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Abstract

Accidents have been part of the maritime industry since its beginning. Early
attempts to reduce accidents were engineering in nature, even though since
the early 1990s the focus has shifted progressively on the role of human
behavior and how that behavior factors into casualties. This research
approaches the human factor in maritime accidents from multiple
perspectives considering interactions among individual, organizational and
regulatory levels, to propose eventually a new leadership model for maritime
emergency management. This volume is divided in three sections focusing
on: 1) the multilevel interactions that lead to the Costa Concordia accident and
affected the unfolding of the emergencys; ii) the rupture of the communication
flows consequent to the failure of the chain of command, 1i1) weaknesses and
strengths of current leadership and communication procedures. The proposed
alternative leadership model, corroborated also through a focus group
discussion organized at the Cyprus Institute of Marketing, is a combination
of the current command and control vertical structure with a more horizontal
leadership in which responsibilities, during a maritime emergency, are shared
between the captain and other top officers.

Keywords

Costa Concordia, maritime emergencies, human factor, maritime leadership,
communication.
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Introduction

When we first started to explore the maritime world, we did not actually know
what to expect. Our idea of life at sea was mainly from legend of pirates in
search of treasures, or what we studied on textbooks at school (e.g. the Punic
Wars that allowed to Rome to expand its supremacy in the Mediterranean
Sea, the Viking hegemony in the Northern Atlantic, the explorations of
Cristoforo Colombo, or more recently the naval battles during the World
Wars). Moreover, full of testimonies about the social importance of the sea
can be found in the arts, literature and everyday life.

Although the historical background varies in the different eras, what all
people navigating the sea had in common are courage, strength, and maybe a
little madness. History teaches that the hard life at sea was mainly (if not only)
a “business for true men” and the success or the defeat was ensured by the
degree of obedience to the most valuable man onboard, the captain. Among
all mariners he was the most courageous, talented, experienced man. He was
the “God of the ship”, a sort of hero with supernatural powers, able to
intimidate the crew with his powerful halo. It was impossible for the captain
to make mistakes and was even less realistic that the crew could question his
decisions.

Such perfect and glorious picture of the captain lasted throughout history and
is still well deeply rooted in the collective imagination nowadays. Also our
personal perception of a ship captain was aligned to the common idea. Even
if aware of the human (rather than divine) nature of a captain, our minds were
still thinking about the captain as being something more than a simple man,
as if becoming a captain added a kind of value to the common man.

It was only after we started to actually explore the maritime world and
discompose the myriad of elements that compose it, we begun reframing such
idea. The sinking of the Costa Concordia was a pivotal event which raised a
red flag suggesting that this common conception of life at sea was possibly
not exact and needed to be deeper investigated.

The Costa Concordia accident not only had a big impact on society, it also hit
the research community. Before January 13, 2012 there was a little interest
outside of the seafarer world for the dynamics of maritime transportation.
Indeed, many accidents have happened at sea and many people have died.
However, before the Costa Concordia few other accidents shocked the public
opinion as much; indeed, the most appalling one was the sinking of the Titanic
on April 15, 1912. The two events have been compared a lot by the media
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because of some similarities of the dynamics and for the way the emergency
was managed in both disasters.

Both the Titanic and the Costa Concordia were considered safe cruise ships;
the Titanic was considered unsinkable and the Costa Concordia, was the
biggest vessel of “Costa Crociere”, the most important cruise company in
Europe and the third in the world. The Titanic represented the supreme
expression of naval technology of the time and was the largest and most
luxurious transatlantic in the world. The Costa Concordia was equipped with
one of the world’s largest exercise facility areas at sea. Both ships were
commanded by professional and qualified captains; Captain Edward Smith
had a prestigious career as mariner after serving the Royal Navy during the
Second Boer War (1899-1902) and was awarded several medals and regarded
as a “safe captain”. Because of these rewards, he was the captain of the most
important ships of the world at the time, the Baltic, the Adriatic, the Olympic
and then the Titanic. Captain Schettino was described as resolute, talented,
prepared and capable captain by other captains of the Costa Crociere. Despite
the esteemed career, the two captains made simple but significant mistakes
that compromised the safety of their ships: 1) they underestimated the risks
that the sea can hide; the iceberg for the Titanic and the rock for the Costa
Concordia; 2) they overestimated their experience thinking that looking at the
rippling waves to detect the presence of the iceberg instead of using a
binoculars in one case and thinking of approaching the coast closer that what
already planned without having the right maps in the other; and 3) the two
captains did not reduce the speed of their ships after the hazard was
recognized. Analogies are present also during the emergency phases: in both
accidents there had communication problems. On the Titanic the warning
messages from other ships were not delivered to the captain; on the Costa
Concordia the risks perceived by the subaltern were not communicated to the
captain, fearing to affect his authority. After the impact both Captains were
soon informed about the damages of their ships, nevertheless they decided to
postpone the beginning of the evacuation and they disposed it only about one
hour after the impact, omitting important information to the passengers.

An important difference between the Titanic and the Costa Concordia
accidents was the safety equipment available on the two ships. Before the
Titanic sank in the Atlantic Ocean, safety standards were extremely low.
Suffice it to say that the Titanic only had twenty lifeboats able to hold 1178
passengers even though the vessel was designed to carry 2566 people, without
considering the crew (Messer-Bookman, 2015). It was only two years after
the Titanic accident, on January 20, 1914, that the minimum standards for
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safety at sea had been delineation through the SOLAS Convention. One
hundred years after the Titanic many other law improvements have been
introduced and safety standards were raised. The Costa Concordia was in fact
equipped with more safety appliances than those required by law for its
capacity and the technology on the ship exceeded the national and
international requirements.

