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ABSTRACT

Shipping is one of the leading modes of transport that has dominated the world economy from
past to present. The effectiveness and efficiency of maritime trade is closely related to maritime
safety. Providing quality maritime safety is a fundamental requirement for environmentally
friendly, sustainable, safe and efficient global trade. Therefore, maritime safety and human
factors are frequently studied topics in literature. However, the fact that the human element has
a complex socio-technical structure makes it difficult to fully analyse human factors in
accidents. That is one of the biggest challenges in preventing and mitigating accidents. This
research aims to demonstrate the feasibility of the modified Human Factor Analysis and
Classification System for Passenger Vessel collisions (HFACS-PV) for other types of
accidents. 51 grounding accidents that occurred in passenger vessels between 1991 and 2017

were analysed by using the HFACS-PV structure. The results show that the HFACS-PV



structure created for passenger vessel accidents is compatible with contact, grounding and
sinking accidents as well as collisions. Thus, the HFACS-PV structure allows for coherent
analysis of marine accidents. Owing to the flexibility if HFACS, it is also possible to combine
it with other analytical methods such as Bayesian networks to conduct both qualitative and
quantitative analysis.

Keywords: Human factor; HFACS-PV; marine accident; marine safety; accident analysis

1. Introduction

Accidental or unintended events cause loss of life, property damage or environmental
pollution. They are not always under the control of individuals [1]. Maritime transportation is
a multimodal industry that interacts with many modes of transport and industries [2]. Safety
measures are relatively high in this mode of transport compared to other modes of transport [3,
4]. Despite the increasing safety standards and advanced technology, accidents of maritime
transport continue to happen [5]. Accidents have a significant impact on the maritime transport
sector. The fact that the human factor has a serious impact on the occurrence of marine accidents
has led many national and international organizations, including the International Maritime
Organization (IMO), to address this issue. Etman and Halawa [6] stated that the annual cost of
human error to the maritime industry is approximately $541million [6]. According to EMSA
[7] data, there were 20,616 marine accidents between 2011 and 2017. As a result of these
accidents, a total of 203 ships sank or became unserviceable, also 6,812 seafarers were injured,
and 683 crew killed. Therefore, it is important to investigate human errors and organizational

factors underlying marine accidents, and to identify measures to eliminate them [8].



An accident analysis model is an intangible conceptual expression of the formation of an
accident. It allows one to reason about how and why the accident occurred [9, 10]. Achieving
effective results from accident analyses depends on the correct definition of accident causes,
the relationship between them and their effects within the system [11, 12, 13, 14]. There are
many methods in the literature that can be used to investigate the effect of human error on
marine accidents. All of these methods can be collated into three main groups: consecutive
models, epidemiological models and systemic techniques [5, 15, 16]. In consecutive models,
accidents are defined as discrete events occurring sequentially and the cause-effect relationship
between events is linear [17]. Epidemiological models advocate that accidents occur as a
combination of passive and active failures within the system [18]. Systemic techniques are
designed to understand the structure and behaviour of complex systems. According to systemic
models, accidents occur due to uncontrolled relationships between the components of the
system [19]. The choice of the method to be used in accident analysis is as important as the
analysis process. It would not be appropriate to analyse a simple marine accident caused by
mechanical failures by systemic techniques. In many steps of the analysis, the questions posed
to the accident will remain unanswered. Likewise, examining accidents involving human factor
by consecutive methods will risk the involuntary neglect of one or more of the human factors.
Therefore, it would be appropriate to choose the method according to the complexity of the
accident to be analysed and the elements to be investigated [20, 21].

Since human behaviour is not easily predictable and interpretable, it is difficult to
investigate the effect of human factor in accidents. Human Factor Analysis and Classification

System (HFACS) is an improved hybrid method for human factor analysis and has proven to



be highly effective in human factor analysis in many studies [22, 23, 24]. It has a structure that
can be adapted to different sectors [25, 26, 27, 28, 29]. In this study, the core structure of
HFACS method developed by Wiegmann and Shappell [30] is used for analysis of marine

accidents.

2. Human Factor Analysis and Classification System (HFACS)

HFACS based on Reason's Swiss Cheese model was first used by Wiegmann and
Shappell [30] for the analysis of aviation accidents. It is a general human error analysis method,
and it allows for the investigation of accident occurrences in a hierarchical structure. With this
method, it is possible to examine the effects of human factors on accidents and to elaborate the
relevant active failures and latent conditions. The most important feature that distinguishes
HFACS from other accident analysis methods is its comprehensive taxonomy for the analysis
of human and organizational factors [30]. With this taxonomy, human and organizational
factors can be easily and accurately extracted in complex events such as accidents [22, 31].

In the classic HFACS structure, the causes of accidents are examined at four levels
respectively; organizational influence, unsafe supervision, pre-condition for unsafe act and

unsafe act (Figure 1) [29, 32].

