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Preface

This is a research volume that brings together organisational, social and health
psychology research concerned with the maritime. There is no other volume that
attempts to do this and hence this is the first volume of its type in this rapidly
developing area. The contributors to the volume cover a range of disciplines,
including psychology and maritime science; along with other social, health and
physical scientists and practitioners.

The importance of psychosocial factors is being increasingly recognised in the
maritime field; by students, lecturers, seafarers, employers, unions, insurance
companies and international regulatory bodies. With over 1 million seafarers and
English as the required international maritime language, this English-language
volume on Maritime Psychology is intended to both recognise and give impetus to
the further development of this field internationally.

Of course prior to this volume many people have been doing maritime psy-
chology, for many years, and we make no claim for this volume being in any way
exhaustive or comprehensive. Rather the idea here was to provide both individual
researchers and research teams with an opportunity to evaluate the state of the
literature in their own area, and to think through how their area might develop in the
near future, identifying key research questions.

The volume is unashamedly applied, with most chapters having a case study to
illustrate the topic of the chapter. Most, but not all, of the chapters focus on the
commercial maritime transport sector; and while this sector is certainly central to
maritime psychology, it is not synonymous with it.

The book will be of interest to practitioners, lectures, researchers and students of
occupational and health psychology, of maritime science, occupational medicine
and nursing; architecture and design; and of other social, health and physical sci-
entists in the area. I would like to thank the contributors for participating in this
volume; Emma Sherry for editorial assistance and Springer editorial team for their
patience and support in bringing this volume to fruition.

Dublin, Ireland Malcolm MacLachlan
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Maritime Psychology: Definition, Scope
and Conceptualization

Malcolm MacLachlan

Introduction

This is a research volume that brings together organizational and health psychology
research concerned with the maritime. Such research is undertaken by psycholo-
gists, other social scientists and of course by maritime practitioners, lecturers and
researchers, but also by engineers, designers and others, as will be seen in this
volume. The importance of psychosocial factors is being increasingly recognized in
the maritime field—by students, lecturers, seafarers, employers, unions, insurance
companies and international regulatory bodies. There is also now increased research
funding, training and accreditation relating to areas of maritime psychology, from
both international bodies, government and the industry itself.

With over 1 million seafarers and English as the required international maritime
language, I hope that this book on maritime psychology will both recognize and
give impetus to the further development of this important, complex and challenging
field. In this chapter I offer a definition of maritime psychology, and then sketch the
scope of the area, identifying different aspects of the interplay between the study of
the maritime and the study of psychology. The primary focus of both this chapter
and this book is on maritime transport—the “merchant marine” or “merchant navy”.
Building on this I offer a broader conceptualization of the maritime transport
industry, using a systems perspective and drawing on some of our previous work.
While the application of psychology may be compartmentalized for purposes of
classification, its application in the maritime transport sector requires a systems
perspective and I consider a model that summarizes such an approach.

I then preview the chapters within this volume, which offer real insight and
expertise on some of the fascinating and varied aspects of maritime psychology.

M. MacLachlan (&)
Centre for Global Health and School of Psychology, Trinity College, University of Dublin,
Dublin, Ireland
e-mail: malcolm.maclachlan@tcd.ie

© Springer International Publishing Switzerland 2017
M. MacLachlan (ed.), Maritime Psychology, DOI 10.1007/978-3-319-45430-6_1
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The chapters in this volume are certainly not intended to offer a comprehensive
coverage of maritime psychology, but rather to be illustrative of the range, dyna-
mism and scientific merit of research and practice in the domain.

It is important to acknowledge that many researchers and mariners have been
“doing” maritime psychology for years, indeed centuries. Furthermore, much of our
most engaging fiction literature has narrative steeped in the psychology of maritime
experiences (e.g. Joseph Conrad). This volume is an attempt to recognize and build
on the defining and distinctive characteristics of maritime psychology, whilst also
upholding its clear interplay with other social, biological, physical and environ-
mental perspectives. In proposing “maritime psychology” as an entity in itself, I am
aware that things do not just spring into existence, but are co-created, collectively
constructed, by those who practise them. In this sense each chapter in this volume
contributes to the definition of maritime psychology, and with growing interest in
this area and more perspectives being taken, it is likely that any definition will—and
should—be contested and evolve. To provide focus within this volume, as stated, it
is primarily concerned with psychological aspects of commercial maritime trans-
port. Yet maritime psychology should have broader concerns than this. Perusal of
Table 1 indicates the vast array of ways in which people and the maritime interact
and suggests very different sorts of maritime experience. To acknowledge this, the
final chapter in this volume also considers what might be described as the psy-
chological benefit of the maritime as a beneficial intervention. This also hints at the
vast range of ways in which the interaction between psychology and the maritime
may be developed in future.

Definition

Maritime psychology can be broadly defined as the study and practice of the
interplay between human behaviour and the maritime environment. Mostly
research and practice to date has been concerned with human behaviour aboard
seagoing vessels, with the major focus being on maritime transport—the merchant
navy or merchant marine. However, as noted, this scope can certainly be expanded.
On the one hand a walk along the seashore can be an enriching and inspiring
experience, for old and young alike, and our aim here is not to analyse away the
existential value, or everyday pleasure, of such an experience. On the other hand,
the movement of a ship through busy shipping lanes, in confined and dangerous
waters, can be very cognitively demanding, require extensive teamwork, astute
judgement and considerable manual skill. While these two types of maritime
experience may be quite distinct, for some, they are also braided together: the
existential with the task-focused, the personal with the movement of immense
loads. We now consider what might be thought of as the coordinates of maritime
psychology, locating itself across very different aspects of human functioning and
experience.

2 M. MacLachlan



Scope

Table 1 outlines the different domains of maritime psychology, where domain
refers to broad categories of activities that may be considered to have some com-
mon features. Such features are categorized in Table 1 with accompanying exam-
ples. Again, this table makes no claim to be comprehensive but rather illustrative,
and in doing so helps us to consider the reach of maritime psychology.

Commercial transport is the domain of primary concern in this volume.
However, clearly there is also great scope for more work on the psychology of

Table 1 Classification of maritime activities that share and have some distinct psychological
attributes

Domains Categories Examples

Commercial Transport Cargo vessels
Cruise ships
Construction vessels
Tugs

Energy Oil rigs
Wind farms

Fishing Trawling

Farming Fish farms
Shell fish farms

Diving Maintenance of equipment

Navigational Charting depths
Dredging channels

Recreational Rowing, sailing, motoring
activities

Engine and sail powered activities

Diving Inland, coastal and deep sea

Swimming

Environmental Disasters Tsunamis, floods, storms

Rhythm Tides, winds

Lifestyle Domicile choice
Regenerative visits

Intervention Occupational Corporate teambuilding

Developmental Outward bound adventure

Therapeutic Medium to strengthen self-worth and
dignity

Military Non-combatant Peace keeping/pirate patrol/refugee
rescue

Combatant Surface operations

Submarine operations

Safety Coastguard Rescue operations

Raising awareness of danger

Use of safety equipment and procedures

Maritime Psychology: Definition, Scope and Conceptualization 3



maritime leisure activities, or on how tides mark time for many coastal communities
and provide rhythm and meaning to daily life for them. The destructive and
restorative elements of the maritime have both long been recognized as dramatically
affecting our psychology. We will, however, consider in this volume the idea of the
maritime as a beneficial intervention, especially regarding sailing, as an example of
maritime psychology outside the commercial transport sector. The military aspects
of the maritime in terms of surface and submarine craft have been addressed
elsewhere and are not covered here but without doubt psychology has much to
contribute and indeed to learn from the sometimes very extreme conditions con-
fronted in military operations (Kimhi 2011). Finally, and what should always be an
element of the maritime, are safety considerations—ranging from risk perception to
attitudes towards safety equipment, to search and rescue activities. The maritime
environment is vast and clearly there are differences in how people perceive both
opportunities and threats within their own experience of an environment
(Walsh-Danishmandi and MacLachlan 2000). However, let us now turn to our
major focus of this book, commercial shipping.

Commercial Shipping

Helen Sampson, of the Seafarer’s International Research Centre at Cardiff
University, began the introduction to the Centre’s 2015 Annual Report, thus:

It isn’t just that ‘the strange’ has become ‘familiar’ and that there is less to learn, it is more
serious than that. For many seafarers, voyages that were once punctuated with moments of
fun are frequently mundane, featureless and dull. Only problems seem to break into the
routine and tribulations are no replacement for the frivolity that was often associated with
sorties ashore, barbecues by the pool, or birthday parties. These events not only provided
seafarers with a few stress-free hours… the pleasure of the moment… they also provided a
basis for later tales, told and retold – the building blocks for the establishment of cama-
raderie on board … teambuilding … mental wellbeing (p. 1, reproduced by kind
permission).

This quotation illustrates well not just the human face of working at sea, but also
how this has changed. With larger ships, greater mechanization and reduced
manning levels, more is required from seafarers and there are fewer outlets for the
sort of affiliation that sustains both a sense of collective identity and individual
worth and support. The requirements regarding how seafarers are treated are
specified in a number of important documents that effectively set the policy context
for how maritime psychology can contribute to seafaring.

The Compendium of Maritime Labour Instruments, published in its second and
revised edition in 2015, summarizes the ways in which the maritime industry
should work. The Compendium comprises the Maritime Labour Convention
(2006); the Seafarers’ Identity Documents (Revised) Convention (2003); and the
Work in Fishing Convention and Recommendation (2007). These documents are
about the working and living relationships between people in complex, demanding
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and sometimes extreme conditions that require the highest degree of human
interaction, teamwork, problem solving and physical and cognitive skills. It is,
therefore, surprising that conventions that seek to address human behaviour in such
circumstances omit the word “psychology”.

Nonetheless, Resolutions adopted by the International Labour Conference at its
94th (maritime) Session in 2006 include a “Resolution concerning addressing the
human element through international cooperation between United Nations spe-
cialised agencies” (p. X). It reads:

The resolution notes the ‘significance of issues related to the human element … [seeks] to
promote decent working and living conditions. [It also recognises]… that the human element
is multifaceted and can only be addressed in a holistic manner’ (p. 131). It goes on to request
that priority and resources be given to ‘promoting the role of the human element in shipping.’

A further Resolution at the same meeting—see Table 2—details not only the
importance of the global shipping industry, but also its reliance on people, and in
particular the need for better recruiting, training and retaining of seafarers. The
“human element” is, therefore, the “marinized” term used to describe at least some
of the aspects of psychology which this book seeks to develop further. The

Table 2 Resolution concerning recruitment and retention of seafarers

The General Conference of the International Labour Organization

Having adopted the Maritime Labour Convention, 2006

Mindful that the core mandate of the Organization is to promote decent work

Being aware that shipping is the engine of the globalized economy and carries around 90 % of
world trade in terms of tonnage, and that the shipping industry and the smooth transportation of
goods are essential to world trade, which will require the availability of a sufficient number of
suitably qualified seafarers

Being aware also that ships are crewed by suitably trained seafarers who have a crucial role in
achieving safe, secure and efficient shipping on clean oceans and that it is fundamental to the
sustainable operation of this strategic sector that it is able to continue to attract an adequate
number of quality new entrants

Noting that there is a projected shortage of suitably qualified seafarers, that many essential
shore-based shipping positions require trained seafarers and that filling some of these positions
with suitably qualified seafarers is essential to overall maritime safety

Noting also that traditional maritime countries are going through a process of industrial change
and have lost substantial parts of their maritime skills base

Noting further that there is a need for proper career paths for officers and ratings alike

Considers that, while there is a need to improve the image of the shipping industry, there is also a
need to improve the conditions of employment and of work and opportunities for many seafarers

Considers also that issues such as access to shore leave and security from attack by pirates and
armed robbers need to be addressed

Considers further that all flag States should encourage operators of ships which fly their flag to
provide training berths for new seafarers and for cadets

Recognizes that the recruitment and retention of seafarers in a global labour market is a complex
issue, which involves a social, political and economic dimension and, where appropriate, the
provision of suitable policies by governments and industry alike … (pp. 131–132)

Adopted on 22 February 2006 by the International Labour Conference at its 94th (maritime)
Session
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Resolutions described above have made a significant impact on the development of
a stronger psychological perspective within the maritime industry, and the ethos of
the “human element” has contributed much to this, along with the impetus provided
by several important initiatives in the area. There are also many excellent publi-
cations on the human element including several that we draw on quite extensively
in this book. However, I believe a broader and more inclusive incorporation of
psychology and “behaviour” (by the way that is another word that does not appear
in the Compendium) can be beneficial for the maritime industry.

The scope of psychology in the commercial transport sector remains quite
underdeveloped. So, for instance, Bengt Schager—who describes himself as a
“maritime psychologist”—arguing for the role of psychologists in the maritime
transport sector, notes that while many psychologists are employed in the aviation
and space sectors, few are employed in the maritime sector (www.profilschager.
com). He points out that while crewing a Boeing 747 across the Atlantic requires
many important leadership and participation skills for a few hours, taking thousands
of passengers on a cruise for weeks, with a much larger crew, undoubtedly requires
these and additional skills. The very useful and accessible Alert! series, subtitled
“The International Maritime Human Element Bulletin”, and published by the
Nautical Institute, has certainly helped to bring psychological thinking to a wider
audience of seafarers.

The scope of maritime psychology also overlaps with some complementary
fields, so for instance, the “Textbook of Maritime Medicine”, now in its second
edition (Carter and Schreiner 2013), is freely available to download. It covers a
range of issues where psychological factors are of clear importance. These include:
specification of work roles, manning hours and manning ratios; piracy and violent
crime, and the trauma and reactions associated with these; crisis interventions for
response to critical incidents, perhaps associated with work accidents, drowning,
suicide or injury to colleagues; a range of environmental health challenges asso-
ciated not just with the working conditions on board, but often also the transport of
dangerous or toxic cargoes requiring careful handling and protection procedures;
motion sickness; shipwreck and survival at sea under extreme conditions; coping
with fatigue arising from long passages at sea.

We can anticipate the development of a range of specific maritime psychology
practices that can address all of these—and many more—challenges as they arise.
However, maritime psychology should also be about setting fair working conditions
that recognize the needs of seafarers to have leisure time, privacy, opportunities to
socialize and indeed sufficient time off work—just as the quote from Sampson
illustrates. Recently, on a flight from Panama I met a Philippine man who worked
as a barman on cruise ships. He had just finished a 9-month stint working split
shifts: scheduled for 6 h on, followed by a break, and then another 5 h on—every
day of his 9-month voyage. He claimed that it was in fact rare that he did only the
11 scheduled hours a day, often running to 13 or 14, as passengers enjoyed bar
services late into the night. This is certainly not an isolated instance, with
lower-ranked crew, from low-income settings, usually having the worst terms and
conditions of employment.
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The notion of “sweat ships” refers to similar exploitation of workers. Indeed, the
phenomenon of flag-of-convenience (FOC) ships, where few labour laws or stan-
dards need apply, is a considerable challenge. In practice, working conditions and
practice in international waters are effectively at the discretion of the ship’s Master.
The cruise industry is a particular case in point. On some of these enormous ships
large numbers of women work long hours below decks in the housekeeping
department, reporting to seniors—often men. This is a situation open to psycho-
logical, physical and indeed sexual exploitation, especially as crew who complain
run the risk of being dismissed and may be put ashore in a port where they lack the
means to return to their own country.

So no matter what sort of clever individual psychological interventions maritime
psychologists can develop, implementing these in a fundamentally unfair and
exploitive working environment can be counterproductive, individualizing a sys-
tems problem (McVeigh et al. 2016). As can be seen in other industries (Carr et al.
2010) this can make us complicit in the maintenance of unjust workplaces. These
practices, therefore, affect not only the psychological well-being and rights of
individuals, but also the sense of organizational justice and expectations for
decency that pervade the workplace (MacLachlan 2016). While strong seafarers
unions are present in many countries, the reality is that they are often reluctant to
address these sorts of issues because they fear that seafarers from their own country
will lose employment if they ask for too much: there are always seafarers from other
countries who will work for the terms and conditions on offer.

Conceptualization

Figure 1 presents a conceptualization of the commercial maritime sector which
illustrates how individuals’ own work tasks are embedded in broader teamworking,
which is in turn embedded in the organizational culture of the shipping company,
which is embedded in the legislation and policies that set the operating context of
the industry. These levels continually interact and so a system allows for the
possibility to change something at one level by intervening at other levels. For
instance, the space allocated to communal living on board merchant ships has been
diminishing in recent times (Sampson 2015): the design of living space on board
will reflect the legislative environment and the attitude of the company towards
social spaces; the use of such space will reflect the sense of teamwork and con-
geniality on board—and the existence of such an atmosphere will in turn reflect the
demand for such space to be built into ships at the design stage. Sampson and Ellis
(2015) argue that the welfare of seafarers is “under-considered” by many compa-
nies. While the Maritime Labour Convention (MLC) makes important stipulations
regarding seafarer living conditions, these are in reality quite low standards and the
aim should be to improve on these rather than simply adhere to them.
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We have described the operation of this conceptual model elsewhere (MacLachlan
et al. 2013). The key point for our discussion here is recognition that while inter-
ventions focused on individuals may be of some benefit, such interventions in the
absence of systemic change may be ineffective, or, worse, see systems failings as
failings within individuals—which may be unfair, inefficient and unsafe.

Some Challenges and Opportunities for Maritime
Psychology

Before reviewing the contributions to this volume, I briefly consider some addi-
tional features of maritime psychology that are not specifically addressed within the
other chapters of this book, but are nonetheless noteworthy in terms of their
potential for further research and the development of more psychologically minded
practice.

Ship Evacuation

Ship evacuation is an area attracting increasing attention. Boulougouris and
Papanikolaou (2002) have sought to model and simulate the process for evacuating
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Fig. 1 A nested model of the psychosocial and organisational aspects of maritime work:
synthesizing the STAMINA model of human factors with the maritime environment
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a passenger ship. Modelling human behaviour under situations of extreme stress is
very complex, and such behaviour may be difficult to predict, but modelling sim-
ulations of multiple and varying evacuation scenarios can guide the naval architect
to minimize bottlenecks in the ship’s layout. Yuan et al. (2014) illustrate, using a
neighbourhood particle swarm optimization model, how door sizes, the number of
doors, the number of passengers, along with the ship’s heel and trim angles, all
affect the evacuation time of a given ship design. What these models may not
adequately consider is the frailty or mobility of passengers, the range of cognitive or
sensory impairments they may have, and so on. With the majority of passengers on
some cruise ships being elderly, it seems likely that the evacuation scenarios and
times for these passengers are going to be more complex and take longer than for
younger or less impaired passengers. Much more work is needed in this area to give
greater confidence in the safety of the booming cruising market.

Piracy

The Centre for Seafarers’ Rights, of the Seamen’s Church Institute, conducted a
study of 25 seafarers attacked or held hostage by pirates (Stevenson 2012), which
found that most had concerns about returning to work (20), sleep disturbances
(12) and diminished energy (10). Some of them also reported increased use of
alcohol (7), loss of pleasure from what had been formerly pleasurable activities (6),
with fewer reporting a deterioration of significant relationships (5), irritability
(5) and sometimes thoughts of suicide (3). Of concern is the finding that less than
one-third of them felt that they received adequate follow-up care. Within this small
sample there was no relationship between subjective descriptions of stress, and age,
rank or length of service at sea, but there was a relationship with the length of time
seafarers were held captive—the longer they were held, the more severe the
symptoms. Seafarers were concerned with the consequences of any mental health
problems for their future eligibility for employment as seafarers, stressing the need
for confidentiality in these assessments. The study also recommended that assess-
ment following such events be much broader than assessment for PTSD only, and
that the treatment of responses to piracy was a very complex issue. Amongst other
suggestions was that there should be development of industry-wide protocols for
resilience training; this would comprise preparation for such eventualities that
would minimize the likelihood of severe psychological consequences resulting
from these traumatic events.

Another study by Aleksandrov et al. (2015) followed up seven Bulgarian sea-
farers, who had been held captive for 6 months by pirates. They used in-depth
assessment interviews, 20 days after their release from being held captive. They
compare the impact of such captivity as being psychologically equivalent to
exposure to other serious life-threatening events such as terrorist incidents and
natural disasters. Participants reported feelings of detachment and alienation from
those close to them, being startled by noises, having nightmares and sleep
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disturbance. Anxiety manifest through apprehension, tension and fear in particular
situations, and depressive reactions manifest through low mood, lack of interest and
engagement in activities were also noted. Aleksandrov et al. (2015) also emphasize
the importance of appropriate supportive care of the victims. Furthermore, they
argue; “Stigma discourages many seafarers from seeking consultation or effective
therapy … because they fear losing their jobs or not being rehired” (p. 993). This
clearly highlights the interaction between individual and systemic factors discussed
above.

Organizational Culture

Bergheim et al. (2015) argue that there are “significant differences in the organi-
zational cultures and safety practices onboard ships due to national and/or company
specific characteristics” (p. 27). O’Shea (2005) has demonstrated that certain styles
of command—generally more democratic styles—are associated with better sea-
farer well-being. Researching the effects of Work Improvement on Board
(WIB) programmes in the Japanese fishing fleet, Shuji and Kazutaka (2015), using
participatory action-orientated training, found such interventions to be beneficial,
especially when applied in a flexible manner. With modern merchant ships often
being crewed by seafarers from a range of nationalities, it is important to take
account of differences in matters such as affiliative preferences, risk perception and
ideas about health and well-being (MacLachlan 2006). Organizational culture
should also cultivate pluralism (MacLachlan and O’Connell 2000) as a diversity of
views in the workplace can in fact help solve problems and does not need to be a
challenge to one narrow prevailing ethos (Cox and Blake 1991).

Psychological Capital

The concept of “psychological capital”, or PsyCap (Luthans et al. 2007), has
recently been developed following on from the more established ideas of financial
and social capital, as positive reserves of value. The concept of PsyCap combines
four somewhat related “good things”, these being Hope, Resiliency, Optimism and
Self-Efficacy. This motivational state has been shown to be related to organizational
effectiveness and positive work outcomes (Newman et al. 2014), and has recently
been explored in the maritime environment by Bergheim et al. (2015).

They explored PsyCap in three Norwegian shipping companies across two
studies. Their first study found that PsyCap was positively associated with per-
ceptions of safety climate and importantly this effect still held after controlling for
socially desirable responding. Of particular interest however was an interaction
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effect they found: for officers and non-officers who scored relatively low on
PsyCap, they perceived the safety climate similarly; however, officers with high
levels of PsyCap had a more positive perception of the safety climate, compared to
non-officers who also scored high on PsyCap.

In a second study they demonstrated that PsyCap’s relationship to safety climate
was mediated by its association with job satisfaction. While correlational studies
cannot determine causality, this nonetheless suggests that those with high scores on
psychological capital felt their ship was safer, at least in part, due to them also
having greater job satisfaction. However, as evidence of the complexity of such a
relationship, and the importance of cultural differences in health and performance
noted above, this indirect effect was evidenced only for European and not for
Filipino crew. So while PsyCap may be associated with benefits for some groups,
its potential for promoting comprehensive change for all members of a ship’s crew
has yet to be demonstrated, and its value must therefore be further and very
carefully explored so that what works well for one dominant group in the shipping
industry is not allowed to determine how all other groups are treated. Taking into
account human differences and finding value and benefits in this diversity is perhaps
the essence of cultivating pluralism (MacLachlan and O’Connell 2000).

