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Abstract: In contrast to the conventional safety management principle, namely, safety-I, which fo-
cuses on “what goes wrong”, a new-born safety philosophy (safety-II) inspires people to investigate
“how and why things go right”. In the present study, the cognitive difference and correlation between
safety-I and safety-II in the maritime shipping industry are explored and investigated. For this pur-
pose, a questionnaire is administered to survey seafarers and maritime experts, and semi-structured
interviews are conducted to collect original data associated with safety-I and safety-II. Then, the
data from seafarers and maritime experts are further processed by empirical statistical methods
and fuzzy analytic hierarchy process (AHP) methodology. The results show that impacting factors
associated with individual aspects are usually accepted as dominant with respect to views of safety-I,
while organizational factors are more influential for safety-II, which is essential to developing an
organizational resilience capacity. Based on the findings and discussions, potential safety counter-
measures that integrate safety-I and safety-II are proposed in this article. The present study discusses
the new-born safety-II perspective to elucidate the safety issues associated with maritime shipping
operations, which can be seen as the main innovation of this work.

Keywords: maritime industry; safety-II; cognitive gap; correction analysis; safety management

1. Introduction

Maritime shipping plays a critical role in international merchandise trade in light
of the fact that approximately 90% of cargo is transported by ships [1]. Furthermore,
according to the prediction made by UNCTAD (United Nations Conference on Trade and
Development), international maritime trade will expand at an average annual growth
rate of 3.5% over the period of 2019-2024 [2], although this figure could be lower due to
the unexpected appearance of COVID-19; nevertheless, the tendency toward increasing
international maritime trade will continue. In fact, over the past decade, the total number
of vessels and deadweight tonnage (DWT) globally has continued to expand, as illustrated
in Figure 1, in which the data comes from the review of maritime transport for 2010–2019
issued by UNCTAD. It is widely accepted that safety issues are combined with maritime
trade and that maritime safety issues will become more pressing with increasing numbers
of vessels. Therefore, the safety level of navigating ships and the prevention of pollution
from ships have become common concerns at national and international levels. For this
reason, the International Maritime Organization (IMO) continuously issues conventions,
codes, and guidelines to ensure the safety level of maritime shipping operations. For
example, as early as the 1970s, the IMO issued the well-known International Convention on
Standards of Training, Certification and Watchkeeping for Seafarers (STCW) to supervise
the unsafe acts of seafarers; in addition, the International Convention for Safety of Life
at Sea (SOLAS) was established to provide detailed guidelines for seafarers working on
board ships. Apart from the IMO, there are many other international organizations, such
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as the International Labour Organization (ILO), International Association of Marine Aids
to Navigation and Lighthouse Authorities (IALA), and International Association of Ship
Classification Societies (IACS), which pay attention to the safety of maritime shipping
operations. According to the statistics collected by [3], maritime accidents presented a
downward tendency from 2000 to 2012, but the situation is far from satisfactory, according
to the “safety and shipping review 2019” issued by [2], and there were still 2698 shipping
accidents in 2018. The safety of maritime shipping is still a thorny issue that it is urgent
to solve.

Figure 1. Total vessel number and deadweight of world ship fleet from 2010 to 2019.

Maritime shipping accidents research has changed from being exclusive of naval archi-
tects to a being large stage on which knowledge from different disciplines is involved [4].
The factors that contribute to accidents or incidents can be characterized by social attributes
or factors associated with techniques; any of these can be the main cause. Therefore, the
safety issues of maritime shipping should be solved based on the perspective of complex
sociotechnical systems in which the factors associated with techniques and society should
be considered comprehensively. In addition, the data from maritime shipping accidents
is inadequate for advanced technology, such as big data analysis and artificial neural
networks, which encourages scholars or pioneers to explore other methodology to solve
the safety issues of maritime shipping. At this point, the perspective of safety-II provides a
potential way to solve this problem.

1.1. Related Work

Many studies have been performed to pursue the safety of maritime shipping opera-
tions by evaluating and controlling various risks; these are generally regarded as being in
the context of the safety-I paradigm. For this purpose, risk identification is the important
fundamental work to be accomplished, and the risks involved in the maritime industry
can be identified and analyzed according to different principles. It is widely accepted
that identifying maritime risk factors based on maritime accident investigation is a good
practice, and various accident types have been analyzed for that purpose, such as ship
collisions [5,6], grounding [7], fire or explosions [8], as well as maritime operations [9]. At
the same time, risk classification based on the ship types is another successful paradigm. In
the existing literature, the risks involved in tankers are of concern mostly because serious
damage, injuries, and environmental pollution are likely to be caused [10–12]. Additionally,
the passenger ships are receiving much attention for the issue of maritime shipping risk
analysis, such as in [13,14]. Recently, the risks associated with maritime autonomous
surface ships [15] and the ships navigating through the Arctic waters [16] have also been
given full consideration. How to evaluate the identified risks is another important issue
to be considered, and many scholars developed various methodologies for that approach.
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In the early stage, some typical methods have been applied in the maritime industry and
proved to be effective, such as human factors analysis and classification system (HFACS),
fuzzy fault tree analysis (FTA), cognitive reliability and error analysis method (CREAM),
AcciMap [17], and theoretic accident model and processes [18]. Recently, some scholars
have attempted to explore the application of big data analysis to maritime shipping risk
assessment. The combination of Bayesian networks and other analysis techniques, such as
fuzzy theory [19] and data-driven methods [20], is one of the popular methodologies. In
addition, artificial intelligence [21] and neural networks [22] have also been successfully
applied to evaluate the risk exerted on the maritime shipping operations. According to the
existing studies, the risks involved in maritime shipping are characterized by complication,
uncertainty, and unpredictability, and therefore, it is urgent to propose a well-designed
safety management system (SMS) to control those risks effectively. Many studies have
been performed for the establishment of SMS for maritime shipping operations [23–25],
which can be integrated with system dynamics to address risks involved in the safety
management system [26,27]. In addition, ref [28] presented a typical example that illus-
trates the process of developing SMS. More recently, he designed a novel maritime safety
management system based on system theoretic accident model and process (STAMP),
which maps the actual operational needs into the functioning of the SMS [29]. Ref [30]
developed an integration model associated with dynamic system and CREAM to identify
operational hazards. In fact, the existing studies and practices of SMS are based on the
perspective of safety-I, which focuses on the various risks; as a result, the functioning of
SMS is still not satisfied, although the safety level of maritime shipping has been improved
since the appearance of SMS. Furthermore, almost all of the SMSs do not pay attention to
the situated safety knowledge obtained by operators during their activities [31].