Figure 1. Traditional HFACS structure

The main structure of HFACS has been revised over time, taking into account the

requirements of the accident type to which it is applied, and has been made compatible with the



industry it is applied to. The first revision of the main HFACS structure was made by Shappell
and Wiegmann [29]; they added environmental factors to HFACS. In many subsequent studies,
environmental factors were examined under the pre-condition for the unsafe act framework
with the sub-headings of the physical environment and technological environment. Tvaryanas
et al. [27] classified the causes of accidents that occurred on aircraft used by German pilots
under this new HFACS structure. They examined 221 accident reports published by German
Federal Bureau of Aircraft Accident Investigation in their study. As a result of the study, the
compatibility of the HFACS method with airway accidents was measured. In addition, the
subjects that should be focused on in-flight training were determined, taking into account the
most frequent mistakes made by pilots [27]. Theophilus et al. [27], in their study, introduced
the customized HFACS-OGI (Human Factors Analysis and Classification System for the QOil
and Gas Industry) model for oil and gas related accidents. In their study, they analysed 11
accident reports that occurred between 1998 and 2012 with the HFACS-OGI method. In the
study, the accident causes associated with the oil and gas industry, which are difficult to
categorize under the classical HFACS structure, have been successfully classified under the
HFACS-0OGI [33]. A HFACS-SIBCI (HFACS-Ship-Icebreaker Collision in Ice-covered
waters) model was developed, which enables analysis of collision accidents that occur during
icebreaker assistance in their studies. The accuracy of the developed HFACS-SIBCI model was
proven through the analysis of 17 collision accidents [34]. Schrdder-Hinrichs et al. [35]
examined the ship engine room fire and explosion accidents with HFACS-MSS (HFACS-
Machinery Spaces of Ships) method. In the study, 41 reports were examined and a total of 368

active failures were identified. The aim of the study was to reveal the effect of organizational



factors on ship engine room fires and to develop a specialized HFACS structure in order to
analyse the human factor in engine room fires. As a result of the study, the latent factors were
revised without changing the main HFACS structure, and a modified HFACS framework
(HFACS-MSS) was introduced.

Environmental factors have been evaluated as latent factors (under the pre-conditions for
unsafe act level) that play a role in the formation of root causes (unsafe act) in many accident
studies related to the industry in aviation, railway, road transportation, oil, natural gas and
mining [33, 36, 37, 38]. In maritime applications, this is also the case in many modified HFACS
structures such as HFACS-MA (HFACS-Marine Accidents) [39], HFACS-ME (HFACS-
Helicopter Maintenance Error) [26] and HFACS-MSS [35]. However, Ugurlu et al. [40] have
revealed that environmental factors (operational conditions) are not a pre-condition that plays
a role in the emergence of unsafe acts but are a complementary factor for unsafe actions to
result in an accident. Therefore, they evaluated operational conditions on a separate level as the
last level of HFACS. In this study, the modified HFACS (HFACS-PV) structure, outlined by

Ugurlu et al. [40], is used for the accident analysis.

3. Scope and Methodology

In this study, the compatibility of the HFACS-PV structure, that was put forward for the
analysis of collision-contact accidents on passenger vessels [40], was tested for other accident
types, and consists of 3 steps. In the first step, descriptive information was given about the

content of the HFACS-PV structure. Thus, the HFACS-PV structure has become easily



understandable. In step 2 of the study, the compatibility was tested for 3 different accident
categories. These are contact, grounding and sinking. Unlike traditional HFACS structures,
HFACS-PV contains 5 levels. When compared to other HFACS structures, the main change in
the structure is the environmental factors (operational conditions). Environment is the 5th level
of the structure (the last level) and it plays a role in turning unsafe act into an accident. The aim
of the study in the second step is to try to explain why the environment should be examined at
a last level unlike traditional HFACS structures by illustrative accidents. In the third step, 51
grounding accidents that occurred in passenger vessels between 1991 and 2017 were analysed
under the HFACS-PV structure. The flow chart of the study has been presented in Figure 2. In
this context, accident reports were obtained from 17 accident investigation institutions (Table
1). In particular, Marine Accident Investigation Branch (MAIB), EMSA and Australian

Transport Safety Bureau (ATSB), were examined.

Table 1. List of maritime accident investigation organizations scrutinized in the study

The greatest issue with the extraction and mapping of the Human and Organizational
Factors (HOFs), in the HFACS structure, is the varying opinions and thoughts of the different
researchers as stated in Olsen’s study [28]. A key reason for this is the different levels of the
researchers’ understanding of the HFACS structure. Improving and maintaining consistency
regarding researchers’ knowledge of both the individual HOFs and their specific definitions can
greatly aid in solving and mitigating this problem. Within this study, the researchers are highly

experienced and knowledgeable in both the HFACS structure and the definitions of its HOFs.



In this HOF extraction and mapping process, the researchers individually coded and classified
the HOFs, then the results were combined, and all coding was reviewed. It should be noted that
all HOF codes were defined from accident reports. The process of discussing each individual
HOF code was completed rigorously until a consensus was reached by all participants in the
discussions. This methodology allows for considerable care to be taken to ensure that the codes
are suitable and as accurate as possible. At this stage of the research 115 different HOFs were
mapped under the HFACS-PV framework and thus the analysis of grounding accidents of
passenger vessels is completed. Furthermore, in this research, no changes have been made to
the HFACS-PV structure. The nonconformities under the HFACS-PV, which were identified
by Ugurlu et al. [40], were supplemented by considering the causes of grounding accidents. In
other words, new non-conformities (active failures and latent factors) associated with
grounding accidents were added to the structure. Thus, the HFACS-PV structure is now
compatible with grounding accidents. As a result of the study, the most important active
failures, latent factors and operational conditions that have played a role in the occurrence of
grounding accidents in passenger vessels, as well as proving the compatibility of the HFACS-

PV structure with other accident types have been revealed.

