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Abstract The recent foundering of the Costa Concordia in January 2012 demon-
strated that accidents can occur even with ships that are considered masterpieces of
modern technology and despite more than 100 years of regulatory and technological
progress in maritime safety. The purpose of this paper is, however, not to speculate
about the concrete causes of the Costa Concordia accident, but rather to consider
some human and organizational factors that were present in the Costa Concordia
accident as well as in the foundering of the Titanic a century ago, and which can be
found in many other maritime accidents over the years. The paper argues that these
factors do not work in isolation but in combination and often together with other
underlying factors. The paper critically reviews the focus of maritime accident
investigations and points out that these factors do not receive sufficient attention. It
is argued that the widespread confidence in the efficacy of new or improved technical
regulations, that characterizes the recommendations from most maritime accident
investigations, has led to a lack of awareness of complex interactions of factors and
components in socio-technical systems. If maritime safety is to be sustainably
improved, a systemic focus must be adopted in future accident investigations.

Keywords Maritime human factors . Accident causation . Maritime accident
investigation .Maritime safety . Socio-technical systems . Titanic . Costa Concordia

1 Introduction

2012 marks the first century since the Titanic sank in the North Atlantic Ocean after
colliding with an iceberg. It is ironic, and not a little sad, that another remarkable and
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equally unimaginable maritime accident happened only a few months short of the
centenary of the sinking of the Titanic. Both cases involved state-of-the-art cruise
ships—although the state-of-the-art obviously has changed dramatically in the
100 years in between. Whereas the Titanic collided with an iceberg, the Costa
Concordia hit an underwater rock. In both cases the ships were subjected to an
unexpected and massive flooding. The Titanic sank to the bottom of the Atlantic
Ocean. It was only because the Costa Concordia accident occurred in shallow waters
that the ship did not completely founder in the Tyrrhenian Sea.

The purpose of this article is to discuss the extent to which the factors involved in the
sinking of the Titanic can also be found in the Costa Concordia accident. We are, of
course, not thinking of the physical factors and the immediate causes of the accidents,
but rather the underlying factors, sometimes referred to as blunt end factors. In the early
1990s, a growing number of cases demonstrated that satisfactory explanations of
accidents were possible only if the actual events and actions were seen relative to
conditions determined by factors that were removed in time or in space (cf., Hollnagel
2004). The concepts of sharp end and blunt end factors were introduced to describe
the difference between proximal factors (working here and now) and distal factors
(working there and then), and how these in combination might lead to an accident.

While the maritime technology has changed beyond recognition between 1912 and
2012, the human factors—understood as the psychological and physiological character-
istics of seafarers—and the organizational factors have not. If humans change, it
happens at the pace of evolution, compared to which 100 years is but the blink of an
eye. More interestingly, the organizational factors also seem to be very much the same
then as now. Organizations have, of course, changed in the way they carry out their
work, due to increased horizontal and vertical integration made possible by ubiquitous
information technology. But the thinking and attitudes of management have changed
less and may possibly not have changed at all, at least when it comes to such issues as
risk taking and prioritization of issues relating to operational safety.

It is not the purpose of this paper to speculate about the direct causes of the Costa
Concordia accident. It is still too early to draw any conclusions or to propose recom-
mendations about the many aspects that undoubtedly will be unraveled during the
inquest. The purpose is rather to show that accidents still happen for the same underlying
human and organizational reasons, despite the technological progress in the last
100 years and despite all safety regulations and precautions. It is remarkable that certain
underlying conditions are still the same today as at the time of the Titanic. It is evenmore
remarkable—and worse, regrettable—that the accident investigations and the reactions
to accidents more or less are the same now as they were 100 years ago.

2 A review of the factual information of both accidents

Before both accidents are discussed, a basic summary of the two events is provided.

2.1 Sinking of the Titanic in 1912

The Titanic was a state-of-the-art passenger ship on her maiden voyage from
Southampton to New York in 1912. The ship foundered after a collision with an
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iceberg in the early morning of 15 April. The events involved in the accident are
taken from the official accident report on the basis of the UK Merchant Shipping
Acts, 1894 to 1906 (Report on the loss of the SS Titanic 1990). As far as the report
states, the following facts can be established:

& The ship's track was set 25 miles south of the indicated area for field ice between
March and July, well within an area where “Icebergs have been seen within this
line in April, May and June.” (p. 24)

& The accident investigation report makes reference to several sailing directions that
pointed out the danger resulting from ice in this area. (p. 25)

& Ice warnings were first received and acknowledged 48 hours before the accident.
Several other warnings were received before the collision. (pp. 26–28)

