Table 3).




6. Discussion


The results indicate a mixed output about the sufficiency of current MET practices in Bangladesh. The consensus among early-stage marine engineers is that a few required competencies as stipulated in the STCW convention are sufficiently addressed within the current MET framework of Bangladesh while some others are not. Concurrently, a couple of less emphasized competencies are perceived as more relevant in the context of future autonomous shipping. For example, competence 6, i.e., being able to operate electrical, electronic and control systems, is not sufficiently addressed in the current MET practices but is identified as a crucial competence for future remote-controlled ships with seafarers onboard as highlighted in this study and hypothesized by Lokuketagoda (2018) as well [29]. Similarly, respondents agree that few competencies such as, competence 7—being able to maintain and repair of electrical and electronic equipment, competence 11—being able to maintain seaworthiness of ship, and competence 14—being able to apply medical first aid on board ship, will be significantly relevant for the future degree-2 autonomous shipping operations compared to other competencies. However, they generally tend to disagree about the current MET sufficiency for addressing competence 6 and competence 7.



Curriculum design for shipping industry is influenced mostly by technological integration and innovation in the industry [39]. Therefore, the lack of sufficient support from MET institutions to gain required competencies while higher perceived relevance of them could mean that the MET institutions are not prepared for the potential innovative changes in the industry. The results depict that the early-stage professional marine engineers from Bangladesh agree about the insufficiency of current MET infrastructure for education and training related to the operation and maintenance of electrical systems.



Surprisingly, the future relevance of competencies 6 and 7 is also perceived as low compared to other highly future-relevant competencies. This could be attributed to the general lack of clarity among professionals related to future degree-2 autonomous shipping operations. Though the electrical engineer onboard is responsible for the operation and maintenance of electrical equipment, marine engineers are required to undertake those tasks in ships where a dedicated electrical engineer is not available, and the scenario is increasingly common nowadays onboard ships. The importance of knowledge and skills related to “electrical, electronic and control engineering” for future remote-controlled shipping operations is stressed in scientific literature as well [29]. However, based on the perceived need of the competence related to electrical equipment for future shipping operations, the crew dynamics may also change where an electrical engineer could be carried onboard or employing a shore personnel with electrical engineering competence would be a necessity.



Competence 11—being able to maintain seaworthiness of the ship, is also perceived to be addressed in current MET curriculum with slightly more relevance in the future. This competence requires seafarers to have knowledge, understanding, and proficiency about ship stability including trim, stress tables, diagrams, stress calculating equipment, fundamentals of watertight integrity, intact buoyancy, etc., and ship construction such as general knowledge about principal structural members of a ship and different nomenclature, etc. As depicted by the results, such knowledge related to seaworthiness of the ship would still remain relevant in the future degree-2 autonomous ships even though humans would take supervisory role in ships’ operation onboard.



In contrast, competence 2—being able to use English in written and oral form—is perceived to be satisfactorily addressed by the current MET practices, receiving the highest score from the early-stage professional marine engineers. Therefore, it is apparent that the need to prioritize maritime English in MET curriculum in Bangladesh as expressed in previous studies [40,41] has been receiving appropriate attention. The notion why English competence is perceived as slightly less relevant for future autonomous operations is probably linked with the fact that the automated systems will take over much of the human–human communication needs in an automated workplace by infusing non-verbal communication in daily interactions [42].



The general data, apart from the statistically significant measures of the results, indicate that broadly no mean score for current MET sufficiency exceeded 4.00 except for competencies 2 and 10. Therefore, the need for overall improvement in future MET strategies to address all required STCW competencies for marine engineers is warranted for the country under consideration. A potential strategy could be to start with the competencies with most negative differences from Table 3 first. Thus, the emergent competency requirements as perceived in light of the future autonomous ships would be addressed simultaneously with the current needs.



Maritime education generally consists of two phases. The first phase is considered as foundation training that takes place in maritime training academies and institutes. The core aspects of navigation, mathematics and other engineering subjects, along with basic ship construction, ship stability, and cargo handling are introduced in the first phase forming the “Phase-I Sea Training” as required by STCW. The Phase-II focuses on Navigation or Engineering Officer Competency exams and corresponds to higher-level knowledge and competency including watchkeeping duties onboard, which continue throughout a seafarer’s career [4,43]. Therefore, increasing the MET sufficiency would mean facilitating the learning process in both phases of maritime education.



Moreover, in order to execute proper MET standards commensurate with the emerging industry standard, MET institutions should adopt new education and training technologies, update training programs to cover new requirements, cover all stage of MET to ensure continuous education, opt for a balance, and match strategy along with the local maritime administrators [43]. Digital high-tech training tools such as virtual reality (VR), augmented reality (AR), mixed reality (MR), and other forms of immersive media would undergo more development and implementation along with traditional full mission simulator training to accommodate the changes in workplace and subsequent training needs to cope with newer technologies, e.g., autonomous, semi-autonomous, unmanned, etc., [44,45].



The human involvement onboard autonomous or remote-controlled ships has been the focus of discussion in literature. Several options have been proposed for the number of crews required onboard, i.e., the 3M (i.e., three masters) solution where three navigation officers with ICT knowledge, or MP (master-pilot) where one person will take over the navigation of ships once they reach certain pilot stations during deep sea voyages [11]. However, most discussion related to the autonomous ships in the literature caters to the navigational aspects and associated crew requirements of the ship than about the engineering aspects and crew. Therefore, this study adds value to the discussion about the role of engineers in the operation of degree-2 autonomous ships, i.e., remotely controlled ships with seafarers onboard.



