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ABSTRACT

The commercial fishing industry is frequently described as one of the most hazardous
occupations in the United States. The objective, to maximize the catch, is routinely
challenged by a variety of elements due to the environment, the vessel, the crew, and
how they interact with each other. This study developed and evaluated a version of
Wiegmann and Shappell’s (2003) Human Factors Analysis and Classification System
(HFACS), specifically for commercial fishing industry vessels (HFACS-FV), using data
from ten years of fatal fishing vessel accidents. For this study, the accident investiga-
tion information was converted into the HFACS-FV format by independent raters and
measured for inter-rater reliability. The results were analyzed for the frequency of the
causal factors and their relationship with vessel demographic information.
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INTRODUCTION

Commercial fishing is consistently ranked as one of the most dangerous
occupations in the United States (Drudi, 1998). According to data from the
Bureau of Labor Statistics, workers in the commercial fishing industry had the
second-highest occupational death rate for the year 2018 (U.S. Department
of Labor, 2019). Safety within the commercial fishing industry is dependent
upon the boats, their operators, and several external factors, all interacting
dynamically and simultaneously (National Research Council, 1991). The
Human Factors Analysis and Classification System (HFACS) model, has its
roots in the human error studies completed by Reason (1990, 1997). Stu-
dies using HFACS have examined accident data across the transportation,
industrial, and healthcare sectors (Shappell et al., 2007; Baysari et al., 2009;
Lenne et al., 2012; Cohen et al., 2018).

This study adapted the framework provided by HFACS for the commercial
fishing industry to investigate the role of human factors in fatal comme-
rcial fishing accidents. Using HFACS to organize the data allowed for the
overall analysis and categorization of the causal factors of commercial fish-
ing accidents to direct efforts to the most critical factors to prevent future
accidents.
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BACKGROUND

Reason (1990, 1997, 2000, and 2003) argued that the causes of accidents
attributed to human error are the result of latent and active failures. Latent
failures are built into the system either intentionally or inadvertently. While
active failures may serve as the final initiating event for accidents due to some
error in judgment or decision making on the part of the operator and may
be listed as the cause of the accident, the latent failures are generally more to
blame. These active and latent failures are evident in the groupings of orga-
nizational factors, supervisory factors, preconditions for the unsafe act, and
unsafe acts. The Swiss cheese model (Reason, 1990) provides the foundation
for HFACS.

The Human Factors Analysis and Classification System (HFACS) model
was created to understand the causes of naval aviation accidents (Shappell
and Wiegmann, 2001). The factors that contributed to these accidents, often
occurring at high speed with significant personnel and mission impact, were
critical in determining how to avoid repeating known and tragic circumsta-
nces. The HFACS shows the importance of human factors on these accidents
and makes corrective actions more likely.

Wiegmann and Shappell (2003) described in detail the composition of
the HFACS model and its tiers, categories, and subcategories. The highest
tier in HFACS is organizational influences. In both large and small organi-
zations, upper management has specific policies and expectations for work
processes and logistical support for the organization. Unsafe supervision is
the second tier in the HFACS model and occurs at a level above the opera-
tor, where decisions could be made to assist the operator or terminate the
operation altogether. The preconditions of unsafe acts level examines the
operator’s background conditions that may influence the actions of the ope-
rator. The final tier of HFACS is unsafe acts which is comprised of categories
and subcategories attributed to errors and violations. Errors are operatio-
nal breakdowns that may still be within organizational rules and procedures.
Violations indicate a disregard for these rules.

Previous analysis of maritime accident investigations using HFACS gene-
rally focused on specific incidents or accident types but employed a variety
of analysis methods. Celik and Cebi (2009) applied HFACS to study the role
of human factors in a boiler explosion on a dry bulk carrier and produced
weighted contributing factors of the accident. Schröder-Hinrichs et al. (2011)
examined human error in 41 machinery space fires using an adapted HFACS
model. That study focused on causal organizational factors and utilized an
additional tier for outside factors. Özdemir and Güneroğlu (2015) employed
HFACS to study human error in maritime accidents. Their resulting analy-
sis identified and ranked the contributing factors in the maritime accidents
they considered. Zhang et al. (2017) focused on collisions between ships as
they examined HFACS data with a risk analysis model. Yildirim et al. (2017)
applied the HFACS-MA framework to examine ship collisions and groun-
dings. That study utilized data from specific accident types to generalize the
human error analysis for all types of maritime accidents.
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METHODOLOGY

Modifying HFACS for the commercial fishing industry considered organizati-
ons of all sizes where crewmembers are frequently “self-employed” and work
for shares of the profit (Drudi, 1998; Lincoln, 2006). In a competitive and
dangerous industry that minimizes organizational overhead, the obstacles of
hiring and retaining competent and capable personnel as well as a systematic
method for companies to assess and respond to operational risks and hazards
were considered and reflected in this new model.