Nevertheless, the sinking of the Costa Concordia is a clear example that the
safety goals achieved through 2012 were not sufficient to guarantee safety at
sea; something is missing and there is still room for improvement. Ships are
still governed by human beings who can make mistakes even if regulations
are implemented and technologies perfectly work. Humans interaction,
among them and with the built environment, make the difference between
successful or disastrous outcomes. It has been estimated that human error
continues to be a dominant factor in approximately 80 to 85% of maritime
accidents, with about 50% of maritime accidents caused by human error and
30% associated with human error (Baker & McCafferty, 2005, p. 6). In a
study of 268 casualties to Greek flagged vessels over 500 tons from 1993 to
2006, investigated by the Hellenic Coast Guard, the human element was
found responsible for 57.1% of those casualties. Of that percentage, 78.8%
was onboard error, 12.6% ashore error, 8.9% a combination of the two
(Tzannatos, 2010, pp. 121-122).

Another difference between the two accidents, was that Captain Smith “went
down with the ship”, as the maritime tradition wants that a sea captain holds
ultimate responsibility for both his ship and everyone embarked on it.
Conversely Captain Schettino disembarked the ship halfway through the
evacuation process leaving many passengers behind. Independently of the
legal and moral responsibilities of the last Captain of the Costa Concordia,
what happened on January 13, 2012, off the coasts of the Giglio Island
(Tuscany, Italy), suggests that future research on safety at sea, beside focusing
on necessary safety gears and procedures, should also be directed on human
reaction, including that of the Captain, when facing a complex emergency.
Investigations carried out by the Court of Grosseto, Italy, highlighted that the
Costa Concordia was a modern vessel carrying a full complement of
experienced bridge officers with the most advanced navigational tools
available, and everything was perfectly functioning on the day of the accident.
How was then possible that a modern, sophisticated and perfectly functioning
ship sunk causing the death of 32 people? What went wrong? What can we
learn from this accident? Can it be, inter-alia, that the command of the ever-
increasing size of cruise and ocean ships with ever increasing complexity of
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safety equipment and procedures, has become too much to be ultimately
handled by an only person in command?

This book tries to answer these and other questions about safety at sea. To
carry out the necessary research to answer such questions, both qualitative
and quantitative methods were used to study the human factor in maritime
disasters. The Costa Concordia disaster was identified as the case study from
which to delve into this subject matter. In particular, exploring the
organizational levels of the ship governance helped acquiring knowledge on
the unclear dynamics that could lead to maritime accidents.

In Chapter 1, we introduced the history of the human factor in the maritime
system and how the concept evolved during time. The maritime system is
described as a sociotechnical system and all the relations among the different
elements are defined, highlighting the positive and problematic elements. At
the end of the chapter, the sequence of events of the Costa Concordia disaster
is described in details and the relevance of this specific case study is
discussed.

In Chapter 2, a qualitative analysis of the Costa Concordia disaster is
developed highlighting the systemic root of the accident failure of the whole
system. The testimonies of the key officers onboard the Costa Concordia on
January 13, 2012 collected by the Court of Grosseto are deeply analyzed and
errors at individual, group and organizational level, as well as the influence
among levels are discussed. The results of this analysis point out how the
sudden lack of the Captain, vertex of the command and control model, caused,
above all, improvisation and communications problems that negatively
influenced the entire emergency management.

In Chapter 3, the communications recorded by the Voyage Data Recorder
(VDR) on the Command Bridge of the Costa Concordia during the emergency
phases are examined with the quantitative methods of social network analysis.
Results show that the failure of the command and control model negatively
impacted the communication flow, yet after the initial bewilderment an
informal hierarchy emerged guaranteeing the management of the emergency
and the complete evacuation of the ship.

In Chapter 4, the viewpoints of seafarers on maritime leadership models are
discussed. The opinions of the members of two international mariners’
associations are collected through interviews and questionnaires.
Participants’ answers are qualitatively analyzed, and the emerging themes
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connected and interpreted to show the concrete possibility of shifting towards
a novel leadership model.

In the final Chapter 5, a new horizontal leadership model for maritime
emergency management is proposed and discussed. Putting together results
of the previous chapters, and considering strengths and weaknesses of
different leadership models, it emerges that an interesting headway could be
obtained integrating the current command and control model with elements
of the shared leadership model.
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Chapter 1 — The human factor in the maritime disasters
1.1 History of the Human Factor in the maritime domain

Human element has been part of the maritime operations from its primary
days. Prior to mechanical propelled ships, being a mariner required specific
abilities such as great courage, dedication to work and crew, physical strength
and vigor. Even though shipping was considered one of the most gainful jobs,
seafarers were considered reckless and imprudent; as the mariner and writer
Joseph Conrad has written: “/...] the sea has never been friendly to man [ ...]
the ocean has no compassion, no faith, no law, no memory” (Conrad, 1925,
p. 135).

During the period from 1550 to 1650, historic sources point to losses from
shipwrecks reaching alarming proportions (van Loon, 1989). Such
shipwrecks were more common during return travels, involving ships full of
goods. Human error, although not mentioned explicitly, had already been
identified as one of the primary factors contributing to these casualties.
During this period there were so-called standup orders in place that contained
stringent rules against “overloading, improper stowage of cargo, abuse of
berth and deck space, the enlistment of unqualified mariners, or their
substitution by inexperienced men” (Gomes et al., 2001). These orders were
introduced mainly as a limit to the large losses of galleons and their
expensive, cargo, rather than as a risk-reduction strategy for preventing any
further loss of lives. In addition, a punishable offense was instituted for
navigators found guilty of failing to communicate effectively with their
colleagues on board. Printed regulations were also distributed to all ships on
this route. However, ship losses continued. It was only after 1650 that records
point to a sudden drop in shipwrecks. The main reason for this was attributed
to the hanging of some ships’ officers who were charged with misconduct
over the loss of two galleons in the late 1650s. This may perhaps explain why
a punitive attitude is still so deeply rooted in the maritime domain, although
the domain does not go as far as hanging ships’ crew anymore. The perception
in this domain, even today, seems to be that punishment works (Grech,
Horberry, & Koester, 2008).