Figure 2. Flow chart of the study

3.1. HFACS-PV

Ugurlu et al. [40] used the classical HFACS method to analyse 70 collision-contact

accidents that occurred on passenger vessels. However, they found that traditional HFACS



structures are not suitable for the analysis of passenger vessel accidents. Therefore, they
proposed a modified Human Factors Analysis and Classification System (HFACS-PV)
structure for use in the analysis of the human factor in passenger collision-contact accidents
(Figure 3). The HFACS-PV structure includes 5 main levels: Operational Conditions, Unsafe
Acts, Pre-conditions for Unsafe Acts, Unsafe Supervision and Organizational Influences.
Unlike conventional HFACS, the main change in the structure is the environmental factors
(operational conditions) added to the structure. According to the HFACS-PV structure, each
marine accident includes at least an operational condition. Operational conditions do not affect
the decisions and actions of the operators (unsafe acts). On the contrary, it plays a
complementary role in the transformation of unsafe action into an accident. Therefore,
environmental factors in the modified HFACS-PV structure have not been examined under the

pre-condition for unsafe act. The descriptive information about HFACS levels is given below.

Figure 3. Modified HFACS-PV structure [40]

Operational Condition: It represents the last stage of the formation of a marine accident.
Even if all the latent and active inconveniences required for the development of the accident
come together, the accident will not occur unless the operational condition exists. For example,
there is no possibility of a grounding accident unless the ship is navigating close to shallow
waters. Operational conditions are divided into two categories: internal and external conditions.
Internal conditions include vessel structural defects and non-conformities preventing ship

motion. These are conditions that are partially controlled by operators. External conditions



include non-ship factors that are not caused by human contribution or intervention. By using
this classification, the effects of weather - sea conditions and local restrictions on marine
accidents can be easily interpreted. The factors under the operational conditions are given in

Figure 4.

Figure 4. Operational conditions

Unsafe Act: Similar to the traditional HFACS structure, it is divided into 2 sub-
categories: errors and violations made by ship crew on board [29]. Errors are unintentional
actions [41] and consist of decision-based errors, skill-based errors and perception errors. Skill-
based errors are the errors made unconsciously due to lack of knowledge and experience.
Decision errors are the result of choices and steps taken to reach a goal [42]. Perception errors
are caused by visual, auditory, cognitive or attention problems. This usually happens in a
restricted or impaired environment, when sensory inputs are reduced. Violations are behaviours
where rules and regulations are intentionally ignored [41]. Unlike the traditional HFACS
structure, violations were divided into three sub-categories: rule violations, procedure
violations, and abuse of authority [40]. Rule violations can be expressed as deliberate
negligence or non-enforcement of legal regulations issued by the IMO, flag states or competent
authorities. An example of procedure violations is the violation of berthing and anchoring
procedures. Abuses are violations made deliberately by authorized persons. It can be described
as the arbitrary use of the authority that is inconsistent with the safety practices or legal

regulations. In Figure 5, the HOFs under the structure of unsafe acts are given.



Figure 5. Unsafe acts

Pre-Conditions for Unsafe Act: It has been emphasized by many researchers [22, 23],
especially Shappell and Wiegmann [32] that this level is important in accident formation.
Unlike other HFACS structures in the literature, this level is divided into two sub-categories:
sub-standard team members, and technology and interface malfunctions to ensure compliance
with marine accidents [39, 43, 44]. Technology and interface malfunctions pave the way for the
formation of decision errors and perceptual errors. In other words, when a technological
breakdown occurs, the decision and perception mechanism of the officer on the bridge is
directly affected from it. For example, when a synchronization malfunction between Electronic
Chart Display and Information System (ECDIS) and Global Positioning System (GPS) occurs,
the ship’s position may displayed as safe on the ECDIS screen, but it may actually be near risky
shallow waters. In the presence of such a situation, an officer who sails with the ECDIS device
may think that the ship is in safe waters and accordingly not notice the risk of grounding or
contact. This increases the likelihood of an accident. In addition, due to the fact that ship
management is carried out as a team work, "Operators” in the traditional structure are called

"Team Members" in HFACS-PV. Figure 6 shows the non-conformities under this structure.

Figure 6. Pre-conditions for unsafe act



Unsafe Supervision: It has been examined under three sub-categories: insufficient
supervision planned inappropriate operations and failure to correct the known problem. Non-
conformities, such as deficiencies in tests and controls, delays in the operation of the planned
maintenance system, planned inappropriate operations (e.g. voyage plan and the number of
lookout in the shift), etc., are under the structure of unsafe supervision. In Figure 7, the HOFs

under the unsafe supervision structure are given.

Figure 7. Unsafe supervision

Organizational Influences: As in other HFACS structures in the literature [22, 39, 44,
45], this level is divided into three sub-categories: resource management, organizational climate
and organizational process. Non-conformities related to the personnel and equipment resources,
resource management strategies of companies, ship operators, and ports are placed under the
Resource Management sub-category. HOFs affecting the performance of the seafarers, such as
deficiencies and non-conformities related to the organizational structure, policies and corporate
culture, are placed under the Organizational Climate sub-category [39, 46]. The deficiencies
and non-conformities in the operational management, such as safety assessments
(working/resting hours, time pressure, motivation, shift patterns) and reviews (risk analysis,
risk management etc.) are included under the Organizational Process sub-category. The HOFs
under organizational influences level are presented in Figure 8. Using the HFACS-PV structure
described above, it is possible to examine the occurrence of ship accidents, to identify the active

failures and latent factors affecting the accident as a chain of chain events.