An evaluation of fatal fishing vessel accidents in the United States from
1992–2007 concluded that 55% of all deaths were caused by flooding, sin-
king, or capsizing (U.S. Coast Guard, 2008). This indicates that underlying
hull integrity issues contributed significantly to these fatalities. These latent
factors suggest a lack of maintenance, a failure to adequately monitor flo-
oding concerns with the hull, or ignoring conditions previously identified
without completing effective repairs. It also implies a lack of financial support
from the company. Except for major corporations involved in the commercial
fishing industry, the majority of companies have few employees with less
defined organizational procedures and documented policies and procedures.

HFACS for Fishing Vessels (HFACS-FV) addresses hazards specific to com-
mercial fishing. The National Research Council (1991) detailed human factor
threats in the industry including: the lack of any professional crew certi-
fication prior to hiring, the lack of any assessment of physical well-being
prior to hiring, the lack of professional standards for operating the vessel
and fishing gear, the absence of human factors consideration in the design
and operation of the vessel and fishing apparatus, the lack of standardized
safety systems, the nearly constant dangers associated with vessel and fish-
ing operations, excessive work hours in all weather and sea conditions, and
the enormous economic pressures that drive daily operations. These threats
are reflected in modifications to several HFACS categories and subcategories.
Changes within HFACS-FV were made in the following headings: equipment
acquisition and support, safety culture, risk/systems management, techni-
cal readiness of the crew, allowing unsafe operations, mental readiness, and
physical readiness.

Data for this study was collected from investigations detailed in the U.S.
Coast Guard’s Marine Information for Safety and Law Enforcement (MISLE)
database for all accidents on commercial fishing vessels registered in the
United States for the ten year period 2008-2017. No efforts were taken
to reinvestigate the incidents as the information in the database contained
summaries of the incidents in various data fields, in addition to narrative
descriptions of the accidents and accident causes. All personal identifying
information was eliminated before analysis.

Four raters were selected to extract and convert the data from the Coast
Guard accident investigations into the HFACS-FV framework. The raters
were experienced in vessel examinations and accident investigations and were
very familiar with the various maritime and industry standards applicable to
commercial vessels. The raters received human factors and HFACS instru-
ction, including directed and self-paced examples, and provided ratings on
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12 training cases followed by a discussion between raters to solidify compre-
hension of the categories and subcategories of HFACS-FV prepared the raters
for this study.

RESULTS AND DISCUSSION

Of the 117 fatal accidents identified in the data query, 32 were excluded
from the analysis where all crewmembers aboard died without other witnes-
ses, where the decedent had a diagnosed, pre-existing medical condition, or
where the accident that was improperly categorized. After removing these
excluded accidents from consideration, 85 accident investigations remained
for conversion and evaluation. A consensus rating was produced from the
four raters’ assessments to provide one combined rating for each HFACS-FV
category. This rating compared the judgments of the raters and required the
agreement for each factor by at least three of the raters. Those factors that
did not produce the agreement of at least three raters were not included in the
following statistical analysis but were considered in the inter-rater reliability
assessment. There was no minimum number of factors selected for each acci-
dent. These consensus ratings established the human factors for statistical
analysis and identified 108 human factors issues present in these 85 acci-
dents. The top five human factors discerned from the consensus HFACS-FV
rating were physical environment (n = 20), equipment acquisition and sup-
port (n = 18), decision error (n = 13), technical readiness of the crew (n = 12),
and allowing unsafe operations (n = 9). These five categories demonstrate
how commercial fishing personnel have substantial economic constraints, are
inclined to take risks, and would benefit from additional training. These cate-
gories account for 72 out of 108 (67%) of the human factors issues noted and
provide a solid foundation for the underlying causes of these fatal accidents.
The complete consensus rating of the HFACS-FV human factors by category
is shown in Table 1.