& The master and the officers on watch were aware of the presence of ice in the
vicinity of the ship and expected to reach it before midnight (the ship collided
with the iceberg at 23:40). (p. 29)

& The officers were confident of their ability to identify ice at a safe distance
(2nd officer about the ice “I judged I should see it (the ice) with sufficient
distinctness and at a distance of a mile and a half, more probably two
miles.”). (p. 28)

& The report mentions several conversations on the bridge between officers and the
master about the ice and how likely it would be to see it under the given weather
conditions. (pp. 28–29)

& From tests made with a sister ship the report concludes that it would have required
37 seconds to change the course of the ship at an assumed speed of 22 knots. This
means that the iceberg should have been sighted at a distance of approximately
450 meters or 500 yards off the ship (pp. 29, 30–31). The officer on watch had,
however, expected that it would be visible from further away, which would have
allowed him to decide what to do without time pressure and to execute all
manoeuvres with a safety margin. When he spotted the iceberg, he acted instinc-
tively and made two mistakes—he stopped the engine and gave it full astern while
operating with the rudder at the same time.

& The total capacity of the lifeboats was 1,178 persons. There were 3,560 life belts
on board (p. 18). The report listed 2,201 persons on board—885 crew and 1,316
passengers (p. 23).

A second investigation was undertaken by the US Senate (1912). Although the
accident happened in international waters, a large number of passengers were either
US citizens or on their way to the USA. As such, the USA had a substantial interest in
finding the possible causes of the accident. The two reports differ in scope and detail,
but the facts listed in the US report are in line with the facts taken from the UK report.
There are slight differences as far as some numbers, times, and other minutiae are
concerned, just as the interpretations of the facts differ in the two reports.

2.2 Sinking of the Costa Concordia in 2012

As already mentioned, the investigation into the sinking of the Costa Concordia has
not been concluded at the time of writing. We shall therefore remain with known
facts, and refrain from speculating. The facts presented in this paper, unless specified
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otherwise, were provided in a presentation made by the Italian Maritime Investigative
Body on Marine Accidents during the 90th Session of the IMO Maritime Safety
Committee (MSC) on 18 May 2012 in London.

The ship left the port of Civitavecchia on 13 January 2012 at 1918 hours local time
for a night trip to Savona. At around 2045 hours the ship hit an underwater rock in
front of the Island of Giglio. The consequences of this were loss of watertight
integrity of the hull and a subsequent massive flooding so that the engines shut down
shortly afterwards. The ship returned (intentionally or unintentionally) to the island
and capsized in shallow water. The following facts are known:

& The voyage plan included a way point with a course alteration of more than 60°
(from 278° to 334°) at a distance of 0.9 nautical miles (nm) off Punta della
Torricella (Island of Giglio).

& The master was on the bridge and took command to carry out the course
alteration. He did not reduce the speed of the ship of 15–16 knots when he
approached the island.

& In order to change the course, the autopilot was switched off and manual steering
was done. The course alteration manoeuvre resulted in a position off the track to
pass the island, just about 0.3 nm south of Le Scole reef, right in front of the ship.
Attempts to change the course of the ship further in order to avoid the charted
eastern rock of Le Scole reef with a hard to starboard—hard to port rudder
manoeuvre combination failed and the ship hit the eastern rock of Le Scole reef.

& All electronic equipment on the bridge that could indicate risk of grounding was
working.

& Evidence from Automatic Identification System (AIS) records show that a similar
close passing of the island was at least made once before, in August 2011 (Lloyd's
List 2012).

The media have carried numerous discussions and speculations about the maneu-
vers prior to and after the collision with the rock. There has also been considerable
debate about the evacuation of the ship as well as the timing of the information to the
passengers and the emergency response forces ashore. Those aspects can only be
reviewed once the accident investigation report has been published and are anyway
not germane to the purpose of this paper. The question debated here is why people—
and organizations—seem to underestimate the risks that exist in operating large ships
with many passengers in such dangerous situations.

2.3 Similarities between the two accidents

As already mentioned, the technologies of 1912 and 2012 are so different that they
hardly can be compared. Differences exist in the materials used, the principles of
ship's constructions, the equipment available to assist the decision makers, and the
technology to support navigation. Whereas the Titanic only had access to wireless
radio communication, the Costa Concordia had all kinds of support and computer
systems, including Global Positioning System (GPS), Electronic Chart Display and
Information System (ECDIS), Automatic Radar Plotting Aid (ARPA), AIS etc. Yet
despite these differences and despite the fact that the two accidents happened in
different sea areas and under different circumstances, the “mechanisms” were
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basically the same—colliding with an underwater object that caused significant
structural damage to the hull. A closer look at the two accidents reveals even further
similarities:

& Both masters were very experienced and had immaculate service records prior to
the accidents. They had spent their entire professional life at sea without larger
accidents.