Figure 8. Organizational influences

4. Case Studies

4.1. Contact

At this step of the study, a contact accident involving P&OSL Aquitaine was taken as the

first case study. The factors that play a role in the occurrence of this case can be listed as follows

(Figure 9) [47]:

Operational conditions: propeller failure (controllable propeller) and restricted
manoeuvring area (port).

Unsafe acts: regulation violation (COLREG rule 6).

Pre-conditions for unsafe acts: lack of communication (bridge-engine control
room), lack of coordination (bridge team members) and over self-confidence
(bridge team members).

Unsafe supervision: inappropriate manoeuvre planning (at port),

Organizational influences: lack of training and familiarization with bridge

navigation equipment, and lack of pre-arrival risk assessment and controls.

Figure 9. HFACS-PV structure of P&OSL Aquitaine accident

This accident occurred as a result of a propeller failure while the P&OSL Aquitaine ship

was manoeuvring at an unsafe speed inside the port. The operational conditions of this accident



are restricted manoeuvring area (port) and propeller failure (controllable pitch propeller).
During the accident, the ship was manoeuvring above the speed limits in the port (speed of the
vessel was 13 knots, 3 minutes before the contact). The ship was manoeuvring at an unsafe
speed when the propeller failure occurred, and subsequently the ship could not be stopped. In
this accident, there is an interaction (conditional relationship) rather than a cause-effect
relationship between operational conditions and unsafe acts. As a result of this interaction, the
accident occurred. If the ship had been manoeuvring at a speed of 2-3 knots in the port, perhaps
the accident would not have occurred, or the consequences would have been lighter.
Operational conditions played a complementary role in the occurrence of the accident (Figure
6). Ship accidents are a chain of events. An accident occurs when operational conditions and
unsafe acts, which are the last links of the chain, are seen together [40]. Therefore, it would be
appropriate to examine all these factors under the operational conditions.

In addition, situations or events under the operational conditions level, include events that
are independent of human factor or just partially dependent. The characteristics of the factors
under operational conditions are not the same as those of the pre-conditions for unsafe acts.
These factors cannot be prevented directly by the ship's crew. Therefore, it is characteristically
different from HOFs. It would not be appropriate to examine operational conditions under the

pre-conditions for the unsafe acts level.

4.2. Sinking
The Tolstoy accident was investigated in order to reveal the applicability of the HFACS-

PV structure in sinking accidents. The accident occurred at the outbound area of the Kerch



Strait on 24/09/2008 [48]. At the time of accident, there were heavy weather and sea conditions
at the area. Factors involved in the formation of the Tolstoy accident include (Figure 10):

e Operational conditions: heavy weather and sea conditions, navigating in restricted
waters (coastal waters), old vessel structure, inland vessel structure and engine
failure.

e Unsafe acts: navigating in stormy weather, inappropriate stability and use of
vessel in conditions of exceeding design limits.

e Pre-conditions for unsafe acts: physical fatigue (watch officer), lack of situational
awareness, lack of communication (ship to ship) and lack of coordination (bridge
team members).

e Unsafe supervision: inappropriate voyage planning, inappropriate cargo operation
planning and inappropriate planned maintenance.

e Organizational influences: unqualified crew assignment, minimum safe manning
strategy, lack of training, lack of Bridge Resource Management (BRM) training,

and lack of oversight (navigation risk assessment and pre-arrival risk assessment).

Figure 10. HFACS-PV structure of Tolstoy accident

Considering the formation of the accident, although all the HOFs in the first 4 levels came
together, the accident would not occur. Factors causing unsafe action to result in an accident
for this case include: heavy weather and sea conditions, old vessel structure and engine failure

(operational conditions). This accident occurred because of engine failure while the ship was



navigating in heavy weather and sea conditions beyond the vessel's design limits. This situation
proves that operational conditions are essential for the formation of the accident. A sinking
accident HFACS-PV case study is presented above as an example. Moreover, Ugurlu et al. [5]
analysed 37 sinking accidents in the Black Sea with HFACS-PV, which reinforces the idea that

the structure is compatible with sinking accidents.

4.3. Grounding
In order to demonstrate the applicability of the HFACS-PV structure for grounding
accidents, the case of tanker vessel Maria M, which occurred in Trubaduren, Sweden on
24/09/2008, was used [49].
The weather was calm and clear in the area where the accident occurred. Factors involved
in the formation of grounding of Maria M include (Figure 11):
e Operational conditions: navigating in restricted waters (coastal waters).
e Unsafe acts: faulty manoeuvring (watch officer) and late in intervention (Vessel
Traffic Service (VTS) operator inactive in the risky situation).
e Pre-conditions for unsafe acts: lack of communication and coordination (between
bridge team members), loose team management, lack of situational awareness
(VTS operator), and lack of communication (VTS-Ship).
e Unsafe supervision: inappropriate passage (voyage) planning, inappropriate VTS
operation planning.
e Organizational influences: unqualified crew assignment, lack of training and

familiarization (navigation equipment) and lack of safety culture.