The development of the safety-II perspective provides another potential solution
for improving the functioning of maritime shipping SMS. The safety-II perspective is
characterized centrally by the development of resilience capacity or resilience engineering,
which is applied to enable systems in a resilient manner [32]. Based on the principle of
safety-II, in the healthcare field, a resilience engineering tool to improve patient safety
(RETIPS) is proposed by [33], which is further revised and validated [34], as partly inspired
by [35]. Ref [36] takes the taxi service system as an example to analyze the gap between
safety-I and safety-II, and some potential advice to improve the organizational resilience
is proposed. The OECD [37] issued formal guidelines for resilience systems analysis and
proposed a roadmap to develop the resilience capacity. Other successful applications
of safety-II are represented by studies for safety issues in the nuclear industry and air
navigation, such as [38,39]. In the maritime industry, ref [40] attempted to explain the issue
that there is always a lack of regulation compliance even though there is enforcement of the
use of safety regulations for fishermens’ occupational risks in EU, by the use of a resilience
perspective. [41] proposed a solution based on the safety-II perspective to manage the
behavior of deck officers during critical operations at sea using simulator-based training.
Theoretically, there is considerable potential for the application of the safety-II perspective
in the maritime shipping industry, which is widely accepted as a complicated system.
Currently, some explorations have been made by scholars, as mentioned above; however,
there are still many more studies to be implemented to further clarify the application of
safety-II in the maritime shipping industry, which is also the point of the present study.

1.2. Innovative Contributions

In the present study, the objective is to provide a solution for the question of “why
are there still so many maritime shipping accidents even though there are existing strict
rules and regulations?” The new concept of safety-II, proposed by [32], is introduced in
an attempt to analyze and provide a potential solution for the above-mentioned issue.
First, the difference between safety-I and safety-II is compared, based on which the factors
that contribute to maritime shipping safety are categorized into two groups from the
aspects of individual, environment, and organization, as well as techniques. Thereinafter, a
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comprehensive methodology integrated by expert interview, fuzzy AHP, fuzzy aggregation,
correlation analysis, and cross-checking analysis is developed to evaluate the difference
between safety-I and safety-II. To address this point, a group of five experienced experts
are employed, and a questionnaire survey for seafarers is conducted, the results of which
are then used to quantify the aforementioned difference. Finally, some suggestions for the
transfer from safety-I to safety-II are proposed based on the results discussion. The salient
features of the present study are listed as follows:

The application of safety-II is explored in a maritime shipping safety study in an
attempt to propose a solution for thorny safety management issues.

Demonstration of the degree to which the two perspectives, safety-I and safety-II,
resemble and differ from each other by comparing indicators that impact the safety of
maritime shipping.

The proposed framework is useful for quantifying the difference between safety-I and
safety-II, based on which the directions for safety management of maritime shipping can
be identified.

1.3. Organization

The remainder of this paper is arranged as follows. Section 2 presents the identified
factors that impact maritime safety, which are re-organized based on the concept of safety-
I and safety-II. Then, in Section 3, the methodology proposed in the present study is
described in detail. Following that, the commonalities and differences between safety-I and
safety-II are analyzed and discussed by means of statistical analysis and cross-checking
analysis in Section 4, and finally, some suggestions are proposed in Section 5.

2. Identification of Factors that Influence Maritime Safety from the Perspectives of
Safety-I and Safety-II
2.1. Concept of Safety-I and Safety-II

Traditionally, safety is defined as a condition where the occurrence probability of
adverse outcomes is as low as possible, for the purpose of enabling us to have freedom
from accidental events; this definition can be called safety-I. Therefore, the purpose of safety
I is to achieve and maintain the state mentioned above or to avoid things going wrong. In
practice, the definition of safety based on a safety-I perspective can be seen everywhere. For
example, the International Civil Aviation Organization (ICAO) defines safety as “the state
in which harm to persons or property is reduced to an acceptable level and maintained at
or below an acceptable level through a continuing process of hazard identification and risk
management”. Theoretically, there is a large amount of literature that could be reviewed
for safety issues associated with risk [22]. Thereinafter, under the framework of safety-I, it
is critical that the adverse events are analyzed to understand what went wrong and how, to
avoid similar adverse outcomes in the future [32]. However, with ignorance of knowledge
and cognition about “how things go right”, we can hardly overview the “whole thing”. In
fact, in the maritime shipping industry, “how things go right” has been paid attention to
during safety management, and the development and distribution of “best practices” is
a typical example. Therefore, the perspective of highlighting the knowledge about “how
and why things go right” is labeled by safety-II [41]. According to [32], who first proposed
the terms safety-I and safety-II to distinguish the two perspectives of safety, safety-II is “a
condition where the number of successful outcomes is as high as possible. It is the ability to
succeed under varying conditions. It is achieved by attempting to make sure that things go
right, rather than preventing them from going wrong.” Under the framework of safety-II,
it is the capacity of handling unexpected events that maintains the safety level, and then,
it is important to understand the working principle of systems and relationships among
events rather than simply looking at the causes of single events [41].

The main differences between safety-I and safety-II are summarized in Table 1. Safety-I
argues that things go wrong because of the appearance of failures or malfunctions of specific
aspects, such as operating procedures, technology, human factors and organizational



Sustainability 2021, 13, 5509 5 of 24

factors [42]. As a result, the identification of causes or contributing factors that lead to
adverse outcomes is centered under the safety-I framework, which is naturally followed
by a series of measures. The approach of safety-II is to some extent a supplementary
perspective that focuses on the capability to succeed under various circumstances, which
includes the adverse circumstances that cause accidents or events. The main argument
of safety-II is to develop the capacity to maintain a successful running system, which
could be defined as resilience in some of the literature [16]. Even though there are obvious
differences between safety-I and safety-II as presented in Table 1, and they are generally
regarded as two distinct perspectives of viewing and achieving safety, they are not mutually
exclusive. The safety issue of maritime shipping is complicated, and it involves components
of safety-I and safety-II. As is widely known, various guidelines, standards, and rules
issued by the IMO are available to provide specifications for maritime shipping operations,
based on which the risks that imperil the safety level of maritime shipping can be controlled
and eliminated. On the other hand, there is much uncertainty that is involved in shipping
operations, and thus, the probability of unexpected events could be high enough to receive
attention and subsequently take actions to ensure that things go right. Therefore, the
safety of maritime shipping operations is determined by the integration of compliance and
resilience, which correspond to safety-I and safety-II, respectively.

Table 1. Overview of the main differences between the safety-I and safety-II perspectives [43].

Aspects Safety-I Safety-II

Understanding of safety Controlling the number and
size of things that go wrong Ensuring that things go right

Performance associated with
safety management

Number of accidents or
adverse outcomes

Successful case analysis and
duration of smooth operations

View of human behavior A liability, regarding human
factors as the main risks

A resource to manage and
ordinate technological

systems

View of risk Preventing the occurrence of
risk by various measures

Monitoring and managing of
the risk factors

Safety management principle Reactive, taking action after
adverse outcomes

Proactive, try to learn and
anticipate the development

of events

Knowledge basis Focus on unexpected events,
failures and accidents

Understanding success cases
and how things go right

2.2. Factors that Influence Safety-I and Safety-II in Maritime Shipping

The safe operations involved in maritime shipping can be regarded as a complex socio-
technical system that is a determinant for the sustainable development of the maritime
shipping industry. There are various impacting factors that influence “things go right”
and “things go wrong”, which are presented as factors that influence safety in different
types of documents, and these factors can be classified based on many different principles.
According to typical safety-related studies [44,45], the factors that contribute to safety
can be categorized as individual cognition, organizational capacity, and environmental
situations. However, the behaviors of individual people and organizations are undergoing
notable changes with the introduction of modern technologies, such as artificial intelligence,
automation, neural networks, and big data analysis, which are currently applied to solve
safety issues associated with maritime shipping [22,46]. Therefore, in the present study,
we added the technique factors to the traditional factors system, which is illustrated
in Figure 2.
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Figure 2. Impacting factors that influence the safety of maritime shipping.

