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Abstract

:

To ensure ship safety, safety culture is a critical factor in the organization of shipping companies. The safety climate has been evaluated to determine the level of a particular group’s safety culture. This study investigated South Korean seafarers’ safety culture awareness to compare whether there are differences between those who work on ships engaged in domestic and international voyages. In the latter, reinforced international regulations are applied. A questionnaire survey was conducted with 261 Korean seafarers using seven indicators representing the safety climate used in the aviation and maritime fields. Results showed that seafarers engaged in ocean-going navigation had a higher awareness of management involvement, organizational commitment, learning, and reporting systems, which yielded more positive effects than those engaged in domestic navigation. However, this did not significantly affect communication or employee empowerment. The survey methodology in this study can be used as an effective measure to assess the maritime safety climate; thus, it is possible to prepare policies and educational programs aimed at improving maritime safety.
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1. Introduction


The International Maritime Organization (IMO) enacts various conventions and guidelines regarding the structure, equipment, and operation of ships to ensure navigational safety and protect the marine environment, and all vessels engaged in international voyages are subject to these regulations. However, marine casualties have continuously occurred and human errors have been known to be major causes of accidents, such as that of the Herald of Free Enterprise, which capsized in the Dover Strait in 1987, killing 193 people, and the Exxon Valdez, which spilled 11 million gallons of crude oil. Accordingly, the importance of the human factor has been raised in the international community. In 1994, the IMO introduced the International Safety Management (ISM) Code. The ISM Code requires a structured management system and documentation regarding ship operation, and ship company employees must implement safety measures to enhance the safety culture in their organization. The IMO recognizes the effectiveness of the ISM Code in promoting a safety culture and encourages its implementation in the maritime sector [1,2,3,4,5].



An approach that prioritizes safety for seafarers and ship owners is the best means of ensuring the safe operation of ships. Human error can be prevented by workers with high safety concerns. In 2019, 338 commercial vessels were involved in maritime accidents in Korea: 223 of these were domestic vessels (9.3% of 2388 registered ships) and 115 were international vessels (7.6% of 1026 registered vessels) [6]. The accident rate for domestic vessels is much higher than that for international vessels. Because safety culture is an important factor for safety management in the organization of ships and shipping companies, evaluating seafarers’ awareness of safety culture is a proactive manner of preventing ship accidents. To achieve this, developing the means to quantitatively evaluate seafarers’ perception of safety culture using appropriate indicators is required. In this study, two categories of seafarers—those embarking on international or domestic vessels—were compared and analyzed based on key factors for evaluating safety culture.



The goal was to investigate differences in Korean seafarers’ safety culture awareness. To this end, a tool was developed, and a quantitative evaluation was conducted on a group of seafarers embarking on international vessels and one embarking on domestic vessels. Various reinforced regulations, such as the international convention for the safety of life at sea, the convention on the international regulations for preventing collisions at sea, and the international convention on standards of training, certification and watchkeeping for seafarers (STCW), are being applied to ships engaged in international voyages. Furthermore, port state control and several statutory inspections are also being conducted on international vessels.



Do seafarers working on international ships have a higher safety culture awareness level? This question was answered through a quantitative evaluation, and the safety culture awareness level based on seven safety indicators was examined. There have been various studies on safety culture aboard international ships; however, no studies have assessed seafarers’ perceptions using the safety culture indicators in Korea. Therefore, this study is meaningful because the first to quantitatively analyze seafarers’ safety culture perception using safety culture indicators in the field of maritime affairs in Korea.




2. Theoretical Review


2.1. Safety Culture and Safety Climate


In the Chernobyl accident report by the International Atomic Energy Agency in 1986 [7], safety culture was mentioned for the first time by indicating that the main cause of the nuclear accidents was a “poor safety culture.” Subsequently, in 1991, research on the components of safety culture in the aviation field and the evaluation of the awareness of pilots’ safety culture for strengthening safety awareness were conducted with the accident analysis of the Continental Express Flight 2574 [8,9].



Following the Herald of Free Enterprise accident, studies on safety culture have been actively conducted in the marine sector since the late 1980s. The International Chamber of Shipping defines safety culture as sharing the notions of applying the best safety practices in the working field that will ultimately alleviate risks [10].