Figure 11. HFACS-PV structure of Maria M accident

During the accident, the ship was navigating in coastal waters. The accident occurred as
a result of the master's faulty manoeuver in shallow waters and the VTS operators did not
intervene in the situation. In this accident, operational conditions also played a complementary
role in transforming unsafe action into an accident. If there had been no shallow areas in the
environment, or if VTS operators had intervened in time, the accident would not have happened.
For this reason, it would be appropriate to evaluate the operational conditions as a final stage

of the accident formation (complementary element) for grounding accidents.

5. Analysis of Passenger Vessel Grounding Accidents with HFACS-PV

In the previous sections, the number of HOFs under the HFACS-PV structure has been
expanded and the compatibility of the structure with other accident types has been demonstrated
by three chosen accidents. In this section, the active failures and latent factors of 51 grounding
accidents occurring in passenger vessels are classified under HFACS-PV (Tables 2, 3, 4, 5 and
6). The name of the non-conformities detected for each level and their observation frequencies
are also shown in Tables 2, 3, 4, 5 and 6. A total of 115 different HOFs were coded under the
HFACS-PV structure, and they were observed 382 times in the accident reports (Tables 2-6).
The pre-conditions for unsafe acts are the most significant with 25.1% (Table 4) for the
occurrence of grounding accidents, followed by unsafe acts (23.3%) (Table 5), operational

conditions (22.0%) (Table 6), organizational influences (20.4%) (Table 2) and unsafe



supervision (9.2%) (Table 3). Similarly, studies of Xi et al. [44], Chen and Chou [39], Chen et
al. [23] and Ugurlu et al. [40] identified and highlighted that pre-conditions for unsafe acts and
unsafe acts are frequently observed in accidents. In many studies [23, 35, 44] based on the
classical HFACS structure, environmental factors are considered under the pre-conditions for
unsafe acts, which is one of the reasons why the pre-conditions for the unsafe acts level have a
high degree of importance. When the studies of Celik and Cebi [43], Xi et al. [44], Chauvin et
al. [22] and Chen et al. [23] are examined, it is seen that the importance ratio of environmental
factors in accidents varies by 15-30%. This situation proves that environmental factors should
be considered under a separate level from other levels for a more sensitive approach during the
evaluation of HOFs.

When the first sub-categories underneath the main HFACS-PV levels are examined
(Figure 12), Substandard Team Members (24.3%), External Conditions (20.7%), Errors
(15.2%), Resource Management (15.2%) and Unsafe Supervision (9.2%) appear to be the top
five categories in the occurrence of grounding accidents on passenger vessels. The importance
of the category Substandard Team Members, which is the most frequent first sub-category in
the accidents examined, involving substandard conditions and practices of team members, has
been highlighted in many studies [22, 31, 50]. In this context, the conclusion that the
Substandard Team Members are an important human factor source in marine accidents is in
line with the literature. Substandard Team Members include important nonconformities such
as, lack of situational awareness, lack of attention, over-confidence and fatigue. In order to
eliminate or reduce marine accidents, these nonconformities should be focused on [5, 35]. As

stated in studies of Chen et al. [23], Mazaheri et al. [51] and Graziano et al. [52] the second



most important sub-category, weather conditions (wind, heavy seas, etc.) and local restrictions
(coastal waters, narrow channel etc.) under the External Conditions level, must be taken into
consideration in the operation planning.

When the HFACS-PV main levels were examined for grounding accidents, it can be seen
that 78% of the accidents occurred due to human error [5, 8, 10, 23, 31, 35, 43, 44, 53, 54]. Pre-
conditions for unsafe acts (25.1%) and Unsafe acts (23.3%) are the most important levels that
should be examined under human error in grounding accidents, followed by operational
conditions (22%). The close proximity of the proportions of the levels revealed that
environmental factors are at least as important as the other two levels in grounding accidents.
Similarly, the effect of environmental conditions on marine accidents has been revealed in other
studies in the literature [5, 22, 23, 55, 56, 57].

According to the findings of the study, violations have a share of 8.1% in grounding
accidents. In order to prevent violations that play an important role in the occurrence of
accidents, it is necessary to focus on the oversight (inspection) and control mechanism. The
inspection and control mechanism should be operated effectively by the captain on board, the
internal auditor at the company, and port and flag state officials in the countries. Another way
to prevent violations is to provide a quality education and safety culture perception. The concept
of safety culture is a cultural and social phenomenon that is difficult to acquire later. In order
to prevent ship accidents, this phenomenon should be adopted not only individually but socially
(ship-company). The study showed that the errors related to BRM are one of the effective pre-
conditions (8.6%) in grounding accidents. HOFs such as deficient command chain on board,

lack of communication and coordination, and lack of team spirit, are the main bridge team



management errors. These non-conformities are the biggest obstacles to effective bridge team

management on board, and this finding is also in line with the current literature [55, 58, 59, 60,

61, 62]. Good bridge team leadership of the master will make the team members adopt their

tasks and their teammates, and will make the ship operations safer. Therefore, when the ship

operators are assigning a captain, they should consider to avoid early promotion, and assign the

person who will take over the management of the entire ship based on their sea experience and

passenger ship experience.