The detailed information for the representative indicators associated with the afore-
mentioned maritime shipping safety-impacting factor hierarchy is summarized in Table 2.
The aspect of individuals mainly refers to the human performances or behaviors that affect
the safety level of maritime shipping operations, which has been widely discussed and
analyzed in a large amount of literature [19,20,47]. Based on these existing studies, we
characterized the individual aspect by three groups of indicators, i.e., personal competency,
psychological and physiological factors, as well as the cognitive process. According to the
perspective of safety-I, these indicators would focus more on the negative aspects of indi-
vidual people, such as insufficient experience or skills, fatigue, stressfulness, inappropriate
decisions, and so on. However, under the framework of safety-II, individual resilience is a
critical component for a well-going socio-technical system [32], and individual resilience
can be represented by indicators that are easily obtained, such as the best practices, agility,
precise anticipation, and emergency responses. Overall, seafarers will be pleased to share
their successful experience, while failed experience is not the case. The aspect of organiza-
tion is associated with administrative hierarchies, management processes, and corporate
cultures [48], which is explored by three types of indicators, namely, safety culture, rules
and guidelines, organization process, and resource management. Based on the viewpoint
of safety I, much attention would be paid to the essential issue, “Why does the organization
fail?”, which directs the investigators and scholars to analyze the causations, learn from
failure cases, and prevent similar accidents occurring again. However, it is difficult to find
the causes of organization failure; therefore, the perspective of safety-II is introduced to
improve the safety level of the organization by emphasizing the development of a posi-
tive safety atmosphere, learning from successful events, and encouraging those positive
activities that are useful for safety. As with the representing indicators for the aspect of
environment, the factors that influence maritime shipping operations can be associated
with the natural environment and physical environment, which can be regarded as the
preconditions for the unsafe behaviors of seafarers. Under the framework of safety-I, the
challenging meteorological/geographical conditions and risk factors associated with the
worksite have been studied by a large number of scholars; however, favorable natural
conditions and friendly physical conditions are also given equal consideration according
to the perspective of safety-II. The last aspect of maritime shipping safetyimpacting is
associated with technical issues, which include the fault-tolerance design, information
resources, and intelligence techniques (including automation). Traditionally, it has been
regarded that the main feature of safety-I is that the fault design and inadequate informa-
tion for safety issues would be investigated thoroughly, which would lead to a reasonable
solution. At the same time, safety-II argues that the techniques can be applied to improve
the safety of maritime shipping by designing fault-tolerant systems and developing an
information-sharing platform to reduce the risk factors associated with human action.
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Table 2. Description of maritime shipping safety-impacting indicators based on the perspectives of safety-I and safety-II.

Indicators Description
Specific Explanation

Safety-I Safety-II

Personal
Competency

Seafarer competency is assessed based on
training, individual experience, knowledge,

and professional skill, as well as
communication in English [49]

Insufficient experience or
professional skills,

misunderstanding with each
other, insufficient training

The best practices or
flexibility presented in

an emergency

Personal Factors

Including the psychological and physiological
factors that affect seafarer behaviors, especially
the psychological factors, which are regarded

as particularly important causes leading to
occupational accidents [50]

Negative mental conditions,
depression or stressfulness;

feeling fatigue, stiffness,
and/or other physiological

diseases/pains

Be positive or optimistic
for implementing duty; a

high level of agility in
daily work

Cognitive
Process

Understanding of the safety of maritime
shipping, situation awareness, human

perception that is useful in addressing an
emergency situation

Inappropriate decisions
and/or negligence of

information, which lead to
deterioration of situation until

accidents occur

Be able to make prompt
and precise anticipation by
excellent perception and

continuous learning

Safety Culture
Safety culture at different analytical levels
affect various unsafe behaviors of onboard

ship seafarers [51]

Focus on learning from
accidents and/or failures,

attempting to prevent
accidents by punishment

Emphasis the
development of a positive

safety atmosphere, and
learning from

successful cases

Rules and
Guidelines

Conventions/laws/standards/guidelines that
are widely accepted for maintaining the safety

of maritime shipping [19]

Focus on the mismatch
between the guidelines or
procedures and the actual
operational conditions on

board the ships

Emphasize the importance
of operational manual or

standard operational
procedures

Organization
Process and

Resource
Management

The safety management of maritime shipping
companies, including seafarer

training/drilling, and management of
violations against rules

Almost all of the rules of a
company focus on the

violations of seafarers [19],
and the training receives

less attention

The company encourages
activities that are useful
for safety maintenance

Natural
Environment

Negative natural conditions, including waves,
winds, fog, etc., could easily be coupled with

other factors, such as unsafe behaviors of
seafarers, which could cause maritime

shipping accidents [52]

Focus on challenging
meteorological/geographical

conditions

Both the favorable and
unfavorable natural
conditions are given

full consideration

Physical
Environment

Deficient/malfunctioning equipment, or a
poor physical environment on board the ship,
will put pressure on safe navigation, affecting

the ship’s performance and increasing the
possibility of major safety accidents [53,54]

The potential risk factors
associated with worksite

conditions receive
much attention

Both the friendly and
unfriendly physical

conditions are
fully considered

Fault-Tolerance

Fault tolerance allows a system to continue
working properly even with the occurrence of

faults [55], which is proven in the
maritime industry [56]

Faulty design of a system or
equipment, and the technical
failures are investigated fully

Favorable technical
aspects and design of the
system are given the same
attention as unfavorable

technical conditions

Information
Resource

Information resource mainly refers to the
navigational information, such as weather

report, as well as the navigational publications

Devoted to giving a solution
for inadequate communication,

incomplete data, missing
logbooks, and so on

Emphasize the importance
of developing an

information-sharing
platform

Intelligence
Techniques

The introduction of intelligence techniques into
the maritime shipping industry is regarded to

affect the safety level positively [57]

The application of intelligence
techniques can introduce

other safety-affecting factors

The application of
intelligence techniques can

limit the risk factors
associated with human
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3. Methodology

In this section, an overview of the methodology proposed in the present study is
illustrated in Figure 3 with the aim of developing a compatible comprehensive model
to assess the impacting factors for maritime safety based on the framework of safety-I
and safety-II. The content demonstrated in Figure 3 presents the detailed analysis process,
which is summarized as follows:

Figure 3. Schematic diagram to analyze maritime safety tendencies.