Global Health at Work

The fact that the workplace is also the home of seafarers has meant that a con-
siderable focus of maritime has been through the development of occupational
health services, with a particular interest in international health problems. We
reviewed publications in the International Maritime Health journal from 2000 to
2010 (MacLachlan et al. 2012) and identified six themes: (1) healthcare access,
delivery and integration; (2) tele-health; (3) non-communicable diseases and
physical health problems; (4) communicable diseases; (5) psychological function-
ing and health; and (6) safety-related issues. In that paper we describe these themes
in some detail and call on the development of more ambitious and more robust
research designs. This should include randomized controlled trials and longitudinal
studies, but also more focus on qualitative research, and on research addressing the
context of work for non-European seafarers, spouses and family members. This
combination of the technical with the contextual, systems and social justice, is also
characteristic of the ethos of global health. Indeed strengthening the links between
international occupational health in the maritime and global health may contribute
to the development of a stronger discipline of global occupational health, con-
cerned with the possibilities for and also the threats of global corporations
influencing healthcare across vastly different settings and conditions globally.
Maritime psychology would have much to contribute to a concern with global
health in the workplace.
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Chapters in This Volume

In this volume we build on previous work in the area and in this regard special
mention should be given to Gregory and Shanahan’s (2010) “The Human
Element”, which was a landmark publication for the maritime transport industry. In
addition to its excellent review of psychological factors relevant to maritime
transport, it is noteworthy that it was jointly sponsored by the UK’s Maritime and
Coastguard Agency, British Petroleum, Teekay Marine Services and the Standard
P&I Club. The collaboration of these stakeholders constituted a common platform
that promoted wide dissemination (with a revision recently completed). One of the
motivations for Gregory and Shanahan’s publication was to reduce the number of
accidents at sea: they note that between 2000 and 2005, on average, every day, 18
ships collided, sank, grounded, caught fire or exploded, resulting in an average of
two of them actually sinking each day. The cause of these accidents is mostly due to
human error. Such accidents cost an average of around 4 million US$ every day and
countless human lives. Costs in terms of lost revenue, environmental pollution and
human life can all be immense.

Gregory and Shanahan cover a range of psychological factors involved in
commercial maritime transport—making decisions and taking risks, getting tired
and stressed, how one learns and develops personally and professionally, working
and communication with others and how people try to make sense—sometimes in
error—of the contexts they find themselves in. Their excellent presentation of this
work for seafarers has been a spur to identify, develop and pursue research ques-
tions, to more effectively promote satisfying, efficient and safe seafaring. The range
of chapters described below illustrates just some of the fascinating ways in which
this can be done.

Joanne McVeigh and colleagues review the positive psychology of well-being at
sea. While some applications of psychology in the maritime environment are
focused on fixing deficits, other aspects are focused on improving performance,
living environments, and so on. Positive psychology is concerned with promoting a
sense of well-being across all types of contexts, including work contexts. McVeigh
et al. provide examples of positive psychology interventions in general, but also
such interventions as used in other work contexts. Generally, these studies indicate
that relatively modest, or even small-scale, interventions can have quite positive
effects, often on well-being and performance, across a range of work environments.
Positive psychology is associated with the idea of hardiness and resilience and there
is certainly evidence suggesting that greater personal resilience can act as a buffer to
stress (Doyle et al. 2015). However, McVeigh et al. (2016) have stressed that such
interventions that focus only on the resilience of individuals, while ignoring the
broader work context in which those individuals are expected to perform, is not
only problematic, but also unethical and likely to cause frustration and disen-
gagement. Positive psychology should be applied much more broadly throughout
the shipping industry, not only to individuals, especially if they are working in
unjust or obviously stressful situations.

12 M. MacLachlan



Paul Liston and colleagues explore the challenge of transferring learning across
what are referred to as “safety critical industries”. They use the frame of Hudson’s
et al. (2004) levels of safety, moving from organizations with poor practices who
simply do not want to be caught doing the wrong thing, to those who react to
accidents, to those who actively manage them, to those who plan for and anticipate
them, to the preferred level where organizations create an environment pervaded by
a concern for quality, health and safety. While the aviation industry is probably the
best-practice example in safety critical industries, Liston et al. argue that the
maritime industry is somewhat behind it, and therefore the transfer of this learning
and ethos is important. One feature that characterizes the aviation sector approach is
seeing the different components of safety, quality and health operating as an
inter-connected “socio-technical system”; that is, it involves people just as much as
it involves technology. Cockpit Resource Management is a crucial part of this in the
aviation sector, with Bridge Resource Management being its equivalent in the
maritime sector. Liston et al. review some of the challenges of cross-sector learning
and outline a model for cross-sector transfer upon which their own SEAHORSE
project is based; this will likely produce some very valuable learning for the
maritime sector.

Margareta Lützhöft and colleagues have produced a fascinating chapter on the
psychology of ship architecture and ship design. Given that a ship is a space at sea
that people live in, the characteristics of that space are likely to have significant
effects of the behaviour of seafarers. It is one of the very tangible ways in which
physical structure shares social structure and so psychological experience. The
physical environment also dramatically influences sleep quality, fatigue and
opportunities for privacy; and as such can be expected to influence how people like
one ship over another, the extent of crew turnover, but perhaps also their attitudes to
safety and to caring for one another. The chapter illustrates the potential benefit of
combining perspectives on designing living and working spaces at sea with per-
spectives on living and working behaviour at sea. Interestingly, they also link this to
the sort of thinking styles that design engineers generally have and how they may
benefit from developing additional thinking styles. They anticipate some very
exciting and innovative possibilities for ship design and living in the future.

Ana Slišković then addresses occupational stress in seafarers. She adopts a
transactional perspective, reviewing stress at the individual and organizational
level. She also considers important individual and organizational characteristics as
moderators or mediators between sources of stress and stress as an outcome.
Slišković makes the important distinction between occupation-related stressors—
such as being away from home for long periods, living separate lives from your
partner, or multi-national crewing—and work-related stressors—such as high
workloads and difficult work relationships. She also explores the sources of job
dissatisfaction among seafarers, finding the living and working conditions on board
to be the most significant. This broad-ranging review brings together a greater
diversity of stressors, and individual differences in reaction to them, than is con-
ventionally undertaken.
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Jørgen Jepsen and colleagues look in depth at fatigue, which may be considered
a particular aspect of stress, but is also multifaceted in its own right. They note that
fatigue is a common element in marine accidents attributed to human error, which is
of course the major reason for such accidents. They review the effects of fatigue,
ranging from immediate effects, such as impaired cognition, to longer term auto-
nomic, immunologic and metabolic changes associated with a number of chronic
diseases. They question the efficacy of the current legislation on the issues and
compliance with it. They call for preventive interventions such as the individual
Fatigue Risk Management Systems (FRMS). This chapter therefore nicely com-
plements both the one by Slišković on stress and the one by Liston et al. on safety
critical systems.

John Golding’s chapter provides a fascinating overview of the management of
motion sickness at sea. Many will be familiar with the association of the symptoms
of motion sickness with travel by sea, air and land. Fewer will be aware of the
presence of the same symptoms in space travel, in simulators, or with wide-screen
cinemas; of the ability to induce such symptoms in the laboratory, without the need
for motion; and their presence in reactions to toxins, chemotherapy and
post-operative recovery. Golding reviews psychological and pharmacological
interventions, finding, as often is the case, that some of the traditional sea folklore
on managing seasickness has much to commend it. Motion sickness is certainly
problematic for maritime work and indeed maritime leisure, but it can also be fatal
in survival situations, where the loss of bodily fluids and inability to think clearly
can result in loss of life.

Ian de Terte and Elspeth Tilley’s chapter on how to communicate risk in a
maritime disaster combines psychology and communications science to develop a
checklist of things to consider to promote more effective communication. They use
the elaboration likelihood model as a framework, where the focus is on how to get
people to pay attention to, to focus on—or to elaborate on—certain risk factors and
useful protective behaviours. The more deeply people encode information, then the
more influential that information is likely to be for them, especially in crisis
moments when new information is treated more superficially. They particularly
note the importance of a credible source to provide information, and a source that is
familiar and liked. In the context of shipping this of course relates to the value of
established relationships between a crew who know and respect each other,
something which has diminished in some models of crew management for shipping
firms.

Yannis Zolotas and colleagues explore the role of psychometric assessment of
officers in the Greek merchant fleet, the largest fleet in Europe and one of the largest
in the world. They examine the profiles on the Minnesota Multiphasic Personality
Inventory—second edition (MMPI-2), one of the most widely used psychometric
instruments in the world. This research is important because, at least anecdotally,
there are many cases of mariner cadets who complete the shore-based part of their
training, only to find that being at sea is not something they can manage. While the
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aim of the research is not necessarily to identify a “mariner personality profile”, it is
important to know what sort of people are likely to thrive in the safety critical
environments found in the maritime sector. In the case of long passages at sea in
confined quarters and little contact with shore-based family or friends, it would
indeed be surprising if certain personality types did not do better than others; and so
we need to be aware of individual differences. However, as Zolotas et al. stress, the
MMPI should not be used as a single measure of psychopathology or to select-out
people. Rather, any psychometric instrument offers only one perspective in what
needs to be a pattern of different types of information, coming from different
sources, and collectively pointing to certain conclusions.

In the final chapter I step outside the confines of maritime transport per se to
consider other ways in which maritime psychology may be beneficially developed,
focusing on two ways in which sailing can be used as an intervention. First, as an
intervention to promote self-development and second sailing as therapy—chiming
with the idea of taking therapy outside (Jordan 2013). A fascinating array of studies
have used sailing to try and help people experience themselves in new ways, and
sometimes as a rehabilitative mechanism, helping people re-experience themselves
in old ways—to regain or rekindle aspects of themselves that they may have felt
were gone or out of reach. From stroke in older people to sail training for young
people with physical disability; to vulnerable and marginalized groups; the idea of
embracing the sea with sail, and of finding healing, calmness and invigoration,
education and self-development in the maritime environment, is just one of the
realms in which maritime psychology may have much to contribute.

Conclusion

Maritime psychology is not new and has been written about, practised and indeed
researched for centuries. Yet its recognition as a perspective of value has often been
veiled in others terms—such as the “human element’—perhaps hinting that the
perceived softness or fuzziness of either the values, methods or aims of psychology
are somehow at odds with a traditionally “harder”, more macho (Mannov 2015) and
individualist industry, one that has thrived and sorrowed over the centuries at great
achievements and losses. This book is an attempt to see psychology as central, as
about individuals, ships, companies and the maritime industry; as an interrelated
system of behaviour, values and practices, ranging from organizational justice to
seasickness, from effective communication to designing living spaces, from coping
with loneliness to promoting a positive, caring and valued work environment.
These differences are all to be found on the same boat. To live and work in a small
metal space crossing vast waters is an extra-ordinary type of life. This volume is
intended to help make psychology as relevant, important and indeed familiar to the
maritime as it is for other areas of transport or other aspects of the environment.
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Positive Psychology and Well-Being at Sea

Joanne McVeigh, Malcolm MacLachlan, Ralf Stilz, Henriette Cox,
Niamh Doyle, Alistair Fraser and Marianne Dyer

Case Study

The Shell Health Resilience Programme was developed to promote thriving of
workers on and off shore. It is a voluntary resilience intervention comprising 12
modules based on positive psychology, cognitive behavioural therapy,
neuro-linguistic programming, and research on leadership. The programme is
delivered to individual teams by lay facilitators who are usually team members. The
12 modules are driven by team interaction, with the facilitator setting the scene and
coordinating activities and discussion. The programme can be completed as slowly
or as quickly as desired by the team. Prior to trialling at sea, the programme had
already been adopted in multiple locations onshore.

Adoption at sea posed some challenges due to circumstances specific to life on a
ship. The ships were in remote locations most of the time, limiting the availability
of seafarers for training as facilitators. This also meant that more facilitators needed
to be trained as each ship required their own facilitator. The working pattern
required seafarers to stay on board for several months, followed by a similar length
of shore leave, meaning that a sufficient number of facilitators needed to be
available on each ship to ensure continuity of the programme. The staggered
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changeover of crew on each ship resulted in team members participating in a
dissimilar combination of modules. In addition, some crew members also changed
ship after completing one trip. Furthermore, online information and additional
material was available to support facilitators in shore-based locations, but was not
routinely accessible at sea.

To overcome some of these obstacles, the programme was adapted and trialled in
a pilot with 21 ships. Materials for the modules and supporting information were
compiled and tailored to the needs of the seafarers and prepared for offline use.
Each ship in the pilot study was equipped with all materials required. A small
number of facilitators were trained during a one-hour session at an annual onshore
officers’ conference. Officers rather than non-officer ranks were selected as they
usually deliver routine training on the ships and were thus thought to be more
comfortable with the role of a facilitator. Officers were asked to train up a facilitator
on board their ship before completing their trip and disembarking. Joint preparation
and facilitation of modules by more than one facilitator was encouraged.

A number of innovative examples of module facilitation were shared by the
seafarers:

• Several seafarers created presentations for facilitating the programme, shared
their personal experiences and reframed the module content in their own words,
translating the programme into their cultural and occupational context.

• On one ship, everyone participated in the module preparation and faciliation.
This ship chose to complete all of the modules on a single training day, rather
than spreading out the delivery over several months.

These examples bear testimony to the seafarers’ engagement with, and taking
ownership of, the resilience programme. Feedback from the seafarers was positive:
“This module brought some lively discussions in the groups” and “Wonderful
experience conducting resilience workshop on board. It was indeed amazing to see

Fig. 1 Completion of the Shell resilience modules across 21 pilot ships
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all participate with such enthusiasm and zest. Good to see all appreciating one
another. Great fun”.

Despite an initially slow uptake, adoption of modules gradually increased over a
9-month period, with a plateau reached after 7 months. At this time, 71 % of the
ships had embarked on the programme, with one-third completing more than half of
the modules (see Fig. 1). Ships were encouraged to continue with the resilience
programme through monthly communications between the onshore office and the
ships.

Positive Psychology and Well-Being at Sea

Seafaring has long combined paradoxes, such as social exclusion and continuous
social proximity, confinement in open spaces, and multiculturalism, within the
single organizational culture of a ship. Consistencies—such as social isolation and
confinement with shipmates—are evident in onboard working and living conditions
from the earliest seafarers to their contemporaries; nonetheless, substantial social
changes are apparent in recent times, including the large-scale introduction of
multinational crews, a revolution in information and communication technologies,
and faster ship turnaround in ports (Alderton et al. 2004). Moreover, the tasks of
ships’ officers and crew are increasing, including operating ships’ machinery and
equipment and ensuring effective functioning of ships’ machines and devices
(Borodina 2013).

In light of research indicating that mariners are a professional group amongst
those at the highest risk for stress (Lipowski et al. 2014) and associated mental
health conditions (Jezewska et al. 2006), researchers are calling for the psycho-
logical health of seafarers to be adequately investigated, measured, and addressed
(Carotenuto et al. 2013). As suggested by Oldenburg and colleagues, there is a
substantial need for research to assess the complex life and work situation of
seafarers while on board (Oldenburg et al. 2013). In particular, more research on
psychosocial aspects of mariners’ health is required (MacLachlan et al. 2012). For
decades, a collective focus of the fields of psychology, neuroscience and mental
health on the long- and short-term consequences of stress is evident, and, more
recently, on extreme stress (Southwick et al. 2014). As highlighted by Schager, the
shipping industry could gain many benefits by availing of modern scientific psy-
chology (Schager 1997).

This chapter explores positive psychology as an approach to enhancing
well-being at sea. To date, the application of positive psychology concepts, inter-
ventions and training to the maritime context has been explored only to a limited
degree. This chapter commences with a discussion of the seafaring context. The
ship as an isolated and confined environment, a safety-critical organization, and as a
fusion of maritime-specific stressors is considered. Next, the field of positive
psychology—its conception and previous applications—is discussed. Along these
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lines, the field of positive organizational psychology and the newly emerging field
of positive organizational behaviour are explored, with a particular focus on psy-
chological capital, including resilience, as a core construct of positive organiza-
tional behaviour. Ensuing these sections is a discussion of the contexts in which
positive psychology has previously been applied to promote well-being at sea. To
conclude, rationale for future research and key research questions are presented.

Seafaring Environment

Improvements in the life of seafarers are evident, with modern ships frequently
being clean and comfortable (Hult 2012a), although it is recognized that accom-
modation standards vary substantially between ships (Alderton et al. 2004). The
living conditions of seafarers have some notable advantages, including long periods
of time off, variety, a sense of belonging on board, and a feeling of having acquired
good skills (Hult 2012a). As proposed by Leszczynska et al., although there is
substantial diversity in standards across national fleets, systematic improvements in
the maritime work environment have been occurring for some years, including
increased comfort; reduction of exposure to harmful physical, chemical and bio-
logical hazards; moderation of noise and vibration; installation of air-conditioning;
and increases in living space in the form of single cabins (Leszczynska et al. 2007).

Nonetheless, seafaring continues to be associated with a multitude of mental,
psychosocial, and physical stressors, which include authoritative leadership, heavy
mental and physical workload, long work hours, lack of exercise and often
unhealthy diets (Comperatore et al. 2005), separation from family, loneliness on
board, fatigue, sleep deprivation, multi-nationalities, restricted recreation opportu-
nities (Carotenuto et al. 2012), and environmental stressors including ship motion,
noise and vibration, perceived as stressful particularly during sleeping times
(Oldenburg et al. 2010). In a study conducted by Oldenburg et al. comprising a
sample of 134 male seafarers, interviewees reported the most significant stressors
on board as separation from their family, time pressure, long working days, heat in
workplaces, and insufficient qualifications of subordinate crew (Oldenburg et al.
2009). Indeed, many stressors experienced by mariners may be chronic in nature
(Lipowski et al. 2014).

As emphasized by Jezewska and colleagues, people working at sea experience
stress related to their specific work conditions, significant job responsibilities and
psychosocial factors, which produce health and psychological problems (Jezewska
et al. 2006). In a study conducted with seafarers of the Danish merchant fleet, Haka
and colleagues found that the majority of job demands and job resources perceived
by the seafarers were psychosocial rather than organizational factors, such as
interpersonal relationships with crew (Haka et al. 2011). The incidence of seafarer
deaths through suicide suggests that the mental health of seafarers continues to be
very poor, and there is a call to action to address this by those involved in the
maritime shipping industry (Iversen 2012). While mortality studies have provided
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valid comparisons between the health of seafarers and that of the remainder of the
population, a limitation of these studies is their omission of mental health condi-
tions; indeed, the most common form of ill-health at sea on non-passenger vessels is
mental health problems (Carter 2011a).

Increasing awareness of mental health problems at sea is apparent, associated
with a variety of practical initiatives related to this area; for instance on ships and in
docks, leaflets are increasingly made available for the purposes of providing access
to mental health information and to address the strong stigma associated with
mental health problems that is evident across cultures (MacLachlan et al. 2013).
A significant stride forward is the Maritime Labour Convention 2006, widely
known as the “Seafarers’ Bill of Rights,” which provides international seafaring
standards, including health on board (International Labour Organization
(ILO) 2013). According to the Maritime Labour Convention, consideration should
be afforded to investigate “special physiological or psychological problems created
by the shipboard environment” [Guideline B4.3.6(c)] and “problems arising from
physical stress on board a ship” [Guideline B4.3.6(d)] (ILO 2006). Yet many
seafarers may be reluctant to seek medical and psychological assistance as the
physical demands and health requirements of seafaring are strict and the job market
is seemingly competitive (Oldenburg et al. 2010).

As proposed by Carotenuto and colleagues, in light of the heightened risk of
depression and suicide, the psychological ill-health of seafarers should be accu-
rately investigated, measured, followed up and countered as far as possible
(Carotenuto et al. 2013). Jezewska and colleagues have called for the training in
psychological skills for seafarers as a preventative measure for stress, with the aim
of developing interpersonal competence, particularly for the capacity of solving
interpersonal conflicts on board, as well as providing and receiving support
(Jezewska et al. 2006). In a survey of 78 Royal Australian Navy submariners,
psychological distress at sea was found to be moderated by personal resources,
including problem-solving skills, social support, involvement in recreational
activities, and self-care behaviour (McDougall and Drummond 2010).

When designing interventions to mitigate stress and support seafarers’ psycho-
logical well-being, it is important to recognize occupational, cultural and demo-
graphic factors that may influence how stress may be differentially experienced,
expressed, and alleviated on board. For example, in a cross-sectional study of 685
engine room officers in the Swedish merchant fleet, Rydstedt and Lundh found that
older engine officers reported significantly higher degrees of perceived stress
compared to younger colleagues (Rydstedt and Lundh 2012). In relation to ranks of
seafarers, Carotenuto and colleagues found that beyond stressors that represent the
most prevalent sources of stress of seafarers, such as loneliness, leisure scarcity and
fatigue, a number of specific features differentiate seafarers based on rank and job
category. For instance, sleep disturbances are reported by pilots and engineers with
higher incidence than by masters/mates and deck crew, although deck crew report
the lowest job satisfaction levels (Carotenuto et al. 2012). Oldenburg et al. reported
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that officers stayed on board for considerably shorter periods than non-officers (4.8
vs. 8.3 months per year) but had significantly more often a substantially higher
number of working hours, and Europeans had shorter stays on board in comparison
to non-Europeans (4.9 vs. 9.9 months/year) (Oldenburg et al. 2009). As the mar-
itime industry is a global business in which vessels are often manned from several
different cultures (ILO 2015; Johnsen et al. 2012), strategies aimed at improving
psychological well-being of seafarers require recognition of cultural diversity. For
example, Nielsen and colleagues, with a sample of 541 seafarers from two
Norwegian shipping companies, found that European and Filipino respondents
differed regarding their experience of both the work environment and well-being.
The researchers found that Filipino crew members experienced the work environ-
ment as more negative, with greater levels of harassment, laissez-faire leadership,
and poor safety, although Filipinos also experienced stronger team cohesion and
perceived their captains as more authentic (Nielsen et al. 2013).

The Ship as an Isolated, Confined Environment

A ship is an isolated, confined environment—comprising the people, settings, tasks,
amenities, and routines to which seafarers may be exposed for weeks and some-
times months at a time. From this perspective, a ship is a “hole” in the water
containing the complex work dynamics of a group working on a common task; it is
also a “whole” in the water, encapsulating the crew’s world occupationally,
socially, and personally (MacLachlan et al. 2013). Seafarers are amongst the most
isolated demographic occupational groups globally (Oldenburg et al. 2010).
Dissimilar to many other occupations, seafarers are periodically at the workplace
both during working and non-working hours, 24 hour per day (Hult 2012a).

Opportunities for communication of seafarers with family and friends on shore
are frequently highly restricted. In a study conducted by Kahveci, findings indicated
that a very small proportion of seafarers had access to the Internet while on board;
onboard email access varied substantially with regard to hierarchical structure,
quantity, privacy, cost, and freedom of access; restricted access to email facilities on
board increased dependence of seafarers on satellite telephone communication, and
the most significant barriers to communication on board included access to com-
munication facilities and cost of communication (Kahveci 2011). In a qualitative
study of 10 Greek-owned shipping companies, Progoulaki et al. reported that
communication was highlighted amongst the most important services, although
those services provided were either too limited or expensive for crew. More
specifically, while telephone was reported as a highly expensive means of com-
munication, it was also considered as the primary means of communication that
connected crew with family and friends on shore. Moreover, although Internet
access was present, its use was primarily for business, although seafarers could send
a restricted number of emails to family (Progoulaki et al. 2013).
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The Ship as a Safety-Critical Organization

The ship may also be conceptualized as a safety-critical organization. Seafaring is a
practical and challenging profession that requires fast and correct analyses of sit-
uations, as well as rapid, decisive action (Gekara et al. 2011). Safety-critical
organizations are complex adaptive systems (Reiman et al. 2015), which operate in
high hazard industries, such as aviation, oil and chemical industry organizations
(Oedewald and Reiman 2007) and seafaring (Smedley et al. 2013; Wang 2008).
Workers in safety-critical organizations such as the offshore oil and gas industry
operate in perilous environments, with numerous technological, environmental, and
human challenges, which present a significant potential for injuries, accidents,
stress, and various adverse health outcomes (Hystad et al. 2014). Almost all jobs at
sea are safety critical and therefore declines in performance as a result of any cause,
including psychosocial ones, may put seafarers and their vessel at significant risk
(Carter 2005). Research and interventions addressing psychosocial factors of sea-
faring may therefore be astute and important on the basis of seafarers’ health, but
also, crucially, on performance and safety grounds.