Up to the mid-1800s, people avoided traveling by sea as much as possible, as
it was well known to be risky. Navigational aids were virtually non-existent,
with mariners relying on rudimentary apparatuses to guide them. The 1850s
hailed the arrival of iron and steel and steam engines, which provided the
technology for the construction of larger, stronger and faster ships, considered
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to be more efficient for the transportation of goods on water (Kaukiainen,
2012), more controllable and less susceptible to damage. Such technical
advances, however, introduced new hazards. Early steam engines were
subject to serious problems because they tend to explode sometimes, leaving
behind huge death tolls, as in the explosion of the steamboat Sultana, in April
27, 1865. Maritime safety standards were at best laissez faire in the mid-
nineteenth century. Nevertheless, people’s perception of sea travel changed
dramatically, and by the late 1800s and early 1900s it became one of the most
popular modes of travel. Advances in technology opened a market for
passenger ships. Maritime transport was flourishing, so authorities stared
exercising some kind of control via regulatory national safety standards
available at the time, especially because the general travelers had extended
beyond the typical mariner. This period also prefigured the birth of
classification societies, which were private organizations that provided
information to insurance companies on the quality of ships and their
equipment. Accidents and major disasters encouraged various countries to
cooperate more where introduction of certain maritime safety standards was
concerned'. This initiated the start of a reactive maritime culture in which
new safety rules were introduced following major accidents. One of the most
discussed and well-known tragedies in history, the sinking of the RMS Titanic
on April 14, 1912, started a significant campaign toward improved passenger
ship safety standards. This tragedy created a media anxiety when the
realization dawned that, had the vessel been fitted with adequate safety
equipment, the death toll would have been significantly less. This sparked the
First International Conference on Safety of Life at Sea (SOLAS) held in
London in 19142 The conference addressed safety technical issues that came
out of the Titanic enquiry, such as the adequacy of lifeboats, hull subdivision,
and radio communications equipment on passenger ships.

Reaction to notorious accidents has historically resulted in the introduction of
new regulatory measures. This trend continues even today within the
international maritime community. Recently, however, there has been a shift
in this approach and the international maritime community has finally come
to realize that being proactive, rather than following a historically reactive
approach, is the key to accident prevention.

World War Il required people to perform more and more effectively and this
necessity provided an impetus for further research work in the area of

Uhttp://www.imo.org/en/About/HistoryOfIMO/Pages/Default.aspx
2 http://www.imo.org/en/About/conventions/listofconventions/pages/international -
convention-for-the-safety-of-life-at-sea-(solas),-1974.aspx
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maritime human factors (including other domains such as aviation). Some of
the more prominent work in maritime human factors was initiated by the
United States with the establishment of the Committee on Undersea Warfare
in 1946°. A Panel on Psychology and Physiology (National Research Council
(U.S.), 1949) was appointed with a specific mandate to draw up an outline for
a number of surveys in applied research on problems related to human factors
in undersea warfare. Although wartime dictated that most of this work
focused mainly on naval vessels, the intention was to allow cross transfer of
research and development effort to other maritime platforms. The studies
focused on such factors as visual and auditory problems, design and
arrangement of operating equipment, habitability issues, and selection and
training. This work prefigured a revolution in maritime human factors at the
time.

During the 1970s, several minor human factor initiatives had started to
emerge in Europe and the United States. Ship statistics in the 1970s indicated
that more than one merchant ship per day was being lost at sea. This started
alarm bells ringing, with the result that in the early 1970s, the U.S. Maritime
Transportation Research Board commissioned research work in the area of
human error, specifically looking at “providing recommendations that will
lead to the development of countermeasures against acts of commission or
omission that lead to merchant marine casualties” (Maritime Transportation
Research Board, 1976, p. 2). Systematic and quantitative historical human
error data were found to be lacking; hence, a collection of data was mainly
conducted through the use of questionnaire surveys, utilizing expert judgment
for evaluation. These studies identified a number of contributory human
factors as either major or potential causes of casualties, and included such
factors as “inattention, inefficient bridge design, poor operational
procedures, poor eyesight, excessive fatigue, ambiguous pilot-master
relationship, excessive alcohol use, excessive personnel turnover, high level
of calculated risk, inadequate lights and markers, misuse of radar, uncertain
use of sound signals, and inadequacies of the rules and regulations”
(Maritime Transportation Research Board, 1976, pp. 7—14). Based on these
factors, the panel recommended a number of improvements in these areas,
mainly focused on crew error.

Throughout the 1980s initiatives related to maritime human factors were
scarce. The concern and interest in the field of human factors was awaken by
a wave of major disasters, such as the huge loss of life in the capsize of the

3 http://www.public.navy.mil/subfor/cus/Pages/sosus_origins.aspx
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passenger ferries Herald of Free Enterprise in 1987, and the Estonia in 1994,
as well as major oil spills from the oil tankers Exxon Valdez in 1989, and the
Erika in 1999 and many others (Messer-Bookman, 2015).