Step 1—data collection. According to the analysis of Section 2, especially for safety-II,
the available information is obviously limited. Therefore, in the present study, we conduct the
data collection by means of document reviews, expert interviews, and seafarer questionnaires.

Step 2—data processing. Based on the information obtained from reviews and in-
terviews, the factors that impact maritime safety are identified and then re-organized as
contributing factors for safety-I and safety-II. At the same time, a questionnaire is designed
after several safety meetings. In addition, expert opinions are aggregated based on fuzzy
theory and AHP.

Step 3—results analysis. The results obtained from the aforementioned steps are
analyzed by means of correlation analysis (CA) and cross-check analysis, which can be
applied to understand the commonalities and differences between safety-I and safety-II.

3.1. Data Collection

The safety-related information associated with maritime activities is limited in the
aspects of quantity and reliability, and as a result, the data collection is conducted by
reviewing documents, interviewing experts, and implementing a questionnaire.

3.1.1. Analysis of Documents Associated with Maritime Safety

The documents analyzed in the present study are classified into three types, i.e., mar-
itime safety laws and regulations issued by the government and Maritime Safety Adminis-
tration (MSA); the safety operation manual prepared by the ship management company for
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safe operations on board the ship; and the accident investigation reports issued by China
MSA (China Maritime Safety Administration).

For the first type of document, the maritime safety-related laws, such as Maritime
Traffic Safety Law of P.R.C. [58], are the top-level regulations that are applicable for maritime
activities. According to these laws, the Ministry of Transport and China MSA issues many
regulations to specify the behaviors and activities of seafarers and maritime companies,
such as Regulations of the P.R.C. on the Inquiry and Settlement of Marine Transport
Accidents. In addition, maritime safety-related international conventions are also referred
to during the process of this study, which include SOLAS, STCW, and so on. To obtain
an overview that regards the safety regulations of maritime companies, the International
Safety Management Code (ISM-CODE) issued by IMO is reviewed in detail during the
process of data collection, and then, the researchers of this study are authorized to review a
maritime company’s shipping safety management system (SMS) developed by ISM-CODE,
which provides the researchers with an overview of the “Work as Imaged” in shipping
activities. In addition, the collection of maritime accident investigation reports (245 in
total) that occurred during 2000 and 2018 in China is conducted in the present study, which
can be applied to understand the unsafe behaviors associated with operations on board
the ship.

3.1.2. Interviews with Experts and Scholars

The expert elicitation is widely applied in various situations to accumulate specialist
opinions for a complicated issue, which is especially suitable to the situation in which
the available information is lacking or constrained by physical circumstances [59]. In the
present study, the selection criteria for competency experts is expressed as follows:

A heterogeneous expert group is preferred in the present study in which the individual
experience of each expert can be considered reasonably, and as a result, the specialist
opinions from various viewpoints could be collected and analyzed [60].

With regard to the educational and experience level of the experts in the maritime
field, generally, the longer they have focused on maritime safety (academic or practical),
the more accurate their intuitionistic judgement is.

With respect to expert familiarity with maritime safety, the experts with experience
working on board the ship would be preferred in this study, because they can understand
the operations associated with shipping through practical experience [19].

According to the aforementioned selection principle, five experts are employed to
be consultants. As shown in Figure 4, all of the five experts are shared with a common
experience in the shipping industry; e.g., they have been working as a seafarer on board the
ship. The expert group is heterogeneous except for this common experience: two experts
are senior scholars coming from academic institutes, two experts are working as marine
safety supervisors in MSA, and one expert is the safety manager of a maritime company.
Although the careers of the employed experts are diverse, they are familiar with almost
every aspect of maritime safety-related issues. The general information of the five experts
is summarized in detail in Table 3.

3.1.3. Questionnaire Survey

A questionnaire was designed on the basis of the theory framework of safety-I and
safety-II, described in Section 1, while referring to some commonly applied forms designed
by [61–63]. The maritime safety-related impacting factors identified in Section 2 are re-
garded as the guidelines for structuring the framework of the questionnaire. As a result,
the preliminary statements in the questionnaire were established, which were then checked
by consulting the employed experts before proceeding to the formal survey and interviews.
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Figure 4. Occupation of the experts employed in the present study.

Table 3. General information associated with experts.

No. Occupation Education Level Certificate Rank Description

Expert 1
(E1) Maritime investigator Master of navigation Senior captain

He is titled the senior captain and is
employed by Maritime Safety
Administrative (MSA) as an

experienced maritime accident
investigator. He has been invited to
give a speech in IMO on behalf of

China MSA

Expert 2
(E2) Maritime investigator Master of navigation Captain

He has been working on board a
ship for nearly 20 years, and at

present, he is employed by China
MSA as a maritime accident

investigator, being responsible for
accident investigation

Expert 3
(E3)

Professor in
maritime university

Master of
marine engineering Senior chief engineer

Based on his meaningful navigating
experience of more than 10 years, he

has been working as a scholar to
study safety-related issues in

maritime shipping, and some of his
studies have received attention in

the shipping industry

Expert 4
(E4)

Associate professor in
maritime university

Doctor of
navigation technology First officer

He has been working on board a
ship since 2000 and obtained the

first officer certificate before
becoming a faculty member in a

maritime university. His research
interests are focused on safety

evaluation for navigating ships

Expert 5
(E5) Safety manager Master of

navigation technology Senior captain

He was employed as a safety
manager since 2010 in a ship
management company, and

currently, he is responsible for the
safety of cargo ships in his company

At the beginning of the formal questionnaire, the responders were required to identify
their positions on board the ship, e.g., master, chief engineer, chief officer; in addition,
they were also required to choose the ship types that they have ever had experience on.
In the main body of the questionnaire, all of the 44 statements/questions are divided into
two parts, which correspond to safety-I and safety-II, respectively. The answers to these
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statements/questions are presented on a scale of five according to the principle proposed
by [64], which ranged from 1=strongly disagree to 5= strongly agree. The respondents are
asked to review all of the statements in the questionnaire and to express their judgement
by marking a scale from the provided options, which were designed according to a 5-point
Likert-like scale. The complete questionnaire can be found in Appendix A of this paper.

In the first part of the questionnaire, there is a total of 22 statements that are focused
on the evaluation of the influence of impacting factors on “what goes wrong”, which corre-
spond to safety-I. Each impacting factor is associated with two statements, for example,
to assess the influence of psychological and physiological factors on maritime safety. The
statements are proposed as “Do you have a thorough understanding of unsafe psychologi-
cal and physiological factors?” and “Do you agree that being distracted will lead to the
occurrence of accidents or emergency situations?” In the second part of the questionnaire,
all of the 22 statements are designed to assess the influence of impacting factors on “what
goes right”, which corresponds to safety-II. There are two statements that concern each
impacting factor. For example, the influence of the safety culture on the maritime safety
can be represented by the following two statements: “As with the reporting culture, do
you think it is important to report events to the master or company?” and “Would you like
to share your valuable successful or failed experiences with others?”