Positive Psychology

Positive psychology is “a science of positive subjective experience, positive indi-
vidual traits, and positive institutions (which) promises to improve quality of life”
and prevent pathologies (Seligman and Csikszentmihalyi 2000, p. 5). As proposed
by Gable and Haidt (2005), when defined in these terms, positive psychology has a
long history, dating back to James’s (1902) writings on what he labelled “healthy
mindedness” (James 1902), to Allport’s literature on positive human characteristics
(Allport 1955), to the advocacy of Maslow for the study of healthy people in 1968
(Maslow 1968). As offered by Maslow (1954):

The science of psychology has been far more successful on the negative than on the
positive side. It has revealed to us much about man’s shortcomings, his illnesses, his sins,
but little about his potentialities, his virtues, his achievable aspirations, or his full psy-
chological height. It is as if psychology has voluntarily restricted itself to only half its
rightful jurisdiction, and that, the darker, meaner half (p. 354).

Indeed, contemporary focus on well-being, and its component attributes such as
happiness, subjective appreciation of the values and quality of life, satisfaction and
fulfilment, is far from new ground; contemplation of these subjects is traced back as
far as ancient Socratic philosophy, and the vast majority of, if not all, religious and
spiritual movements express concern and potential insight into the pursuit of
happier and more meaningful lives (Gibbs and Burnett 2011). Aristotle believed
that happiness (which he named “eudaimonia”) was realized through knowing your
true self and acting in line with your virtues, while Epicurus and the hedonists
believed in achieving happiness through maximizing pleasure and minimizing pain
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(Harvard Medical School 2011). From this perspective, positive psychology is
thousands of years old, dating back to ancient philosophers and religious leaders
who discussed happiness, character values, and the good society (Diener 2009). In
such light, positive psychology has a very long past, but (as formally named of
1998) a very short history (Peterson 2006). As proposed by Tugade et al. (2004):

For centuries, folk wisdom has promoted the idea that positive emotions are good for your
health: “A good laugh makes you healthy” (Swedish proverb); “The joyfulness of man
prolongeth his days” (Bible, Ecclesiasticus. 30:22); “Mirth and merriment … bars a
thousand harms and lengthens life” (Shakespeare). Oftentimes in science, empirical evi-
dence emerges to refute anecdotal wisdom. In the case of positive emotions and health,
however, accumulating evidence is providing empirical support for such folk theories
(p. 1).

Positive psychology, a novel and influential school of thought, spearheaded by
Martin Seligman, President of the American Psychological Association 1998,
focuses on promoting the study of well-being, and is disputably considered as
foremost and archetypal of positive, well-being-oriented organizational and aca-
demic movements (Gibbs and Burnett 2011). This new branch of psychology is
primarily concerned with the scientific study of human strengths and happiness, and
factors that promote well-being (Carr 2011). Positive psychology is an umbrella
term for motivating and organizing research, application, and scholarship on vir-
tues, strengths, excellence, thriving, flourishing, resilience, flow and optimal
functioning more generally (Donaldson and Ko 2010).

Contrary to psychology’s focus of the past half century on relieving mental
disorders, positive psychology seeks to understand positive emotion, build strength
and virtue, and support individuals in living what Aristotle termed the “good life”
(Seligman 2013). As indicated by Peterson and Park, positive psychologists do not
declare to have invented the “good life” or to have propelled it into scientific study;
rather, the contribution of positive psychology has been to provide an umbrella term
for secluded branches of theory and research, and to assert that the “good life”
deserves its own field of inquiry within psychology, at least until all of psychology
comprises the study of what is “good” alongside what is “bad” (Peterson and Park
2003). From this perspective, a number of aphorisms underpin positive psychology:
first, what is experienced as “good” in life is as genuine as what is experienced as
“bad”—not secondary, illusory, or epiphenomenal; second, what is “good” in life is
not simply the absence of what is “problematic”; and third, the “good life”
necessitates its own explanation, and not simply an oblique or inverted theory of
pathology (Peterson 2009). Accordingly, the aim of positive psychology is not to
supersede research investigating psychological dysfunction or distress; rather, the
aim is to cultivate and integrate knowledge of human resilience, strength, and
opportunities to supplement and build on the existing knowledge base (Gable and
Haidt 2005; Seligman et al. 2005).

Importantly, as emphasized by MacLachlan and Hand, positive psychology does
not seek to eliminate painful emotions, which are frequently an entirely appropriate
response to the reality of people’s lives, and an integral part of the human expe-
rience. So, for example, while the loss of a loved one or personal injury may be
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justifiably experienced as difficult or painful, at the same time navigating these
painful emotions can contribute to increased happiness and possibly reevaluation of
one’s life (MacLachlan and Hand 2013). As proposed by Seligman, contrary to the
idea of positive psychology as a “creature of good times,” the strengths that positive
psychology seeks to cultivate may serve individuals throughout good times as well
as more difficult times, for which the latter may be “uniquely suited to the display of
many strengths” (Seligman 2013, p. 12).

In his influential book ‘Authentic happiness’, Seligman proposes that happiness
can be analyzed in relation to three distinct components: first, positive emotion—
what we feel, such as pleasure, comfort, rapture, and ecstasy, which contribute to
the “pleasant life”; second, engagement—signifying flow, such as being one with
music, the experience of time stopping, and the loss of self-consciousness
throughout an absorbing activity, experiences which contribute to the “engaged
life”; and third, meaning—belonging to and serving something that you believe is
bigger than you are, underpinning the “meaningful life” (Seligman 2013).
Seligman’s views have since shifted, however, from framing positive psychology as
a branch of psychological science concerned with happiness and increasing life
satisfaction through positive emotion, engagement, and meaning, to a focus on
“well-being”. According to Seligman, the benchmark for measuring well-being is
“flourishing” and the goal of positive psychology is to increase flourishing. As
proposed by this new well-being theory, flourishing rests on five pillars: positive
emotion, engagement, meaning, accomplishment (or achievement), and relation-
ships (Seligman 2011a).

Relationships, our key to the “connected life,” are therefore a cornerstone of
flourishing as proposed by Seligman’s theory of well-being. As outlined by
Seligman, when asked what, in two words or fewer, positive psychology is all
about, its cofounder Christopher Peterson responded, “other people” (Seligman
2011b). As declared by Seligman, relationships with other people may be the most
effective antidote to the “downs” of life and the single most dependable “up”
(Seligman 2011b). As proposed by Haidt, “Happiness comes from between”—
some conditions necessary for happiness are within the person, such as coherence
among the parts of their personality, while other conditions necessitate relationships
to elements beyond the person, so there is a need for love, work, and connection to
something larger; if a person gets these relationships right, a sense of purpose and
meaning emerges (Haidt 2006). As emphasized by Carr, scientific research indi-
cates three reliable ways to promote happiness: (1) cultivate relationships that
comprise deep attachment and commitment; (2) partake in absorbing work and
leisure activities in which you avail of your strengths, talents and interests; and
(3) cultivate an optimistic, future-oriented perspective on life in which you expect
the best to happen (Carr 2011).

In many ways, the core work of positive psychology is focused on the efficacy of
psychological interventions to increase individual happiness (Seligman et al. 2005).
Positive psychology interventions may be elucidated as intentional activities based on
(a) cultivation of positive subjective experiences; (b) building of positive individual
traits; or (c) building of civic virtue and positive institutions (Meyers et al. 2013).
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Examples comprise keeping a gratitude diary, counting acts of kindness towards
others, and focusing on the good aspects of life (Thompson et al. 2014).
Approximately 40 interventions purporting to increase long-term happiness have
been collected and condensed into replicable andmanualizable form by Seligman and
colleagues, including “you at your best,” whereby participants are asked to write
about a time when they were at their best, to reflect on the personal strengths dis-
played in the story, and to review and reflect on the story once every day for 1 week;
and “using signature strengths in a new way,” whereby individuals are asked to avail
of the inventory of character strengths online and to use one of their identified top
strengths in a new way every day for 1 week (Seligman et al. 2005).

The application of positive psychology interventions has been explored across
many diverse settings, including education (Shoshani and Steinmetz 2014; Waters
2011), such as the PENN Resiliency Program, a group intervention for school
children (Penn Positive Psychology Center 2007); organizations (Bono et al. 2013;
Meyers et al. 2013), including safety-critical organizations, such as the offshore oil
industry (Hystad et al. 2014) and U.S. Army (Azar 2011); and clinical, including
group interventions for breast cancer patients (Cerezo et al. 2014), interventions to
reduce stress in people newly diagnosed with HIV (Tedlie Moskowitz et al. 2014),
interventions to promote positive states and strengths of character for patients with
or at risk of cardiac disease (Dubois et al. 2012), and psychotherapy (Schrank et al.
2014; Seligman et al. 2006).

A growing literature on such positive psychology interventions indicates that the
“good life”—positive emotion, engagement, relationships, meaning, and accom-
plishment—can be strengthened (Seligman 2010). For example, in a
meta-analytical study of the effectiveness of positive psychology interventions,
Bolier and colleagues reported that positive psychology interventions significantly
enhanced subjective and psychological well-being and reduced depressive symp-
toms (Bolier et al. 2013). In a six-group, randomized placebo-controlled Internet
study, Seligman et al. found that two interventions—writing about three good
things that happened each day and why they happened, and using signature
strengths of character in a new way—made people happier (and less depressed) up
to 6 months later (Seligman et al. 2005). As emphasized by Fredrickson, diverse
interventions—including finding positive meaning, relaxation training, and invok-
ing empathy or amusement—share the capacity to evoke positive emotions while
lessening negative emotions (Fredrickson 2000). Importantly, evidence is accu-
mulating that positive emotions are associated with beneficial psychological and
physical health effects; positive emotions can be an important factor that safeguards
individuals against maladaptive health outcomes (Tugade et al. 2004).

Contrary to studies such as those outlined above, there is research indicating that
under certain circumstances overvaluing happiness may be less conducive to
well-being. For example, Mauss et al. (2011) conducted two studies to explore
paradoxical effects of valuing happiness. In their first study, female participants
who valued happiness more reported lower happiness under conditions of low, but
not high, life stress. In their second study, female participants who were induced
experimentally to value happiness reacted less positively to a happy, but not a sad,
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emotion induction, when compared to a control group. Participants’ disappointment
by their own feelings mediated the effect. The researchers propose that valuing
happiness may lead people to feel less happy in positive contexts when expectations
for happiness are high (Mauss et al. 2011). As proposed by Ford and Mauss, first, as
individuals pursue happiness, they typically set high standards for their happiness,
which may create discontent and decrease happiness when their current state falls
below such standards; second, individuals are not constantly accurate regarding
what will assist them to achieve happiness, and may consequently engage in
activities that are ineffective for increasing their happiness; and third, as individuals
pursue happiness, they typically monitor their accomplishment of this goal, and
such monitoring may reduce their ability to achieve happiness (Ford and Mauss
2014). Accordingly, activities to promote well-being may be more effective when
aimed to direct participants’ efforts on the specific activity, such as practicing acts
of kindness, rather than on the sole value of increasing happiness (Nelson and
Lyubomirsky 2012). Indeed, current perspectives of positive psychology assume a
focus less on “positive” targets at shallow level, and more on what factors may lead
to healthy well-being; in some cases, positive emotion and psychological strengths
lead to suboptimal living, while emotions such as anxiety and confrontational
behaviours may result in the best possible outcomes (Ciarrochi et al. 2013).

For whom, in what circumstances, and through which mechanisms positive
psychology interventions work are largely person, activity, and context dependent.
Importantly, positive psychology interventions therefore are required to consider
individual differences (Azar 2011). Because individuals have diverse strengths,
interests, values, and inclinations that allow them to benefit more from some
strategies than others, no one particular activity will help all individuals to become
happier (Lyubomirsky et al. 2005). In a study conducted by Brunstein et al. (1998),
the researchers found that progress towards motive-congruent goals, in contrast to
progress towards motive-incongruent goals, accounted for a sample of students’
daily experiences of emotional well-being. Similarly, Fordyce (1977), in relation to
a self-study programme designed to increase personal happiness and life satisfac-
tion, reported that the particular components of the programme considered most
happiness producing greatly varied between subjects, seemingly determined by
individuals’ needs and areas of particular weaknesses. In a study conducted by
Wood and colleagues, among participants with low self-esteem, those who repeated
a positive self-statement (“I’m a lovable person”) felt worse than those with low
self-esteem who did not repeat the statement; among participants with high
self-esteem, those who repeated the statement felt better than those who did not, but
only to a limited degree (Wood et al. 2009).

Similarly, Thompson and colleagues investigated how gender may affect
self-reported person-activity fit across three positive psychology interventions:
gratitude journal; acts of kindness; and savouring life’s joys. The results indicated
that gender influenced person-activity fit regarding the above interventions, with
females in all cases reporting a higher fit than males (Thompson et al. 2014).
Lyubomirsky and Layous have proposed the person-activity fit model, which
presents: (a) an overview of the activity features and person features that render a
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positive activity optimally effective; and (b) the mechanisms that underlie the
positive activity’s successful improvement of well-being. The researchers propose
that the degree to which an activity feature affects a positive activity’s success is
determined by the fit between the person, such as personality or culture, and that
activity feature, such as dosage or social support (Lyubomirsky and Layous 2013).

Positive Organizational Psychology

Positive organizational psychology can be interpreted as the scientific study of
positive subjective experiences and traits in the workplace and positive institutions
(Donaldson and Ko 2010). Positive organizational psychology may be considered
as an overarching term comprising the newly emerging fields of positive organi-
zational scholarship (POS) and positive organizational behaviour (POB)
(Donaldson and Ko 2010). POS focuses on the study of positive outcomes, pro-
cesses, and attributes of organizations and their members (Cameron et al. 2003).
Along similar lines, POB is concerned with the study of individual positive psy-
chological conditions and human resource strengths that are related to employee
well-being or performance improvement (Bakker and Schaufeli 2008), and such
positive psychological conditions and human resource strengths that are “state-like”
(Luthans et al. 2008), signifying that they are not fixed and are more easily changed
than “trait-like” constructs.

While both POS and POB share the common origins of positive psychology, and
are underpinned by the scientific process in the development of knowledge, POB
differs from POS in a number of respects: POB primarily focuses on individual
psychological qualities and their impact on performance improvement; its studies
have been conducted chiefly at the micro and meso levels of analysis using survey
research; and POB has tended to develop in an inductive way (i.e. from individual
to group to organizational levels of analysis) (Donaldson and Ko 2010). Due to its
principal focus on individual psychological qualities that are state-like and therefore
more amenable to change, which aligns with the topic of this chapter, POB is
discussed below in more detail.

Positive organizational behaviour. The recently developing field of POB fol-
lows the lead of positive psychology (Bakker and Schaufeli 2008; Youssef and
Luthans 2007). POB is defined as “the study and application of positively oriented
human resource strengths and psychological capacities that can be measured,
developed, and effectively managed for performance improvement in today’s
workplace” (Luthans and Church 2002, p. 59). As suggested by this definition, the
specific criteria to determine positive capacities include being based on theory and
research with valid measurement, and also that such capacities are state-like, sig-
nifying, as outlined above, that the capacity must be malleable and open to change
(Luthans et al. 2008).

An example of a recent POB study is one conducted by Youssef and Luthans,
who tested the impact that positive psychological resource capacities of hope,
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optimism, and resilience had on work-related employee outcomes, including per-
formance, job satisfaction, work happiness, and organizational commitment. Their
findings generally supported their hypotheses that employees’ positive psycho-
logical resource capacities related to, and contributed equal variance to, the out-
comes (Youssef and Luthans 2007). Numerous other studies have shown that
positive organizational phenomena can make a distinct contribution to explaining
variance in organizational outcomes (Bakker and Schaufeli 2008). For example,
Losada’s observational study among 60 business teams tested the effect of positive
versus negative speech on performance. Specifically, performance was evaluated
using three indicators: profitability, customer satisfaction, and assessments of the
team by their superiors, peers and subordinates. A speech act was coded as positive
if the participant showed support, encouragement, or appreciation, and was coded
as negative if the participant speaking showed sarcasm, disapproval or cynicism.
Findings indicated that high-performance teams showed more positive speech,
providing empirical support for positive speech among team members as distin-
guishing high-performance teams from less successfully performing teams (Losada
1999).

Psychological capital. Psychological capital is a core construct of POB
(Luthans et al. 2006). Luthans et al. (2007a, b) define psychological capital as:

an individual’s positive psychological state of development and is characterized by:
(1) having confidence (self-efficacy) to take on and put in the necessary effort to succeed at
challenging tasks; (2) making a positive attribution (optimism) about succeeding now and
in the future; (3) persevering towards goals and, when necessary, redirecting paths to goals
(hope) in order to succeed; and (4) when beset by problems and adversity, sustaining and
bouncing back and even beyond (resiliency) to attain success (p. 3).

The term “psychological capital” in this sense signifies individual motivational
propensities that accumulate through positive psychological constructs, including
efficacy, optimism, hope and resilience (Luthans et al. 2007a, b). Psychological
capital constructs are posited as being “state-like,” although not momentary states
(Luthans et al. 2007a, b).

Psychological capital may be an important factor concerning seafarers’ safety
climate. From a sample of seafarers working on oil platform supply ships, empirical
support is provided by Hystad et al. for psychological capital as an important factor
of safety climate (Hystad et al. 2014). Along similar lines, in two studies investi-
gating the potential relationship between psychological capital and perceptions of
safety climate among maritime workers from three Norwegian shipping companies,
Bergheim et al. reported that psychological capital, including resiliency, was pos-
itively associated with perceptions of safety climate (Bergheim et al. 2015).

Resilience. Resilience may be defined as the ability to “bounce back” from
adversity (Luthans et al. 2006). Resilience has been conceptualized as the capacity
to maintain healthy functioning despite increased stressors, and to recover to full
functioning following a demanding period (Stanley et al. 2011). The American
Psychological Association (APA) outlines ten ways to build resilience: (1) Make
connections; (2) Avoid seeing crises as insurmountable problems; (3) Accept that
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change is a part of living; (4) Move towards your goals; (5) Take decisive actions;
(6) Look for opportunities for self-discovery; (7) Nurture a positive view of
yourself; (8) Keep things in perspective; (9) Maintain a hopeful outlook; and
(10) Take care of yourself (American Psychological Association 2015).

Research shows that resilience has a positive relationship with recovery from
daily stressors. Ong et al. found that psychological resilience accounted for
meaningful differences in emotional responses to daily stressors. Their findings
indicated that, over time, the experience of positive emotions may function to assist
high-resilient individuals in their capacity to recover effectively from daily stress
(Ong et al. 2006). This link between positive emotions and resilience is supported
by empirical research (Cohn et al. 2009). The Broaden-and-Build theory
(Fredrickson 2001) postulates that experiences of positive emotions serve to build
enduring personal resources—including physical, intellectual, social and psycho-
logical resources—and are a resource that can be used when individuals undergo
stressful experiences. As proposed by Fredrickson, positive emotions, when
effectively employed, can optimize psychological resilience, health, and subjective
well-being (Fredrickson 2000). Positive emotions boost resilience, which in turn
stimulates more positive feelings; in other words, positive emotions and resilience
mutually reinforce each other (Smith and Hollinger-Smith 2015).

One possible path to resilience is personality hardiness, a characteristic sense
that life is meaningful, that we choose our futures, and that change is interesting and
valuable (Bartone 2006). Hardy attitudes and strategies may facilitate resilience
under stress. Hardy attitudes are: (1) commitment, signifying the belief that no
matter how difficult life gets, it is important to stay involved with whatever is
happening rather than detaching and becoming alienated; (2) control, indicating the
belief that no matter how difficult life becomes, there is a need to continue trying to
turn the stresses from potential disasters into growth opportunities, rather than
sinking into powerlessness and passivity; and (3) challenge, the view that stressful
changes are opportunities to grow in wisdom and capability (Maddi 2013).
Alongside commitment, control and challenge, the hardy-resilient style individual
shows a strong future orientation—an inclination to look optimistically towards the
future while learning from the past (Bartone et al. 2012).

According to Bartone, while the underlying mechanisms of how hardiness may
increase resilience regarding stress are not yet fully understood, a significant aspect
of the hardiness-resilience mechanism may involve the meaning that individuals
attach to events. From this perspective, individuals high in hardiness characteris-
tically interpret experiences as largely interesting and worthwhile; over which they
can exert control; as challenging; and as presenting opportunities to learn and grow
(Bartone 2010). It is through this “shaping” of stressful experiences that leaders
may foster hardy-resilient response patterns in a group setting, whereby a leader
high in hardiness communicates a positive construction of shared stressful expe-
riences, which may influence the entire group in the direction of a more positive
interpretation of the experience (Bartone 2010, 2012).

Resilience from this standpoint may be fostered. As alluded to above, resilience
is posited as not being trait-like in that individuals either have it or do not; rather, it
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comprises behaviours, thoughts and actions that can be learned and developed
(APA 2015). Accordingly, training programmes that aim to develop or enhance
resilience may be effective in improving health, well-being and quality of life
(Leppin et al. 2014). As proposed by Hystad and Bye, a central aspect of hardiness
training may be to assist people to change their mental models so that they may
develop a broader perspective of life’s circumstances and find alternative ways of
understanding themselves and their experiences (Hystad and Bye 2013).
Accordingly, resilience training may be conceptualized as providing techniques and
a setting to reflect on one’s way of thinking and to allow people to initiate changes
to their thinking. According to a report of an International Maritime Health
Association workshop (Carter 2005), research needs to focus on the resilience and
coping strategies of seafarers, with interventions to modify these factors, and
additional support and counselling in the early stages of identified distress.

Positive Psychology and Well-Being at Sea

MacLachlan and colleagues have called for the application of positive psychology
in the maritime sector for the purposes of developing unique occupational health
and performance programmes suitable to life on board. The researchers call on
health and occupational practitioners in the maritime industry to more effectively
utilize the characteristics of maritime work to develop intervention programmes that
stimulate strengths, health and good performance of seafarers (MacLachlan et al.
2013). As proposed by organizational psychologists Gregory and Shanahan in their
influential maritime guide ‘The human element: A guide to human behaviour in the
shipping industry’, there are many practical things that can be done to ensure people
work to their strengths (Gregory and Shanahan 2010). Table 1 outlines examples of
commonly used interventions in positive psychology and their potential relevance
to maritime health.

The familiar expression of “happy ship” suggests that job satisfaction may be a
crucial element in maritime organizations (Bergheim et al. 2015). Yet, the appli-
cation of positive psychology to the maritime context has been restricted primarily
to resilience and “mindfulness” training. However, Van Wijk and Waters present a
case study of the implementation of an interview model that focuses on strengths
and positive health aspects, for the purposes of the annual psychological assessment
of a group of naval specialists. In contrast to the traditional approach of a medical
diagnostic interview, a significant difference was found in relation to
post-assessment referrals for counselling, suggesting that this innovative positive
psychology interview approach may have contributed to preventing later distress
(van Wijk and Waters 2008).