& Both masters were aware of the potential dangers, but felt that the risks were so
small that they could easily be controlled.

& In case of the Titanic, no officer on the bridge objected to the navigation of the
ship. So far, no information has been published to show that officers on the Costa
Concordia disagreed with the manoeuvres of the master.

& In both cases, the shipping companies (White Star Line and Costa Crociere,
respectively) either tacitly approved or even encouraged the masters' decisions
to prioritize performance over safety.

& Both accidents resulted into emergency situations for which the ships were not
built (beyond design-base accidents). Both scenarios were also considered as
being highly unlikely.

& In both accident scenarios, difficulties during the evacuation occurred.

In the case of the Titanic, regulatory follow-up was initiated after the accident
(International conference on safety at sea 1914). Several communications made by
regulatory bodies after the Costa Concordia accident foresee that existing rules will
be reviewed (IMO 2012; Cruise & Ferry Info 2012) and are likely to change. This
type of response to accidents can be found in most domains.

The fact that there are so many similarities between two major maritime accidents
a century apart raises the question of why these underlying factors remain when the
technology has changed significantly during the same time. To understand this, it is
necessary to look at the human and organizational factors of the accidents. But it is
also necessary to consider how accidents are investigated and how the information
produced by such investigations is used in the follow-up, by shipping companies and
regulatory authorities.

As far as the latter is concerned, the traditional way of reacting to accidents is to
insist on compliance to rules or procedures, to add new rules or procedures (and
expect them to be followed), or to introduce new technology (Psaraftis 2002;
Schröder-Hinrichs 2010). Hollnagel (2008) has discussed the extent to which the
focus of an accident investigation may influence the results. In other words—that
accident investigations seem to follow the What-You-Look-For-Is-What-You-Find
principle and that solutions follow the What-You-Find-Is-What-You-Fix principle. In
both cases, the outcome becomes limited by the unspoken assumptions of the
investigation.

3 Discussion of the two accidents

In order to show the important similarities between the two accidents, we shall
evaluate them from several perspectives that broadly can be labeled human factors
issues. The term “human factors” today covers a multidisciplinary set of topics and
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perspectives, ranging from the design of equipment, interfaces, and tasks to selection,
training, and organization of teamwork. The discussion in this paper will limit itself to
the accepted role of human factors in safety, and consider the consequences of putting
the focus on people at the sharp end and the blunt end, respectively.

As previously mentioned, the sharp end refers to the people who are directly
involved in a specific activity, in our case the crew on the bridge. People at the sharp
end are responsible for the hands-on control of what is going on; they are therefore
also the people who directly experience the consequences if and when something
goes awry. The blunt end refers to people who are separated from the activity by time
or space, typically as designers, administrators, or managers of the activity in
question. The distinction is used because it often is impossible to understand actions
at the sharp end without reference to decisions made in the past with regard to, e.g.,
workplace design, technology, work schedules, manning, training, etc.

To illustrate the need of a human factors perspective, neither the crew on the
Titanic nor on the Costa Concordia noticed that the risks increased by how they were
sailing. This is sometimes alluded to by the analogy of “drifting” into failure
(Rasmussen 1997). The failure to notice a changed situation can be explained in
terms of individual factors such as complacency, in terms of factors relating to the
social nature of the work such as authority gradient, or in terms of organizational
influences. The focus of maritime accident investigations has in recent years moved
from individual human factors to organizational influences, inspired by Reason
(1990). This change has, however, not produced a deeper insight into the organiza-
tional contribution (Schröder-Hinrichs et al. 2011). Reason's “Swiss cheese” model
has rather been interpreted in a linear way to suggest that causal factors in accident
developments can be traced back to higher management levels. Although some
classical maritime accident examples, such as the sinking of the Herald Of Free
Enterprise in 1987 (Department of Transport 1987) or the fire on the Scandinavian
Star in 1990 (Norwegian Official Reports 1991) have a considerable management
contribution, the generalization that management responsibility is behind all acci-
dents is misleading and with scarce empirical support.

While the influence of management in maritime accidents has been addressed by the
International Safety Management (ISM) Code (IMO 1993), specific human factors are
still not sufficiently considered. It was only in the recent revision of the International
Convention on Standards of Training, Certification and Watchkeeping for Seafarers
1978 (STCW Convention) (IMO 2010) that some of the factors related to communi-
cation on the bridge were addressed in more detail. But there are other specific
factors, such as the unanticipated side-effects of introducing new technologies on
board or the constant struggle to find a balance between safety and economical
considerations, the so-called efficiency-thoroughness trade-off (ETTO) (Hollnagel
2009). And even when such factors are considered, they are treated as if they were
independent, i.e., one by one. However, these factors depend on each other and
usually occur in combination with other factors, resulting in complex interactions.