Although safety culture has been studied in various fields, there is still no consensus on its definition [11,12]. However, considering previous studies, safety culture in the maritime sector can be described as promoting safety improvements throughout the workplace by sharing the value of safety first with ship employees, and shipping companies acting and thinking on the basis of safety [13,14].



Another important aspect of safety culture is the safety climate, which is a temporary state in which safety culture can be measured [15]. That is, the safety climate has been measured in various studies to understand the safety culture, and it can represent the overall safety culture of a society [5].




2.2. Indicators and Evaluation of Safety Culture


Wiegmann et al. [12] defined the elements constituting safety culture by analyzing 107 documents and 30 papers on safety culture and safety climate (Figure 1). Five indicators constitute a good safety culture: “management involvement, reward system, reporting system, employee empowerment, and organizational commitment” (p. 11).



Lappalainen [16] noted that the five elements of safety culture defined by Wiegmann et al. [12] do not clearly present a continuous improvement process related to safety culture; however, they can be supplemented by a reward and reporting system. In South Korea, a quantitative survey [17] targeting 248 pilots to measure their safety cultural level was conducted by the Korea Transportation Safety Authority (KTSA) using the five indicators shown in Figure 1. Wiegmann et al. [18] developed the commercial aviation safety survey (CASS) scale. Whereas the CASS consists of 86 items, the KTSA [19] selected 46 items from the CASS scale after considering practical constraints such as pilots’ busy schedules; therefore, aviation pilots’ perceptions of safety culture could be identified by element.



As a practical plan for the application and improvement of safety culture, various studies have been conducted to measure the level of safety culture. Although quantitative and qualitative evaluation methods exist, as shown in Table 1 [12,19], no assessment method has been recognized as a global standard [20]. Qualitative assessments include observation, focus-group discussions, historical information reviews, and case analysis.



Quantitative evaluation methods include structured interviews, in which standardized items are asked to obtain short-answer responses from respondents, and Q-Sort, which is a means of surveying and observing behavior through symbol cards. Safety culture can be measured through questionnaires containing safety factors or indicators, which make it easy to investigate people’s perceptions of culture.



Table 2 presents studies that use quantitative techniques and organized indicators of the safety culture used in those studies. The aviation and shipping industries have quantitatively measured safety culture using these various indicators.





3. Materials and Methods


3.1. Research Methodology and Design Appropriateness


Quantitative techniques were used to enable the use of standardized research methods for related topics and the collection and analysis of data for a short period. The safety climate represents an aspect of safety culture and measuring the cultural perception of seafarers enables us to grasp the level of safety culture.



Studies on safety climate [11,20] have been conducted in the nuclear power industry and aviation sector since the 1990s. Since the late 2000s, maritime workers’ cultural awareness of safety has been assessed in several studies [7,26,27,28,29,30].



Teperi et al. [28] interviewed employees working in the maritime field to assess safety culture using a qualitative method. The qualitative method is useful to pose research questions to interviewees and closely investigate their thoughts as members of an organization or society. Meanwhile, the quantitative method has the advantage of being able to rapidly measure safety culture by using a previously developed and verified survey tool. For instance, Havold [29] conducted a large survey to measure the safety culture of tankers.



In Korea, a survey [30] targeting seafarers was conducted to scrutinize their behavioral characteristics to improve safety culture; however, in Korea, no studies have quantitatively analyzed seafarers’ awareness of safety culture using safety culture indicators.



Therefore, in this study, safety climate was measured through quantitative techniques. Specifically, a questionnaire was developed using questionnaires for aviation pilots and seafarers based on the safety culture indicators used in past research. This study used the five safety indicators developed by Wiegmann et al. [12]. Additionally, it also introduced two indicators provided by the American Bureau of Shipping (ABS) [25] for evaluation in the maritime field.



To evaluate the safety cultural awareness among Korean seafarers, a survey was conducted of seafarers employed on international navigation ships or domestic ships. To ensure the reliability and validity of the questionnaire, an exploratory factor analysis was performed using IBM SPSS Statistics 20 (Armonk, NY, USA).




3.2. Research Model


As shown in Figure 2, two categories of seafarers, consisting of seafarers aboard international navigation ships and those sailing in domestic waters, were analyzed and compared using seven factors.