Programmes aiming to enhance resilience of mariners are evident. For example,
the U.S. Navy Operational Stress Control Programme aims to assist sailors to avoid
stress injuries, recover from adverse situations and build resilience—to strengthen
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Table 1 Examples of commonly used positive psychology interventions

Study Intervention Outcomes Relevance to Maritime
Health

1.
Seligman
et al.
(2005)

Three good things in life
—Participants were
asked to write down three
things that went well each
day and their causes
every night for 1 week

At the 1-month follow
up, participants were
happier and less
depressed than they had
been at baseline, and
stayed happier and less
depressed at 3-month and
6-month follow-ups

Maritime workers may be
at heightened risk of
depression and suicide.
Positive psychology
interventions such as
“Three good things in
life” for seafarers may
facilitate increases in
happiness and decreases
in depressive symptoms
for up to 6 months

2.
Luthans
et al.
(2008)

Developing
psychological capital—A
highly focused, 2-hour
web-based training
intervention to develop
psychological capital,
including efficacy, hope,
optimism, and resilience.
A pretest, posttest
experimental design was
used (n = 187 were
randomly assigned to the
treatment group and
n = 177 to the control
group)

The treatment group
experienced a significant
increase in psychological
capital, while the control
group that participated in
a different but relevant
intervention did not show
a significant increase in
their psychological
capital

Computer-based training
for seafarers on board and
on shore may provide an
effective approach for
programmes aiming to
enhance psychological
capital and well-being of
seafarers on a wider and
cost-effective scale

3. Zeidan
et al.
(2010)

Brief meditation training
—A study with a sample
of 49 university students
examining if the effects
of brief meditation
training can be found on
cognitive tasks with
varying demands on
working memory,
sustained attention, visual
coding, and verbal
fluency

Brief training
significantly increased
mindfulness scores in
comparison to a control
group. The training
protocol had significant
effects on several
cognitive tasks that
require sustained
attention and executive
processing efficiency, e.g.
processing speed,
executive attention and
verbal fluency

Mindfulness meditation
training may enhance
cognitive capacity of
maritime workers, such
as improved sustained
attention, the effect of
which may be enhanced
performance and safety in
maritime organizations

4. King
(2001)

Writing about life goals
—A sample of 81
undergraduates wrote for
20 min each day for
4 days. Participants were
randomly assigned to

Writing about life goals
was significantly less
upsetting than writing
about trauma and was
associated with a
significant increase in

Writing about life goals
may generate health
benefits for maritime
workers such as increased
subjective well-being and
decreased illness.

(continued)
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preparation to perform when confronting new challenges (U.S. Navy 2015). In
non-military seafaring contexts, resiliency programmes are also apparent. As pro-
posed by Greenberg, “Equipping mariners with the right psychologically focused
skills and regular psychological monitoring can be effective methods of improving
psychological resilience, detecting problems at an early stage, ensuring timely
support and where necessary signposting to evidence based medical interventions”
(March on Stress 2013). For example, as outlined above, peer-to-peer resilience
training is currently being piloted by Shell Health (Jacobs 2013). Along similar
lines, the SEAHORSE project comprises a consortium of 13 organizations from air
and maritime transport sectors, with the overall aim of addressing “human factors
and shipping safety.” A primary goal of this project is to develop a multilevel
resilience approach involving individuals, teams, multi-teams and organisations to
ensure that interventions to strengthen resilience at one level have a positive effect
on resilience at other levels (SEAHORSE project 2014).

Research is evident on the training of marines to cultivate the state-like quality of
“mindfulness”—a moment-to-moment awareness of one’s experiences, which has

Table 1 (continued)

Study Intervention Outcomes Relevance to Maritime
Health

write about their most
traumatic life event, their
best possible future self,
both of these topics, or a
non-emotional control
topic

subjective well-being.
Five months after writing,
a significant interaction
emerged such that writing
about trauma, one’s best
possible self, or both
were associated with
decreased illness
compared with controls

Mental health is an
essential component of
productivity (WHO
Europe 2005).
Psychological
interventions that
increase subjective
well-being of maritime
workers may also
increase productivity of
maritime organizations

5.
Peterson
et al.
(2005)

Using signature strengths
in a new way—
Participants were asked
to take an inventory of
character strengths online
and received
individualized
feedback about their top
five (“signature”)
strengths. They were then
asked to use one of these
top strengths in a new
and different way every
day for 1 week

Participants showed
increased happiness and
decreased depressive
symptoms for 6 months

Positive psychology
interventions such as
identifying and using
one’s signature strengths
may be an effective
approach to increasing
happiness and decreasing
depressive symptoms of
maritime workers
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been shown to increase positive affect and decrease negative affect (Davis and
Hayes 2012). Mindfulness fosters human characteristics that are central to positive
psychology, including character strengths and virtues and psychological well-being,
although it does so through acceptance-based rather than change-based approaches
(Baer and Lykins 2011). In a study by Johnson and colleagues, marines who
received Mindfulness-Based Mind Fitness Training (MMFT) showed inter alia
enhanced recovery including heart rate and breathing rate after stressful training,
signifying that mechanisms relating to stress recovery can be altered in healthy
individuals prior to stress exposure (Johnson et al. 2014). Similarly, Stanley and
colleagues found that marines who engaged more in MMFT practice showed
greater self-reported mindfulness, associated with decreases in perceived stress
(Stanley et al. 2011). Advantageous health effects of “mindfulness” training may
also extend to mariners in the non-military context. Outlined in Table 2 are
examples of interventions used in positive organizational psychology and their
potential relevance to maritime health.

Rationale for Future Research in the Area

Due to the isolated and dispersed nature of the maritime context, online or
computer-based positive psychology interventions and training may be a viable and
important avenue of future research. Online positive psychology interventions have
the capacity to empower people to manage their own well-being, while being highly
accessible, low-cost, and scalable, reaching diverse types of populations (Bolier
et al. 2014; Drozd et al. 2014; Redzic et al. 2014). Empirical support for the efficacy
of online positive psychology interventions is provided by current research. For
example, while Layous and colleagues found that a positive activity intervention
significantly increased positive affect, no differences were found between partici-
pants who completed the positive activity online versus in person (Layous et al.
2013). Similarly, Luthans et al. found that the treatment group in a web-based
training intervention to develop positive psychological capital, but not the control
group, experienced a significant increase in their psychological capital (Luthans
et al. 2008).

As proposed by Bergheim and colleagues, captains on board vessels are an
important yet difficult group to include in a traditional management training pro-
gramme, due to their prolonged time at sea, frequently in isolated environments, so
that structured web-based or computer-based training programmes may be a
valuable and cost-effective way to provide training opportunities during their
off-duty hours on board (Bergheim et al. 2015). Of course, such interventions and
training would need to be designed and administered with due cognizance of highly
restricted Internet access of a large proportion of seafarers (Kahveci 2011;
Progoulaki et al. 2013). However, positive psychology computer-based interven-
tions and training, by which such programmes are readily accessible on computers
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Table 2 Examples of positive organizational psychology interventions

Study Intervention Outcomes Relevance to Maritime
Health

1. Hulsheger
et al. (2013)

Mindfulness self-training—
Participants (n = 64) were
randomly assigned to a
self-training mindfulness
intervention group/control
group. The sample
comprised various job
types, e.g. teachers, social
workers and bankers

Participants in the
mindfulness intervention
group experienced
significantly more job
satisfaction than
participants in the control
group

Job satisfaction is
considered a crucial
element in maritime
organizations (Bergheim
et al. 2015). Employees
who are more satisfied
with their work care
about the quality and
safety of their work, are
more committed to the
organization and more
productive (Håvold
2007; Hult 2012b)

2. Lambert
et al. (2012)

Gratitude intervention—
Eight studies (n = 2973)
testing the theory that
gratitude is related to fewer
depressive symptoms
through positive reframing
and positive emotion

Results from these studies
indicate that gratitude is
related to fewer depressive
symptoms, with positive
reframing and positive
emotion serving as
mechanisms that account
for this relationship

The most common form
of ill-health at sea on
non-passenger vessels is
mental health problems.
Positive psychology
training such as the
“Gratitude” intervention
may decrease depressive
symptoms of maritime
workers

3.
Andersson
et al. (2007)

Hope and gratitude
intervention—A
longitudinal study of 308
white-collar U.S.
employees to assess effects
of feelings of hope and
gratitude on self-reported
concern for corporate social
responsibility

Employees with stronger
hope and gratitude were
found to have a greater
sense of responsibility
towards employee and
societal issues, such as
social justice

Interventions for
maritime workers to
increase feelings of
gratitude and hope may
increase sense of
responsibility toward
employee and societal
issues

4.
Fredrickson
et al. (2008)

Meditation practice—A
field experiment with
working adults (n = 139),
half of whom were
randomly assigned to begin
a practice of
loving-kindness meditation

The meditation practice
produced increases over
time in daily experiences of
positive emotions, which
produced increases in
personal resources (e.g.
purpose in life, social
support, and decreased
illness symptoms). These
increases in personal
resources predicted
increased life satisfaction
and reduced depressive
symptoms

The incidence of
seafarer deaths through
suicide suggests that the
mental health of
seafarers continues to be
very poor. Meditation
training of seafarers
could increase personal
resources, such as
purpose in life, which
may generate increased
life satisfaction and
decreased depressive
symptoms

(continued)
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on board, may be a viable and judicious option for those aiming to increase positive
psychological affect and capital of seafarers.

Effect duration and effect maintenance of positive psychology interventions are
also pertinent areas of inquiry. As proposed by Seligman and Csikszentmihalyi, one
fundamental gap of positive psychology relates to the relationship between
momentary experiences of happiness and longer-lasting well-being (Seligman and
Csikszentmihalyi 2000). However, studies indicating longer-term positive effects
on well-being of positive psychology interventions are evident. For example, Cohn
and Fredrickson found that many participants of a meditation intervention contin-
ued to meditate, to experience boosted positive emotions, and to maintain increased
personal resources, more than one year after the end of training, signifying that
skills-based positive psychology interventions may show longer-term effectiveness
(Cohn and Fredrickson 2010). In relation to a self-administered “Three funny
things” intervention in an online setting, Proyer et al. found that the intervention led
to an increase in happiness and an amelioration of depressive symptoms at
6-months follow-up (Proyer et al. 2014). Similarly, Seligman and Steen reported
two exercises—“Using signature strengths in a new way” and “Three good
things”—that were found to increase happiness and decrease depressive symptoms
of participants for 6 months (Seligman et al. 2005).

Table 2 (continued)

Study Intervention Outcomes Relevance to Maritime
Health

5. Millear
et al. (2008)

Resilience-building
programme—A pilot trial
of the Promoting
Adult Resilience
(PAR) programme, a
strengths-based
resilience-building
programme that integrates
interpersonal and
cognitive-behaviour
therapy. Pre, post and
follow-up measures on 20
PAR participants from a
resource-sector company
were compared with a
non-intervention-matched
comparison group

The PAR group maintained
significant post-test
improvements in coping
self-efficacy and lower
levels of stress and
depression. Process
evaluations of the PAR
programme showed that
skills were rated highly and
widely used in everyday
life at both post and
follow-up measurement
times

People working at sea
may experience a
multitude of stressors.
Strengths-based
resilience-building
programmes may
enhance coping
self-efficacy and
decrease levels of stress
and depression of
maritime workers.
As mental health is an
essential component of
social cohesion (WHO
Europe 2005),
interventions to enhance
psychological
well-being of seafarers
may also strengthen
social cohesiveness of
employees of maritime
organizations
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A further promising line of inquiry relates to maritime health at the systems
level. As emphasized by Carter, while the collection and analysis of information on
seafarers’ health is mostly addressed by health professionals, the use of such
information is important for all areas of the maritime sector, and this introduces a
variety of social, political, economic, regulatory, and ethical factors into all parts of
the advancement of a knowledge base (Carter 2011b). Similarly, MacLachlan et al.
propose that environmental, organizational, operational, safety, and cultural aspects
all have an impact on maritime health; accordingly, the authors recommend a
systems-based approach to research to facilitate the targeting and implementation of
integrated health care interventions in the maritime environment (MacLachlan et al.
2012). A systems approach to managing stressors is the basis of the Crew
Endurance Management System, extensively used in more recent times for
implementing practices to control shipboard stressors (Comperatore et al. 2005;
United States Coast Guard 2014). Along these lines, Comperatore and colleagues
suggest that managing the complexity of shipboard stressors necessitates a systems
approach that identifies individual elements in the complex system and determines
how these elements are individually and collectively impacting on seafarers’
endurance (Comperatore et al. 2005).

Key Research Questions

While recognizing that a range of questions may be proposed on the topic of
positive psychology and well-being at sea, a number of selected research questions
are presented below:

1. Do positive psychology interventions and training enhance well-being, perfor-
mance and safety in the workplace, and through what mechanisms do these
interventions and training operate? Are these mechanisms transferable to the
maritime environment?

2. What are the facilitators and barriers to the effective implementation of positive
psychology interventions that are specific to the maritime context?

3. Do positive psychology interventions show signs of effect maintenance in the
maritime context?

4. Do positive psychology interventions present any advantages or disadvantages
relative to other forms of psychological intervention in the maritime context?

5. How can positive psychology interventions and training be designed and
administered to be accessible across ranks, sexes, ages, cultures and ethnicities
on board?

6. Are positive psychology computer-based interventions and training an effective
and viable option in the maritime context?

7. How can a systems-based approach to research and implementation be designed
to facilitate integrated health care interventions in the maritime environment?
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Conclusion

While for centuries folk theory has promoted the concept that positive emotions are
good for your health, accumulating empirical evidence is offering support for this
anecdotal knowledge, indicating that positive emotions are associated with bene-
ficial psychological and physical health effects (Tugade et al. 2004). Furthermore, a
growing literature on positive psychology interventions suggests that the “good
life”—positive emotion, engagement, relationships, meaning, and accomplishment
—can be strengthened (Seligman 2010). The seafaring environment offers a unique
context in which positive psychology interventions and training may be applied and
tested. The isolated, confined, and safety-critical environment of the ship exposes
seafarers to a very particular assortment of stressors. Conversely, as proposed by
MacLachlan et al., this environment also offers unique opportunities to develop
occupational health and performance programmes suitable to life on board, and the
field of positive psychology may contribute in this respect due to its focus on
facilitating positive health, attitudes and work behaviour, rather than on correcting
for a “lack of,” “failures,” “errors” or “dysfunctions” (MacLachlan et al. 2013).
Robust research is essential that shows scientifically the effects on well-being of
positive psychology interventions administered on board. As proposed by
Seligman, interventions that work are required, and a systematic programme of
interventions that is scientifically proven to raise the level of human well-being
(Seligman 2003).

Of course, as previously outlined, for whom, in what circumstances, and through
which mechanisms positive psychology interventions work are largely dependent
on the individual, activity, and context. As individuals have diverse strengths,
interests, values, and inclinations that allow them to benefit more from some
strategies than others, no one particular activity will help all individuals to become
happier (Lyubomirsky et al. 2005). Moreover, interventions to mitigate stress and
support seafarers’ well-being should recognize the occupational, cultural and
demographic factors that may influence how stress may be differentially experi-
enced, expressed and alleviated on board.

To date, the application of positive psychology interventions and training to the
maritime context has been examined only marginally—although research on
“mindfulness” techniques and resilience training is evident in the navy and broader
seafaring setting. As proposed by Progoulaki and colleagues, shipping companies
are seemingly willing to invest in the well-being of seafarers as it is considered a
primary source of productivity (Progoulaki et al. 2013). Whether the emergent
focus of maritime organizations on supporting seafarers’ well-being is health or
productivity motivated, or both, an increasing awareness of mental health problems
at sea is evident, associated with a variety of practical initiatives in this area.
Importantly, however, as proposed by MacLachlan et al. (2012), a systems-based
perspective that addresses safety, cultural, environmental, operational and organi-
zational aspects can ensure a more comprehensive approach to maritime health.
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Transferring Learning Across
Safety-Critical Industries

Paul M. Liston, Alison Kay, Sam Cromie, Nick McDonald,
Bill Kavanagh, Roddy Cooke and Peter Walter

Case Study

Let’s consider two practical examples of transferring learning across safety-critical
industries. Shane is a safety manager at a small shipping company. His company
recently had a serious incident where company procedures were not followed. This
resulted in damage to equipment and significant delays and cost overruns, but there
were no injuries. He is struggling to put in place measures to prevent a future
reoccurrence and thinks aviation may have something to offer as this sector has
many standard operating procedures (SOPs); the nuclear sector might also has
innovation and learning to transfer. Contrast this example with that of Yvonne, the
head of safety at a large shipbuilding company. Her budget has been increased
considerably for the coming year, and she wants to develop her company’s human
factors capacity and profile by implementing human factors training in the whole
company—training everyone in the company, from the boardroom to the shop
floor, just like in aviation. The approaches of Shane and Yvonne are not aligned but
represent two common “arrival points” or motivations for transferring innovation
and learning across safety-critical industries. This chapter will explore both
approaches and outline a new, more structured approach to transfer.
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Introduction

Safety-critical industries, by their very nature, are characterized by a desire to
manage risk and produce consistently safe outputs. Safety is critical to their
operation and the dual goals of safety and efficiency must be optimally managed.
This necessitates a strong commitment to continuous improvement, and oftentimes
a source of change and improvement can be found in other sectors facing similar
existing, or future, challenges. As maritime operators step up their efforts to meet
the safety management system (SMS) requirements enshrined in the International
Safety Management (ISM) Code, they are increasingly looking to other transport
sectors and safety-critical industries for opportunities to learn and improve the
safety of their operation. This chapter reviews the state of the art of innovation and
learning transfer across safety-critical industries and focuses in particular on how
aviation innovations that have been transferred to maritime and other sectors. The
drivers for transfer are discussed and the two dominant existing approaches to
transfer are detailed. Through the use of two case studies, a number of general
principles about these approaches to transfer are delineated. The discussion then
moves to a new, systematic approach to transfer that is being pioneered in a
European research project, before concluding with possible future directions for
transferring learning to the maritime sector.

What Drives Transfer of Learning?

Safety-critical industries value safety more than other sectors, and the relationship
between safety and efficiency is not easy to categorize. It is not a compromise—that
is to say—when you improve safety you compromise on efficiency or vice versa.
For many companies, embracing safety, and investing in safety, can reap efficiency
rewards. Obviously regulatory requirements drive compliance, but the idea that
safety and efficiency (or cost) are competitors is losing traction. Ward et al. (2010)
demonstrated this dynamic in a safety-oriented performance improvement exercise
in an aircraft maintenance company over a period of 8 months. By using an
operationally valid model of the system (representing the formal system and how
this system is interpreted in normal everyday operations) and a “Blocker Resolution
Process” to overcome the problems identified, the company was able to deliver 20
aircraft “early” or “on-time”, saving 22 days for the customer and resulting in a
substantial bonus payment for the maintenance company. It might seem rather
counter-intuitive in the context of the current economic environment—that by
spending money on safety you can save money. This may be about safety research
finally finding a way of demonstrating impact (as exemplified by Ward et al.’s
(2010) work) or it may be about a growing recognition that safety goals can help
achieve economic ones too.
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If safety, or more broadly conceived QHSE (quality, health, safety, environ-
ment), is a driver for the transfer of learning and knowledge, then safety culture
must be part of the discussion (Parker et al. 2006). An agreed definition of safety
culture is still elusive (cf. Guldenmund 2000; Schein 1992), but a useful way of
thinking about it is as follows: safety culture is how people behave when no one is
looking. The International Maritime Organization (IMO 2003) offers a practicable
working definition:

A safety culture can be defined as a culture in which there is considerable informed
endeavor to reduce risks to the individual, ships and the marine environment to a level that
is as low as is reasonably practicable. Specifically, for an organisation making efforts to
attain such a goal, economic and social benefits will be forthcoming, as a sound balance
between safety and commerce will be maintained [IMO, MSC 77/17].

Safety culture, therefore, is about the values that people, and by extension the
organization, have in relation to safety. High-profile accidents such as the Costa
Concordia, the MV Sewol in South Korea or Air France Flight 447 inevitably
highlight safety failures and operational shortcomings. The focus of the subsequent
accident investigations is a retrospective analysis of the factors that led to the
accident and a typical output would be a list of recommendations to improve safety
and reduce risk. In these situations, these recommendations act as drivers for safety
improvement for the company involved, and for the industry generally, but they are
“reactive” drivers for safety. However, safety culture can act as a proactive driver
for safety improvement—pushing organizations to better manage risk.

Hudson (2007) described a model of safety culture maturity which offers an
explanation of the relationship between the desire to improve safety and the transfer
of learning across safety-critical industries. This model arose from a need to resolve
the inherently dichotomous nature of safety culture definitions (i.e. if your orga-
nization has this characteristic you have safety culture, if your organization does not
have this characteristic you do not have safety culture) (Hudson 2007). The model
has the following five progressive levels of safety culture:

1. Pathological—who cares about safety as long as we are not caught?
2. Reactive—safety is important: we do a lot every time we have an accident.
3. Calculative—we have systems in place to manage all hazards.
4. Proactive—we try to anticipate safety problems before they arise.
5. Generative—QHSE is how we do business round here.

The framework posits that as an organization’s culture develops and becomes
more mature it progresses upwards through the levels. In so doing, there is an
increase in trust and accountability—people within the organization view the
changes positively—and there is a concomitant increase in organizational
informedness based on free and open reporting (Reason 1997; Weick and Sutcliffe
2001).
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The Maritime Case

So where might the maritime sector fit in this framework? In 1989, the IMO first
developed SMS guidelines (A.647(16), Guidelines on Management for the Safe
Operation of Ships and for Pollution Prevention). These guidelines informed the
International Management Code for the Safe Operation of Ships and for Pollution
Prevention (the ISM Code), which the IMO adopted in 1993. In 1998, the ISM
Code became mandatory under an amendment to the International Convention for
the Safety of Life at Sea (SOLAS). The ISM code states that the

safety management system should ensure compliance with mandatory rules and regulations;
and that applicable codes, guidelines and standards recommended by the Organization,
Administrations, classification societies and maritime industry organizations are taken into
account (ISM Code 1.2.3).

The IMO’s development of SMS guidelines and their subsequent adoption as
part of the SOLAS convention represents a clear progression in safety culture for
the maritime industry from the reactive level (2) to the calculative level (3) of
Hudson’s (2007) model of safety culture. The ISM code, in real terms, requires the
development, implementation and maintenance of the following:

A safety and environmental protection policy
Instructions and procedures to ensure safe operation of ships and protection of the

environment in compliance with relevant international and flag State legislation
Defined levels of authority and lines of communication between, and amongst,

shore and shipboard personnel
Procedures for reporting accidents and nonconformities with the provisions of this

Code
Procedures to prepare for and respond to emergency situations, and
Procedures for internal audits and management reviews.

[ISM Code 1.4]

The putting in place of policies, instructions and procedures, as represented in
the ISM code, clearly places the maritime sector at the calculative level of safety
culture maturity. The implementation of a mandated SMS in the maritime sector
represents a move away from a reactionary approach to investigating and retro-
spectively understanding accidents as a way of preventing reoccurrences to one
where identified hazards are managed through systems, policies and processes. But
is that sufficient? How does the maritime sector compare to the aviation sector (the
“teacher’s pet” of safety-critical sectors)?

The Aviation Case

SMS in the aviation sector relates to more than just systems and policies—or at
least the systems and policies which are mandated in the aviation sector go above
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and beyond those mandated by the ISM code. One of the mandated components of
European aviation SMS is “safety assurance”—all planned and systematic actions
necessary to afford adequate confidence that a product, a service, an organization or
a functional system achieves acceptable or tolerable safety (Commission Regulation
(EU) 1035/2011). According to the International Civil Aviation Organization
(ICAO 2013), safety assurance includes the following activities:

1. Safety performance monitoring and measurement
2. Management of change
3. Continuous improvement of the SMS.

It is clear from this focus on managing risk and change that the mandated SMS
in the aviation sector would position the aviation sector at the proactive level (4) of
Hudson’s (2007) model of safety culture: trying to anticipate safety problems before
they arise. There is of course a lack of clarity or agreement about the elements of an
effective SMS (in any safety-critical system) and their relationship to safety outputs
(cf. Pedersen et al. 2012; Thomas 2012), and there are issues associated with the
oversight of the maritime sector’s transition to SMS use as noted by Padova (2013).
However, it would seem that the maritime sector, as it increasingly looks to other
sectors for solutions to existing and anticipated problems, is slowly reaching a
proactive level of safety culture. Learning from other sectors and adopting new
techniques is necessary in order for the maritime sector to progress to the proactive
step of safety culture, but it is insufficient on its own. There also needs to be a
different approach to managing safety—one where there is clear safety leadership
and a focus on continuous improvement, not merely the managing of hazards.