The questionnaire survey was conducted for different groups. First, the five expert
individuals employed in this study, whose general information is presented in Table 1,
are asked to give their opinion regarding all of the statements in the questionnaire by
the form of interview. On the other hand, the questionnaires were distributed at random
to seafarers who were working or have been working on board the ship from May 1 to
September 20. The respondents were required to go through all of the statements and give
their answers; otherwise, the questionnaire would be considered to be invalid. Finally,
we received 105 questionnaires with valid information, and all of the respondents had
received their bachelor’s degree. The general information on the respondents is presented
in Table 4.

Table 4. General information on the respondents.

Department on Ship Rank of Ship

Deck Dep. Engine Room Dep. Management Level Operation Level

Number 64 41 56 49
Percentage 61% 39% 53% 47%

Note: Seafarers at the management level include the captain, chief engineer, first officer, and second engineer; the operation level contains
the second officer, third engineer, third officer, and fourth engineer.

3.2. Data Process
3.2.1. Aggregation of Expert Opinions Using Fuzzy Theory

For the operational laws of trapezoidal fuzzy numbers, the reader can be referred
to [65], and the relationship between the linguistic expressions of experts and the corre-
sponding fuzzy trapezoidal numbers is shown in Table 5. Although they were at different
positions, had different education levels and a variety of experience, it is difficult to quan-
tify the weights of the five experts employed in this study because there are too many
factors that influence their weights. Referring to [66], we set the weights for the experts to
be equal, e.g., all weights are set to 0.2.

The expert opinions were analyzed when the interviews were completed. First, it is
necessary to aggregate the expert elicitation by adapting the defuzzification approach to
eliminate any cognitive biases that could be caused by individual experts. Suppose that
each expert, Ei(i = 1, 2, 3, . . . , n), states his or her specific opinions about a certain issue by
utilizing a predefined set of linguistic variables. Then, these linguistic expressions can be
transferred into the corresponding triangular or trapezoidal fuzzy numbers, which can be
processed further until defuzzification is achieved.
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Table 5. Linguistic expressions and their corresponding fuzzy trapezoidal numbers.

Linguistic Expression Fuzzy Trapezoidal Number

Very low (0,0.1,0.2)
Low (0.1,0.25,0.4)

Medium (0.3, 0.5,0.7)
High (0.6,0.75, 0.9)

Very high (0.8,0.9,1)

(1) Calculation of the degree of similarity.Suv(Ẽu, Ẽv) is defined as the degree of agree-
ment for different opinions among experts. Suppose that Ẽu(a1, a2, a3) and Ẽv(b1, b2, b3)
represent two standard triangular fuzzy numbers (u 6= v); then, the degree of agreement
between Ẽu and Ẽv can be obtained by

Suv(Ẽu, Ẽv) = 1− 1
J

J

∑
i=1
|ai − bi| i = 1, 2, 3 (1)

where J is the number of fuzzy set members; e.g., J = 3 is for standard triangular fuzzy
numbers and J = 4 is for standard trapezoidal fuzzy numbers. Additionally, the greater
the values of Suv(Ẽu, Ẽv), the greater the similarity between experts Eu and Ev.

(2) Calculation of the average agreement (AA) degree for each expert’s viewpoints.

AA(Eu) =
1

U − 1

U

∑
u 6=v,v=1

Suv(Ẽu, Ẽv) (2)

where U is the total number of experts.
(3) Calculation of the relative agreement (RA) degree between two types of experts.

The value of RA(Eu) for the uth expert can be obtained by

RA(Eu) =
AA(Eu)

∑U
u=1 AA(Eu)

. (3)

(4) Estimation of the consensus coefficient (CC) for each expert. The value of CC(Eu)
for the uth expert can be obtained by

CC(Eu) = β ∗ P(Eu) + (1− β) ∗ RA(Eu) (4)

where the coefficient β(0 ≤ β ≤ 1) is introduced to represent the importance of P(Eu) over
RA(Eu); namely, the greater the value of β is, the more important P(Eu) is. In fact, when
β = 0, no weight is distributed to P(Eu), which indicates that a homogenous group of
experts is employed; for another limit case, β = 1, and the consensus degree among the
various expert viewpoints is adequately high.

(5) Calculation of the aggregated results of the expert viewpoints. The aggregated
results, which are denoted by R̃A, can be computed by

R̃A = CC(E1)⊗ Ẽ1 ⊕ CC(E2)⊗ Ẽ2 ⊕ · · · ⊕ CC(Eu)⊗ Ẽu. (5)

(6) Defuzzification of the aggregated results. The defuzzification of fuzzy numbers is
critically important for the application of fuzzy set theory. The center of area (CoA) method
is widely used for the defuzzification operation, and it is expressed as

X =

∫
µM(x)xdx∫
µM(x)dx

(6)

where X represents the defuzzification result, and µM(x) indicates the aggregated mem-
bership functions defined for fuzzy triangular and trapezoidal numbers. Therefore, the
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fuzzy numbers of the aggregated results, denoted as R̃A(c1, c2, c3, c4) for fuzzy trapezoidal
numbers, can be defined by (7),

RA =

∫ c2
c1

x−c1
c2−c1

xdx +
∫ c3

c2
xdx +

∫ c4
c3

c4−x
c4−c3

xdx∫ c2
c1

x−c1
c2−c1

dx +
∫ c3

c2
dx +

∫ c4
c3

c4−x
c4−c3

dx
=

1
3
(c4 + c3)

2 − (c2 + c1)
2 − c4c3 + c1c2

c4 + c3 − c2 − c1
. (7)

3.2.2. Validation of the Questionnaire

The validation of the questionnaire survey is conducted by the validity and reliability
tests in the present study. With respect to the validity test, the commonly applied approach
is to calculate the KMO (Kaiser–Mayer–Olkin) statistic values and Barrlett’s test p-values,
which are obtained by the application of the software SPSS.

(1) Introduced by [67], the KMO index has been widely applied to measure the sampling
adequacy for proposed factors and to evaluate the effectiveness of the data quantity
to conduct valid factor analysis.

(2) Bartlett’s sphericity test p-value [68] is usually used to present the correlation among
the factors involved in a proposed matrix or an indicator system and, as a result,
whether the data quantity is adequate for structure detection can be determined. The
lower the p-value is, the more effectively the factor analysis is conducted, based on
the data.

The calculated results associated with the KMO index and Bartlett’s test p-value, and
the evaluation criteria are presented in Table 6. According to the contents of Table 3, the
KMO values of all of the four aspects associated with safety-I and safety-II are higher than
0.6, which is set as the criteria to judge the quality of the questionnaire, and the p-value of
Bartlett’s test is lower than 0.004, which also satisfies the factor analysis requirement.

Table 6. Results of the validity test.