Table 2. Frequency of HOFs under Organizational Influence level

Table 3. Frequency of HOFs under Unsafe Supervision level

Table 4. Frequency of HOFs under Pre-conditions for Unsafe Acts level

Table 5. Frequency of HOFs under Unsafe Acts level

Table 6. Frequency of factors under Operational Conditions level

Figure 12. Percentage distribution of HFACS-PV sub-categories in grounding accidents

6. The Advantages of HFACS-PV Structure



e The results of this study showed that the HFACS-PV structure can be used not only for
the analysis of collision accidents but also for the analysis of other categories of ship
accidents. The 51 grounding accidents examined in the study, the 3 different case studies
and similar studies conducted in the literature verify this [5, 63].

e The most important feature that distinguishes the HFACS-PV structure from other
HFACS structures in the literature is that it examines the Operational Conditions
separately and at the last level. In addition, the categories under the levels of Unsafe
Acts and Preconditions for Unsafe Acts have been modified to make them compatible
with maritime applications. Each ship accident includes at least one operational
condition [40]. Operational conditions play a complementary role in causing unsafe
action to result in an accident. There is an interaction (conditional relationship) rather
than a cause and effect relationship between operational conditions and unsafe actions.
Accidents occur as a result of this interaction.

e With the HFACS-PV structure, researchers can accurately detect general HOFs and

operational conditions without losing the details of accidents.

7. Conclusion

Providing maritime safety is a requirement for sustainable, safe, cost efficient and
environmentally friendly global trade. The role of HOFs in providing maritime safety is one of
the frequently studied topics in the literature [31, 64, 65, 66, 67, 68, 69]. Ship accidents occur
as a chain of subsequent events. Latent factors give rise to active failures and if active failures

are combined with appropriate environmental (operational) conditions, the accident becomes



inevitable. Although accidents appear as instant events, the underlying factors require a long
period of time to occur. Therefore, understanding and being aware of the occurrence of
accidents is the best step to ensure sustainable maritime safety. HFACS is one of the best hybrid
(epidemiological and systemic) accident analysis approaches that make it possible to evaluate
the impact of the human factor in the causal chains in ship accidents. The results of this study
show that the HFACS-PV structure created for passenger vessel accidents is compatible with
contact, grounding and sinking accidents as well as collisions [40].

The HFACS-PV structure allows for clearer and coherent identification of human and
organizational factors in marine accidents. It is evident that this systematic approach, when
combined with appropriate quantitative analysis models such as Bayesian Networks and
Analytic Hierarchy Process, has the potential to produce useful results when used to analyse
accidents in maritime transport.
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Table 1. List of maritime accident investigation organizations scrutinized in the study

Name of the Organization Abbreviation Country
Accident Investigation Board Norway AIBN Norway
Australian Transport Safety Bureau ATSB Australia
Bahamas Maritime Authority BMA Bahamas
Bureau of Maritime Casualty Investigation BSU Germany
Bureau d'enquétessur les événements de mer BEAMER France
Danish Maritime Accident Investigation Board DMAIB Denmark
Dutch Safety Board DSB Netherlands
European Maritime Safety Agency EMSA Portugal
Global Integrated Shipping Information System GISIS IMO

Japan Transport Safety Board JTSB Japan
Marine Accident Investigation Branch MAIB United Kingdom
Marine Casualty Investigation Board MCIB Ireland
Maritime Safety Administration of People’s Republic of China MSA China
National Transportation Safety Committee NTSC Indonesia
Safety Investigation Authority SIA Finland
Swedish Transport Agency STA Sweden
United States National Transportation Safety Board NTSB USA

Table 2. Frequency of HOFs under the Organizational Influence level

f %
Lack of Training and Familiarization
Vessel
Lack of training and familiarization with navigation devices (ECDIS, RADAR, GPS,
. 14 | 3.66
Autopilot, etc.)
«» | Lack of BRM training 7 11.83
8 |Lack of training and familiarization with the ship’s manoeuvring characteristics 4 [1.05
§ Lack of training and familiarization with the ship’s propeller type 2 | 052
& | Engine crew unfamiliar with the ship’s engine and equipment 1 |0.26
= S | Navigation Area
g § Pilot unfamiliar with the navigation area 1 |0.26
% T | Bridge team unfamiliar with the navigation area 5 | 131
s Master unfamiliar with the navigation area 2 |052
E Crew Assignment
% Minimum safe manning strategy 4 |1.05
% Inappropriate crew assignment (unqualified crew) 1 10.26
o Lack of Equipment
E‘ Bridge navigation equipment 5 131
'S | VTS equipment 1 1026
W 8| oot ;
e & | Fixed navigation aids at port 3 |0.79
= § Inappropriate Equipment and Facilities
S & | Inappropriate echo sounder (primitive) 1 ]0.26
S | Ergonomic Design Flaws
3 | Inappropriate bridge design (voice insulation, visual restrictions, etc.) 6 |1.57
Arrangement of navigation equipment on bridge 1 ]0.26
§ : § £ | Communication and Coordination - |-
O 1 6 8| Chain of Command - -