From Whom/Whence to Learn?

It is fair to say that a lot of learning and knowledge has been transferred from
aviation to other sectors. The medical field in particular has looked to aviation for
established ways of dealing with risk and safety (cf. Wilf-Miron et al. 2003; Kosnik
et al. 2007; Stahel 2008; Wauben et al. 2012). The assumption seems to be that
aviation does safety better, so if a sector is trying to improve its management of
safety and risk it automatically looks to aviation. But is aviation “doing” safety
better than other sectors? Maybe this is not the way to look at things. Clearly, in the
aviation sector safety has a commercial value—passengers will choose to fly an
airline that is perceived to be safe over one that does not have the same safety
image.

One only needs to look at the finances of Malaysian Airlines after it lost two
wide-bodied aircraft in 6 months (MH370, MH17) to understand why aviation
companies invest so much time, effort and money in safety. The Financial Times
reported that passenger bookings fell by a third following the MH17 disaster and the
quarterly losses had almost doubled compared to the previous year (Grant 2014).
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So maybe it is not a question of aviation being better at safety. Perhaps the aviation
sector merely puts more resources into managing safety. Perhaps, the aviation sector
just perseveres more in their efforts to tackle entrenched issues. Perhaps, this is the
key to the aviation sector’s contribution to learning and knowledge transfer.

This is not to say that aviation cannot learn from sectors to which it “feeds”
learning and knowledge. Take the case of the automotive sector. We know that car
design has been benefiting from innovation transferred from airplane cockpits for
some time (e.g. Young et al. 2007), but now EU-funded research projects are
attempting to introduce into the aviation sector technologies which have been
pioneered in the automotive sector. Driver monitoring technologies monitor the
operator’s attentiveness and will alert in case of dangerous lack of attention. The
ACROSS1 (Advanced Cockpit for Reduction Of Stress and workload) project is
currently developing a new cockpit for commercial aviation which will reduce
stress and workload for flight crew, and technology and knowledge developed in
the automotive sector presents a key input for the aviation technology developers.

It is also worth considering that learning and knowledge transfer can happen
within industrial sectors also, not just between them. The trajectory of safety ini-
tiatives within aviation is well established, moving from a focus on technical fac-
tors, through human factors, then organizational factors to a point today where all
are considered together as a complex socio-technical system. This “system of
systems” perspective which dominates current thinking acknowledges that all
constituent parts of the aviation system (Air Traffic Management (ATM), mainte-
nance, flight operations, design, etc.) are very different from one another and can
operate independently but when they interact they expose emergent properties of
the system. In complex systems, those problems in one distinct part of the system
which have an impact on another operation will undoubtedly drive safety and
quality departments to find a solution or a way of understanding things better. This
can offer an explanation for why within the aviation system there has been much
transfer of knowledge and learning from the flight deck to maintenance and air
traffic control.

Case Studies of Transfers

Case Study 1: Aviation to maritime—Crew Resource Management

In March 1977, a major air disaster occurred when two planes collided on a runway
in Tenerife, resulting in 583 fatalities. Investigators concluded that the management
style of the captain of one of the aircraft engendered a steep authority gradient in the
cockpit aspect and this may have contributed to the collision. The management

1ACROSS is a Large-Scale Integrating Project funded by the European Commission under the
Seventh Framework Programme (FP7/2007-2013). Grant Agreement n° ACP2-GA-2012-314501.
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culture that prevailed in that airline prevented the co-pilot from challenging the
decisions of the captain, even though they were considered to be incorrect.
Investigative reports recommended several changes to aviation operational proce-
dures, including the need to change interpersonal cultural and organizational
behaviour in aircraft cockpits. This accident was the impetus for the introduction of
Cockpit Resource Management (CRM) training across the airline industry.

CRM course syllabi typically include the topic of advocacy, which is also known
as “challenge and response”. This refers to the empowerment of junior pilots to
question the decisions of more senior pilots as a cross-check before actions are
taken as it is linked to good management and effective teamwork. Updated CRM
training now includes role play and simulation exercises whereby various scenarios
are re-enacted to emphasise differences in seniority, cultures and genders which can
lead to conflicts. These conflicts can result in the development of steep authority
gradients. In this way pilots are trained to speak up and question decisions by
challenging senior personnel in a variety of operational contexts, the objective
being to increase the transfer of training from the classroom to the cockpit.

CRM training for the airline industry was adapted for use in the shipping
industry almost 20 years ago and in its current incarnation is known as Bridge
Resource Management (BRM) (Hetherington et al. 2006). In the maritime sector,
unlike in aviation, BRM is not mandated but there are non-technical skills
requirements as set out in the International Maritime Organization’s Seafarer’s
Training, Certification and Watchkeeping Code (IMO 1995). In meeting these
requirements, resource management training has established itself as a central part
of maritime training syllabi, but BRM can take many forms (Barnett et al. 2003).

Typically, simulators are involved in BRM and this affords the opportunity to
practise the technique of advocacy (“challenge and response”). During this part of
the training, the course coordinator selects a team consisting of appropriate mem-
bers that reflect varying degrees of authority. For example, a mature, experienced
ship’s officer will lead a team of junior officers. A problem-based scenario is
executed using a simulator with visuals and technical equipment and specific
objectives are given to the team pre-exercise. The exercise is designed to be suf-
ficiently complex to create high workload and induce mild stress in the participants.
A successful outcome would be good communication, a team approach, listening to
junior officers and for junior officers to be comfortable in asking questions and
offering advice. If the instructor is unable to select a suitable senior officer due to
the lack of senior personnel, the role of senior officer or ship’s port pilot may be
acted by instructors.

The exercise is recorded on video (ethical permission is obtained beforehand)
and re-played during debriefing. Debriefing includes asking each participant how
they felt during the exercise in terms of pressure and ability to speak up. The video
is analysed in detail in terms of advocacy, communication skills, leadership and
management. Learning points are highlighted and reinforced for use in future
exercises.
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Challenges in Transferring CRM to the Maritime Sector

Advocacy is sometimes considered the most challenging part of BRM training
(Kavanagh 2008). It is particularly difficult with mature, experienced officers and
with personnel from cultures where power distance is strong. Power distance
describes the ability of personnel in senior and junior roles to communicate freely
and effectively. This difference in role or rank is also known as an authority gra-
dient. The gradient is directly related to difference in seniority. When power dis-
tance is strong, junior officers are reluctant to question the actions of senior officers,
even though they are part of the same team (Hofstede et al. 2010). For those
reasons, the techniques have not always worked, either during training or in
practice, in some industry sectors. The technique of advocacy is most successfully
executed in sections of the shipping industry that are considered to be highly safety
critical, such as cruise liners and vessels in the oil/gas trades. However, not all
sections have embraced the technique due to lack of training, cultural differences
and management styles.

The differences between the sectors presented a few challenges also. The
commercial aviation sector has two main manufacturers and within one manufac-
turer’s product range there is a degree of standardization of cockpit. This results in a
simplified simulation layout. The maritime industry does not have a standard
navigating bridge layout and, therefore, innovative and creative BRM exercise
design is required. Nevertheless, the overriding principles can be implemented
during exercises by modifying the learning outcomes. Human–machine interface
learning cannot be easily included in the course because of the ubiquity of
non-standard equipment. Therefore, training can only be given to enable students to
carry out basic ship manoeuvres. Similarly, the aviation industry is highly regu-
lated, with oversight on a regular and continuous basis, whereas the shipping
industry, although regulated, includes many vessels that spend long periods on
passage, trading worldwide, often in places where regulations cannot be easily
enforced. This results in some students attending BRM courses who are not familiar
with the importance and need for checklists, pre- and post-planning briefings, and
record keeping.

The most challenging aspect of BRM is to impart the ethos that it is an “attitude”
course rather than a “technical skills” training course. Some students complete the
course not accepting this premise. Seafaring is a traditional occupation which has
developed a strong hierarchical ethos over many years. BRM students initially
adopt power-centred management styles, and the change from such a culture to a
team-based approach presents a strong challenge for BRM lecturers to overcome in
a course that is of 4–5 days’ duration. Transfer of learning to the workplace is thus
jeopardised.

Regarding cultural differences, in aviation, there is a relatively long history of
pilots taking recurrent CRM training on an annual or 6-monthly basis. Pilots expect
to be presented with situations and simulations that they find challenging. They
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consider this to be part of a learning process that will increase their competence and
enable them to make better decisions as an individual and as part of a team when
faced with challenges on the flight deck, both in their daily operations and in
emergency situations. They are also aware that all pilots are required to undergo
similar challenging training situations in which they will not always succeed. In
short, their recurrent CRM training is viewed as part of what makes them better
pilots. In the maritime industry, there is not yet a comparable history of recurrent
BRM training and trainees may not be as used to being in the classroom or sim-
ulator environments as pilots are. The design and delivery of BRM courses should
reflect this if training is to be effectively transferred. Trainees should be able to trust
in the process of learning. The learning environment should not be viewed as a
“test” or “performance measure” aligned with potential structural changes within an
organization. Taking part in the learning process should not be equated with risk or
threat to job roles or level of seniority. There needs to be a culture shift away from
trainees viewing the learning process as a “testing” one which tests and blames
individuals for making errors to trainees viewing BRM training to be the “norm” for
improving seamanship, just as CRM training is viewed as improving airmanship in
aviation. Only then will learning successfully make its way out of the classroom
and into the workplace. Only then will trainees be inclined to apply ownership for
their sense of responsibility in the safety process in maritime operations as the
teaching process intended.

Case Study 2: Aviation to the Process Sector—Human Factors Training

Human factors (HF) training has been mandated in aviation maintenance in Europe
since the early 2000s, with all Joint Aviation Authority countries mandated to have
implemented regulations by 2005 (Civil Aviation Authority (CAA) 2003). The
STAMINA2 training programme, launched in 2000, was developed to meet the
requirement using training developed out of targeted research in aviation mainte-
nance to ensure that the training addressed the key human factors of the sector.
STAMINA has been successfully delivered to the industry ever since and has been
recognised as an industry benchmark for human factors training.

The STAMINA BPM project3 was tasked with translating the STAMINA
innovation from aviation to the bio-pharmaceutical manufacturing (BPM) sector
(Koumadatis et al. 2011). The challenge was not to lose the benefit of the research
and development work carried out in the original project, while at the same time
ensuring that the new programme effectively addressed the context of the new
sector. The project initially carried out an in-depth study of the BPM sector. This
comprised interviews, focus groups, surveys, analysis of incident data and reviews

2Funded under the EC Leonardo Da Vinci programme. See for more details: https://www.tcd.ie/
cihs/trainingconsultancy/training/.
3Funded under the EC Leonardo Da Vinci programme LLP/LV/TOI/2009/IRL-512.
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of documentation and regulations. Only when this research was completed was the
BPM version of the training developed. An exhaustive analysis of the differences
between the sectors is not possible here. But we can highlight a few of the critical
differences and their impact.

Challenges in Transferring HF Training
to the Bio-pharmaceutical Sector

The regulatory regimes in the two sectors are very different. In aviation, there
are relatively harmonised international regulations explicitly addressing human
factors—e.g. more than 10 different requirements cover topics such as human
factors training, shift-handover procedures, etc. In the bio-pharmaceutical sector,
the regulations are not effectively harmonized internationally and contain little or no
reference to human factors. One of the key implications is that the two sectors have
a fundamentally different reaction to the concept of deviation from procedures.
Within aviation it has long been recognised, and has been established by research,
that deviations from operating procedures occur and that they generally happen
with good intentions—to solve operational problems such as limited resources or
competing requirements of concurrent tasks. The sector has adopted a relatively
open approach to deviation, where reporting of deviations is encouraged to enable
the underlying operational problems to be addressed. By contrast, the regulatory
regime in the bio-pharmaceutical sector is much more punitive on deviations, and
companies are very reluctant to discuss deviations, much less admit them and share
data on them.

A clear implication from this for training was that non-conformance with pro-
cedures had to be much more sensitively addressed in the BPM training, with a
reduced expectation of open interaction from trainees (including trainees offering
any examples from their daily work). There was also an implication for training
targeted at regulators to make them aware of the implications of their approach on
human factor practice. This, however, was beyond the scope of the project.

A second implication of the lack of a human factors mandate in the regulation
was that a different approach to promoting the training was required. In aviation,
companies know they have to invest in human factors training (it is mandated); the
challenge is to persuade them of the merits of investing in one training product over
another. In the pharmaceutical sector, the promotion needed to be more directly on
the value of the training itself in helping the organization meet its quality and safety
goals. Since there is no industry-standard format or duration, there was much more
focus on the length and methodology of the course—with pressure to shorten it and
deliver it online.

A final noteworthy difference between the sectors is the nature of the core
activity, and the role of humans within it. Aviation maintenance is a human-driven
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activity; much technology is used but it is humans who generally control the
scheduling of the activity. Tasks can be scheduled and paced to suit shift patterns,
tool availability etc. Pharmaceutical manufacturing, by contrast, is a process-driven
activity. The timing, pattern and duration of tasks are determined by the nature of
the chemical process and the design and programming of the processing equipment.
With increased automation, the role of the human is increasingly restricted to a
passive one of monitoring. This has implications for the relevant human factors to
be focused on in the training. Increased emphasis needed to be given to the chal-
lenges of monitoring and maintaining situational awareness of the chemical process
as much as the operational process.

From the two case studies (above), we can clearly see what motivates the
transfer of safety and knowledge across sectors and how this transfer comes about.
However, what about how to approach the transfer and what can current research
initiatives on transferring innovation and learning contribute?

How to Approach Transferring Innovation and Learning

The impetus to transfer innovation and learning from one sector to another may
come from the bottom up (“We need something to help us tackle this problem we
are experiencing, let’s look to other sectors to see how they are handling it”) or it
may be top-down (“x tool or method works well in y sector, we should transfer it to
our sector”). Going back to the practical examples at the beginning of the chapter,
the bottom-up approach is represented in Shane’s impetus to transfer innovation.
His is a problem focuses where he wants to solve a challenge by transferring
learning and innovation from another sector. The top-down approach aligns with
Yvonne’s impetus. Hers is an opportunity focuses—looking for an opportunity to
transfer a tool or an approach that has been effective in another sector. Either way,
Shane and Yvonne will typically have to engage in one of two activities at the
outset of their efforts to transfer innovation and learning across sectors, irrespective
of their approach. These activities are sector profiling and challenge identification.

Sector Profiling

The EXCROSS4 (Exploiting safety results a CROSS transportation modes) project
was an EU-funded project to enhance cross-fertilization and synergy between safety
research initiatives in various transportation modes (maritime, road, rail, aviation).
The project was focused on addressing the fragmentation of safety initiatives in the
different transportation modes, with little cross-domain learning and sharing of
experience. The project, in seeking to identify opportunities for synergy in terms of

4EXCROSS was a Supporting Action funded by the European Commission under the Seventh
Framework Programme (FP7/2007-2013). Grant Agreement n° TCS1-GA-2011-284895.
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incident/accident reporting and analysis, noted stark contrasts in the way adverse
events are viewed or categorized—e.g. what is considered a reportable event in one
sector is not in another. The authors of the project’s final report (EXCROSS 2014)
state that the potential to transfer a tool or technique from one domain to another for
incident/accident reporting and analysis is “strictly related to the domain structural
characteristics” (p. 45), and they identified four dimensions upon which a sector can
be plotted. Their proposition is that if the “departure” sector differs too widely from
the “arrival” sector on these dimensions the transfer of the tool or technique will not
be successful or possible. These four dimensions to define the structural charac-
teristics of a domain are:

Degree of centralization as determined by the way the domains are regulated and
managed; highly centralized domains are regulated by international agencies and
bodies that oversee the whole industry, while in less centralized domains stan-
dards and rules can differ from nation to nation or from industry to industry.

Degree of standardization this reflects the regulatory framework and the standards
existing in the domain. Technical requirements, infrastructure and organizational
processes are strictly defined and regulated in highly standardized sectors.

Safety indicators relates to the presence of reliable and consistent ways to evaluate
and monitor the safety performance. Transport modes can then be differentiated
on the basis of the availability of a shared set of safety indicators (consistent
definition vs. highly differentiated), quality of indicators (trustworthy vs.
untrustworthy), and quality of the measurement tools (trustworthy vs.
untrustworthy; harmonised vs. heterogeneous).

Safety culture maturity reflects the approach that each organization/domain has
with respect to safety, from a pathological level to a generative level (Hudson
2007). High safety culture maturity is associated to “just culture”—an atmo-
sphere of trust in which people are encouraged to provide essential safety-related
information, but in which they are also clear about where the line must be drawn
between acceptable and unacceptable behaviour.

[adapted from EXCROSS 2014]

The tenet of this approach is that in order for transfer to be successful you must
first properly, and fully, understand the characteristics of the two sectors implicated.

Identifying the Challenges

The examination of the structural characteristics of the “departure” and “arrival”
sectors as detailed above is necessary to understand the high-level challenges of the
transfer project. However, the transfer project itself will need a more detailed
profiling of the types of challenges that the “departure” sector is facing. If a tool or
solution is being transferred from one sector to another it is important to identify the
challenges that it should address. MacLachlan et al. (2014) proposed a “nested”
model of organizational issues in the maritime domain which builds upon the
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STAMINA model (Koumaditis et al. 2011) developed in the aviation sector. This is
a useful framework for this analysis and posits five levels of sector analysis to
identify challenges:

1. The task
2. The individual
3. The team
4. The organization
5. The industry.

The fundamental level of analysis is that of the task. A thorough understanding
of transfer challenges needs a thorough understanding of the key task(s) in the
target sector—their duration and complexity, their physical, cognitive, information
and coordination requirements, the critical decision points and bottlenecks in the
process. There are many methodologies for task and process analysis. Generally
they focus on particular dimensions of the task (e.g. training requirements or
interface design) and have limited usefulness outside of that. Some approaches to
task/process modelling are being developed that facilitate a much richer account of
the psychological, social and organizational dimensions of the task (e.g. Leva et al.
2009).

The second level of analysis is the individual. This level focuses on the demands
placed on the individual in a particular sector as well as the challenges that indi-
vidual limitations place on performance of key tasks. The relevance of fatigue,
stress, distraction, perceptual ability, boredom, etc. needs to be established.
A distinctive feature of the maritime sector is the extended periods of time spent at
sea, away from family and friends. This is present in a few other sectors (save
perhaps offshore oil).

The third level of analysis is the team. The structure and functioning of teams
differ greatly across sectors and a thorough analysis of team structure is needed to
appreciate the specific challenges it presents. In aviation flight operations, the flight
crew form a coherent team who interact with cabin crew and air traffic control teams
for the duration of a flight or shift and then disband to re-form in the next shift,
perhaps, with a different configuration. Communication and coordination within
these teams is critical. In aviation maintenance teams are often less stable across
shifts, forming and dispersing as the work requires. The major coordination chal-
lenges are often between rather than within teams (Baranzini and Cromie 2002).

The fourth level of analysis is the organization. At this level, it is important to
get an appreciation both of the “hard” elements of the organization—the structure
of the organization, its policies and procedures, and the “soft” elements—the cul-
ture of the organization, how things really work on the ground. In this way, a
comprehensive picture of the normal operational practices of the organization can
be produced—detailing the official way of doing things as prescribed in policies and
the actual way things normally happen.

The fifth level of analysis is the industry. This deals with the way in which a
sector is composed at a national and international level. The composition and remit
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of national and international regulatory bodies can radically change how an industry
functions and how individual organizations are held to account. This is the final
element of the systems model of analysis that can assist in identifying challenges.

A Structured Methodology

Sector profiling, it could be argued, relates most closely to a bottom-up approach to
transfer, where a desire to resolve an operational problem drives a search for
solutions in other sectors with similar characteristics. Identifying challenges, sim-
ilarly, could be viewed as being more closely aligned with a top-down approach to
transfer, where the desire to transfer a tool necessitates an investigation of the
challenges it might address. Irrespective, these two main approaches to transferring
innovation and learning, outlined above, constitute the “lessons learned” from years
of applied research on transferring innovation from one sector to another. Building
on this wealth of experience the SEAHORSE5 project has advanced a structured
methodology for transferring learning and innovation (Liston et al. 2016).
The SEAHORSE project is a research and development project funded by the EU
which aims to transfer safety technology from the aviation sector to the maritime
sector. This project will finish in late 2016 and is currently finalizing the imple-
mentation plan for the transfer of aviation solutions such as Mandatory Occurrence
Reports (MOR) to meet identified needs regarding standardization, transnational
regulation, reporting culture and command conflict. These needs were specified in a
scenario highlighting the lack of a common system to help operators learn from risk
and hazard reports within their own fleet or from incidents within the wider mar-
itime community.

The project has developed a theoretical approach to transferring learning/
innovation across sectors which has a systemic basis. This approach has three broad
steps:

1. Comparison: Comprehensively comparing the sectors involved to establish a
common database of safety dimensions and sector characteristics—this looks at
the entire socio-technical system, not solely those parts of the system in which
problems are currently presenting.

2. Match: The comparison provides information on the needs of the “destination”
sector and the potential offering of the “departure” sector. This is the input to
matching the safety needs of one domain with the successful solutions imple-
mented in the other domain. The identification of successful solutions in the
departure destination is comprehensive and not limited a priori. Part of this
process involves the specification of scenarios which are practical instantiations
of a particular need.

5SEAHORSE is a research project funded by the European Community’s Seventh Framework
Programme (FP7-SST-2013-RTD-1). Grant Agreement n° SCP-GA-2013-605639.
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3. Adaptation and Implementation: Those solutions which match the identified
needs are then adapted and implemented in a systematic manner, taking into
account the impact on other parts of the system also.

A cross-sector transfer of learning has to begin with a common overview of the
characteristics of both sectors (a comprehensive overview of operational demands,
sector characteristics and safety needs). This systematic comparison (like for like)
can then act as the framework to inform the matching of safety needs from one
sector with the successfully implemented solutions (targeting the same safety
needs) of the other sector. This results in solutions from another sector being
mapped onto the safety needs of the targeted sector. The final step then is to
perform a principled adaptation and implementation based on the information
gathered in the previous two stages. Figure 1 represents the approach.

While the adaptation and implementation of the SEAHORSE solution transfer is
not yet complete, it is clear that this project has adopted a bottom-up and top-down
approach (identifying problems and needs to be satisfied, while simultaneously
identifying a comprehensive database of solutions which could be transferred) as
part of a systematic approach to transferring learning across sectors. In practice, this
approach has many more sub-steps—reflecting the complexity of seeking to
comprehensively understand two distinct socio-technical systems. The mapping of
potential candidate solutions from one sector to address safety needs in another
sector is, especially, challenging as it involves an atypical gap analysis. Usually gap
analyses are performed on a single process or system and the gaps represent the
difference between how the system currently performs or operates and how it might
operate in the future following the introduction of a new tool or process. In this
instance, however, it is necessary to perform a gap analysis comparing one sector’s

Fig. 1 A theoretical approach to cross-sector transfer from aviation to maritime. Adapted from
Liston et al. (2016)
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sectorial characteristics or its handling of an issue with another sector. These are
challenges of performing a principled analysis of two domains and their safety
needs, and while they should not be underestimated, the final task, adaptation and
implementation, is key to the success of any transfer project.