Aspects
Safety-I Safety-II

KMO p-Value Number of
Extracted Factors KMO p-Value Number of

Extracted Factors

Individual 0.7329 0.0002 3 0.8358 0.0001 3
Environment 0.6398 0.0000 2 0.7985 0.0000 2
Organization 0.7012 0.0001 3 0.6937 0.0000 3

Technique 0.7165 0.0000 3 0.8046 0.0002 3

The reliability analysis of the proposed questionnaire is conducted to evaluate the
consistency and stability of the data collected from the questionnaire, which was received
from multiple sample groups. In the present study, a widely used parameter called
Cronbach’s alpha [69] is utilized to estimate the reliability by

α =
K

K− 1
(1− ∑K

i=1 σ2Yi

σ2X
) (8)

where K denotes the total number of questions in the questionnaire, e.g., K = 44 in this
study. Here, σ2X is the total sample variance, and the ith observational sample variance is
represented by σ2Y. The value of α is varied from 0 to 1; as a criteria, the higher value of
α is, the more satisfactory the reliability of the proposed questionnaire. The results of the
Cronbach’s alpha associated with the questionnaire designed for this study are illustrated
in Table 7.

As shown in Table 7, the values of Cronbach’s alpha for the indicators structured in
various levels are higher than the threshold value of 0.6 [70], which indicates that the ques-
tionnaire data satisfies the factor analysis requirement with respect to the consistency and
reliability. Based on the results of the validity test and reliability test, it is evident that the
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questionnaire was designed well and the data collection in this study was well-conducted,
which can be used to assess the influence of the impacting factors on maritime safety.

Table 7. Results of the reliability test and evaluation criteria.

Paradigm
(Cronbach’s Alpha)

Aspects
(Cronbach’s Alpha) Indicators Cronbach’s Alpha

Safety-I
(0.7298)

Individual
(0.7635)

[F1] 0.6985
[F2] 0.7429
[F3] 0.8013

Environment
(0.7043)

[F4] 0.7925
[F5] 0.6616

Organization
(0.7462)

[F6] 0.6487
[F7] 0.8145
[F8] 0.7848

Technique
(0.6879)

[F9] 0.7147
[F10] 0.6983
[F11] 0.6871

Safety-II
(0.7156)

Individual
(0.7468)

[F1] 0.8210
[F2] 0.6853
[F3] 0.7149

Environment
(0.7043)

[F4] 0.7362
[F5] 0.6841

Organization
(0.7524)

[F6] 0.7682
[F7] 0.7712
[F8] 0.7216

Technique
(0.6853)

[F9] 0.6754
[F10] 0.6620
[F11] 0.7014

3.3. Data Analysis for Presenting the Results

The data collected from maritime experts and respondents (seafarers) is analyzed
by two different approaches, which share the same dataset as the input. In this way, we
can effectively investigate the cognitive gap between different groups, i.e., seafarers and
maritime experts; at the same time, the cognitive aspect for maritime safety based on safety-
II can be obtained from the two groups, which can be applied to develop a new perspective
toward improving the safety level of the maritime industry. Thereinafter, collecting the
data from the seafarers through the questionnaire survey was followed by a statistical
method, which is called Correlation Analysis (CA) [70]. The CA method is a commonly
used method to analyze linear correction issues due to the advantage of being less sensitive
to the sample size. In the present study, the CA can be achieved with the application of the
software SPSS. The data from maritime experts through interviews are further analyzed
by the fuzzy aggregation method, which has been proven to be an outstanding method to
address the uncertain information involved in the maritime industry [19]. Therefore, the
results to be discussed in the present study will be presented as follows:

Statistical analysis of the cognitive aspect with regard to maritime safety according to
the viewpoints of seafarers.

Fuzzy aggregation analysis of the cognitive aspect with regard to maritime safety
based on the perspective of maritime experts.

Cross-checking for the viewpoints from seafarers and maritime experts is implemented
to clarify the gap, which can be utilized to improve the safety level of the maritime industry.
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4. Results and Discussion
4.1. Seafarers: Cognitive Transfer of Maritime Shipping Safety from Safety-I to Safety-II

With respect to the cognitive aspect of seafarers on board the ships with regard to
safety-I and safety-II, the questionnaire survey is implemented as mentioned above in
Section 3.1.3, and after validation, the questionnaire is processed by correlation analysis
and normalization. Finally, the results are presented in Table 8. It can be observed that
there are obvious cognitive differences between safety-I and safety-II according to the
opinions of the seafarers. Based on the perspective of safety-I, the aspects of individuals
and techniques, especially the factors associated with individuals are more important for
the maintenance of safety, i.e., the risks that lead to maritime accidents mainly originate
from daily operations on board the ships, which can be used to explain the establishment
of the international conventions of STCW and SOLAS. However, in regard to safety-II, the
influence of individual factors is weaker, and the factors associated with the organizational
aspect receive a substantial amount of attention; as a result, the role of the organization
is emphasized in the process of safety management. In addition, the environment is
regarded as the last important aspect according to both safety-I and safety-II, which can be
interpreted as the seafarers are satisfied with the prediction of natural conditions.

Table 8. Results of the CA for the seafarers.

Aspects Indicators

Safety-I Safety-II

Correlation
Coefficient Normalization Sum Correlation

Coefficient Normalization Sum

Individual
F1 0.6848 0.1354

0.352
0.1592 0.0803

0.251F2 0.4166 0.0824 0.1026 0.06
F3 0.6764 0.1337 0.2433 0.1103

Environment
F4 0.2355 0.0466

0.17
0.1578 0.0563

0.15F5 0.6338 0.1253 0.1900 0.0913

Organization
F6 0.3286 0.065

0.134
0.2832 0.1245

0.356F7 0.0504 0.01 0.2228 0.1029
F8 0.2975 0.0588 0.2952 0.1288

Technique
F9 0.4027 0.0796

0.343
0.1808 0.088

0.243F10 0.6087 0.1203 0.2493 0.1124
F11 0.7231 0.143 0.0609 0.0425

The influences of eleven indicators, which represent the four aspects of maritime
safety, are illustrated in Figure 5. Based on the cognitive aspects of seafarers working
on board ships, under the framework of the safety-I perspective, it is observed that the
seafarers are concerned with most of the physical circumstances on board the ships and
the operational process, such as the conditions of the mechanical equipment and various
cognitive processes for the operations, which are represented by the indicators of “fault
tolerance design”, “cognitive process”, and so on. With the respect of safety-II, the seafarers
acknowledge the positive affect of the maritime shipping company, and they argue that the
safety culture and organizational process and management are critical factors for maritime
safety management. As with the cognitive difference between safety-I and safety-II, it
is obviously found that an extreme difference is presented by the attitudes with regard
to mechanical equipment and regulations. According to the perspective of safety-I, the
seafarers emphasize the fault tolerant design of the equipment and pay less attention to
the regulations and guidelines; however, under the framework of safety-II, the seafarers
should consider carefully the application of various regulations and guidelines and pay
less attention to the mechanical equipment. In addition, both the cognitive process and
information resources are emphasized by safety-I and safety-II.
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Figure 5. Cognitive difference between safety-I and safety-II for seafarers.