Distribution of Authority

8 | Promotion -
2
& | Drug and Alcohol - -
=
c
Lo
= % Appropriate environment for efficient use of bridge navigation equipment 1 10.26
é O
©)
5 é Inappropriate voyage management- VTS 2 |0.52
T D
3 &
o C A
O ‘2“‘ Inappropriate manoeuvre management- Port 2 |0.52
” Procedure Based
@ | € | Manoeuvring in heavy weather conditions 1 10.26
S| § Lack of emergency procedures 1 |0.26
o | 2 | Lack of risk assessment procedures 1 10.26
g % Manoeuvring instructions 1 |0.26
2 | = | Ledislation Based
% §’ Navigation plan preparation 1 ]0.26
> Flag state’s manning standards 1 |0.26
o Risk Assessment
— | lgnoring risk assessment 4 |1.05
S | No pre-arrival checks 1 |0.26
£ | Lack of check of navigation equipment before manoeuvre 1 |0.26
S | Safety Assessment
Failure to review the navigation safety bulletin 2 |052
Failure to check weather reports 1 10.26
Total | 78 | 20.4
Table 3. Frequency of HOFs under the Unsafe Supervision level
f %
Bridge alarm panel 1 |0.26
Insufficient Engine alarm panel 1 ]0.26
Supervision Main engine routine overhaul 1 |0.26
Lack of internal audits 3 1079
Inappropriate navigation plan 13 | 3.40
Pl q Watchkeeping without enough lookout 3 1079
annec Lack of tugboat to be used in manoeuvre 1 |0.26
Inappropriate lanni ith
Operations P anning manoeuvre without tug 3 |0.79
Cargo shifting 1 |0.26
Navigating without pilot in icy waters 1 |0.26
. Existence of uncharted shallow water 5 | 131
Failure to Correct a dified b h d
Known Problem M(_) ified buoyage system has not mappe 1 |0.26
Failure to mark port depths 1 |0.26
Total| 35 | 9.2




Table 4. Frequency of HOFs under Pre-conditions for the Unsafe Acts level

fl %
. |Adverse Mental Conditions
g Lack of situational awareness (bridge team) 13| 34
£ | Lack of situational awareness (master) 4 | 1.05
= | Lack of situational awareness (engine team) 1 10.26
£ | Lack of attention 3 1079
2 | Over self-confidence (bridge team) 2 | 0.52
% | Over self-confidence (master) 5| 131
2 | Over confidence in bridge navigation equipment 4 | 1.05
;8 Adverse Physical Conditions
g Physical fatigue of the officer 2 |0.52
O | Physical and Mental Limitations
% Excessive workload of watch officer 2 | 052
% Master’s excessive workload due to pilot exemption certificate | 2 | 0.52
I3 Lookout in night watch 20 | 5.24
7 | Excessive workload of master 1 10.26
Substandard Team Master’s occupation with phone 1 |0.26
Members Readiness for Operation
w
(6]
g Inappropriate Management Activities
%’ Master’s lack of authority 2 | 0.52
c | Failure in emergency management 51131
S | Master's lack of management 1 |0.26
t Lack of briefing before navigation 1 |0.26
o | Lack of Communication
8 | Lack of communication (Ship-VTS) 1 |0.26
S | Lack of communication (Bridge-Engine) 2 | 052
& | Lack of communication (Master-Pilot) 4 | 1.05
© - A
5 |Lack of Coordination
?5 Pilot-tug boat cannot agree on the intended manoeuvre 3 10.79
@ | Lack of coordination between master-watch officer 8 | 2.09
@ | Lack of bridge team coordination 3 |0.79
Master-pilot cannot agree on the intended manoeuvre 3 |0.79
Technology and Gyro compass failure 1 10.26
Interface Malfunctions | GPS failure 2 | 052
Total | 96 | 25.1




Table 5. Frequency of HOFs under the Unsafe Acts level

fl %
Master's inability to use engine control panel effectively 2| 052
Master's failure to detect the ship’s heading by radar 110.26
Failure of the watch officer to track the route 2| 052
Failure of bridge team to use ECDIS 2| 052
Failure of the watch officer to use the variable range marker 1| 0.26
Skill Based Failure of t_he watch officer to use navigation devices 4 | 1.05
Master's failure to use the ship’s propellers in synchronized mode 2| 0.52
Watch officer’s failure to use rudder modes (follow up, non-follow up etc.) | 1 | 0.26
Failure of bridge team to use autopilot in port mode 2| 0.52
Master's failure to use navigation equipment 6 | 1.57
2 Incorrect tide calculation of bridge team 1| 0.26
,_E Inability of the bridge team to apply parallel index on radar 2 | 052
Watch officer’s manoeuvring error 1] 0.26
Bridge team member’s manoeuvring error 31079
Master makes turn by using autopilot in the narrow waterway 2 | 052
Decision Based | Master's faulty manoeuvre to avoid collision 1] 0.26
Improper route selection 4 | 1.05
Deviation from planned route 4 | 1.05
Master's disregard of pilot advices 1] 0.26
Interpretation error of bridge team 2| 0.52
Perceptual Master's interpretation error 9| 236
Master's failure in detection of the existing danger (COLREG Rule 8) 51131
Watch handover (STCW) 110.26
Regulation Improper lookout (COLREG Rule 5) 1] 0.26
Unsafe speed (COLREG Rule 6) 6 | 1.57
2 Improper manoeuvre in restricted visibility (COLREG Rule 19) 1] 0.26
% Safety of navigation 4 | 1.05
S Procedure Vessel pogltlon check 4 | 1.05
> Inappropriate chart usage 2 1052
Inability to use echo sounder in restricted waters 3| 0.79
Abuse of Deleting VDR records (destroying evidence) 6 | 1.57
Authority Deviation from the safe route for demonstration purposes 3079
Total | 89 | 23.3