Discussion

There is clearly a strong demand for cross-sector learning in safety-critical indus-
tries—sometimes this demand can be met within the sector (aviation has many
examples of innovation transferring from one part of the sector to another). This
chapter interrogated the two dominant existing approaches to transfer—sector
profiling and identifying the challenges—and it has also examined a number of case
studies of tools and techniques that have been transferred across sectors. In addi-
tion, a new, systematic and systemic approach to transfer has been described. This
approach, based on the research being carried out in the SEAHORSE project,
advocates the use of both sector profiling and identification of challenges (con-
ducted at a systemic level, in a principled, systematic manner) in addition to a
comprehensive adaptation and implementation phase. The key message from this
twin-pronged approach is borne out by two case studies. While BRM might have
been developed as a response to shortcomings in the competence of maritime
personnel to manage resources and crises situations (Barnett et al. 2003), it does not
necessarily follow that the transfer from CRM has been successful. Indeed, recent
research by O’Connor (2011) on the effectiveness of BRM in the US Navy has
suggested that the training was not achieving impact in relation to knowledge and
skills (when compared to impacts achieved for similar courses in aviation), possibly
because a formal sector needs assessment had not been carried out prior to the
training and what the US Navy required in terms of training was not what BRM
could provide. This is a stark reminder of the importance of interrogating both the
requirements of the sector and the challenges being faced. Just because the chal-
lenges faced by two sectors are similar does not mean that what they need as an
intervention or solution should be the same. The sector characteristics have a
mediating role on the effectiveness of a transfer, even when the sectors share the
same challenges. Just because aviation and maritime share a problem with work-
arounds and procedural deviations does not mean that the intervention to solve the
problem should be the same. The characteristics of the sector have too strong a role
to be sidelined in any transfer project.

This is borne out by the experience of transferring HF training from the aviation
maintenance sector to the bio-pharmaceutical sector. Part of the transfer process of
STAMINA involved understanding the requirements of the bio-pharmaceutical
sector. Only when this was complete was the adaptation and customization work
undertaken. While there is no extensive evaluation data of the transfer of
STAMINA-BPM, trainee feedback data suggest the course is perceived positively
by both staff and management (Ross 2012). It should be noted that the effectiveness
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of the adaptation and customization activities was influenced positively by the fact
that the training developers had extensive experience of developing (and per-
forming); the training in the aviation sector and, armed with the newfound infor-
mation about the needs of the “arrival” sector, was able to systematically tailor the
training.

The contrast between how these two transfer projects (BRM and
STAMINA-BPM) were approached reflects not just the departure points of the two
approaches but how, in the absence of a standardized methodology, an ad hoc
approach can bring about mixed results. Sector profiling relates to bottom-up
approaches to transfer—those instances in which operational problems drive a
search for solutions in other sectors with similar characteristics. Starting from the
task of identifying challenges relates most closely to top-down approaches to
transfer—those instances in which the attractiveness of the tool itself drives an
investigation of the challenges it might address.

The approach being developed by Liston et al. (2016) following the work in the
SEAHORSE project provides a new focal point for best practice in learning and
knowledge transfer. This new approach posits that only by examining both needs
and challenges can the prerequisites for performing a comprehensive adaptation and
customization be provided. Armed with this data, and a comprehensive method-
ology, it is hoped that the effectiveness of future transfer projects will be assured.

Future Directions

A key area for overlap between future operations in both the maritime and aviation
industries is that of collaborative decision making. In aviation, there is a move
towards Airport Collaborative Decision Making (A-CDM) so that the movement of
aircraft in European airspace is more efficient and predictable. This allows for
optimum levels of planning and anticipation of where aircraft are now and where
they are likely to be in the future. This is especially important with the growth of air
travel and the scarcity of airport resources for time slots, runways, terminal gates
etc. Corrigan et al. (2014) highlight a number of the key challenges involved in
implementing and evaluating the relative success of A-CDM. A-CDM is a plan to
get all relevant stakeholders involved in managing the throughput of aircraft
through airports talking to one another, working towards common goals (i.e. getting
the aircraft in and out of the airports as efficiently and as safely as possible). This
plan has been driven by the industry regulators EUROCONTROL, IATA
(International Airport Transport System) and CANSO (Civil Aviation Navigation
Services Organisation). Corrigan et al. (2014) highlight the importance of the
common goal. In A-CDM, this was viewed as the turnaround process. This is also
where the potential for improved efficiency and safety could be applied to maritime
operations.

In particular, Corrigan et al. discuss how critical the “take off blocks time”
(TOBT) is for stakeholders. This is the time when the aircraft is ready (with doors
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closed) to leave the terminal gate for push back to the runway. All stakeholders
stated that the TOBT was the main reference point that everyone was working
towards. This was also the time that they measured their own performance against
and how they anticipated their future interaction with other stakeholders. The
turnaround process in port can be a very busy time (especially for the captain) and is
also the time that some of the crew often look forwards to catching up on rest. It
would be much more feasible for crew to plan for separation of rest/active duty in
port. If the interaction with stakeholders for port logistics (such as customs, harbour
master, refuelling, cargo loading and unloading, ship supply deliveries, shipping
companies, staff changeovers etc.) could be coordinated so that everyone is working
towards the same “ship-out-of-port-time”, potential benefits of a safer, more effi-
cient turnaround process could be achieved as well as a reduction in workload and
stress, and an increase in rest time for crew could potentially be realized. Corrigan
et al. (2014) outline the necessary investment in infrastructure for stakeholders to be
able to communicate with one another. They also stress that appropriate training on
communication and on the operational process needs to be addressed in the learning
process for all stakeholders. Stakeholders placed huge emphasis on the benefits of
immersing themselves in other stakeholders’ shoes, e.g. for ground handling crew
to realize what was important for air traffic control, pilots and airports to be able to
do their job and contribute to the TOBT. Feedback on this training highlighted the
benefit of “operationalizing” the classroom content and making it relevant to their
own role within a larger systems perspective. This implementation of A-CDM was
successful for competitors working alongside one another, which would also be
relevant for maritime port operations. Due consideration should be given to who
would regulate such port collaborative decision making and how it could be
implemented for the benefit of all relevant stakeholders.
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The Psychology of Ship Architecture
and Design

Margareta Lützhöft, Erik Styhr Petersen
and Apsara Abeysiriwardhane

Introduction

Early studies into the effects of design on behaviour were conducted on Norwegian
ships in the 1970s, when M/S Hoegh Mistral and M/S Hoegh Multina were subject
to action research (1970–1975) and M/S Balao was designed in cooperation
between social researchers, architects and naval engineers (Johansen 1978; Lezaun
2011). On the two Hoegh ships, the aim was to develop a stimulating working
situation by increasing autonomy and changing roles on board—including reducing
status differences between officers and ratings. The aim of the M/S Balao was
similar, but included the physical domain: to construct a physical artefact (the ship
as a home and workplace) that would support a democratic mini society on board.
There was in those days low morale on board the fleets of Northern Europe,
allegedly due to hierarchically organized work, intense work schedules and tensions
between crew members—leading to stress symptoms, injuries, high crew turnover
and low effectiveness. The results of these interventions were positive, but no more
studies followed, as we will discuss later.

State of the Practice: Ship Design and Ship Designers

Modern ship design is complex; the bill of materials of a ship counts in the millions
of parts. For this reason alone, the process of designing a ship necessarily must
involve a large team of diverse specialists; the complexity is, however, not only in
the numbers, but also in the particular disciplines which contribute.
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Consider, as a starting point, the discipline of naval architecture. In a sense
comparable to the architects working on land, the primary undertaking of the naval
architect is to be responsible for the main characteristics of a ship, i.e. the size, speed,
stability, manoeuvrability, cargo carrying properties, exterior and interior design, to
mention some of the primary aspects of naval architecture. In terms of process, the
naval architects usually follow the Ship Design Spiral (Fig. 1) concept to be suc-
cessful in their ship designs. The design spiral is generally an iterative process,
which starts with a preliminary design, which in turn evolves to become the final
design, ready for construction. Naval architects use the design spiral concept to
design the exterior of the ship, to provide the basic arrangement of the compartments
inside the ship, and to determine the size and shape of the hull. Relevant to the
psychology of ship design, the naval architect decides on the size and position of the
rooms in which the crew will live and work, commonly in the superstructure of the
ship and around the engine room. They often indicate the detailed interior
arrangement of such rooms; initial layouts are, however, often refined during the
subsequent design processes. She or he furthermore makes preliminary estimates of
speed and propulsion resistance of the hull, ship stability, seakeeping characteristics,
manoeuvring properties, the weight of the ship, the cargo and consumables like fuel

Fig. 1 Ship design spiral, adapted from Evan’s ship design spiral (Evans 1959) by Linda de Vries
and Per Hogström at Chalmers Technical University. Used with permission
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and water on board during a voyage, and balances these properties against trading
requirements and building costs for the particular ship.

It is worthwhile to note that most ship designs are bespoke, in the sense that only
very few ships are built to a particular design; indeed, a design may be just for one
particular ship; a series of 12 ships is considered long, and a series of 48 ships or
more is seldom, if ever, seen. If a series is built, the sister ship will only very rarely
be entirely identical, as refinement or even redesign takes place as the series is built,
based on lessons learned with the previous ship/s.

Once the preliminary design of a new ship is in place, more detailed design
activities can start, usually utilizing iterative design processes of subsystems or
subassemblies, which in terms of methodology are comparable to the ship design
spiral, but which involve many more specialist disciplines than naval architecture.
Traditionally, a ship design—and a ship design office—is divided into the main
divisions of hull, machinery and outfit. Structural engineers deal with the structural
design of the hull, marine engineers usually deal with machinery, often aided by
electrical engineers for the design of electrical power generation and distribution
systems, while “the rest” of the ship usually is dealt with by a mixture of engi-
neering disciplines involving hydraulics, pneumatics, electronics, ventilation and
heating—indeed all the disciplines one would see in the design and construction of
a middle-sized village, which is a fair comparison, when the complexity of a
modern ship is understood. Furthermore, comparable to the design and construction
practice of onshore facilities, each of the maritime designers involved in a particular
ship design usually builds up the onboard systems from a core of readily available
equipment, devices and components—there is a vast number of maritime subsup-
pliers, each specializing within niches; one is producing navigation equipment, one
is producing pumps, one is producing remotely controlled valves. In turn, these
products are also designed and developed iteratively by engineers of various dis-
ciplines; indeed, the design of a maritime radar system involves physics, mechanics,
electronics and software—all engineering disciplines. For the modern ship, it
is interesting to note that such subsupplies overwhelmingly are what is called
COTS—commercial off-the-shelf—in other words, such subsystems are seldom
made to order, but are chosen from what is available in the market matching the
specification of the particular—bespoke—ship.

Consider, in this context, the example of the design of the Engine Control Room
(ECR) of a new ship, the ECR being the facility from which the entire number and
diversity of engine systems of a modern ship is monitored, controlled and super-
vised. The size and position of the ECR, as well as the overall layout of this work
space, is in most cases decided upon by the naval architect when going through the
first few iterations of the preliminary design phase—en passant noting that the
space requirement for the ECR will be competing with the space needed for the
machinery as well as for the cargo of the ship; maximizing the cargo space supports
the profitability of the design. While preparing the plans for this part of the ship, she
or he will indicate the expected size and position of the largest and most important
components to be included, like the main electrical switchboard and the main ECR
console, the latter which hosts the plethora of devices, computer monitors and
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control panels required to operate the machinery plant. The selection, however, of
each of these systems is in the hands of the design engineers who are focusing on
the various subsystems in the ship: the tank gauging system may well be decided
upon by the engineer responsible for the bunkering and fuel oil transfer system,
while the main engine control system may be decided upon by the marine engineer
responsible for choosing the main engine and providing the basic design of the
engine room. The power management system, which is a core component when it
comes to managing and supervising the production of electrical power, could well
be decided upon by the electrical engineer designing the main electrical switch-
board, and the lubrication oil purifier remote control system could be part of the
hardware package provided by that particular manufacturer. To compound the
challenges of the psychology of ship design, all these individual control panels,
which often have an interactive dimension, may end up being positioned in the
main ECR console by a rather junior mechanical engineer. As will be elaborated in
the following sections, such a design engineer will very likely have little or no
direct experience with seagoing ships, marine engineering practice or first-hand
knowledge about the operation of a large ship, for which reason the order and
relevance of the individual position of the various controls in such a console may be
somewhat arbitrary. Actually, under these circumstances of a limited size of the
ECR, and thus the console in question, and a limited budget, the design target for
the console designer could well be the one of space optimization, attempting to
squeeze as much as possible into as little space as possible, function and logical
interrelations aside. In any case, even if the console designer was informed by
human factors, and acted upon this according to best practice, the differences in
look, feel, interaction paradigms and even the alarm indication concepts of the
individual devices are entirely beyond his control: such properties were decided by
the design engineers working with the particular subsupplier of each component,
and being the manufacturers’ standard, they will not have been experientially
adapted to the (bespoke) ship.

State of Knowledge

The Psychology of Ship Design

The anecdotal background provided above provides a natural starting point for a
more formal discussion of the state of the knowledge of the psychology of ship
design. Presently, ships appear to be designed without fully taking account of the
ideas put forth by ergonomics. Lützhöft and colleagues (Lützhöft 2004) found that
there is considerable room for improvement, especially with respect to the use of
maritime Human Factors (HF) knowledge and Human-Centred Design (HCD)
(Petersen et al. 2010; Petersen and Lützhöft 2009). In the ship design process, HF is
considered to be the discipline which deals with the psychological and physical
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aspects of the interaction between the human and the ship systems (technical or
procedural). HF can, depending on the vantage point and teleology of the beholder,
equally well be identified as a scientific or an engineering discipline; irrespectively,
the concern is with the analysis, research, development, design and evaluation of
man/man, man/machine, and man/environment interfaces.

As outlined above, a ship is a complex human–machine system, an interwoven
set of sociotechnical systems, and human interaction is a crucial factor for the safe
and efficient operation of the ship. However, the gap between human and system is
continually increasing due to the lack of appropriate HF consideration when
introducing (new) complex technological systems, integrated computer systems and
the automation of machinery, and there is a growing realization within certain parts
of the maritime scientific community that consideration of HF issues is vital (Beevis
et al. 2000; Grech et al. 2008; McSweeney et al. 2009). However, the uptake
appears to be slow. The National Transportation Safety Board (NTSB) report on the
grounding of the Royal Majesty (NTSB 1997) stated that “Thus, while human
engineering is a known concept in the marine industry, there have not been any
unifying efforts to integrate this concept into the marine engineering and manu-
facturing sector” (p. 40), and unfortunately the finding in the NTSB report on the
Royal Majesty yet remains to be addressed at the time of writing (2015); indeed, no
radical changes in either the mandatory rules and regulations or in the maritime
design culture and practice can be clearly seen presently. On the subject of de facto
inclusion of HF in marine design, only very few examples are available in the
published literature (Koester 2005; Petersen et al. 2010).

It has been estimated that 60–80 % of all accidents at sea are the result of
“operator error” and that this costs the maritime industry around US$541 million a
year (Alert! 2003; UK P&I CLUB 2003). In terms of the psychology of ship design,
the notion of “operator error” is, however, but a symptom (Dekker 2002; Grech
et al. 2008), and its underlying causes are often found to be related to HF issues,
including the shortcomings of training, communication, procedures and design
(Alert! 2003). According to Walker (2011), the root cause of “operator errors” can
often be traced back to the design and construction stages of a ship, primarily
because the operator is excluded from the design process (Lützhöft et al. 2011).
Insufficient integration of HF in design may translate into poorer operations, higher
training costs, and an increased risk of failing at the task (Holden et al. 2013).
Conversely, the application of HF knowledge can lead to better design, and facil-
itate the understanding of practical problems and their solutions (Norros 2014),
helping to improve many dimensions, such as the habitability, maintainability,
workability, controllability, manoeuvrability, survivability, safety, occupational
health and emergency response, security, usability, reliability, supportability,
acceptability, and affordability of the ship (Alert! 2004, 2010; Hemmen 2003;
Lloyd’s Register 2008). Overall, HF practice is believed to benefit the employee in
terms of being a prerequisite for improved well-being and therefore for doing a
better and more effective job, as well as being to the benefit of the employer in
terms of improved work performance of individuals and groups in the organization
(Grech et al. 2008; Ross 2009)—crew retention notwithstanding.
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The Potential of Ship Psychology

Barker and Wright’s theory about behaviour settings (1949), in which certain set-
tings are posited to evoke certain behaviours, and where the environment provides
cues for action, is a forerunner to the approaches that today are relevant to the
psychology of ship design. Three such strands of behavioural effects are considered
below: design for support of (a) democratic action, (b) emotive design to combat
stress, and (c) design to increase mental well-being.

In the Hoegh experiments (mentioned in the introduction), the main outcome
was “lessons learned,” which were implemented in the next step, the M/S Balao
project. The “lessons” included reorganization of work planning meetings to reduce
onboard bureaucracy. At the time, the M/S Balao project was a completely new
concept; no one at the time seemed to take into account a relationship between
physical design and the social psychology of shipboard life (Lezaun 2011). During
the 1970s and 1980s shipyards were in control of the design, as it was a seller’s
market. The only areas available for redesign in such series of ships, given these
constraints, were the accommodation areas, and it was decided to focus on these
areas, for socialization and private habitation. The idea was to dismantle traditional
hierarchies and generate stronger social bonds across the entire crew. For this
reason, the number of hallways was reduced and joint recreation spaces were
included. A single mess room for all crew ranks replaced the earlier divided ones,
and after dinner people would move via the joint coffee lounge to the shared
dayroom. In the cabins, an effort was made to remove status symbols and other
differences—leading to mostly same-sized cabins built with similar materials,
furnishings and windows in all cabins. The joint mess room had been one of the
largest worries of the crew, but after a few months in operation, there were only
positive reactions.

However, the results of the M/S Balao project were mixed. On board, the
democratic society did indeed flourish, with radical changes to the traditional
hierarchies and ways of working, and the project is summarized as having “… been
able to … achieve job enlargement, job enrichment and … has the properties of a
completely new organization” (Johansen 1978, p. 236). The impact on other ships,
ship design processes and other organizations was, however, disappointingly lim-
ited (Johansen 1978), and—discouragingly—most of the abovementioned chal-
lenges still exist today under new labels. Workload, complacency, and human error
are challenges which are compounded by the smaller crews of this day and age,
amplified by increased demands for communications and administrative work of
today’s ships, purportedly supported by technologies, more or less automated.

A more recent study comes from cross-disciplinary cooperation. Parker and
colleagues identified a number of challenges in the working environment of off-
shore personnel, which included being away from home for extended periods, being
subjected to physical motion, some MSD (Musculoskeletal Disorder) issues and
high BMI (Body Mass Index, as an indicator of being overweight) issues as well as
matters relating to privacy, sleep quality and fatigue (Parker et al. 1997).
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Another example of how to address mental well-being issues in ship design is
the RV Investigator, based in Hobart, Tasmania and owned by the Commonwealth
Scientific and Industrial Research Organisation (CSIRO) on behalf of the Australian
nation. RV Investigator is managed by Australia’s Marine National Facility, who
utilize the services of a ship management company to crew and operate the vessel.
The approach has been to use an Australian initiative called “Beyond Blue”—to
combat anxiety and depression. Substantial design efforts went into making spaces
suited both for interaction and social life as well as quieter spaces for small
meetings, reading or relaxing. Furthermore, the “media room” has space both for
watching movies and playing games without disturbing each other. The benefits of
the application of HF knowledge to the design of the RV Investigator are yet to be
demonstrated, as she has only undertaken her first long voyages in 2015, the results
of which are still to be evaluated.

The Psychology of Ship Designers

As with any other group of designers, maritime designers are likely to have their
own innovative ideas, which they are interested in implementing while designing
new ships and new equipment for ships. However, if these ideas do not satisfy the
psychological and operational requirements of the end-users, as appears to be the
case in mainstream maritime design today, such innovation may eventually end up
with the tag “another poor design” (Rasmussen 2005; Squire 2014; The Nautical
Institute 1998). To avoid this, we are suggesting that maritime design practice has
to better include the psychology of ship design. The professional knowledge and
skill of the maritime designers regarding how ships are designed to support the
physiological processes, and the associated cognitive functions of its users, must be
recognized to be of paramount importance, in order to get ships and equipment that
are really “usable.” In other words, the question that confronts all maritime design
engineers should be: “How can we design a usable ship taking user requirements
more completely into account?” However, this question appears to get insufficient
attention; there is no evidence in the public domain to help us address it, and as we
have noted above, this oversight may well be related to onboard accidents and
injuries.

Improvements to the currently overlooked aspects of the psychology of ship
design can only be made if the ship designers initially appreciate that there is such a
problem (Petersen 2012; Schein 1996; Weick and Quinn 1999). Unfortunately, most
of the design engineers involved in the ship design process seem to be unaware of the
psychological and operational dimensions which ships’ crew face during their sea
time, in spite of an impressive, easily available literature and knowledge on maritime
HF (American Bureau of Shipping 2003a, b, 2010). Many researchers have taken
efforts to improve the application of ship psychology during designing, and as
reported above, practical experiments have also been undertaken and reported
several decades ago, but all little general to avail. Widdel and Motz (2000) sought
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to determine ergonomic requirements for the design of ship bridges. One major
finding of their work was that inappropriate ergonomic interface design, without
consideration of HF, is the main reason behind many maritime accidents. They
carried out task analysis, questionnaires and interviews with watchkeeping officers,
and these data were used to evaluate what mariners are required to have at their
disposal to achieve safe and efficient operation of ships. Further, they evaluated
different bridges and devices from the mariners’ point of view. To make the
knowledge gained operational for ship designers, the authors developed a computer
program storing all the ergonomic factors in a computer database, to serve as a ship
psychology supporting tool and evaluation system for the designers (see Table 1,
which contains a minimal set of examples from the five main categories of the
database; all told, the database contains 652 ergonomic requirements). However, the
literature lacks any reports on the utilization of this knowledge.

Another illustration of the lack of uptake of maritime HF knowledge comes from
a survey on habitability, and its implications, carried out for Royal Navy ships by
Strong (2000). This study provides valuable indications of personal priorities and
preferences for habitability features in naval ship designs, and focuses on
non-operational spaces and the living conditions and facilities at sea. The subse-
quent analysis highlights the requirement of adequate levels of privacy, which is
facilitated for individual and social relaxation. One of the major conclusions from
this study is to use concepts from social psychology and architectural design to
develop criteria for ship accommodation design to reflect significant personal and
social needs. However, again there is no reported impact of this knowledge in the
literature regarding ship design.

Attempts have been made to disseminate and support the application of the
existing psychology of ship design knowledge in the shipping world. A notable
example is the Human Element Alert! initiative, driven by the Nautical Institute
and sponsored by the Lloyd’s Register foundation since 2003. Alert! is centred on a

Table 1 Selected examples of ergonomic requirements (Widdel and Motz 2000)

Category Ergonomic requirements (one out of each category)

1. Bridge layout Clear route—A clear route across the wheelhouse from bridge wing to
bridge wing should be provided. The width of the passageway should be at
least 1.2 m

2. Work
environment

Glare avoidance—Care should be taken to avoid glare and stay image
reflections in the bridge environment. All prepared surfaces should be glare
free

3. Workstation
layout

Large charts accommodation—The chart table should have facilities to
accommodate charts larger than the table depth, for example a 10 mm slit
along front and back edges of the chart table surface

4. Alarms Modes of alarms—All required alarms should be presented through both
visual and auditory means

5. Input devices Control orientation—All controls associated with ship movement should
be located so that the operator faces forward
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web page1 and a 4-monthly newsletter, aimed to represent the views of the shipping
community and increase awareness of the human element. One particular feature is
the centrespread of the newsletter, separately downloadable, summarizing in info-
graphic form the topic of the current issue. One of these, number 11, gives an
overview of the areas in which the knowledge can be applied. These categories are
presently (2015) under revision but the original ones were:

• Habitability
• Maintainability
• Workability
• Controllability
• Manoeuvrability
• Survivability
• System safety
• Occupational health and safety.

One of the benefits of this categorization is the almost self-explanatory terms—
managing to combine the needs of work and life on board, physical and mental
demands, as well as embracing a systemic view where humans, technology and
organization can be regarded and addressed as an integrated system. Yet, also in
this case there is lack of evidence of a wider uptake and the application of the
psychology of ship design body of knowledge.