A review of all possible human factors is beyond the scope of this paper. Instead
we will concentrate on the issues mentioned above. These factors were involved in
the Titanic and the Costa Concordia accidents, and can be found in a great number of
other accidents. They are furthermore not limited to the maritime field, but show up in
most other areas including health care, the nuclear industry, and aviation.
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3.1 Authority gradient and its influence on communication

The term “authority gradient” refers to the distribution of decision-making and the
balance—or imbalance—of authority and power in a group or organization, usually
in relation to a specific type of situation. Although it is rarely considered by the
maritime industry, it plays an important role in, e.g., health care or aviation. It is used
to describe how easy or difficult it may be for someone with a lower authority to
question or challenge somebody with a higher authority. The authority gradient is
itself influenced by a number of other factors, such as education, social background,
gender, age, professional roles, and perceived expertise (cf., Sasou and Reason 1999;
Cosby and Croskerry 2004).

From the information provided in the accident investigation reports, it appears that
the master of the Titanic was not challenged by his subordinates with respect to his
assessment of the situation or the conduct of the ship. But the absence of documen-
tation of a disagreement between the master and the officers does not mean that all the
officers agreed that the overall risk of a collision with an iceberg was under control
and that an iceberg close to the ship could be identified in time. The authority gradient
may nevertheless have prevented individual officers from voicing their concerns.

It remains to be seen whether the master of the Costa Concordia was challenged by
his bridge team when the ship approached the Island of Giglio. But there are several
other maritime accidents where the authority gradient played a role.

One example is the collision of the US Coast Guard cutter Cuyahoga with the
Santa Cruz II in October 1978 (US Coast Guard 1979). The master of the Cuyahoga
misinterpreted the movement of the Santa Cruz II at night. He thought, he would
overtake the vessel, although the ship was on a reciprocal course. The officers on the
bridge realized that the Santa Cruz II was on a reciprocal course but did not question
the orders given by the master, although it was clear that they would lead to a
collision between the two ships. Another example is the grounding and subsequent
loss of the tanker Böhlen in 1976 (Seekammer der DDR 1977). The Böhlen was
sailing in the Atlantic towards Europe. During a transfer of the position of the ship
from one sea chart to another, a mistake in the fix resulted in a chart position
approximately 30 nm north of the real position. The radio officer used radio direction
finders to estimate the position of the ship. He identified the deviation well in advance
of the grounding. However, his comments were dismissed by the navigation officers
because of the radio officer's lack of qualification. Other examples involving the
authority gradient are, e.g., the grounding of the Green Lily in 1997 (Marine Accident
Investigation Branch 1999; Manuel 2011) or the explosion and subsequent sinking of
the Bow Mariner in 2004 (US Coast Guard 2005; Barnett 2005; Manuel 2011). In
both cases, it was difficult for the people involved to question arrangements made by
their superiors.

The navigation of ships has from a historical point of view always been charac-
terized by semi military organizational structures and decision making by a single
person in command. This may foster the development of a steep authority gradient.
Although there are some sources that require collective agreement before taking a
risk, such as the Rolls of Oléron in the 12th Century where article 2 requires the
master to consult the crew before setting sails (Mukherjee 2002, p. 31), instances
where a collective bargaining about risk perception is suggested or required are rare.
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3.2 Group think and the desire for harmony

The authority gradient is not the only factor that may hinder critical comments
from crew members to decisions made by their superiors. Other factors are
group think and the desire for harmony in a group (cf., Janis 1972; Hart 1991;
Turner and Pratkanis 1998). When the Bow Eagle collided in 2002 with the fishing
vessel Cistude (Bureau Enquêtes - Accidents/Mer 2003; Manuel 2011), the Cistude
asked for help. However, the officer on watch wanted immediately to move away
from the accident scene, as the collision had not been noticed by others on the Bow
Eagle except the bridge team. He convinced the lookout to keep quiet about the
accident. The lookout need not have felt threatened by the officer in charge of the
navigational watch, but may have acted out of sympathy or as a good mate in a team.
In the same way, the master of the Titanic may have benefited from a general group
think of the bridge team who may have not wanted to become involved in open
conflict. It remains to be seen if there was an analogous situation on the Costa
Concordia.