Perhaps the 1990s can be seen as having reached a maximum number of
maritime accidents, fatalities, and environmental pollution (Guha-Sapir et al.,
2009), to the point that the maritime community strengthened its focus on
developing safety rules as a result of such tragic disasters. One example is the
Oil Pollution Act* (OPA 90), which came into force in the United States in
1990 following the Exxon Valdez disaster. The beginnings of the 1990s also
saw the start of human factors definitions being publicized around the global
maritime community. Analyses of casualty reports provided a method of
somehow quantifying these “unclear” human factor issues in such a way as
to send the necessary warning signals of the existence of the problem. In 1993,
the USCG reported that 80 percent of maritime accidents were caused by
human error. On these foundations, the Prevention through People (PTP)
program was initiated, which looked at developing a long-term safety strategy
focusing on human error prevention (U.S. Coast Guard, 1995). In 1994, a
U.K. Protection and Indemnity (P&I) club study on major P&I claims
between 1987 and 1993 indicated that 63 percent of these incidents were
caused by human error. In the same year, the International Maritime
Organization (IMO) reported that more than 75 percent of ship accidents
worldwide were due to human error. In this regard, the IMO recommended
that the study of human factors (and in particular human error) would be an
important focus for improving maritime safety. As a result, although initially
largely reactive in its response, the IMO started to focus on introducing new
regulations that incorporated a human element viewpoint. Examples include
the International Safety Management (ISM) Code® and the revised Standards
for Training, Certification and Watchkeeping for Seafarers (STCW)
Convention®. The ISM code was adopted in an attempt to control poor
management practices in international shipping. The revised STCW
Convention was adopted in 1995 and entered into force in 1997. This
convention incorporated a new set of requirements for minimum training
standards and competency for seafarers.

Today, there have been substantial developments in the area of human factors
in the maritime domain. In the last few years, a quite large number of research

4 https://legcounsel.house.gov/Comps/Qil%20Pollution%20Act%200{%201990.pdf

5 http://www.imo.org/en/OurWork/humanelement/safetymanagement/pages/ismcode.aspx
6 http://www.imo.org/en/OurWork/humanelement/trainingcertification/pages/stcw-
convention.aspx
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groups and initiatives have been set up in Europe and the United States to
discuss and collaborate on their research findings on the human factor related
to maritime disasters. One such initiative already providing some valuable
information and insight into the area of human factors is the International
Maritime Human Element Forum’, a Nautical Institute (NI) project sponsored
by one of the major classification societies, Lloyds Register of Shipping, with
the aim of improving human element awareness in the maritime domain.

1.2 The complex dynamicity of the maritime domain

Despite developments that have taken place in other forms of transport, such
as air and road transport, the sea remains one of the most important
connecting links between the nations. In fact more than three quarters of
world trade volume is moved by sea (George, 2013). Advances in design and
construction technology have encouraged development of ship types that can
satisfy growing economic demands, and this includes greater capacity, faster
speeds, and more improvements. At the same time, the necessity to maintain
these connections requires a considerable increase of the complexity of the
sector.

Up to the early post-war (WWII) years, world shipping was dominated by the
fleets of the traditional maritime nations, mainly the United Kingdom, the
United States, France, Netherlands, and the Scandinavian countries (Fayle,
2006). However, from the 1950s onward a gradual change took place in the
fleet distribution. The traditional maritime nations were no longer dominating
the world tonnage figures. This was caused to some extent by an alteration of
resources from the maritime sector resulting in a reduced amount of
investment, but perhaps more significantly by the flight to the open registries
(i.e. flags of convenience). A large number of shipping companies started
changing the country of registry of their vessels from the traditional countries
to these open registries. Attractiveness of these open registries originated
from the fact that they provided benefits such as tax allowances. By 1999,
about half of all registered merchant ships flew flags of convenience. While
open registries are one phenomenon that points to a fundamental shift in the
organization of international maritime transport, another one relates to ship
management. A growing spurt in the shipping sector during the 1990s
influenced more ship owners to hand over responsibility for ship operations

7 http://www.nautinsthk.com/p23.html
21



to professional ship management organizations, a trend that had started during
the 1980s. A very substantial portion of the international commercial fleet is
today managed under such arrangements. The vessel situation became such
that the owner, the ship management company were located in two different
countries and the vessel could be registered in a third country. It has thus
become difficult to identify the true ownership of many vessels engaged in
commercial shipping and the accountability for it. The flag flown, and the
port of registry do not any longer reveal definite indication of ownership.
Therefore, maritime transport has become a very complex industry.

The international nature of the shipping industry has led to action being taken
to improve safety in maritime operations, which is now enforced at the
international level. This complexity is further increased by the influence of
national and international regulations adopted by local and international
bodies, notably the IMO, the International Labor Organization (ILO), as well
as by the most influential classification societies. The IMO was established
as a permanent international body to promote maritime safety more
effectively and started off by adopting a new version of SOLAS, the most
important of all treaties dealing with maritime safety. The IMO is made up of
government departments and agencies from all over the world with a specific
interest in shipping. These government departments and agencies usually
regulate ship operation and safety under the IMO umbrella. Such agencies are
also empowered to regulate environmental aspects of shipping under the
Maritime Pollution (MARPOL) Convention. Today, the most important
international conventions dealing with maritime safety, such as SOLAS and
MARPOL, have been widely accepted and applied to more than 95 percent
of the world’s merchant shipping fleet. This means that it would be almost
impossible to operate a ship that does not meet IMO agreed requirements or
standards.

In many ways, the ship itself presents an unusual and sometimes very strict
work environment. Crewmembers are required to perform most of their tasks
in a moving environment. In addition, the work environment is also
characterized by lack of contact with family, by different cultures living
together, and for the most part of the job by a high element of monotony. It is
not uncommon for a ship to have crew coming from different countries,
speaking different languages, and coming from diverse cultural and social
backgrounds. There are a number of reasons for this shift in crew
demographics. First, the introduction of open registries set the scene for the
employment of seafarers from different nationalities. Second, a seafaring
career today is not looked on as favorably as it was thirty or so years ago. This
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could be the result of deteriorating crew conditions, short-term career
prospects, and lack of opportunities when compared to shore-based jobs, with
the consequence that people, especially those coming from the more
traditional seafaring nations, have been discouraged to seek seagoing careers.
Another reason is once again, a consequence of economics. To reduce costs,
ship owners and ship operators are hiring crew from countries offering much
lower wages and willing to accept poorer working conditions. This situation
has created many challenges to shipboard crew. For starters, although
communication issues have always had a niggling presence in ships’ officer-
pilot interaction component, today, it is not uncommon to have language and
communication problems present even between crew of the same ship.
English is today widely accepted as the language at sea, and this has been
accounted for within the STCW Convention. However, language problems
today still play a contributory part in human and organizational error. These
are actually some of the specific risk areas that the U.K. P&I Club has identifi-
ed as causes of human error. Such communication problems also extend to
interfacing issues between shipboard and shoreside personnel, both from
within the company and also from dockside workers such as stevedores, etc.
As is the trend globally, the use of multinational crew has also weakened, to
some extent, company loyalty, perhaps adding another dimension, apart from
the language barrier, to human factor issues on board, such as the seafarer
attitudes, safety culture, and behavior toward their job.