3.3. Development of the Questionnaire and Indicators for the Survey


To ensure valid research results, it is necessary to select appropriate indicators. As highlighted above, Wiegmann et al. [12] introduced five safety indicators. These indicators were selected through an extensive examination of the relevant literature of safety climate and culture. Moreover, in addition to Wiegmann et al.’s indicators, two factors required for measuring safety culture related to the ISM Code—communication and learning [27]—were added by analyzing the components of the ISM Codes. This is because the members need to learn about emergency measures or how to improve the system’s safety culture to enhance their safety culture awareness of the ISM Code, for which communication among members is essential. In Figure 3, each element of the safety culture was analyzed, and the seven indicators were matched with the relevant items. Learning and communication items were significantly correlated with the ISM Code elements. Consequently, a questionnaire was composed using the seven factors that represent safety culture (Table 3) [8].




3.4. Hypothesis


The ISM Code is intended to promote safety culture in shipping [34] and to reduce maritime accidents caused by human error. In addition to the ISM Code, various international rules and regulations are being applied, and intensified education and training programs are provided to seafarers embarking on international voyages.



The research question was whether the cultural awareness of safety differs between seafarers embarking on international vessels and those embarking on domestic vessels. The main research hypothesis was that “cultural awareness of safety of the seafarers working on international vessels will differ from that of seafarers working on domestic vessels.” We also established seven sub-hypotheses by applying the same logic to the seven safety culture factors (Table 4).




3.5. Questionnaire Design


To assess seafarers’ safety culture awareness, the indicators and questionnaires were selected from the reviewed literature, and the terms were revised to suit the maritime field. Consequently, it was composed of only 43 items considering seafarers’ busy schedules. No new survey items were created; instead, those from Wiegmann et al. [20] and KTSA [19] were used. Learning and communication indicators, which were composed of items presented in the ABS [27] and Song [24], were also added. The responses to each item followed a five-point Likert scale, and the items corresponding to each index were randomly arranged. Some items were reverse-scored. Item examples are shown in Table 5.





4. Results


4.1. Respondents’ General Characteristics


The survey was conducted in South Korea in the second half of 2017. It was mainly conducted on incumbent seafarers on vacation, and we collected 261 questionnaires. Of these, 208 questionnaires were used for analysis after excluding nonconformities such as questionnaires with missing data (Table 6).




4.2. Validity and Reliability of Survey Items


When developing a survey or conducting statistical analysis, the validity and reliability of these tools should be ensured. Specifically, reliability analysis indicates the accuracy of a measurement tool and confirms whether respondents were consistently measured, whereas validity indicates whether the tool accurately measures the concept. Using Cronbach’s α, the reliability of our survey was confirmed. All seven factors obtained a value of 0.6 or more, indicating the reliability of the scale. Each item was sorted by the same factor through an exploratory factor analysis. Six items were removed due to low reliability; thus, 37 items were eventually used in the questionnaire.



To validate the measurement tool, an exploratory element was analyzed, and questions with a value of factor loading more than 0.4 were used. The Kaiser–Meyer–Olkin measure had a value of 0.928, which was appropriate for the variables. Bartlett’s test of sphericity revealed a p-value < 0.01, confirming that the element analysis model was appropriate.




4.3. Analyzing Indicators of Safety Culture between the Groups


The average values of seafarers’ awareness were 3.50 and 3.33 for those working on international or domestic ships, respectively. Figure 4 compares each element of safety culture.



Figure 5 compares the differences in perceptions between groups by each indicator.




4.4. Hypothesis Testing


To verify the seven hypotheses established in the previous section, independent sample t-tests were performed for each indicator (Table 7). Significant (p < 0.05) differences were revealed between groups concerning the perception of the safety culture, including management involvement, reporting system, reward system, organizational commitment, and learning.



According to these results, H1, H2, H3, H5, and H6 were supported, whereas H4 and H7 were rejected (Table 8).





5. Discussion and Conclusions


This study quantitatively measured safety culture awareness in Korean seafarers. The validity and reliability of the questionnaire were verified. This study also verified differences in safety culture awareness between seafarers embarking on international and domestic ships, including several safety factors: communication, learning, reporting system, employee empowerment, reward system, organizational commitment, and management involvement. Prior studies were reviewed to select these safety culture indicators and ISM codes that promote marine safety culture were also analyzed.