It is notoriously difficult to overcome the natural desire for harmony in
working environments. The people involved in a developing situation may be
reluctant to challenge the assessments and decisions made by their colleagues
unless categorical indications or alarms are presented by technology. The lack of
effective interaction among crew members during the development of a critical
situation may to some extent be mitigated by effective use of sophisticated
technology. The introduction of new technology is, however, not without risks
of its own, as discussed later.

3.3 Cognitive hysteresis—resistance to revising a situation assessment

The term cognitive hysteresis—or psychological fixation—describes the situation
where people fail to revise their initial assessments in response to new evidence,
particularly evidence that diverges from the expected (Woods et al. 2010). While the
initial situation assessment may have been appropriate at the time it was made, the
cognitive hysteresis means that neither the assessment nor the chosen course of action
is revised even if an opportunity for that arises.

The collision of the Cuyahoga mentioned above can be seen as a case of
cognitive hysteresis on the part of the master. Having been involved in earlier
patrols with his ship on this river he may have experienced situations where he,
while overtaking another ship on her starboard side, suddenly had to give way,
when she wanted to turn to starboard in order, e.g., to enter a side-arm of the
river. He may have been excessively influenced by this experience and there-
fore only paid attention to some of the position lights of the upcoming vessel,
leading to the incorrect “recognition” that he was again overtaking a ship in an
inconvenient navigational situation. He might have been so convinced by this
wrong mental picture of the situation that it would have required some external
questioning by his officers to force him to realize that the situation was
different from what he assumed. A similar lack of critical voices in the case
of the Titanic or the Costa Concordia may have contributed to a situation where
the masters held on to an imprecise or incorrect picture of the situation.
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3.4 Unanticipated consequences of new technology

Another reason for underestimating risks may be reliance on new technology. The Titanic
was considered a masterpiece of naval architecture in 1912. This may have led to the
belief that a collision with an iceberg could be survived and that the ship would stay afloat
even with severe structural damage to the hull, in the same way as the Arizona in 1879
(Fry 1896) or the Knight Bachelor in 1897 (Board of Trade 1897). In 2012, the Costa
Concordia was equipped with significantly better technology. The navigation equip-
ment alone provided an accurate position of the ship at any time on the sea chart and
also showed the predicted future positions given the current course and speed. In
addition, the cruise line industry has for several years argued that the probability of
such an accident was low or insignificant (IMO 2008a). Trust in technology may in
both cases have affected the attitude of the navigators of such ships.

New technology may often create a false sense of confidence, and thereby lead to
an increase in the acceptance of risks. A classical example of that is provided by the
collision of the Stockholm and the Andrea Doria in 1956 (Mattsson et al. 2003). The
two ships sailed towards each other in dense fog with the assistance of radar. The
Andrea Doria misinterpreted the intentions of the Stockholm and maneuvered in the
same direction and the ships subsequently collided. The radar technology on board
the ships did not prevent the collision but may actually have contributed to the
accident by implying safety margins in fog that in reality were not there. Without
this technology, the ships would likely have operated in a different way, although it
cannot be known with certainty that the collision could have been avoided if radars
had not been available. There are, however, a number of other “radar assisted
collisions” in the 1960s and 1970s that confirmed that the introduction of radar
created a new accident category (cf., Fricker 1973; Kemp 1973).

There are also examples where the information given by electronic devices is
trusted blindly and never questioned. The Royal Majesty ran aground in 1995
(National Transportation Safety Board 1997), after the loss of the GPS position had
gone unnoticed for several days. In the end, the ship was nearly 15 nm off its track,
and even though a number of navigational marks had been missed by the ship, none
of the officers on watch questioned the technology and the position. Inappropriate
design meant that the display of the error indicator in the GPS receiver was so small,
that it was easy to overlook it (Lützhöft and Dekker 2002).

While reliable technology is important for safe navigation and can be used to
support a correct overall understanding of a specific traffic situation, humans unfor-
tunately use and “abuse” the technology provided in various ways. New technology
may also easily change the risk perception of officers on watch, and thereby end up
defeating the purpose for which it was developed. Although there are countless
examples of this in the human factors literature, it usually comes as a great surprise
to equipment designers, who consistently fail to realize that there is a significant
difference between work-as-imagined and work-as-done.

3.5 Organizational influences (latent conditions)

In the wake of accidents such as the meltdown in the nuclear power plants at Three
Mile Island, the explosion of the space shuttle Challenger, or the capsizing of the
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Herald Of Free Enterprise, the notion of latent conditions as a result of unsuitable
management decisions gained popularity (Reason 1990). This led to a new generation
of accident causation models which described how latent conditions could undermine
the safety features of a system and in combination with active failures result in
accidents.