4.2. Maritime Experts: Cognitive Transfer of Maritime Shipping Safety from Safety-I to Safety-II

Based on the FAHP described in Section 3, the opinions of maritime experts employed
in the present study are aggregated and normalized, and the results are illustrated in
Table 9. It can be observed that the individual is the most important aspect in both safety-I
and safety-II, which verifies the importance of human factors for maritime shipping safety
management. At the same time, the environments, including the natural environment and
physical environment, are regarded as the last important aspect based on the perspectives of
safety-I and safety-II. The attitude differences toward the organization and the techniques
are presented for safety-I and safety-II. According to the cognitive aspect for safety-I, the
influence of the organization is more important for maritime shipping safety management,
while the techniques, especially for the application of artificial intelligence, receive much
more attention under the framework of safety-II. Therefore, according to the viewpoint of
safety-II, the safety level of maritime shipping is largely decided by the management of
individual factors and the applications of modern techniques.

Table 9. Results of CA for maritime experts.

Aspects Indicators

Safety-I Safety-II

Aggregation
Value Normalization Sum Aggregation

Value Normalization Sum

Individual
F1 0.7429 0.1362

0.3640
0.6008 0.1045

0.3114F2 0.6326 0.1160 0.6000 0.1043
F3 0.6094 0.1117 0.5896 0.1026

Environment
F4 0.4091 0.0750

0.1210
0.3503 0.0609

0.1199F5 0.2508 0.0460 0.3390 0.0589

Organization
F6 0.6280 0.1152

0.2714
0.5913 0.1028

0.2759F7 0.3286 0.0603 0.5255 0.0914
F8 0.5235 0.0960 0.4697 0.0817

Technique
F9 0.2212 0.0406

0.2436
0.6343 0.1103

0.2929F10 0.5323 0.0976 0.503 0.0870
F11 0.5747 0.1054 0.550 0.0956

The eleven impacting indicators associated with the four aspects are evaluated, and
the results are illustrated in Figure 6. The employed experts argue that personal competency
and safety culture are more important to maintaining the safety level according to the
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content of safety-I, and the function of artificial intelligence is underestimated under
the framework of safety-I, which is regarded as the last important impacting indicator.
In contrast, the intelligence techniques application is accepted as the most important
contributor to achieving the aims of maritime shipping safety management from the
perspective of safety-II. Therefore, it is obvious that the impacting indicator of “intelligence
technique application” holds the larger difference between safety-I and safety-II than any
other indicators followed by the indicator “regulations and guidelines”.

Figure 6. Cognitive difference between safety-I and safety-II for maritime experts.

4.3. Cross-Checking to Develop the Potential to be Safer in the Maritime Industry

The exploration of the differences between maritime experts and seafarers with regard
to safety-I and safety-II is critical to establishing an effective solution for maritime shipping
safety management, and we bridge the gap between theoretical study and practical appli-
cation. For this purpose, the cross-checking of the results obtained from maritime experts
and seafarers is implemented in this section. Under the framework of safety-I, the cognitive
aspects with regard to the impacting indicators from maritime experts and seafarers are
compared, and the results are illustrated in Figure 7. It is obviously observed that both
the maritime experts and the seafarers unanimously argue the importance of personal
competency, which implies supervision toward risk factors associated with individuals is
an effective means for safety management according to the views of safety-I. In addition,
it is interesting that the maritime experts argue that there is much work to be done in the
field of safety culture of maritime shipping companies and psychological and physiological
states of seafarers, while the physical environment on board the ships and the mechanical
design are of more concern for the seafarers on board the ships. In fact, the impacting
indicator that the seafarers are concerned with the most is the operational environment on
board the ships; however, the maritime experts, especially the maritime scholars, pay much
more attention to the design of the safety management system, which almost agrees with
the actual situation. In addition, there is a slight difference with regard to the indicator
of “personal competency” and “cognitive process”, which are valued by both maritime
experts and seafarers; i.e., the situational awareness and human perception are widely
accepted as the effective capacity to defend the risk of maritime shipping operations.

The cognitive difference between maritime experts and seafarers working on board
ships with regard to safety-II is illustrated in Figure 8. Seafarers on board ships are con-
cerned with the factors that are associated with their operational conditions, the regulations
of their company, and the atmosphere where they live and work; specifically, these factors
are represented by the indicators of “safety culture” and “organization process and manage-
ment”. However, the maritime experts pay more attention to the application of intelligence
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technologies in the maritime shipping industry; at the same time, the management with
regard to the risk that originates from unsafe actions of seafarers is also of concern by
maritime experts, who argue the importance of investigating seafarers’ unsafe behaviors. It
is interesting to observe that both the seafarers and maritime experts recognize the impor-
tance of “safety culture”, which is widely accepted as one of the critical components in a
safety management system. The most notable differences with regard to safety-II between
seafarers and maritime experts are represented by the indicators of “organization process
and management” and “fault tolerant design”. According to the interviews of maritime
experts, the application of intelligence techniques in the equipment on board ships should
be further enforced, and most of the emergent situations and maritime accidents are caused
by human factors, which motivated the IMO to modify the contents of the convention
of STCW to further specify the behaviors of the seafarers. On the other hand, seafarers
are confident that their skills and experience are sufficiently competent for their duties
on board the ships. Different from maritime experts, the seafarers are concerned more
about the safety culture of the shipping company, and they argue that a well-developed
safety culture can provide an atmosphere in which the safety level of maritime shipping
operations can be promoted.

Figure 7. Cross-checking for the cognitive aspect with regard to safety-I of seafarers and maritime experts.

Figure 8. Cross-checking for the cognitive aspect with regard to safety-II of seafarers and maritime experts.
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5. Conclusions

In the present study, we explore the application of safety-II in maritime shipping safety,
which is regarded as a typical complicated system. Traditionally, the issues of maritime
shipping safety are usually solved by observing the principle of safety-I, which centers
on the reduction of the risk level. However, the safety level of maritime shipping is not
matched with the anticipation of the industry, and therefore, the safety-II perspective is
introduced to improve the maritime shipping safety level. Focusing on the principle of
“How and why things go right”, the safety-II approach aims to identify and characterize
the impacting factors that are involved in the successful cases of maritime shipping from a
positive perspective. Thereafter, the cognitive differences between seafarers and maritime
experts with regard to safety-I and safety-II are investigated by means of a questionnaire
survey and fuzzy AHP, respectively. The data collected from seafarers and maritime
experts are analyzed and discussed by methodologies, such as correlation analysis, fuzzy
aggregation, and cross-checking analysis. The results show that the cognitive difference is
obvious the most for the seafarers in the aspects of “regulations and guidelines” and “fault
tolerance design” with regard to safety-I and safety-II, and the maritime experts argue
that the most salient difference between safety-I and safety-II is represented in the field
of “intelligence technique application”. Based on the findings and discussions mentioned
above, specific safety countermeasures are proposed, as follows.