Seafarers’ safety culture awareness level is directly related to maritime safety and can be ascertained by continuously improving the measurement techniques and by analyzing the seven indicators used. For example, items that showed the greatest difference between the groups were reporting systems, reward systems, and learning, which are understood to be the strongest factors related to seafarers’ safety perception on international vessels. Policies and training measures are needed to promote these factors on domestic vessels. In contrast, no differences were observed between groups concerning employee empowerment or communication—regardless of the navigational area, our Korean seafarers demonstrated common values for these factors.



To enhance ships’ safety, it is important to improve seafarers’ safety awareness. This study found that there was a significant difference in safety culture awareness between groups of seafarers embarking on international ships and those embarking on domestic ships. In particular, seafarers working on domestic (vs. international) vessels had relatively low levels of the following safety indicators: learning, reporting system, reward system, organizational commitment, and management involvement. Various reasons exist for such differences; however, the most representative factors originated from the education level and the Safety Management System (SMS) according to the relevant studies conducted in Korea [34,35]. Therefore, in this section, we propose implications focusing on seafarers’ education and SMSs.



To improve the safety culture awareness of Korean seafarers engaged in domestic voyages, it is also necessary to review the maritime education policy. Mandatory education under the STCW has been introduced and implemented in Korea; however, the international convention was only partially introduced in Korean law for seafarers aboard domestic vessels. Kim [30] indicated that, among Korean seafarers, the education level of those aboard domestic ships is low, which affects the safety culture awareness. Therefore, the educational systems currently in operation in Korea should be improved by including subjects that can strengthen safety culture factors, such as reporting systems and learning. It would be an optimal policy to implement an education system related to safety culture and human elements, such as leadership and teamwork, for seafarers aboard both international and domestic ships. Domestic shipping companies should also provide more support related to seafarer training.



The SMS is implemented in accordance with the Maritime Safety Act in Korea; however, the audit system for domestic ships is being implemented as a simplified system compared to international vessels [34]. In particular, related to the reporting system, the learning and rewarding systems were identified as vulnerable factors among domestic vessel seafarers and the reporting system needs to be reinforced with the safety management manager of the shipping company. Moreover, since the reward and punishment system are key factors in promoting safe behavior and stopping unsafe behavior, the reward system in the safety management system of ships sailing in domestic ports needs to be strengthened. These problems can be solved by reinforcing the internal audit system, which is lacking in the current SMS for domestic vessels under domestic law.



Because maritime safety culture is an intangible concept, it is difficult to measure and comprehend. However, the safety culture awareness level can be measured through the measurement methodology used in this study, which was prepared based on related research cases and aviation research cases. Furthermore, it is possible to use it to prepare measures to improve the awareness of maritime safety culture. By evaluating the safety culture awareness level for each factor, it can be used to identify deficiencies and positive elements, and to develop specialized systems that can improve safety awareness.



A limitation of the study is that only a quantitative method was employed. In recent research trends related to safety culture, qualitative study (individual interviews, group discussions) have become more recognized [28]. Therefore, more in-depth results should be obtained through interviews with seafarers in future studies. Furthermore, more complex aspects of education, salary levels, size of shipping companies, and occupational awareness could impact the findings; therefore, these need to be considered in further studies. Finally, in Korea, few studies have quantitatively examined maritime safety culture, and none have measured seafarers’ safety culture perceptions. Future researchers should study seafarers in other Asian countries and globally.
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Figure 1. Safety culture indicators [12]. 
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Figure 2. Research model (Source: adapted from [8]). 
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Figure 3. Relationship between the International Safety Management (ISM) Code and safety culture factors (Source: adopted from [8]). 
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Figure 4. Comparisons of awareness on indicators of safety culture (Source: adopted from [8]). 
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Figure 5. Differences in perception of the indicators (Source: adopted from [8]). 
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Table 1. Measurement of safety culture (Source: adapted from [8]).
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	Division
	Tools and Methodologies





	Qualitative measurement
	Observation

Focus-group discussion

Historical information review

Case study



	Quantitative measurement
	Structured interview

Questionnaire

Q-sort
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Table 2. Summary of safety culture dimensions (Source: adapted from [8]).
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Division

	
Study

	
Survey Target

	
Dimensions or Features






	
Aviation

	
Korea Transportation Safety Authority [17]