The discussion of these ideas had led to important maritime safety instruments like
the ISM Code (IMO 1993) following the Herald Of Free Enterprise capsizing. In
recent years, a debate has started as to whether this view of organizational factors is
too narrow, since it tends to attribute all responsibility for accidents to management
and leaves people at the sharp end with limited influence. While the ideas behind such
concepts are understandable, and in single cases such as the Herald Of Free
Enterprise possibly even valid, these considerations are in general too simple. It is
easy to find examples where individual actions can lead to adverse outcomes even
though the actions are not the results of management decisions. The common
understanding of the way management involvement works is also too simple because
it is based on a linear explanation of accident causation.

If the Titanic example is once again considered, the question of undue manage-
ment influence was raised in the investigations. The UK report (Report of the loss of
SS Titanic 1990) quotes on page 24 the procedures of the shipping company when
first appointing masters to command. The masters received a letter which they had to
sign and return. The letter stated that “You are to dismiss all idea of competitive
passages with other vessels and to concentrate your attention upon a cautious, prudent
and ever watchful system of navigation, which shall lose time or suffer any other
temporary inconvenience rather than incur the slightest risk which can be avoided.”

But there was also a conflicting message from management. In the Titanic
accident report, Lord Mersey, the Judge heading the investigation, commented
on the performance of the master in the following manner (Report of the loss
of SS Titanic 1990, p. 30):

“Why, then, did the master persevere in his course and maintain his speed? The
answer is to be found in the evidence. It was shown that for many years past, indeed,
for a quarter of a century or more, the practice of liners using this track when in the
vicinity of ice at night had been in clear weather to keep the course, to maintain the
speed and to trust to a sharp look-out to enable them to avoid the danger. This
practice, it was said, had been justified by experience, no casualties having resulted
from it. I accept the evidence as to the practice and as to the immunity from casualties
which is said to have accompanied it. But the event has proved the practice to be bad.
Its root is probably to be found in the competition and in the desire of the public for
quick passages rather in the judgement of the navigators.”

The two messages constitute a double-bind (Bateson 1972), i.e., a communication
dilemma in which an individual (or group) receives two—or more—messages that
are in conflict with each other. A similar dilemma can be found in the case of Costa
Concordia, where the company advertised that the ship would sail a “touristy” sailing
course close to land. The case is not simply that organizations (the blunt end) give one
message—like “safety first”—but neglect to follow-up on it. The case is rather that
organizations want to have their cake and eat it too, by emphasizing both safety and
productivity. This creates a psychological and social conflict at the sharp end, where
the outcome is uncertain. In this respect it should be mentioned that safety culture and
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how to achieve it in the shipping sector has been discussed for a number of years
already (cf., Mathiesen 1994; Veiga 2002; Manuel 2011). However, further progress
is needed.

3.6 Efficiency-thoroughness trade-off

In shipping operations, as in any other industry, time and resource constraints affect
the day to day routines. The time and the measures taken to ensure safety operations
have to be balanced with economical considerations in the commercial operation of a
ship. Hollnagel (2009) refers to these as trade-offs between efficiency and thorough-
ness. The question is how thorough an operator can be in the performance of a duty
and still also be considered as efficient—by himself/herself, by the social group, or by
the company. The dilemma facing sharp end operators is that they are supposed to be
efficient rather than thorough, except in cases where the outcome shows that they
should have been thorough rather than efficient. Making these efficiency-
thoroughness trade-offs is essential for the efficacy of overall performance but can
also lead to accidents.

In the case of the Titanic, examples of “ETTOing” can easily be found. The Titanic
was on its maiden voyage and the steam engines needed time to deliver their full
performance (US Senate 1912, p. 7). At the time of the collision with the iceberg, the
ship still had almost two more days at full speed (roughly 1,000 nautical miles) ahead
on its way to New York. Given the time lost due to the engine performance and given
that the weather in the North Atlantic suddenly can change and cause further delays
due to strong winds and currents, the master may have found there was no need to
reduce the speed of the ship in a situation where he felt that the risks of ice in the area
could be controlled. (Add to that the management pressure alluded to in the quotation
from Lord Mersey.) Collisions with icebergs were not unusual accidents at that time,
although they rarely resulted in loss of life. This may have contributed to under-
estimating the possible consequences of a collision with an iceberg as discussed
above.