The use of new technologies plays a controversial role in terms of safety.
Traditionally, the international maritime community has approached
maritime safety from a predominantly technical perspective. It was common
practice to apply engineering and technological solutions such as radar,
ARPA (Automated Radar Plotting Aid), and GPS (Global Positioning
System) to promote safety and minimize the risks of accidents. The human
element aspect was treated in a peripheral manner, with little or no
consideration given to human and organizational errors. Despite the progress
made in advancing technology, systems have not yet been developed that are
immune to errors committed by those who operate them.

It is no surprise then, that this environment itself enhances the risk of errors.
The human factor continues to play a major role in incident and accident
causation. Hence, similar to other transport domains, it seems that human
performance problems constitute a significant threat to system safety.
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1.3 Maritime organizations as sociotechnical systems

Furnham describes sociotechnical systems as “a set of interrelated elements
that functions as a unit for a specific purpose” (Furnham, 2005, p. 74).
Considering the multitude of elements composing the system, organizations
in the maritime domain are consistent with the sociotechnical systems
perspective. A maritime organization is composed by the ship owner or
shipping company and a part of the organization could be a specific ship. Each
ship can be analyzed as a combination of the technology, like equipment and
instruments, for example, and the social structure, culture, norms, habits,
practices, that compose it.

The sociotechnical model advocates a more holistic systematic approach,
compared to the “reductionist strategic approach” theorized by Vicente
(2004) that led directly to our troubles with technology for dealing with
relationships among various elements that forms a system.

The sociotechnical model derived from the SHEL Model developed by
Edwards (Edwards, 1972) and later modified into a “building block™ structure
by Hawkins (1987). The SHEL model describes a system made up of
interactions between different spheres: human, technology, procedures, and
work environment. It provides four sets of interactions with the human
sphere, which represents the central human component, and these include:
human-human, human-procedures, human-technology, and human-work
environment. This is one of the most detailed, and complete human factors
nomenclature used today. The SHEL model is also adopted in the maritime
domain because it has been incorporated into IMO Resolution A.884, which
provides guidance for maritime accident investigations. Although the SHEL
model has had a significant impact on human factors principles and processes,
it also has some serious limitations. The difficulties are mainly associated
with the feasibility to understand and communicate the meaning of concepts
used in the model. Consequently, the SHEL Model has been improved to
facilitate its interpretation and to create a tailored model usable within the
maritime domain. This led to the development of the sociotechnical system
model used nowadays (Koester, 2007), which is shown in Figure 1.
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Figure I - The sociotechnical system model. It comprises Society and Culture, Physical Environment,
Practice, Technology, Individual, Group and Organizational Environment Network, therefore the
model is also known as “The Septigon Model” (Koester, 2007)

The sociotechnical system model is a methodical approach for inspecting
human factors; it indicates the way various factors interact to influence the
whole system performance. By operating these factors, we can attempt to
ensure that the system functions contained in a safe boundary. As shown in
Figure 1 the sociotechnical model is made of seven main domains: Individual,
Practice, Technology, Group, Physical Environment, Organizational
Environment, Society and Culture. Definitions for these domains originate
from Rizzo and Save (1999):

e Individual refers to the human component and includes such aspects
as, human physiology, individual workload management and
experience, expertise, and knowledge.

e Practice refers to informal rules and customs that are not related to
written procedures or instructions (therefore excluded from the
organizational environment).

e Technology refers to equipment, tools, manuals, and the interaction
between such elements with the individual domain.

e Group refers to the individual-individual interaction factor, and deals
leadership, communication and teamwork.

e Physical Environment refers to the physical surrounding working
environment and includes weather/visibility conditions air quality,
temperature, lighting conditions, noise, and ship motion.
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e Organizational Environment refers to company and management and
includes procedures, polices, norms and formal rules.

e Society and Culture refers to the sociopolitical and economic
environment in which each organization operates.

1.4 Why and how analyze the Human Factor in maritime disasters

Like many other complex sociotechnical systems, the main current objective
in maritime risk management involves developing safe systems of work,
instead of focusing merely at operator behavior “at the sharp end”. Human
factors data are not only related to incidents and accidents but can be also
used to evaluate the effectiveness of training and test the usability of maritime
equipment. Being the human element a key factor of maritime operations, the
collection, analysis and application of human factors data is essential to
develop a safer and more efficient maritime system.

There is still no widespread agreement on concepts, techniques or methods to
investigate maritime accidents (Akyuz, 2017; Akyuz and Celik, 2014; Celik
and Cebi, 2009; Chauvin et al., 2013; Chen et al., 2013; Dekker, 2002; Grech
et al., 2002; Hetherington et al., 2006). However, regardless the exact strategy
applied to investigate it, all the investigations should conduct to the same
conclusions about what happened, the reasons why it happened, how the
lesson can be learned and applied in the future. Human error is considered a
contributory cause of a large number of maritime incidents and accidents
(Baker and McCafferty, 2005; Barnett et al., 2003; Barnett, 2005; Ermal and
Lapa, 2010; Martins and Maturana, 2010); as such, investigations need to take
into account what is known on the roots of, and precursors to, human and
organizational error.