	
248 pilots

	
Organizational commitment, management involvement, reward system, employee empowerment, and reporting system




	
Wang and Sun [21]

	
123 civil aviation operators

	
Priority, standardizing, flexible, learning, teamwork, reporting, and just culture




	
Song [22]

	
30 traffic management operators and 25 pilots

	
Skill, attitude, resource management, learning, communication, organizational structure, and management of change




	
Shipping

	
Ek and colleagues [23]

	
528 seafarers on six Swedish passenger ships

	
Flexibility, risk perception, behavior, reporting, work situation, justness, attitudes, learning, communication, and safety culture




	
Bhattacharya [7]

	
433 Indian seafarers

	
Safety, organization support, resource availability, work environment, job demands, just culture, and safety compliance




	
Arslan and colleagues [24]

	
70 respondents of shore staffs and seafarers

	
Communication, employer- employee trust, feedback, involvement, mutual trust, problem identification, promotion of safety, responsiveness, safety awareness and training, and competence




	
American Bureau of Shipping [25]

	
This was published as guidance for a survey

	
Communication, empowerment, feedback, mutual trust, problem identification, promotion of safety, responsiveness, and safety awareness
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Table 3. Description of the seven safety culture indicators (Source: adopted from [8]).
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	Indicator
	Indicator Description





	Organizational commitment
	An indicator of the continued interest and support of management on safety, and whether safety is a core value in an organization [12].



	Management involvement
	Refers to the degree to which management and middle managers participate in safety activities; i.e., active monitoring [12].



	Reward system
	Whether a behavior is safe or unsafe within an organization is evaluated and rewarded or punished consistently according to the evaluation [12].



	Employee empowerment
	Includes safety tasks to prevent errors when employees work, the level of reflection of employees in the safety-related decisions, the pride of employees, and the responsibility for others [12].



	Reporting system
	The reporting system allows members to be willing to report their mistakes or near misses and to share that information [12].



	Learning
	It is a proactive approach for monitoring and acquiring information and knowledge from the organization, and it is necessary to implement improvements [31,32].



	Communication
	It is important to communicate well in everyday work to ensure proper decision making. Clear communication is essential, especially for safety culture [31,32,33].
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Table 4. The seven sub-hypotheses (H) (Source: Adopted from [7]).
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	H1
	The awareness of organizational commitment of seafarers employed on ocean-going vessels will differ from that of seafarers on domestic vessels.



	H2
	The awareness of management involvement of seafarers employed on ocean-going vessels will differ from that of seafarers on domestic vessels.



	H3
	The awareness of the reward system of seafarers employed on ocean-going vessels will differ from that of seafarers on domestic vessels.



	H4
	The awareness of employee empowerment of seafarers employed on ocean-going vessels will differ from that of seafarers on domestic vessels.



	H5
	The awareness of reporting system of seafarers employed on ocean-going vessels will differ from that of seafarers on domestic vessels.



	H6
	The awareness of learning of seafarers employed on ocean-going vessels will differ from that of seafarers on domestic vessels.



	H7
	The awareness of communication of seafarers employed on ocean-going vessels will differ from that of seafarers on domestic vessels.
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Table 5. Questionnaire item examples (Source: adopted from [8]).
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	Item
	n
	Example





	Organizational commitment
	8
	
	-

	
Following safety procedures is consistently expected




	-

	
Management does not show much concern for safety until there is an accident or incident









	Management involvement
	6
	
	-

	
Management involvement in safety issues has a high priority at my company




	-

	
My company’s safety department is doing a good job









	Reward system
	5
	
	-

	
Management negatively evaluates crew members who behave recklessly




	-

	
Safe crew members’ performance is evaluated using clear standards









	Employee empowerment
	7
	
	-

	
The best officer or master or chief engineer in the group expects other crews to behave safely




	-

	
Crews do all they can to prevent accidents









	Reporting system
	7
	
	-

	
I am familiar with the system for formally reporting safety issues in my company




	-

	
Safety issues raised by the crew are communicated regularly to all crew members in the company









	Learning
	5
	
	-

	
The issue of safety is shared by all crew members as a best practice through review and analysis




	-

	
Safety system (issues) is improved based on past experiences, news related to the safety issue, or recognized solution