Table 6. Frequency of factors under the Operational Conditions level

f %
Impairing Visibility
Fog 1 0.26
" Preventing Vessel’s Motion
s Weather Conditions Heavy seas 11026
2 Ice condition 4 1.05
S Tide 5 1.31
O Current 7 1.83
s Strong wind 8 2.09
g Port 26 | 6.81
(] Narrow water 19 4.97
Locational Restrictions Coastal water 6 157
Heavy traffic 2 0.52
Open sea - -
» | Non-conformities and failures | Engine failure 2 0.52
=5 of preventing the ship's Rudder failure 2 0.52
= = motion Generator power loss (Blackout) 1 0.26
c c
=3 Vessel Structural Defects - -
Total| 84 | 22.0
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Operatiomal Condtions
Tntenal Conditions External Conditions
”~ \-\‘\ ,--_ -~ -“;'>.\\;
P ~ - ~
./"/ - - : e ~
o .4'/ - _— - =
Non-conformities and ) ~ h Local Restricticns Weather Conditions
Faikres Preventing | Vessel Saucnual Dedects
Mo S —
Ship’s Motian b 2on Hatow B S~
r Bow musrer tubare B 052 vessed stroctie e Constal waters ~ =~ \\‘\A
o Rudder faikare » Deformed vessel strocture b Naren watees Conditions P'ef:':xtil}:sscl
bnpaking Vb reve
fe Geeseentor pemwet loss (Biackeu) » Intand vess el structure L Aabaage 8 Moaoa
| P Ban o lce
[* Man engne malfunction o Open sea |
| »Fog l- Curent
o Propeler faiure f Dense Tradis |
o Night :- Heny 241 condtiom

:‘ Cantroliable Fech Fropelle |
rmidmction

PPy

Figure 4. Operational conditions

p Emwonmental sghes

P Sum reflection

fo Blieaed

e

:- Wind




Unsafe Acts

Errors

/\

Violations

—

\

Skill Based Errors Dw;&:rl:as ed Perceptual Errors Regulation Violations Procedure Violations Abuse of Authority
*Failure to use engine * Faulty manoeuvering * Incotrect interpretation * STCW (Watch * Company procedures * Tum off navigation
control panel (master, watch officer, of navigation data handover) (safety of navigation) devices (VHF, Echo
effectively {master, pilot etc.) (radar, ECDIS etc.) #COLREG Rule 5 * Company procedures sounder, VDR etc.)
watch officer etc) * Inappropriate route (master, watch officer. (lookout) (ship’s position check) * Tum off device alarms
* Failure to use selection etc.) * COLREG Rule 6 (safe *Master's standing (Fadar, ECDIS etc.)
electronic navigation * Deviation from planned | | ®Failure to detect the speed) orders #*Deviation from the safe
aids (master, watch route presence of the risk of *COLREG Rule 19 *Unused navigation route for
officer etc.) *Late in manoeuvering grounding (master, (Improper manoeuver in device {echo sounder, demonstration
*Failure to track the (master, watch officer, watch officer. etc.) restricted visibility) radar, ECDIS etc.) purposes
route (watch officer) pilot etc.)
Figure 5. Unsafe acts
l Precondisons foe Uraale Acta l
- = 1
Technology aod Intedce I Substandard Team Memibers
Mak¥unchons
* Gyro compass fahae e m— - S
* GPS Eaihure — ——
A Substandard Condition of Tean Substandoed Pracoces of Tean
Menbers Memibers
____—"‘— —_-_\~____ e o< ;_\__
Adverse Memal Adverse Phymcal Phynical snd Mentad Readinessfor | Endge Toam
Corslivons Conditions Lnations Operation ‘ Management
| # Lack of umiamanat © Phvmical fansgue | | *Escessive wurdoad e T e R———
wrareness (bodge (master, offices Jookows (rmaster watch offices A Inappropeate | [ 2 Lack of l I L"z" l
team, engme team et J| me) b ) A A C
mastes eic) *Mlaster’s encesuive ® Marter's back of sshecy | | @ S3ep 10 VT * Pilot 1o fug boat
* Lack of atvention werkdoad dus to pdat ® Fadure in energency | *Brdge 1o engme * Master 10 watch
® Stress evemiption cerficats management contrel toom officer
* Lack of self-confidence *Engagement with tasks *Loowe tewn mansgement | | *Master to pdot *Besdge team
(bndge team, engme (phone. laplop etc) * (hadancs emor | | *Step to shap cocrdnaticn
team, master ecc ) athr than watch * Master 10 plot
* Over self.confidence (rmaster waech offices
(badge team, sngine wic)
team, master etc )
* Owvee confidence to
navigaton equipnent

Figure 6. Pre-conditions for unsafe act




Figure 7. Unsafe supervision
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Figure 8. Organizational influences
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Figure 12. Percentage distribution of HFACS-PV subcategories for grounding accidents
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