One of the challenges to accurately assess maritime risk and consequently
provide suggestions to improve maritime safety, is the fact that statistics from
which realistic conclusions can be drown are too sparse to be meaningful.
This is due to the complexity of all the elements that have to be considered:
ships are like floating buildings (Casareale et al., 2017) where interpersonal
dynamics determine whether crew members work as teams and accomplish
to bring the ship from point A to point B, or not. Within these dynamics, the
captain is on duty for everything. As a captain® explained “You are a

8 Captain’s name is not cited because he is one of the participants of the study on maritime
leadership, presented in Chapter 4, so his name must remain confidential.
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policeman, you are a fireman, you are a lawyer, you are a doctor, you are a
nurse, you are a psychologist, you are a priest. There is no other”. To add
complexity to already complex dynamics, two external factors must be
considered: weather conditions and organization. The second one is directly
linked to shipboard life, because decisions made at the shore side strongly
influence work at the ship side. A 1996 Massachusetts Institute of Technology
engineering study of tanker environmental risk commented: “until there is
better understanding of accidents mechanics, any attempt to minimize
accidents based on statistics alone is reactionary, with questionable
effectiveness” (Amrozowicz, 1996). For this reason, qualitative research is a
valuable method that can be used to provide a rich description of accident
causation and development, by giving voice to those whose views are rarely
heard, conducting initial explorations to develop theories and to generate
hypotheses that can be quantitatively tested (Sofaer, 1999).

The results of both qualitative and quantitative investigations should be used
to implement effective risk reduction strategies to help guard against future
negative events, or at least to mitigate their severity.

1.5 General hypotheses, aim of the research and methodology

When systems fail, it is commonly assumed that the entire crisis is only due
to the actions of one ‘bad apple’. When thinking about an organization’s
management and leadership competence (individual, collective and
systemic), it is the individual who inevitably becomes the first port of call.
However, accidents are quite often the result of the whole maritime system’
cultural traditions and procedures. The lack of studies and statistics on
maritime disasters, especially when the organization is analyzed as a whole,
fosters the idea that accidents are caused by a single individual or a small
group of individuals that work in the front line and makes the study carried
out in this research essential to increase the knowledge of how maritime
disasters are the result of an organizational failure. The Costa Concordia
disaster represents a perfect case study due to the peculiarity of elements that
interlocked before and during the emergency: informal practices (e.g. the
“salute”) accepted by the entire organization united to the misapplication of
formal procedures (e.g. the obligation for the officers to question the captain
if necessary) lead the ship to hit the rock, highlighting organizational lacks
(e.g. communication problems) with the uncertainty and hesitation showed
by the captain as leader entailed delays in the emergency management and
the consequent death of 32 people.
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Starting from such assumption, a simple general hypothesis is at the base of
this research:

Hypothesis 1: The human factor at different levels caused and
contributed to the Costa Concordia disaster.

In order to demonstrate that the human factor characterized the Costa
Concordia disaster before the ship hit the rock, both qualitative and
quantitative methods are necessary. Therefore, the general hypothesis is
divided into two sub hypotheses:

Sub-hypothesis 1: Individual, group and organizational errors caused
and fueled the emergency.

Sub-hypothesis 2: The informal command structure has replaced the
formal structure, ensuring informative communications that allowed to
manage the emergency.

The aim of the study is to deeply understand what happened on the Costa
Concordia, focusing on leadership, and applying the lesson learned to bring
an effective improvement in the maritime system addressed to enhance safety.

The necessity to use both a qualitative and quantitative approach is due to the
general lack of information on maritime disasters approached as failure of a
system and the nature of the hypothesis that has to be tested’.

Sub-hypothesis 1 requires a qualitative approach to the analysis. The analysis
of the Costa Concordia disaster is conducted to answer “‘how’ and ‘why’
questions” (Yin, 2014, p. 2) useful “for developing action strategies that will
allow for some measure of control” (Strauss and Corbin, 1990, p. 9) over the
maritime system. The way actions can be developed is to unfold elements and
behaviors that characterized the entire emergency. In this sense qualitative
analysis can help to build data when information is missing. In particular
document analysis is extremely useful because “documents of all types can
help the researcher uncover meaning, develop understanding, and discover
insights relevant to the research problems” (Merriam, 1988, p. 118).

Sub-hypothesis 2 requires a quantitative analysis because in order to establish
whether the informal structure allows a better communication, it is necessary

° A better explanation of the methodology used for each analysis is provided in the
reference chapter. Here the intention is to provide a general illustration of the research
project.
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to measure the information exchanged. The application of social network
analysis and text analytics techniques allow to extrapolate words from
communications and weigh the use of each word.

Results obtained from each analysis suggest which elements of the maritime
system need to be renewed. Therefore, a new proposition is at the base of the
third study carried out in this research:

Hypothesis 2: The current vertical leadership model must be flattened
and integrated with a shared leadership model.

Hypothesis 2 requires a qualitative approach. Data about mariners’
necessities, worries and suggestions about the leadership model used in the
maritime domain are not currently available and must be created, taking the
actor’s point of view as central focus and bring to the surface issues that are
important but still omitted (Bryman et al., 1988).

Semi-structured interviews are the qualitative method that better fit the
necessity to build this data because they directly ask mariners what they think
are the weaknesses of the current model, posing the same questions to the
respondents and having complete answers for each person on the topics
addressed in the interview (Patton, 2015).