	Communication
	5
	
	-

	
We have good communication regarding safety issues




	-

	
I give proper instructions at all times when I initiate any work
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Table 6. Respondents’ general characteristics (Source: adopted from [8]).
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Division

	
Ocean-Going Ships

	
Domestic Ships

	
Total




	
N

	
%

	
n

	
%

	
n

	
%






	
Total number of respondents

	
126

	
60.6

	
82

	
39.4

	
208

	
100




	
Rank

	
Senior officers

	
59

	
51.8

	
55

	
44.4

	
114

	
54.8




	
Junior officers

	
67

	
71.3

	
27

	
39.2

	
94

	
45.2




	
Years of sea service

	
1–4 years

	
61

	
77.2

	
18

	
22.8

	
79

	
38.0




	
5–9 years

	
22

	
73.3

	
8

	
26.7

	
30

	
14.4




	
10–14 years

	
7

	
43.8

	
9

	
56.3

	
16

	
7.7




	
15–19 years

	
12

	
66.7

	
6

	
33.3

	
18

	
8.7




	
20–24 years

	
9

	
47.4

	
10

	
52.6

	
19

	
9.1




	
≥25 years

	
15

	
32.6

	
31

	
67.4

	
46

	
22.1




	
Type of ship

	
Container

	
14

	
82.4

	
3

	
17.6

	
17

	
8.2




	
Bulk carrier

	
18

	
94.7

	
1

	
5.3

	
19

	
9.1




	
Tanker

	
24

	
75.0

	
8

	
25.0

	
32

	
15.4




	
Liquefied natural gas carrier

	
10

	
100.0

	
0

	
0.0

	
10

	
4.8




	
Passenger ship

	
9

	
27.3

	
24

	
72.7

	
33

	
15.9




	
Car carrier

	
4

	
100.0

	
0

	
0.0

	
4

	
1.9




	
General cargo

	
16

	
53.3

	
14

	
46.7

	
30

	
14.4




	
Chemical carrier

	
18

	
75.0

	
6

	
25.0

	
24

	
11.5




	
Others

	
13

	
33.3

	
26

	
66.7

	
39

	
18.8











[image: Table] 





Table 7. Results of t-test (Source: adapted from: [8]).
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Division

	
Mean

	
Standard Deviation

	
t

	
p




	
Ocean-Going

	
Domestic

	
Ocean-Going

	
Domestic






	
Safety culture

	
3.60

	
3.33

	
0.55

	
0.46

	
3.599

	
<0.001




	
Organizational commitment

	
3.33

	
3.06

	
0.84

	
0.82

	
2.304

	
0.022




	
Management involvement

	
3.38

	
3.11

	
0.74

	
0.81

	
2.535

	
0.012




	
Reward system

	
3.55

	
3.15

	
0.48

	
0.69

	
4.984

	
<0.001




	
Employee empowerment

	
4.11

	
4.13

	
0.65

	
0.70

	
0.147

	
0.884




	
Reporting system

	
3.36

	
2.90

	
0.80

	
0.69

	
4.200

	
<0.001




	
Learning

	
3.88

	
3.50

	
0.74

	
0.78

	
3.504

	
0.001




	
Communication

	
3.57

	
3.49

	
0.67

	
0.77

	
0.789

	
0.431
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Table 8. Verification of the hypotheses (Source: adapted from: [8]).
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	No.
	Hypothesis Description
	t-Test Result





	H1
	The awareness of organizational commitment of seafarers employed on ocean-going vessels will differ from that of seafarers on domestic vessels.
	Supported



	H2
	The awareness of management involvement of seafarers employed on ocean-going vessels will differ from that of seafarers on domestic vessels.
	Supported



	H3
	The awareness of the reward system of seafarers employed on ocean-going vessels will differ from that of seafarers on domestic vessels.
	Supported



	H4
	The awareness of employee empowerment of seafarers employed on ocean-going vessels will differ from that of seafarers on domestic vessels.
	Rejected



	H5
	The awareness of reporting system of seafarers employed on ocean-going vessels will differ from that of seafarers on domestic vessels.
	Supported



	H6
	The awareness of learning of seafarers employed on ocean-going vessels will differ from that of seafarers on domestic vessels.
	Supported



	H7
	The awareness of communication of seafarers employed on ocean-going vessels will differ from that of seafarers on domestic vessels.
	Rejected
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