The physical environment category shows the impact of weather and sea
conditions on the operator and the risks that operators take as part of their
routine course of business. No other category captures the pressures that
these operators face to remain profitable like the challenges of the physical
environment. Equipment acquisition and support as a highly rated human
factor indicates that the owner and/or operator utilized a boat that had
known and unresolved issues related to the vessel or equipment before their
voyage. It also indicates the economic constraints under which these busines-
ses must operate. The identification of decision error as a category on this list
is not surprising. An operator’s direction to the crew under complex operating
conditions or response to an accident scenario can understandably result in a
regrettable decision. The technical readiness of the crew resulting in fatalities
refers to the training of the crew so that they are ready to respond to routine
and emergent conditions. Although many fishing vessel operators have years
of experience, their crews may be quite inexperienced. Further, issues such as
vessel loading and stability may not be fully understood or assessed by the
crew. Allowing unsafe operations indicates personnel were allowed to begin
or continue operations with the full awareness of the dangers involved.
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Table 1. Human factors by categories in consensus HFACS-FV rating of incidents.

Category/subcategory Frequency
(N=108)

Frequency (%)

Organizational
influences

30 27.8

Human resources 1 0.9
Equipment
acquisition/support

18 16.7

Structure 0 0
Safety culture 2 1.9
Procedures 8 7.4
Risk/systems management 1 0.9

Unsafe management 27 25
Technical readiness of the
crew

12 11.1

Supervisory competency 2 1.9
Improper operational risk
management

4 3.7

Allowing unsafe operations 9 8.3
Supervisory violations 0 0

Preconditions for unsafe
acts

30 27.8

Physical environment 20 18.5
Technological environment 3 2.8
Mental readiness 3 2.8
Physical readiness 2 1.9
Crew communication 2 1.9
Personal readiness 0 0

Unsafe acts 21 19.4
Skill-based errors 5 4.6
Decision errors 13 12
Perceptual errors 0 0
Routine violation 1 0.9
Exceptional violation 2 1.9

A survey of the literature contained in 28 HFACS related studies regarding
reliability methods shows a significant disparity. Nearly half of these studies
provide no mention of any reliability assessment that was performed after the
coders conducted their HFACS conversion. A comparison of the reliability
estimates can provide a measure of confidence in the model. For this study,
percent agreement, Cohen’s kappa, and Krippendorff’s alpha were computed
to compare inter-rater reliability for the HFACS-FV categories and subca-
tegories. Since percent agreement and Cohen’s kappa statistics compare two
raters at a time, calculations were made for each of the six rater combinations
and reported as mean values.

Calculations for inter-rater reliability were made using Microsoft Excel
2013 and IBM SPSS Statistics version 26. Results for this study produced
a mean percent agreement of 89.26% which indicates reliable agreement, a
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mean kappa statistic of 0.3966 shows a fair to moderate reliability, and a
Krippendorff’s alpha of 0.3367 indicates unreliable agreement. While these
figures do not offer solid agreement on the acceptability of the HFACS-FV
tool, Kraemer et al. (2002) and Li and Harris (2005) document the challenges
of inter-rater reliability results with nearly homogeneous data sets.

CONCLUSION

The objective of this study was to develop and assess an HFACS adaptation
specifically for commercial fishing accidents. The HFACS-FV method presen-
ted in this study was shown to provide valuable information regarding the
human factors involved in fatal fishing vessel accidents. The consensus ratings
clearly provided significant insight into human factors issues that contribute
to these accidents as shown in the leading categories: physical environment,
equipment acquisition and support, decision error, technical readiness of
the crew, and allowing unsafe operations. These categories indicate oppor-
tunities to take action to reduce accidents with enhanced risk assessment,
additional funding for the procurement and maintenance of vessels, and a
focus on professional training for the fishing personnel. While the inter-rater
reliability measures did not indicate overall method reliability using percent
agreement, Cohen’s kappa, and Krippendorff’s alpha statistics, this is not
unusual for this type of study. However, with method refinements and enh-
anced category descriptions, a modified HFACS-FV structure could produce
sound inter-rater reliability statistics not only for fishing vessels but also pro-
vide a generalized tool to analyze accidents occurring in smaller organizations
in the transportation and industrial sectors.

Considering the small business nature of the fishing industry, one of the
valuable points of this study is that the HFACS-FV tiers are not nearly as
important as the HFACS-FV categories and subcategories. In a one boat com-
pany with one owner and operator, the same individual theoretically would
be responsible for the human factors related to equipment acquisition and
support, technical readiness of the crew, allowing unsafe operations, physi-
cal environment, and decision error. This essentially compresses the tiers and
realistically eliminates one or more of the tiers.
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