The study is based on the statistical analysis of a dataset derived from the Likert Scale. Hence, the general limitations related to employing the Likert Scale in research remain relevant for this study as well. Furthermore, the perception of early-stage marine engineers related to future autonomous ships may evolve over time, especially since their existing professional work experience is acquired from contemporary merchant vessels. Additionally, the variance in perception of the respondents could also be due to them being graduated from different MET institutions within the same country.



Future studies in consultation with classification societies, flag states, and other stakeholders involving the skill prediction for prospective seafarers could potentially benefit the training strategy and practices for marine engineers. Additional data collection from other developing nations and beyond could improve the generalization of the findings of this study.




7. Conclusions


This study investigated whether the current MET practices in Bangladesh as a representative of developing nations are perceived as sufficient by early-stage professional marine engineers, and whether the required competencies would be relevant in the future. The results indicate that even though the current MET practices in Bangladesh are sufficiently addressing the competency requirement to be able to communicate in English, a non-technical skill in nature, a few technical competencies related to electrical equipment, seaworthiness, and first-aid knowledge are not sufficiently addressed. At the same time, those technical competencies are perceived as significantly relevant for future degree-2 autonomous ships.



Since STCW convention mandates and recommends guidelines for MET all over the world, international and national policy stakeholders of Bangladesh could take notice of the findings to improve their existing MET facilities to ensure appropriate competency development of seafarers for the traditional shipping market. As a representative of developing nations, Bangladesh could set an example for other maritime nations, especially in the South-East Asia region, to chart out future directions for employing appropriate MET strategies for marine engineers. Future research to streamline MET practices at a global scale engaging both developed and developing nations would be a crucial move forward in the maritime domain.
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Figure 1. Radar plotted values for “current MET sufficiency” and “future competence relevance”. 
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Table 1. Levels of autonomy in MASS by IMO and associated human roles [33].
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	Degrees
	Name
	Human Presence Onboard
	Description and Human Role





	Degree 1
	Ship with automated process and decision support
	Yes
	Onboard crew oversees ships’ operation, control systems and functions



	Degree 2
	Remotely controlled with seafarers onboard
	Yes
	Ship is controlled from a remote facility while onboard crew is present to takeover operation and control if required



	Degree 3
	Remotely controlled without seafarers onboard
	No
	Ship is controlled from a remote facility without any seafarer onboard and human intervention is possible from shore control centre



	Degree 4
	Fully autonomous
	No
	Ship is operated and controlled by itself and is able to make decision and determine actions without any direct supervision from human operators
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Table 2. Demographics of survey participants.
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	Description
	Value





	Number of total respondents
	75



	Number of valid responses
	62



	Professional experience
	52 respondents with 1–5 years of experience

10 respondents with 5–10 years of experience



	Maximum professional qualification
	Marine Engineering Officer On Watch (EOOW, Class-3)



	Location
	Bangladesh
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Table 3. Comparison of mean scores of statements related to STCW competence.
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	STCW Competence
	(i) Current MET Sufficiency
	(ii) Future Relevance
	Difference

(i)–(ii)
	Paired t-Test

(p-Value)





	1: Maintain a safe engineering watch
	3.548
	3.339
	0.210
	0.1450



	2: Use English in written and oral form
	4.097
	3.726
	0.371 ***
	0.0077



	3: Use internal communication systems
	3.806
	3.823
	−0.016
	0.8710



	4: Operate main and auxiliary machinery and associated control systems
	3.387
	3.323
	0.065
	0.6501



	5: Operate fuel, lubrication, ballast and other pumping systems and associated control systems
	3.500
	3.613
	−0.113
	0.4234



	6: Operate electrical, electronic and control systems
	2.935
	3.274
	−0.339 **
	0.0184



	7: Maintenance and repair of electrical and electronic equipment
	2.806
	3.226
	−0.419 ***
	0.0076



	8: Appropriate use of hand tools, machine tools and measuring instruments for fabrication and repair on board
	3.581
	3.597
	−0.016
	0.9053



	9: Maintenance and repair of shipboard machinery and equipment required
	3.516
	3.597
	−0.081
	0.5917



	10: Ensure compliance with pollution-prevention requirements
	4.000
	4.032
	−0.032
	0.6982



	11: Maintain seaworthiness of the ship
	3.500
	3.742
	−0.242 *
	0.0541



	12: Prevent, control and fight fires on board
	3.855
	3.952
	−0.097
	0.4187



	13: Operate life-saving appliances required
	3.742
	3.887
	−0.145
	0.1916



	14: Apply medical first aid on board ship
	3.274
	3.597
	−0.323 **
	0.0188



	15: Monitor compliance with legislative requirements
	3.500
	3.500
	0.000
	1.0000



	16: Application of leadership and teamworking skills
	3.855
	3.806
	0.048
	0.7354



	17: Contribute to the safety of personnel and ship
	3.790
	3.968
	−0.177
	0.1393







* p < 0.10, ** p < 0.05, *** p < 0.01.
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