In order to accomplish the aim of the research, findings of the three studies
conducted are put together to build a new emergency management model.
Figure 2 summarizes the analysis process.
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Aim: understand what happened on the Costa Concordia, focusing on leadership, and apply the lesson learned to bring an
effective improvement in the maritime system addressed to enhance safety

H1: The human factor at different levels caused and contributed to the Costa Concordia disaster

SH1: Individual, group and orgaizational errors SH2: The informal command structure has replaced the
caused and fueled the emergency formal structure ensuring informative communications that
l allowed to manage the emergency
Qualitative approach: document Quantitative approach: social network analysis

analysis
1

H2: The current vertical leadership model must be flattened and integrated with a shared leadership model

l

Qualitative approach: semi-structured interviews

|

New Maritime Emergency Management Model

Figure 2 - Graphic summary of the analysis process
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The three analyses have been carried out in collaboration with the University
of Delaware and the Northwestern University. The first qualitative analysis
to test the sub-hypothesis 1 has been performed at the Universita Politecnica
delle Marche; the quantitative analysis to test sub-hypothesis 2 was performed
at the Science of Network in Communities (SONIC) Lab, laboratory of the
School of Communication at Northwestern University (Evanston, Illinois);
the second qualitative analysis to test hypothesis 2 was performed at the
Disaster Research Center (DRC), research center of the College of Arts &
Sciences at University of Delaware (Newark, Delaware).

1.6 Case study: The Costa Concordia disaster

In January 2012, the Costa Concordia was carrying out the cruise called
‘Profumo di Agrumi’, whose program included the departure, on January 7,
from Savona with six stops in the Mediterranean before returning to Savona
(Italy). On January 13, the ship was departing from Civitavecchia (Italy) to
return to Savona. At the time of departure from Civitavecchia, the ship was
in compliance with current legislation and in possession of all necessary
authorizations and/or certifications.

At 5:27pm UTC of that January 13, Captain Schettino asked the Planning
Officer Canessa to change the original route in order to make a closer passage
to the Isola del Giglio. The original route, planned by the Coast Management
Company for the final route Civitavecchia-Savona and regularly
communicated, via ARES message, to the Maritime Authority at 5:21pm
UTC, provided to pass about halfway between the Isola del Giglio and the
Argentario Promontory. About half an hour before departure Schettino
ordered the Planning Officer to draw a new route. The new route was planned
using the nautical chart n.6 of the ‘Istituto Idrografico della Marina Militare’,
which did not contain the detail of the coast and the presence of any rock
formations. The reason for which this change of course has been made, is to
do a favor both to the Maitre d’Hotel Antonello Tievoli, who would have
landed the next day, and to Palombo, a Captain of the Company under whose
command Schettino had moved his first steps as an officer.

At 7:01pm UTC, there was a change of the guard on the bridge between the

Second Officer Ambrosio substituting the First Officer laccarino, who

informed him about the change in the route made by the Captain. Captain

Schettino was getting ready to go to the restaurant at deck 11 for dinner.

Before going to dinner at 7:04pm UTC, Schettino went back on board to look
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for his cell phone, ordering to Ambrosio to call him on the phone five NM
before arriving at the Giglio. At 7:18pm UTC, Schettino called Ambrosio
again to ask about the situation and Ambrosio communicated the speed, about
sixteen knots, and the estimated time of arrival to Giglio, 8:30pm UTC. At
this point Schettino asked to arrive for 8:45pm UTC, in order to finish the
dinner with ease.

At 8:19pm UTC, Ambrosio called Schettino to advise him that they were six
miles from Giglio, at the time requested by the Captain. Ambrosio
immediately after that phone called the Second Engineer Fiorito in the engine
room to warn that they were coming to the coast and to decrease the speed of
the engine. Schettino did not immediately arrive to the bridge, but showed
about fifteen minutes later, when the ship had already traveled four miles and
was now 2.54 miles from the coast.

At 8:34 pm UTC, the Captain entered the bridge and asked Ambrosio, who
was still the holder of the Guard on the bridge, the speed held at that time,
15.5 knots, and then ordered to put the helm by hand. The order was
immediately executed by the first officer who at 8:35pm UTC, repeated it
aloud and immediately ordered the Helmsman Rusli Bin to start the approach.
Schettino, although he had not yet formally assumed command of the
maneuver, at 8:36:38pm UTC ordered Ambrosio a CPA (Closest Point of
Approach - probability of collision between two boats) of 0.5. At 8:38pm
UTC, Schettino begun the telephone conversation with Captain Palombo, in
which he informed him that the ship was about to pass under the Giglio and
asked him if it would be safe to pass under the island with a CPA of 0.3 or
0.4.

At the end of the conversation with Palombo, Schettino took command of the
ship, pronouncing the phrase “Master I ... take the conn” and straight after
Ambrosio repeated aloud “Master takes the conn”. With the pronunciation of
the phrase “I take the conn”, Schettino became the person in charge of the
maneuver and of the operation of the maneuver. From 8:39:31pm UTC,
Schettino gave a series of orders to the helmsman, aimed at approaching the
Giglio. These orders were repeatedly misunderstood and corrected by
Ambrosio and Schettino himself. Just over a minute from the impact on the
bridge there was still no sign of tension among officers on the bridge, they
joked about the fact that the ship was passing very close to the coast.

At 8:45:07pm UTC, the Costa Concordia, with its 289.59 meters in length
and the gross tonnage of 114.147 GT, proceeding at a speed of 14.2 knots,
struck with the low rocky bottom at 0.15 miles from the coast, at a depth of
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about eight meters. The rock cut the hull causing deformations and tears in
the area of the left knee, before a section of the boulder was
detached remaining stuck between the sheets, thus avoiding cutting the whole
side of the ship. The main gash was about 36 meters long. In addition to this,
there were five further minor lacerations, four of which as an extension of the
main gash and one ahead of the latter (Figure 3). The main laceration affected
the watertight compartments from n.4 to n.7 (extremes included), while the
minor one produced a waterway in compartment n.8. In some compartments
(4, 5 and 6) the speed of flooding was very high, as they were affected for the
entire length by the greater laceration, while the one concerning the remaining
compartments was smaller (7, only marginally affected by the main gash, and
8, affected by one of the minor lacerations). As a result, since in some of the
aforesaid compartments there were machines essential for the functionality of
the ship, in a very short time the flooding put out of use the electric propulsion
engines, the main diesel-generators and the main electrical panel. The
flooding of five contiguous compartments involved the irreparable
compromise of the buoyancy and stability of the ship, which would certainly
have sunk had the wind not pushed it to lean on the cliff.