Another clear-cut illustration of the ETTO principle is the grounding of the Torrey
Canyon in 1967 (Rothblum et al. 2002). In this case the master decided to revise the
course alteration made by an officer, intended to steer clear from a dangerous area,
and instead proceeded through that area in order to arrive with the ship on time. The
desire to arrive in time with the ship has indeed often played a fatal role in accidents,
such as Herald Of Free Enterprise in1987 (DoT 1987), Jan Heweliusz in 1993
(European Court of Human Rights 2005), Estonia in 1994 (Joint Accident
Investigation Commission 1997), Sleipner in 1999 (Norwegian Official Reports
2000) or the MSC Napoli in 2007 (Marine Accident Investigation Branch 2008)
and many others.

4 Maritime accident investigation and persistent human factors issues

The general concern in accident investigations is to find a cause, or a set of causes,
both to explain what happened and as a basis for remedial actions. Accident inves-
tigations subscribe to a strong belief in causality—a causality credo—which can be
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formulated as follows: Adverse outcomes (accidents and incidents) happen when
something goes wrong; adverse outcomes therefore have causes, which can be found
and treated—and preferably eliminated.

Maritime accident investigations have since long been a good example of that. In
1838, a suggestion was made in the UK to establish courts of marine inquiry in order
to investigate causes of shipwrecks, censor ship masters and owners, suspend
licenses, reward acts of skill, humanity and courage and publish the outcomes of
such inquiries. In 1860, a clarification was made that the objective of maritime
casualty investigation was “not so much to punish anyone who may be at fault, as
to prevent wrecks in the future”. Despite this clarification, part VIII of the 1876
Merchant Shipping Act (Boyd 1876, p. 365) established a two-tier system of inves-
tigation, namely the preliminary investigation followed by a formal investigation
headed by a judge, advised by specialist assessors, as in the case of the Titanic. The
UK system is the basis for domestic legal provisions for maritime accident investiga-
tions in a number of countries. Although the objectives of accident investigations often
are stated as being to support the overall system improvement rather than to focus on
single individuals, the fact that they usually are carried out in front of a judge automat-
ically introduces legal concepts of fault and liability. Under such circumstances it may be
very difficult fully to acknowledge the complexity of factors involved in an accident,
particularly if such factors are seen as indirect rather than direct.

Similar problems exist with the recommendations that follow investigations. For a
long time, the preferred response to shipping accidents was to introduce new techni-
cal standards in order to provide the best possible support to navigating officers and
thereby to reduce the probability of accidents. The complexity of factors involved in
shipping operations has, however, for many years not only been underestimated but
also been neglected in investigations and recommendations from such investigations
therefore rarely take them into consideration (Ghirxi 2010; Schröder-Hinrichs et al.
2011). This leaves purely technical and/or administrative solutions which may fail to
address the actual problems. In any case, the effectiveness of technical and adminis-
trative solutions does not stand on its own but depends on the human operators and
the conditions that they are facing in their everyday work. This was finally recognized
in International Maritime Organization (IMO) discussions following the capsize of
the Herald Of Free Enterprise in 1987. However, it was not until 2010 that the new
IMO Casualty Investigation Code (IMO 2008b) pointed out that safety investigations
should be a main priority for administrations. Specific guidance for human factor
investigations are still under preparation. In the meantime, accident investigations
very often seem to be constrained by the principles of What-You-Look-For-Is-What-
You-Find and What-You-Find-Is-What-You-Fix (Hollnagel 2008).

The earlier discussed Cuyahoga accident demonstrates some of the interaction of
the different human factors discussed here. The situational analysis of the master with
regard to the maneuvering situation was inaccurate. A possible reason for that could
be cognitive hysteresis as described above. Although some of the officers clearly
were aware of the situation, his analysis was not challenged. There may have been a
steep authority gradient that prevented this. It was, however, not until the master tried
a local ETTO optimization by overtaking the assumed slower ship in an unusual—
and again undisputed—maneuver, that the accident happened. It is this combination
of events and actions that often can be found in large scale accidents. The actions and
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events may in themselves often be insignificant, like in the Torrey Canyon accident.
However, in a complex system, such as shipping, they can unexpectedly combine in
ways that can neither be predicted nor controlled by individual technical and admin-
istrative solutions.

It is increasingly acknowledged, willingly or reluctantly, that present day work
environments on land, at sea, and in the air are dominated by complex socio-technical
systems that defy time-honored methods and familiar ways of thinking. Two central
issues are how to account for outcomes that are out of proportion to the initiating
events—so-called non-linear outcomes—and how to describe outcomes that are
emergent rather than resultant in the sense that they cannot be accounted for by
component characteristics and cause-effect relations.