Holistically, the lack of awareness of psychology among ship designers is likely
due to the combined effects of at least the academic nature, taxonomy and presen-
tation of the present maritime HF knowledge base, the poor maritime HF education
in naval architecture and engineering courses (Kuo and Houison-Craufurd 2000),
and poor “post-design” contact with those who work on board the ships (The
Nautical Institute 1998). Moreover, both naval architects and other designers
involved in the design of ships and their equipment adhere to particular classification
and International Maritime Organization (IMO) regulations2 throughout the design
process. Whether the relevant rules, regulations and recommendations help resolve
the problems in designing a ship which can satisfy the psychological and operational
requirements of its users is a very important issue that deserves to be systematically
addressed. Rasmussen (2005) presents an overview of IMO activities relating to the
role of the human element in the design, safety and operation of ships, with the
emphasis on what the naval architect could and should be doing. Furthermore, he
discusses whether the plethora of rules, regulations and recommendations help to
solve the problems in designing and building a ship which can satisfy the

1http://www.he-alert.org/index.cfm/bulletin/Human-factors.
2The sheer number—in the tens of thousands—of maritime rules and regulations preclude any
being specifically mentioned here. Reference is made to the home pages of the major classification
societies (eagle.org, lr.org, exchange.dnv.com), to the IEC home page for electrotechnical stan-
dards applicable to ships (iec.org) and to the IMO home page (imo.org), in all cases both for
specific information, but also for anyone interested in getting a firmer understanding of the
maritime rules regime.
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requirements of its users. His conclusion is that regulations indeed help, but only to a
certain extent; regulations do not replace the professional knowledge and maritime
HF skill of the designers, which is a necessity to designing ships that are usable. As
mentioned in the previous section, the naval architects follow the ship design spiral
concept as a golden rule during the design process, but this design methodology
focuses exclusively on the ship as a physical artefact, and does not have a focus on
work design and human–system integration, and only implicitly assumes the
physiological processes and the associated cognitive functions which essentially
should be considered during the design phase. In other words, this particular design
method does not explicitly consider the needs of the end-user, and thus does not
employ HF concepts to their full extent (Calhoun and Stevens 2003).

In summary, maritime designers should be more aware of the particular context of
use and the nature and work of the intended users of the equipment they design.
Without such an understanding, they will produce designs that are less effective and
efficient from the perspective of ship psychology. To those familiar with the engi-
neering community, this should, however, not come as a surprise (Petersen 2012).
The remainder of this section will elaborate on how and why design engineers are
not naturally inclined towards the “softness” of the psychology of ship design. We
also discuss how they are not formally taught such subjects, how engineering is
thinking in terms of objects, decomposition and how the handling of uncertainty, all
in combination, does not mesh well with traditional maritime HF knowledge.
Indeed, the learning and subsequent application of HF knowledge present a serious
challenge to the engineering profession—not out of any kind of ill will, or any lack
of mental capabilities or faculties, but because humans are different—and these
differences, in this case, conceivably are acting as barriers to the successful learning
and usage of HF knowledge in system design (Petersen 2012).

Design Engineering Fundamentals

As a starting point, it is important to note that “engineering refers to the practice of
organizing the design and construction of any artefact which transforms the
physical world around us to meet some recognized need” (Rogers 1983, p. 51),
which highlights that design engineering is a practical application, aimed at pro-
ducing “objects” (Koen 1985, 2003; Petroski 1982; Rogers 1983; Simon 1996;
Vincenti 1993). More than anything else, we suggest that appreciating this makes
one appreciate that design engineering teleologically is orthogonal to science, and
indeed that design engineers are not scientists (Petroski 2010). Design engineering
is not a science, but

… differ[s] from science proper in the way in which it is appropriate to ask whether their
theories are true or false. One should ask of the engineering sciences only that they be
adequate for the underpinning of our technologies. A theory can be of great practical use for
design purposes, yet inadequate from a scientific point of view (Rogers 1983, p. 54).
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As it transpires, design engineering is not primarily concerned with the pro-
duction of knowledge, as is the case for science: “Unlike science, engineering does
not seek to model reality, but society’s perception of reality, including its myths and
prejudices” (Koen 1985, p. 15). The complete focus on artefacts, which is the raison
d’etre of design engineering, and their creation, which correspondingly is the raison
d’etre of any design engineering organization, resonates with Vincenti’s (1993)
suggestion that design engineering possesses particular knowledge on two different
planes; one which addresses the artefact itself, and one which addresses the design
engineering method, or process—a useful division which is also adopted in the
foregoing, addressing the psychology of ship design and the psychology of ship
designers as separate issues.

The Natural Inclinations of Design Engineering

It is probably true that not everyone is cut out to become a design engineer; like any
other discipline, design engineering requires particular skills and inclinations. We
believe Gardner’s descriptive intelligence is a useful tool in describing the
archetypical design engineer from this perspective, starting with Gardner noting that
“anyone involved with tangible products of any sort is necessarily using naturalist
intelligence” (2006a, p. 38). He elaborates that the archetypical design engineer is
gifted with this as well as spatial intelligence, bodily-kinaesthetic intelligence and
logical-mathematical intelligence (Gardner 2006a, b).

The naturalistic intelligence, which builds on pattern recognition, gives design
engineering the capability to discriminate between seemingly similar constructs,
spanning functions and brands, while the spatial intelligence provides the capability
to form and operate on mental images (Gardner 2006a). Indeed, “the appreciation of
spatial relations may also come into play at a metaphoric level; many individuals
who create … products conceive of and work on their chosen entities in a spatial
format” (Gardner 2006a, p. 34). This maps directly into one of the preferred ways
of communication in design engineering: drawings, sketches, blueprints and
models—the production of which is interlinked with the “technological” intelli-
gence, which is another name for bodily-kinaesthetic intelligence: “the capacity to
solve problems or to create products using your whole body, or parts of your body,
like your hand …” (Gardner 2006a, p. 35). Reflecting on the prominence of the
logical-mathematical intelligence in design engineering, such thinking is insepa-
rable from the “rigidly deterministic” (Bucciarelli 1994, p. 84), and accordingly
engineering directly builds on applied mathematics and physics, including the laws
that rule in these domains. Indeed, “the engineer is convinced that he can capture
the essence of life in a net of numbers and logic” (Koen 2003, p. 69). This notion
becomes very visible in the typical curriculum in engineering and naval architec-
tural education programmes, which are biased towards technological and opera-
tional subjects, and which pretermit the psychological aspect of the end-user in their
curriculum. In a recent survey of over 40 % of the engineering schools in the
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United States (including the top universities), 51 % of the current civil engineering
curriculum is found to be on “Engineering Topics,” while “Maths and Science,” at
approximately 27 % (Kuo and Houison-Craufurd 2000; Russel and Stouffer 2005;
Walker 2011), accounts for an additional quarter of the entire curriculum.

The design engineering community is not only particular in terms of the
archetypical composition of intelligences, it is also exacting in terms of learning
preferences—a trait, we believe, which is not limited to guiding the way of uni-
versity teaching, but a characteristic which could be observed when new knowledge
and information is provided to the design engineer also at later stages of her career.
Felder and Silverman (1988) established a model of styles in engineering learning
which defines five different dimensions, or axes: Perception, Input, Organization,
Processing and Understanding, each of which has two opposite poles. Referring to
Table 2, and with relevance to the transfer of ship design psychology to this target
group, it is noteworthy that “many or most engineering students are visual, sensing,
inductive, and active, and some of the most creative students are global” (Felder
and Silverman 1988, p. 680). Thus, to address this group of students successfully,
and, with great likelihood, this entire disciplinary community, one should observe
that “sensors like facts, data and experimentation” (Felder and Silverman 1988,
p. 676) and that “visual learners remember best when they see: pictures, diagrams,
flow charts, time lines, films, demonstrations” (Felder and Silverman 1988, p. 676)
(italics added for clarity). This resonates with an audience which is gifted with
logical-mathematical, naturalistic and “technological” intelligences. Similarly, it
seems quite unsurprising, when addressing a discipline strong on spatial intelli-
gence (Gardner 2006a), that “films or live demonstrations of working processes
should be presented whenever possible” (Felder and Silverman 1988, p. 677), and
since most of the students interviewed by Felder and Silverman found themselves to
be inductive, one should be mindful that

Table 2 Engineering student learning styles—Adapted from Felder and Silverman (1988)

Preferred learning styles for engineering students

Input Visual Pictures, diagrams, graphs, demonstrations

Auditory Words, sounds

Perception Sensory Sights, sounds, physical sensations

Intuitive Possibilities, insights, hunches

Processing Active Engagement in physical activity or discussion

Reflective Introspection

Organization Inductive Facts and observations are given, underlying principles are
inferred

Deductive Principles are given, consequences and applications are
deduced

Understanding Sequential Information is provided in continual steps

Global Information is provided in large jumps, holistically
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… inductive learners need motivation for learning. They do not feel comfortable with the
“Trust me – this stuff will be useful to you some day” approach: like sensors, they need to
see the phenomena before they can understand and appreciate the underlying theory (Felder
and Silverman 1988, p. 678).

It should also be remembered that active learners do not learn much in situations
which require them to be passive, like the typical lecture (Felder and Silverman
1988), and it is similarly noteworthy that active learners work well in groups, and
tend to be experimentalists—something which appears to tie in with
bodily-kinaesthetic intelligence and the ability to solve problems by involving your
hands in the process (Gardner 2006a). Finally, the global learners, who are the
“synthesizers, the multidisciplinary researchers, the systems thinkers, the ones who
see the connection no else sees” (Felder and Silverman 1988, p. 679), should be
encouraged by establishing “the context and relevance of the subject matter …
[and] a particularly valuable way for the instructors to serve the global learners… is
to assign creativity exercises” (Felder and Silverman 1988, p. 679).

Design Engineering Thinking

Objects and Artefacts

In the foregoing, the almost positivist nature of design engineering has become
apparent, the technological focus and the natural interests are gravitating towards
objects and artefacts. For those involved in the development of technology, how-
ever, the interest does not stop with the object itself, but goes beyond the surface
and the utility seen by the common user; engineering is captivated by what Simon
(1996, p. 128) labels “the inner environment” of the object. As a design engineer,
you strive to “understand the importance of seeing how things hook together”
(Beyer and Holtzblatt 1998, p. 3650), and as a part of this, you do not just accept
the utility of an artefact, taking the inner mechanisms for granted:

The way in which one sees how technology works is very much a matter of the nature of
the encounter… our relations to and hence our perspectives on technology may vary, but in
general, as user, traveller, player, viewer or tender, we do not have the same connection to
technology that its makers have. However we appropriate technique, most of us do not see
technology in terms of its formal structure, underlying form, or inner construction
[original emphasis] (Bucciarelli 1994, p. 11).

What Bucciarelli highlights here is the pivotal status objects have to design
engineering; how the engineering world essentially revolves around the objects they
develop:

… it is the object as they see and work with it that patterns their thought and practice, not just
when they must engage the physics of the device but throughout the entire design process,
permeating all exchange and discourse within the subculture of the firm. This way of thinking
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is so prevalent within contemporary design that I have given it a label—“object-world
thinking”… [original quotation marks] (Bucciarelli 1994, p. 5).

This obviously informs the mind and actions of the design engineer. “The object
serves as a kind of icon that embodies a set of attitudes and ways of thinking that
are particular to engineering,” Bucciarelli (1994, p. 2) notes, and furthermore argues
that when it comes to the design of large, complex structures like ships, this is not a
kind of thinking that is limited to the individual: the object focus is something
which “pervade[s] … beyond the realm of hardware and the modelling of physical
systems to encompass the planning and management of the design process itself”
(Bucciarelli 1994, p. 123)—from which another hallmark characteristic of design
engineering emerges: to this discipline, objects are made of objects; any artefact is a
hierarchy of other objects; any object can be, and is being, decomposed.

Decomposition

The foregoing anecdotal description of the design of an Engine Control Room
(ECR) in a ship demonstrates exactly this point: the overall function of this space is
being decomposed to include a set of subfunctions, which in turn are being rep-
resented by various control devices. At each level of subdivision, other specialists
take over the design and management of the particular function, entirely in line with
the way design engineering handles complexity: reduction and decomposition of
objects and artefacts are pivotal techniques in design engineering (Bucciarelli 1994;
Koen 2003; Simon 1996; Vincenti 1993), and design engineering follows the line
set by “the urge to control complex affairs through a division and segmenting of
process into independent components” (Bucciarelli 1994, p. 110):

To design … a complex structure, one powerful technique is to discover viable ways of
decomposing it into semi-independent components corresponding to its many functional
parts. The design of each component can then be carried out with some degree of inde-
pendence of the design of others, since each will affect the others largely through its
function, and independently of the details of the mechanisms that accomplish the function
(Simon 1996, p. 128).

As Brooks (1995) as well as Baxter and Sommerville (2011) note, the success of
decomposition as a strategy depends eventually on the robustness of the interfaces
between components, to be defined at an early stage of the design, and to be kept
stable as long as changes can be avoided: interface changes can and do threaten the
foundation on which other components rest. For design engineering, the natural
way of achieving robustness and unambiguity is to suppress potentially refractory
issues by avoiding qualitative requirements, leaving design team members with
only measurable, physical constructs as acceptable building blocks, preferably
described in “the abstract and universal language of mathematics” (Bucciarelli
1994, p. 108).

Considering the psychology of ship design, the effects of decomposition are
probably not ideal, since, conceivably, such reduction may break up workflow and
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human tasks utilizing more than one technological object or artefact, teamwork
between departments, etc., and thus have a negative influence on the performance
of humans and, indeed, the sociotechnical systems. Thinking back to the anecdotal
description of an ECR design, this is likely what will happen: instruments and
control devices which are to be operationally used in combination may become
physically separated, and will with great likelihood have different interaction
paradigms. In other words, this particular characteristic of design engineering is
somewhat orthogonal to the mainstream thinking of human–systems integration
(Baxter and Sommerville 2011; Kossiakoff et al. 2011), which points to one of the
challenges facing future improvement in the psychology of ship design.

Uncertainty

The entire purpose of design engineering is to create something new—which
unavoidably involves a certain risk of failure. Design engineers are “frequently
required to make decisions of great practical consequence in the face of incomplete
or uncertain knowledge,” Vincenti (1993, p. 16) notes. Considering that design
engineering has lived with this risk—and survived—for more than two millennia
(Rogers 1983), it should not come as a surprise that this disciplinary community has
learned to tackle uncertainty; actually, a core part of design engineering thinking
pivots around risk management, and uncertainty appears to inform almost every
stage in the design engineering development process; it seems to be second nature
in engineering. In the face of uncertainty, design engineering is likely to revert to
“inventing immediately from the data” (Beyer and Holtzblatt 1998, p. 3655), a
potential lack of precise information notwithstanding. Since such practice poten-
tially is unsafe, design engineering uses heuristics—robust rules of thumb—as a
counterbalance (Koen 1985, 2003; Rogers 1983):

In traditional engineering, limits have frequently been set as ‘good practice’ by experienced
engineers, rather than on the basis of exhaustive analysis. The combination of the short
time-to-market … and the rapid changes in technologies being used, is likely to lead to
continued use of engineering judgment, despite increased analysis. [original quotation
marks] (Sherwood Jones 2001).

In combination, the method of decomposition, and the habit and experience in
the handling of uncertainty, seems to conspire against the psychology of ship
design, especially when it comes to having a distant relationship to the eventual
end-users of a design, as hinted at above. For design engineering, it is not seen as a
problem to “guesstimate” the context of use, user characteristics, user work
methods or similar constructs (Petersen et al. 2011); such lack of information is
simply “yet another” uncertainty, and not a deterrent to design engineering. On the
contrary, literature demonstrates how designers often see themselves as valid rep-
resentatives of the end-users (Bader and Nyce 1998; Petersen et al. 2011, 2014),
which arguably results in designs which are better suited for the designers than for
the intended end-users.
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The Design Engineering Knowledge Base

It is important to understand how the shared knowledge base of design engineering
is supplemented with new knowledge. True to form, the engineering knowledge
base reflects that design engineers are practical people, who are not naturally
inclined towards the ways of academia, but prefers more “hands-on” approaches,
responding positively to methods and experiences demonstrated to work in practice
(Bella 1987), or indeed to not having worked in practice, in the sense of having
demonstrably failed (Petroski 1982); as it has been described, design engineers
learn well from experiments (Felder and Silverman 1988)—no matter whether the
outcome is positive or negative.

Bella (1987) introduces the term design engineering paradigms, which leads to
the “orderly, practical and efficient accomplishment of tasks” (Bella 1987, p. 119),
and provides a model of these paradigms, constituted as they are by the “integrated
systems of theories, concepts, laws, procedures, examples, models and techniques”
(Bella 1987, p. 119). In particular, Bella focuses on the delicate mechanism asso-
ciated with the expansion of the paradigms, and how the success in this direction
depends on shared professional virtues, the personal integrity of the members of the
disciplinary community, on the experience of the members and on the social
interplay between these professionals. According to Bella (1987), four different sets
of social behaviour are involved: innovation and technological actions, which are
the executive actions of engineering; the associated feedback from society at large,
which Bella labels observations; and the intercommunitarian discipline, which is
the community’s way of policing the integrity of the paradigm (see Fig. 2).

Innovation is the driver which evolves the knowledge base. Through time,
community members devise new ways of fulfilling and improving the standards set
by the paradigms, and undertake disciplined and practical observation of the results
when these are tested through technological actions (Bella 1987): “The knowledge
of a community evolves as shared innovations become accepted as paradigms for
technological activity” (Bella 1987, p. 122). In particular

Paradigms Social-Physical
World

Activities of
Community
Members

Innovation Observation

Discipline Action

Fig. 2 The evolvement of the design engineering knowledge base (Bella 1987)
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… one looks for evidence. Does it make sense? Does it work? Can you prove it? Answers
to such questions, based upon discipline, observation and practical actions, provide the
bases for separating valid innovations from work which is just different because of slop-
piness, ineptness or fraud (Bella 1987, p. 122).

Interestingly, there seems to be consistency between Bella’s description of the
way the design engineer convinces himself, and his disciplinary community, and
how the reflective practitioner (Schön 1983) becomes informed by practical actions
and situations:

… the practitioner allows himself to experience surprise, puzzlement, or confusion in a
situation which he finds uncertain or unique. He reflects on the phenomena before him, and
on the prior understandings which have been implicit in his behaviour. He carries out an
experiment which serves to generate both a new understanding of the phenomenon and a
change in the situation. When someone reflects-in-action, he becomes a researcher in the
practice context (Schön 1983, p. 68).

To conclude this discussion, we have tried to demonstrate how design engi-
neering is practical rather than scientific in its teleology, how this disciplinary
community is taught to concentrate on the design of objects, how it is naturally
inclined to decompose such objects to manage complexity, how its natural incli-
nation is to express relationships numerically, in accordance with “natural laws” of
mathematics, how uncertainty is second nature in engineering process and dis-
course, and how, at least occasionally, these processes may be guided by heuristics
rather than by deep and comprehensive analysis. Indeed, understanding the design
engineer as the essential reflective practitioner, as he is described by Schön (1983),
appears to provide another bit of the potential recipe for how other practices and
disciplines may interact with design engineering: whatever the form—direct
cooperation, or other means of knowledge transfer—the exchange has to be prac-
tical, the subject has to be observable, and the knowledge has to be immediately
relevant, credible and effective, addressing an actual problem. Novel requirements,
or consequences of knowledge novel to design engineering, have to be, or have to
become, comparable to other design requirements, and cannot be of an ultimate
nature. To make their point heard, other disciplines are best served by speaking the
engineering language, and would be well advised to exploit the fact that in design
engineering, “Seeing is Believing” (Petersen 2012; Petersen et al. 2014).

What is Next? Key Research Questions

Can design make safety, efficiency and satisfaction?
If ships were built by engineers with non-technical skills, would that make a
difference?

We believe this chapter has answered these questions with a “yes.” Now, however,
the challenge is how to achieve this, taking due account of the characteristics and
natural inclinations of design engineers.
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Exposure to Practice

Building on Gardner (2006a; Petersen et al. 2014), a representational redescription
is a potential inroad to changing minds. In the present context, one potential way of
improving the uptake and application of ship psychology knowledge (also known
as maritime human factors), which appears to be in harmony with the target group,
could be to provide first-hand experience on the physiological processes, and the
associated cognitive functions of the seafarers, rather than attempting to transfer
such knowledge using more traditional teaching methods. The aim of such
first-hand practice would be to address naval architects, marine engineers and other
engineering disciplines who are involved in the design of ships and ship equipment,
and through exposure to the real environment and the end-users, provide insight to
the present inadequacy of designs (Schaffer 2004; Weick and Quinn 1999).
Engineers from all disciplines could come to know that HF integration can enhance
human well-being and the overall performance of the seafarers, which in turn could
help to reduce the risk of shipboard errors and accidents. Exposure to practical
seafaring, we suggest, could lessen their lack of awareness of maritime HF and
operational problems, and moreover it could improve their communication with
those who work and live aboard; previous research has proven this to be poor (Ross
2009; The Nautical Institute 1998). Looking ahead, the effectiveness of such
in-practice training is, however, yet to be seen, and we see a need for a systematic,
widespread effort to realize the potential of this approach.

Extension of the Design Engineering Curriculum

According to Walker (2011), an early challenge is educating designers and other
stakeholders with respect to the benefits of ergonomics in design; to reiterate, the
competency of design engineers who have direct influence on the design of the ship
is paramount and in our view needs to be supplemented to include maritime HF.
The benefit of such a successful extension of the design engineering curricula is
believed to be a good long-term solution to address the subject of human element in
the maritime domain. Kuo and Houison-Craufurd (2000) note that the present naval
architecture education system is heavily biased towards the technological field and
very few have been exposed to such topics as HF and HCD, much in line with the
findings of Russel and Stouffer (2005). These authors propose a method to help
naval architects to understand HF and give full attention at the design stage to
include HF in order to achieve an acceptable level of safety. Their conclusion is to
add a HF course to the naval architecture degree syllabus and to encourage students
by demonstrating the impact of HF on each phase of a ship’s life cycle.

To better match the characteristics of design engineering, problem-based learning
(PBL) seems a promising approach. PBL can be identified as a student-centred
pedagogy in which students learn about a subject through the experience of problem
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solving (Eberlein et al. 2008; Walton and Matthews 1989; Hmelo-Silver 2004); with
PBL, students learn both thinking strategies and domain knowledge. PBL is an
instructional learner-centred approach that empowers learners to conduct research,
integrate theory and practice, and apply knowledge and skills to develop a viable
solution to a defined problem, which we suggest resonates well with the funda-
mentals of design engineering thinking. This pedagogy seems to be able to equip
students with the mindsets and methods of HCD in a fashion matching their learning
preferences, making them more aware and better equipped to face and solve relevant
challenges of the psychology of ship design.

There is “work-in-progress” also on this front. One example is the course on
“Human Factors for Naval Architect students” (HFNA), a 5-day voluntary summer
course run for 5 years at Chalmers Technical University in Sweden. It delivers
basic knowledge within the field of maritime HF, human–machine interaction and
how this links to ship classification and ship design. The emphasis was on using
ship visits to support design tasks, and to learn how to identify design issues, e.g.
recognizing “integration work.” Classroom exercises and lectures supported this.
The course evolved over the years, and has been used in the EU project CyClaDes,
providing participants with insights into teaching interested naval architecture
students, engineers and designers.

Along comparable lines, there is a HF course at University of Southampton, an
optional module available to ship science students in their fourth year, and open to
every student studying engineering at the university. Most of the students attending,
however, come from the branches of mechanical engineering, aero and astro,
acoustical engineering programmes, rather than ship science (in fact, no naval
architects had attended). In terms of the HF course, the lectures cover various aspects
of human capability, in terms of physical, environmental, physiological and psy-
chological factors which enable the engineer to take account of the human element in
the design of machines, displays, controls, and living and working environments. The
knowledge can be applied for designing products in students’ expertise/interests,
including ship design (Brian Sherwood Jones, personal communication).