(1) The integration of safety-I and safety-II should be prioritized to improve the safety
level of maritime shipping operations. Actually, the principle involved in the integra-
tion of safety-I and safety-II implies that lessons should be learned from both failures
and successes. In practice, the information about successful cases is easier to obtain
according to the results of the questionnaire survey for seafarers and maritime expert
interviews. In addition, safety-II is more useful to developing a well safety culture
that is accepted as one of the key aspects of maritime shipping safety management by
both seafarers and maritime experts.

(2) Developing and enforcing “best practices”. Best practices for various operations
on board ships can be regarded as an effective tool for safety management based
on both safety-I and safety-II perspectives. On the one hand, the best practice can
provide a guideline to defend various risks; on the other hand, the best practice is
a type of treasury for successful cases. Therefore, a practical suggestion is that the
improvisation cases that originated from on board operations are updated periodically
into manuals on board ships and into the training books.

(3) Encouraging data collection and information sharing associated with maritime ship-
ping safety. Data collection is critical for the safety management of a complicated
system. Based on safety-I and safety-II, the resources of data are presented as fail-
ures/accidents and successful cases, and it should be noted that the data involved in
near-miss events are difficult to obtain. Information-sharing is an effective method
for diffusing operational skills and experience.

(4) Balancing intelligence techniques applications and maritime shipping safety. The
balance between artificial intelligence and safety is an urgent issue to be solved in the
near future, which is verified in the present study. The seafarers working on board
the ships hold negative opinions with regard to the intelligence techniques, which
is reflected in the results of the questionnaire survey, while the maritime experts
argue that the function of artificial intelligence is positive in maritime shipping
safety management. This finding can be explained by the knowledge difference and
education background of seafarers and maritime experts. Therefore, practical advice
is proposed in that content about artificial intelligence be added into the training
manuals or competency requirements.

As an initial exploration of the application of safety-II to solve the safety issues
associated with maritime shipping operations, the present study is characterized by several
limitations. First, the cognitive differences between safety-I and safety-II are analyzed
and discussed more than their combination, which limited the application of safety-II
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in the maritime shipping industry. On the other hand, the epistemic uncertainty in the
analysis process and the data volume constrained the further application of this study to
the maritime shipping company. In addition, the experts employed in the present study
and the questionnaire volume can be further improved, which is regarded as a limitation
of this study. Therefore, in the near future, an investigation into the combination of safety-I
and safety-II should be implemented, and it is necessary to further evaluate the factors that
contribute to safety-II and develop practical strategies for the maritime shipping industry.
Moreover, with the extensive application of artificial intelligence, the industrial revolution
is in progress [71], how safety management 4.0 will impact on maritime shipping safety
should be considered for future research.
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Appendix A

Questionnairepart I (for safety I)
Individual level
1. In case of operating the unfamiliar equipment separately, what about the probability

for the occurrence of an accident?
2. What about the correlation between the experience and safety operation?
3. Do you have a thorough understanding of unsafe psychological factors and physio-

logical factors? (Including their harm and precaution)
4. Do you agree that being distracted will lead to the occurrence of accidents or

emergency situations?
5. Do you agree that many accidents associated with ships are caused by inappropriate

emergency actions?
6. As far as you know, to what extent can the negligence of parts of standard operating

procedures lead to the occurrence of accidents or emergency situations?
Organizational level
7. Do you agree that the safety level of operations on the ship board can be improved

greatly by analyzing the failure cases associated with ship operations?
8. If the company develops punishment measures, do you think that the safety level

of the ship operation can be effectively improved?
9. Have you ever experienced an emergency situation caused by being freaking

according to regulations or operational procedures?
10. As far as you know, is it a main contributing factor to accidents that some guide-

lines or regulations are difficult to be implemented?
11. Do the policies and rules focus only on the violation of human behavior?
12. Do you think that training or drilling focusing on accidents is a good way to

improve the safety level of the ship operations?
Environmental level
13. According to your experience or as far as you are concerned, is a rough sea the

main cause for accidents or emergency situations?
14. Have you ever experienced, as far as you know, a natural environment that can be

predicted satisfactorily?
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15. Have you ever experienced, or as far as you know, that accidents are caused by
faulty design of equipment or systems on board the ship?

16. Do you agree that the emergency situation is mainly caused by technique failure
or malfunction?

Technical level
17. If the intelligent techniques are widely applied on board the ship, do you think

that the safety level of the navigating activities can be well guaranteed?
18. With the appearance of an unmanned ship, do you agree that the safety issues can

be solved thoroughly?
19. Are the logbooks on board the ship reviewed regularly and feedback presented to

seafarers, or do you think it is necessary to do so?
20. Do you or your master pay much attention to the information collection of

unsafe events?
21. Fault-tolerant design is regarded as a way to be safe; how about the importance of

fault-tolerant design to maintain safe operations?
22. In a standard operation procedure, are there any procedures that are designed

against accidental operations or incorrect operations?
QuestionnairePart II (for safety II)
Individual level
23. As far as you know, do you agree that the personal experience is critical to

implementing daily operations on board the ship?
24. In case of emergency, is it necessary to allow the crew to take actions that could be

inconsistent with the present rules?
25. As far as you are concerned, compared with skill, what is the importance of agility

to be a competent seafarer?
26. In the description of being competent, is it necessary to emphasize further the

importance of physiological health?
27. If the learning material is available on hand, do you tend to have continuous

learning from successful cases?
28. Have you ever had a sense of pride if your work goes smoothly during your board

on ship?
Organizational level
29. As with the reporting culture, do you think that it is important to report events to

the master or company?
30. Would you like to share your valuable successful or failed experience with others?
31. Do you think that the operational manual or standard operations procedures are

important to maintain the safety of your ship?
32. If a procedure is available to submit your advice to the safety department or

maritime administration, would you be willing to do so?
33. If the ship or master is authorized further, do you think that the ship will be safer?
34. If the company pays much attention to the smooth operation and successful cases,

do you think it will be beneficial to improve the safety level of the ship?
Environmental level
35. In case of good natural conditions, or when the natural conditions are well

predicted, do you think that the occurrence probability of accidents will decrease greatly?
36. As far as you know, how about the positive correlation between the natural

condition and human error on board the ship?
37. Have you ever found any outstanding design for safety issues and kept them

in mind?
38. If the manufacturers are ready to listen to you, would you like to give your feedback?
Technical level
39. If the safety-related information is available, do you think that big data analysis

will be helpful to improving the safety level of the ship?
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40. If the artificial intelligence techniques are applied to marine equipment, can the
reliability of the equipment be improved effectively?

41. Do you agree that the safety level can be improved by sharing information, which
is presented as best practices?

42. With the information management and application, do you agree that the data
collection and database establishment is one of the most difficult issues to be solved?

43. Do you think that a well-designed fault tolerant arrangement can be helpful to
developing well behavior?

44. Compared with the control and management of human error, is the design of fault
tolerance more effective for improving the safety level?
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