While the need to develop new methods to be able to deal with the current socio-
technical complexity is beyond question, not all problems are due to rampant
technological developments, to expanding system boundaries, or to ever tighter
couplings among system functions. The comparison between the Titanic and Costa
Concordia accidents show there are other common issues, then as now. Since the
science of human factors only came into the world around or shortly after the Second
World War, few of these issues could be named in 1912, but they were present
nevertheless, as demonstrated by the examples given in this paper.

5 Summary and conclusions

Maritime accident investigations have traditionally looked for one or more distinct
causes and tried to address them one by one, as if they were independent of each
other. The near universal assumption, expressed by the causality credo, is that every
effect has a cause, and that the cause usually can be determined to be a failure or
malfunction of a “component”—be it technological, human, or organizational.
According to this logic, if we can find and fix the failure or the malfunction, then
the risk will be reduced or even eliminated and safety therefore increased.

The causality credo, however, limits the scope of investigations to concrete and
tangible causes, but neglects a host of other factors that are less conspicuous and have
a more indirect influence. As the comparison of the fates that befell the Titanic and
the Costa Concordia however shows, accidents seem to happen for the same under-
lying human and organizational reasons even though they are separated by a century
of improvements to technology and safety regulations.

In the wider perspective, the really important question is therefore not why these
and many other ships have foundered, but rather why these reasons remain and why
accident investigations and the reactions to them are more or less the same now as
they were 100 years ago.

One explanation is that safety thinking, whether in the context of accident inves-
tigation or safety regulation, focuses on things that go wrong or could go wrong, such
as near misses, incidents, and accidents. This corresponds to a definition of Safety-I
as situations where little or nothing goes wrong (Hollnagel 2012a). In Safety-I, the
purpose of safety efforts is consequently to ensure that this condition is sustained and
it is therefore sufficient to find the immediate and direct causes. The alternative
perspective, called Safety-II, focuses on the situations of everyday work where things
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go right. In this case the purpose of safety efforts is to facilitate the performance
adjustments that are necessary for everyday work to succeed, i.e., not only try to
avoid things going wrong, but also try to ensure that they go right. This cannot be
done without understanding how things happen, including the many human and
organizational factors that determine how work is carried out, for example the
authority gradient, group think, cognitive hysteresis, unanticipated consequences of
new technology, latent organizational conditions, and the ubiquitous trade-offs be-
tween efficiency and thoroughness.

Another explanation is that it is far more convenient to deal with direct causes than
with the indirect ones. It is first of all easier to propose concrete responses, whether
they are of a technical or administrative nature, for instance improved technology or
increased procedure compliance. It is also requires less investment of time and
resources to address a clearly defined cause than to deal with a combination of
factors and conditions—at least in the short run. The expected results are also
assumed to be more concrete hence easier to evaluate, and happen without extensive
delays.

The differences in the understanding of what safety is determine how accidents are
investigated, and therefore also which causes are taken into consideration. If no one is
looking for the human and organizational factors described in this paper, no one will
find them. And if no one finds them, no one will do anything about them. Yet
investigations of accidents in today's complex work environments cannot afford to
look only at “component”malfunctions and failures. Actual safety improvements will
not occur until we understand how functions depend on each other and at how
seemingly subtle changes and performance variability can lead to out-of-scale out-
comes (Hollnagel 2012b).

Accident investigation has an important role to play in shaping the safety culture
(IMO 2008b, Part I, Chapter 2.11). The question is to which extent the human factors
and organizational issues described in this paper become accepted by investigators
and used in the context of the IMO Casualty Investigation Code. Ghirxi (2010)
identified an unwillingness of accident investigators to apply even Reason's model
(Reason 1990), although it was specifically recommended in the previous IMO
resolutions on casualty investigation (IMO 1999). Ghirxi's study, however, does not
show whether the reluctance by investigators to take the academic concepts into
consideration is due to perceived weaknesses or due to a deeper resistance towards
academic approaches in general. It is hoped that the examples given in this paper and
the supporting arguments will raise the awareness and importance of a systemic view
on accident causation and lead it to be considered in the new guidance for maritime
accident investigation currently under discussion in IMO.

So far, the public discussion following the Costa Concordia accident has mainly
focussed on the master of the Costa Concordia. This reflects the social dynamics in
risk communication described by Kasperson et al. (2003). It is, however, to be hoped
that the discussions about this accident may become more system oriented once the
accident investigation report is available. In the light of the IMO Casualty
Investigation Code, the master is just a part of a wider system and it is the system
that needs to be improved. Isolated discussions about single actors and single causes
in a system, no matter how important they are, will not lead to sustainable system
improvements. It is time for a fundamental change to the way we look at maritime
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accidents and to the understanding of how we can improve maritime safety by
addressing human and organizational factors.
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