Figure 3 - Overview of the impact of the Costa Concordia with the Scole rocks. The points where the
ship collides with the rocks are highlighted by red circles (Source: Judgment of the Court of First
Instance of 11 February 2015 no. 115/2015).

In the seconds following the impact, the ship continued to approach the right
due to the inertia caused by the high speed, while in the meantime the alarms
concerning the rudder pumps and the main engines for propulsion were
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activated on the dashboard. At 8:45:17pm UTC, there was a lack of
propulsion and only two seconds later the blackout occurred.

At 8:49 pm UTC, there was the first important communication between the
Captain and the chief Engineer Pilon, in which the Chief Engineer
communicated to Schettino the presence of the leak and the waterway. At
8:51:53pm UTC, began another conversation between the two and Pilon told
Schettino about the inability to start the ship because the emergency power
system was flooded. Although he had the certainty of the existence of a large
flaw, the Captain did not forward any communication to the Maritime
Direction of Livorno. Instead, he moved to a wing of the bridge to call
Ferrarini, FCC (Fleet Crisis Coordinator) of Costa Crociere, with his cell
phone, informing him of the impact and telling him about the situation he had
just been communicated from the engine room. At 8:58 pm UTC, while
Schettino was on the phone with Ferrarini, Christidis, Staff Captain working
alongside Bosio, from the engine room explained to Bosio, on the bridge, that
they could not start the pumps because they were underwater. During the
phone call, Christidis was joined by laccarino who provided him with further
information. At 9:00pm UTC, Iaccarino informed the bridge that the PEM
and the DGs 1, 2 and 3 are flooded. Since the PEM and DGs 1, 2 and 3
concerned two different compartments, with this information the bridge was
informed that at least two compartments were already affected by the
flooding. Despite the seriousness of the news already received on the bridge,
the Captain two minutes later told Ambrosio to respond to the Port Authority
of Civitavecchia that there had been a blackout, that they needed a tug and
that they were evaluating the situation, deliberately omitting to communicate
both the existence of the leak and the flooding of the main electrical panel.

At 9:10pm UTC, the third conversation between Schettino and the Chief
Engineer Pilon began; Pilon informed Schettino of the flooding of the DG 1,
2 and 3 and DG 4, 5 and 6. The information sent to the bridge just before by
Taccarino (local PEM and DG 1, 2 and 3 flooded, located respectively in
compartments 5 and 7), and those supplied by Pilon directly to the Captain in
the latter conversation (flooding also of DGs 4, 5 and 6, positioned in
compartment 6) confirmed that three adjacent watertight compartments were
flooded: this meant that the buoyancy reserve indicated in the on-board
documentation had already been exceeded.

A few minutes later the Cruise Director Raccomandato informed that there

were a lot of people at the muster stations, revealing their fear of the

possibility of accidents and asking Schettino to be able to make an

announcement to passengers to gather them in the salons. Few seconds after
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the announcement to passengers, there was another call from the Livorno
Coast Guard (9:13pm UTC): despite the alarming news received directly from
the Chief Engineer, Schettino suggested to Bongiovanni (Safety Trainer) not
to report the leak and to confirm that the ship had only had a blackout.
Conversely, the situation that Schettino painted in Ferrarini few minutes later
(9:17pm UTC) was that they had electric engines and two compartments
totally flooded, specifying that they were better assessing the situation and
that with two flooded compartments the ship would still float. A few minutes
later (9:24pm UTC), laccarino informed the bridge again that the main
engines and the PEM were flooded, stating that the emergency pumps were
powerless. At 9:25pm UTC, to the umpteenth call of the Livorno Coast
Guard, Schettino reported having a waterway that they were assessing the
entity, returning to seek assistance through a tug. Later, from the engine room,
officers communicated to the bridge that the water came out from deck 0 and
they were evacuating. Immediately after, Schettino again contacted Ferrarini:
he was forced to admit that things were getting bad, because there were
machine rooms and three flooded compartments. At this point, officers
solicited the general emergency, but the Captain explained that he wanted to
hear Ferrarini first.

While the Captain began another phone call with Ferrarini, there were
moments of extreme excitement in the rest of the bridge. At 9:33pm UTC,
Bongiovanni crushed the red button of the general emergency. The whistles
of the general emergency (seven whistles of one second each, followed by an
eighth whistle of six seconds), however, were not followed by the related
announcements foreseen by the Company Procedure.

The excitement on the bridge increased more and more: there were requests
for general emergencies and ship abandonment. At 9:45 pm UTC, the Captain
said: “We leave the ship”. There were several voices that replied, almost with
relief: “Let's abandon the ship!”. Schettino, however, immediately stated that
it was first necessary to go to the coast but gave permission to start sending
some lifeboats to the ground. The bridge was again contacted by the Livorno
Coast Guard (9:38pm UTC) for an update. Canessa provided the requested
information, stating that there was a total of 4231 people, including
passengers and crew, and confirming that they were affected by a flaw. At
this point, urged by Bosio, Schettino agreed to let the life crafts be lowered,
even though he did not give the official abandonment order. So Bosio,
addressing the Safety, ordered to begin to embark on the lifeboats and get
them out. A few seconds later, someone was asking aloud to give the ship
abandonment; Schettino, despite a few moments before he had given
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permission to lower a few spears, took time, then immediately ordered to
lower the anchor and start the abandonment to starboard. At that point, the
command bridge (by the Staff Captain Bosio) and muster bridge (through
Bongiovanni) began to communicate proceeding with evacuation plans. So,
Schettino explained to Bosio that it was necessary to start from the stern
lifeboats, trying to do as soon as possible, before the ship ended up on the
rocks, but without personally giving the official order as per the procedure.
Immediately after, Bosio communicating with someone on the bridge, asked
to be