A third example can be found at the Faculty of Maritime Technology and
Operations at Aalesund University College in Norway, which also conducts a
course on “Human Factors” for students enrolled in the Master’s degree in
“Demanding Marine Operations”. A final example (Thomas et al. 2013) describes a
design project which is developed in the National Centre for Maritime Engineering
and Hydrodynamics at the Australian Maritime College (AMC). This course allows
final-year naval architect students to carry out a two-phase design process in
multidisciplinary teams, allowing a focus on the development of teamwork skills,
and uses a PBL approach together with a strong focus on practical work. Another
current AMC undertaking is a research project which focuses on amalgamating
maritime HF and HCD knowledge into the undergraduate naval architecture syl-
labus, by way of creating and injecting HCD champions (Gulliksen et al. 2003) into
the design project teams, and to study the effects of this change through action
research. In addition, this project aims at operationalizing maritime HF knowledge,
as it includes the development of a computer-based “HF Design Support” tool.
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Embryonic as the above is, as both medium-term and long-term results are yet to be
seen, these courses have the potential to cement the psychology of ship design in
the minds of young design engineers.

Low-key Human-Centred Design

Human-centred design (HCD), and the derivatives of this methodology, are seen as
universal tools for the inclusion of user needs and characteristics in design. Thus
supporting the inclusion of HF knowledge during design, HCD approaches are
believed to lead to products which in turn provide a number of benefits to their
users, including improved human working conditions, improved productivity,
enhanced user well-being, avoidance of stress, increased accessibility and reduced
risk of harm (International Organization for Standardization (ISO) 2010; Maguire
2001). HCD, and the steps described by ISO (2009) and elaborated by Maguire
(2001), moreover appear to be accepted on a global scale (Quesenbery 2005). In the
present context, it is entirely natural to suggest that catering for the psychology of
ship design can be handled using this process, and the discussion becomes one of
understanding what design engineers really do need to integrate HF, in general and
in particular, into the ship design process, i.e. the ship design spiral and the present
regime of rules and regulations.

The “ABCD3 Working Group on Human Performance at Sea” (Dobbins et al.
2008), which is an international group consisting of hydrodynamicists and HF
researchers, carried out notable research work on integrating HF in High Speed
Craft (HSC) design. They have identified nine HF areas and detailed HF design
principles to the feasibility design stage, the main design phase and the end design
in order to support the integration of HF into the HSC design process (see Table 3).
The authors produced an engineering design guide to support the industry and
academic naval architecture and design community, by providing HF engineering
guidance to enhance the specification, design, evaluation and operation of HSC.
The development of this guidance was followed by consultation with stakeholders,
operators and naval architects, as following the HCD cycle to develop the integrated
HF naval architect concept in the design process.

McSweeney et al. (2009) similarly discuss an applied approach for human
factors engineering (HFE) principles integration and implementation into ship
design, throughout the conceptual, preliminary, and detailed design stages and
during the construction, suggesting a comprehensive programme, including several
tasks such as promotion of interaction between design personnel with end-users,
review of early project design documents, the identification of HF tasks and the

3This is known as the “ABCD Group” due to the nationalities who form its membership:
American, Australian, British, Canadian and Dutch researchers and defence agencies.
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preparation of a HF plan, training of design personnel, design drawing review,
visits to the construction yard and many more (see Table 4).

These two schemes notwithstanding, previous and ongoing research demon-
strates that the application of full-scope HCD by design engineering is unlikely to
be successful (Petersen 2010, 2012, 2013; Petersen et al. 2010). Duly observing the
usability capability maturity level (Earthy 1998; Nielsen 2006a, b) of the maritime
industry when it comes to the application of HF, it seems more promising to
perform a reduced-scope set of activities, borrowed from the full application of

Table 3 HSC HF areas and HF input to design process (Dobbins et al. 2008)

HF Area HF design principles (one out of each area)

HSC motions The requirements of the User Requirement Document and System
Requirement Document for craft ride/motion characteristics should be
examined, particularly in relation to the Shock and Vibration exposure of
the crew and passengers, and the subsequent requirements for Shock and
Vibration mitigation

Sight Consider the influence of the design on the coxswain and navigator’s
external visibility
For example, to what effect will the hull design affect the coxswain’s
visibility of the sea close to the vessel?

Sound Identify the major sources of noise on the HSC (e.g. engines) and estimate
whether the noise levels are likely to interfere with communication in
closed versus open boat designs, ensuring systems provide good coverage
of all crew working areas

Environment Design of crew and passenger work positions should take account of
heating, cooling, and ventilation requirements, including the location of
major components. Installation of ventilation facilities needs to consider
cooling requirements (e.g. will machinery generate significant amounts of
heat?) and ventilation to prevent the build-up of diesel (and other) fumes

Health and safety Identify the main sources of potential hazard to crew and passengers.
Incorporate additional space allowance in payload space and other areas
where manual handling tasks are anticipated. Incorporate sufficient space
allowance on deck for stowage of items. Consider crew and passenger
escape and evacuation where appropriate

Man–machine
interface

The designer should consider the high-level crew requirements, e.g. the
coxswain will need to combine maintaining a good external view with
monitoring the instrumentation panel; the navigator may need flat
surfaces for conducting chartwork; the maintainer requires good access to
servicing areas

Habitability Estimate width and height requirements (to accommodate largest crew
and passenger sizes) for passageways to be included within main-space
estimates. Locate working areas in locations of best “ride quality,” and as
far as practicable away from machinery items

Maintainability The designer should ensure that sufficient clearance is maintained around
serviceable items. Additionally, serviceable items may need to be raised
to provide maintained good access at a convenient working height

Design review Designers, engineers and end-users together should review the design
(CAD drawing and 3D modelling)
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Table 4 Summary of McSweeney et al.’s (2009) HFE programme

Task Description

Review/development of early project
design documents

The purpose of this task is to identify any existing
HFE design requirements to verify they are
incorporated into the final design of the project.
These documents should state the objectives for the
project, how, and by whom, the project will be
managed, and what technical components will be
involved in the project

Identify HFE tasks and prepare the
HFE plan

The HFE plan should identify the tasks to be
performed, the schedule, linked to the master project
schedule, to which each task will be carried out and
the personnel responsible for each task. Any special
studies (e.g. a link analysis of a control room)
should also be laid out in the plan

Select/write the HFE design aids HFE design aids are a collection of the most
important HFE design requirements packaged to
provide quick and easy access to design criteria for
specific HFE design requirements (e.g.
operability/maintainability envelopes or
control/displays concerns) of interest to the project
engineers, designers and modellers

Conduct training This task provides introductory orientation training
regarding HFE for all management, engineering and
design personnel

Establish an HFE tracking database This database allows each HFE design input to be
tracked and records all HFE inputs, whether or not
the input was accepted or rejected (including the
rationale for rejection)

Carry out a manning assessment Manning assessments should be conducted to
determine and/or verify knowledge, skills and
abilities and proposed manning levels for final
designs

Conduct drawing/design reviews Engineering drawings and design documents
(including three-dimensional module drawings
showing plan, section, elevation and details) should
be reviewed to verify that the design and layouts
comply with project HFE design requirements,
providing sufficient ingress/egress throughout the
design and sufficient clearance/access for the
operation and maintenance of equipment

Apply HFE to vendor-supplied
equipment

HFE design requirements should be incorporated
into appropriate vendor-supplied hardware and
software packages. Items should be selected based
on the presence of HFE design requirements
included in the vendor specification (e.g.
consoles/panels, access clearances, etc.)

Prioritize HFE efforts for
systems/equipment

It is important that the HFE personnel review the
equipment/systems/subsystems lists to identify
potential HFE activities and those parts of the design
which should receive detailed HFE attention

(continued)
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HCD, as this is described by ISO (2009), and limit the focus to the lower key
subjects of understanding the context of use, as well as understanding and being
able to practise relatively simple usability testing, subjects which will be elaborated
further. Such an approach is illustrated in Fig. 3, demonstrating the suggested short
cut of limiting the designers’ HF considerations to the first and last stages of the
conventional HCD design iterations—and, at that, to use less ambitious, compre-
hensive and complicated processes, as is elaborated below. The axiom being that “a
little bit of human factors thinking is better than none,” the point here is to lower the
adoption barrier to the application of the psychology of ship design to levels and
complexity with which novices are likely to be more comfortable. In the figure, the
dotted lines and greyed-out boxes are the parts of the full-scope HCD iterations
which as such are entirely disregarded.

The first step is to “understand and specify the context of use,” attaining
knowledge of the end-user of the product or process being developed, as well as the
circumstances under which it will be used. Such knowledge will inform the design
process, aiming to make the product fit for the user and task as well. While
obtaining and maintaining a correct understanding of the context of use can be time
consuming and costly, and could—or, indeed, should—involve ethnographically
inspired field studies and prolonged immersion in the environment, a simplified

Table 4 (continued)

Task Description

Incorporate a labelling programme A labelling programme should cover such design
issues as label colours, contrast, character sizes,
content and format as well as create standards for
the various types of labels, signs and job aids used
throughout the facility

Prepare/review operations,
maintenance, and training
materials/manuals

For the manuals to benefit the operations and
maintenance personnel, it is important for them to
be designed in an easy-to-read and easy-to follow
manner

Participate in special design studies The HFE personnel should participate in design
studies that address HFE concerns and design
requirements relative to O&M, manning, training,
safety, etc. The HFE personnel’s primary
involvement should focus on issues relating to crew
member performance or safety

Visit the construction yard and vendor
facilities

The objective of this HFE activity is to verify that
the HFE requirements considered during the
detailed design and construction phases have been
implemented as per the design intention

Prepare progress reports The report should briefly describe the HFE activities
completed thus far, the general status of the HFE
programme, deliverables made, number and location
of visits made to the construction yard and/or
vendors, and upcoming planned activities
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method could be for ship designers to watch short video clips of the relevant work
situations, to have interviews with end-users, or to visit ships in port to see with
their own eyes. Be this as it may, and in slightly more detail, the following
information is of importance in this step:

1. Understand primary and secondary users.
2. Skills and knowledge of the users, including experience and training.
3. Physical attributes, including any limitations.
4. Motivations, positive or negative attitudes to job, task and product.
5. Workplace design, spaces, layout, reach and postures.
6. Health and safety, hazards and protective equipment requirements.

Following the design phase, which design engineering is entirely confident and
supremely competent to undertake, testing with end-users, preferably in the context
of use previously defined, is a second step which will help elucidate potential
product flaws—and a step which appears to be often ignored. Depending on the
level of ambition and HF competence (and usability capability maturity), this step
can be of low complexity; for novices, it should be kept low key. Two different
approaches appear to be particularly useful under such circumstances, one being
simple user testing, the other being heuristic evaluation in the earlier phases of a
design.

In terms of the former, the designers could identify the perhaps 30 % most
important or most frequent tasks the user will have to undertake with the artefact in
question, and simply observe five to seven representative end-users perform those

Plan the human-
centred activities

Simplified
understanding

and spedification
of the context of

use

Produce design
solutions

Simplified
evaluation with

end-users

Specify the user
requirements

Design solution satisfies
requirements

Fig. 3 The iterative HCD design activities (ISO 9241-210) adapted to a more low-key approach
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tasks under realistic conditions. Experience has it that not only will one find a high
number of whatever usability issues the artefact may suffer from (Mack and Nielsen
1994; Nielsen 1994), the approach also seems to be capable of making the designers
accept that the product—artefact—is actually flawed (Baxter and Sommerville
2011; Desurvire 1994; Eriksson et al. 2009; Schaffer 2004), and thus induce an
added future focus on the psychology of ship design.

Heuristic evaluation (Mack and Nielsen 1994; Nielsen 1994; Shneiderman and
Plaisant 2005; Wickens et al. 2004) pivots around the assessment of an artefact
along the axes of attributes known to improve usability, such as consistency in
operation, clarity of language, ease of reading, error prevention and good error
handling, good error messages, intuitiveness, user control, and, importantly, a good
match between the user’s mental model of the system under control and the view
presented by the system under scrutiny; see Petersen et al. (2014) for an overview
of the various sets of well-known heuristics. This approach appears to have
potential for the successful application by design engineering teams (Desurvire
1994; Karat 1994; Nielsen 1994). Considering the near future in the maritime
domain, heuristic evaluation thus could be a viable approach to increased adoption
—and evaluation—of the psychology of ship design; this, however, requires
additional research before firm recommendations can be made.

Conclusion: Recommendations on the Psychology
of Ship Design

We have produced a snapshot of the present state of the psychology of ship design
in the maritime industry—including having elaborated on the systemic challenges
and barriers to an increased usage of HF knowledge by design engineering; indeed
these are varied and are influenced by topics as diverse as the natural inclinations of
design engineers and design engineering, the culture of the maritime industry and
the way ships are designed and built, to the commercial dimension which dictates
what a ship designer can do, and what s/he cannot do, if the ship designed is to be a
success from a business perspective.

In the final section of this chapter, we also hope we have shown a pragmatic way
ahead: universities teaching naval architecture and marine engineering are advised
to extend the curriculum to include maritime human factors, which will provide a
basic knowledge graduates can build on in their entire career in the maritime
industry. We are also calling for a universal exposure to practice; in our view, any
design engineer involved in the creation of new maritime artefacts should be
exposed, briefly or for longer periods, to seafaring and seafarers—it seems to us to
be the perhaps simplest and most effective way of improving the usability of ships
and maritime equipment. Finally, the issue of low-key user-centred design is in our
view suitable for both students, new graduates and seasoned design engineers and
design engineering managers; there seem to be few, if any, real barriers to the
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successful introduction and execution of investigating and understanding the con-
text of use, and the performance of low-key testing of equipment with represen-
tative end-users seems simply to be a natural component in any design process
striving to produce successful artefacts. We see heuristic evaluation of usability
characteristics to be a powerful guide during the early design stages of an artefact;
having these issues in mind is bound to reduce the risk of producing artefacts which
will fail during later usability testing with end-users—but heuristic evaluation
should not be seen as a replacement of testing with representative end-users. On the
subject of physical ergonomics, Sanders and McCormick (1992) state that “All the
anthropometric data in the world cannot substitute for a full-scale mock-up” (1992,
p. 423)—we wish to extend this realization to the entire area of maritime human
factors.
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Occupational Stress in Seafaring

Ana Slišković

‘Voice’ of Croatian Seafarers Employed in the International
Maritime Sector

A recent study conducted on a large sample of Croatian seafarers employed on
cargo ships identified a range of themes, from the seafarer’s own qualitative reports,
concerning their sources of job dissatisfaction (Slišković and Penezić 2015).
Through answers to open questions, the study participants offered their own per-
spectives, experiences and insights with regard to the main sources of dissatisfac-
tion they faced in their occupation. These themes and accompanying illustrative
quotations (see Table 1) show some cultural and contextual specificities. A major
concern was dissatisfaction with state laws governing seafarers’ rights and obli-
gations, clearly having a number of practical implications for the State, the Croatian
Ministry of Maritime Affairs, educational institutions, agencies and labour unions.

Most of the other sources of dissatisfaction found in this study (e.g. separation
from home and family, living and working conditions on board, etc.) are quite well
recognized as occupational stressors in the maritime sector (Allen et al. 2008;
Carotenuto et al. 2012; Iversen 2012; MacLachlan et al. 2012; Oldenburg et al.
2010a). This supports previous findings of negative association between job sat-
isfaction and occupational stress, obtained both in the general working population
(Faragher et al. 2005) and in seafarers (Lang 2011). However, examples of typical
answers given in Table 1 offer a deeper insight into what actually makes seafarers
stressed, dissatisfied or unhappy in relation to their occupation. The source of
dissatisfaction labelled changes in the maritime sector provides insight to a sea-
farer’s perspective on reasons for the increase of occupational stress in the maritime
sector.
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Table 1 Sources of job dissatisfaction

Sources of job dissatisfaction (% of
responses)a

Examples of responses

(1) Separation from home and family
(20.9)

“I miss being with the family, Internet helps, but
does not solve the closeness with them”
“… always missing family moments while children
are growing up, which no one can replace”

(2) Status of seafarers in the Republic
of Croatia (22.8)

“Well, generally most unhappy at the treatment of
seafarers in our country, i.e. they require all sorts
of things, and in return nothing … First of all,
paying taxes needs to be abolished immediately
because the State does not give anything i.e. only
demands, or if they want us to pay them they in turn
should give something …”
“Neglect, from the State, of seafarers and their
benefits. We can not be in the same group as others
for retirement, since no one will find work in the
profession to the age of 67”
“The payment of health insurance in the Republic of
Croatia during stays on board (at that time I
already have health insurance through the
company I work for, and my whole family)”

(3) Status of Croatian seafarers in the
international labour market (2.8)

“Underpayment in comparison to other nations”
“As a Croat it is hard to make progress in the
offshore sector, for example. We can talk about
what we want, but our passports are of no
significance outside. Cheap labour will smash us”

(4) Status of seafarers in the company
and promotion opportunities (7.3)

“Slave-holding treatment by the company of its
people”
“The fact that the work is not valued as it should be,
people are being promoted by luck, because
decisions about the progress of the people are made
in the office of the company, not on board, where
people know how one works, while the real
evaluation of individual work is difficult to convey
in paper reports to the people in the office”

(5) Company and living and working
conditions on board (35.8)

“Non-respect of the contract, contract duration of
4 months on board converts to 5 months,
sometimes even longer”
“Daily work 12–14 h, after 3 months’ stay I think
we need a psychiatrist before coming home,
because the only topic of my life is work”
“Isolation. Today LNG ships are floating prisons”
“The inability to use the Internet on board”
“… in most companies food is criminally bad and
poor quality, and even worse is the preparation. In
addition to that, the menu is always adjusted for
Asians, who are more prevalent on board, and the
cook is Asian”

(continued)
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Implementing Findings of Research in the Field
of Occupational Stress in Seafaring

During the conducting of recent research focused on occupational stress in Croatian
seafarers, I experienced many personal reactions not only of participants, but also of
those who did not want to participate. The background of their reluctance to par-
ticipate was largely based on the view that the research would not help in solving
their real problems. Some of the negative characteristics of their working envi-
ronment are seen by them as unchangeable because it is “just so in their particular
company and/or in the maritime sector”. Company management is seen as primarily
based on profit, while changes introduced by international regulatory bodies aimed
at improvements in the maritime sector are often seen as “extra paperwork” and as
“conflicting with real practices on board”. Through these adverse reactions came
the claim that the scientist/psychologist employed on land cannot imagine the
working stressors on board. Indeed, can we imagine the depth of loneliness and
worry caused by the separation from home and family? Or the level of isolation of a
seafarer whose stay on board, according to the contract, is 4 or 6 months, but who,
due to irregularities of shift, does not know when he is going home? Add to this
picture the intense work demands, safety and health risks, overtime hours—which
are often not recorded—and poor interpersonal relationships, which occur in every
work team, but from which you cannot distance yourself when you are on board.
The above list of adverse characteristics (stressors) is by no means exhaustive.

This chapter gives a review of previous studies focused on occupational stress in
seafarers, including a detailed overview of occupational stressors in seafaring.
However, before focusing on the state of knowledge in the field, let us go back to

Table 1 (continued)

Sources of job dissatisfaction (% of
responses)a

Examples of responses

(6) Interpersonal relationships on board
(12.8)

“Relationships that are sometimes negative and
from which there is no escape”
“Sometimes superiors are not correct towards the
lower-ranking staff”

(7) Changes in maritime sector (12.8) “The industry is moving in a direction that
increases the number of tasks we perform, and
which are not directly related to navigation.
Autonomy of crew (especially officers) is
decreasing, increasing administration…”
“…capitalism that is relentless, and it is almost
impossible to do the job by the book, i.e. to
harmonize the rules imposed or required by the
STCW, ISM and others”

aPercentages of responses are calculated as n of responses in each category divided by n of subjects
(530), but the fact that some subjects cited two or more sources of job dissatisfaction must be taken
into the account
Source Slišković and Penezić (2015)
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the main issue that I experienced from seafarers: “How can you help us?” Although
the practical implications are commonly given at the end of a text, I believe that this
question must be to the fore, and that addressing it requires collaborative work
between the owners and managers of shipping companies, unions, and national and
international regulatory bodies.

Occupational stress management strategies depend on perspectives or views on
the stress issue, which are shaped and changed under political, cultural, social and
economic influence. Generally, views on occupational stress may be divided into
two broad categories. One of them is the understanding of stress at work as a
“personal problem” of the employee, arising from his or her personal characteris-
tics, while the second involves care on the part of the community, since the
problems of employees result from the unfavourable characteristics of the work
environment (Kenny and Cooper 2003). Therefore, stress management strategies
can be targeted at the individual or at the working conditions (Michie 2007).
Intervention strategies can be classified into three levels: primary, secondary and
tertiary (Kendall et al. 2000; O’Driscoll and Cooper 2002). Primary level inter-
ventions relate to the reduction of stress in the workplace, and are typically
developed following the evaluation of specific factors that induce stress in the work
environment. Examples include reducing individual workloads or redesigning jobs
to remove ambiguity and conflict. Secondary level interventions include helping
individuals to cope with stress in the workplace, while tertiary level interventions
are basically programmes of support and counselling for employees who experience
the effects of occupational stress. Managers of work organizations under pressure
from the public are becoming increasingly aware that they must do something, yet
more often focus on the individual level than implementations of changes in
organizational structure or redesigning of jobs. Programmes of support, and training
in coping with stress, not only are perceived as cheaper and more convenient for
implementation in relation to long-term restructuring or major organizational
changes, but also divert responsibility for the excessive stress of employees from
the work organizations’ managers.

Regarding intervention strategies for optimizing seafarers’ health and
well-being, it has to be said that some countries, such as the UK and Australia, have
valuable projects relating to the mental health of seafarers (Iversen 2012). However,
their main activities (printed booklets and leaflets about methods of stress reduction,
recognition of signs of depression, a 24/7 help hotline, etc.) are directed at the
seafarers. As such, they can be regarded only as tertiary (dealing with stress out-
comes) or in some cases secondary measures of intervention (help in coping with
stressors). Still, since many seafarers are reluctant to seek medical and psycho-
logical help because of rigorous health requirements in the competitive job market
(Iversen 2012), these measures which raise awareness and help in coping with
stressors in seafarers are of great importance.

However, the main intervention strategies in reducing stress and diminishing the
occupational health risk of seafaring among seafarers should focus on reducing the
main occupational stressors and risks (primary measures). Experts in the field warn
that preventive measures should be based on strong evidence, since many
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suggestions for stress management in seafaring are based only on questionnaire
surveys conducted ashore (Oldenburg et al. 2013b). Yet people who relate in any
way to the maritime sector are aware, or should be aware, of the main stressors and
hazards, such as, for example extremely long separation from home and family, or
long working hours. Salyga and Juozulynas (2006) showed that psycho-emotional
stress was already experienced after an average of 2.7 months from the beginning
of the voyage. Still, the average stay on board for non-European crew members in a
study conducted by Oldenburg et al. (2009) was 9.9 months per year. Furthermore,
long working hours and related fatigue (Jensen et al. 2006; Smith et al. 2006) are
also prevalent in the maritime sector. Knowledge from the broader area of occu-
pational stress can also be a starting point for stress-preventive measures in sea-
farers. For example, data from a representative sample of the Canadian population
aged 30–59 show that the number of hours spent working is a better predictor of
stress and impaired health than is the type of activity (Beaujot and Anderson 2004).
Finally, although the survey method has many shortcomings, in line with the
transactional view of stress it is crucial, in the measurement of stress, to cover the
appraisal of stressful factors in the work environment. Therefore, on the basis of the
occupational stressors reviewed in this chapter, some of the main primary inter-
ventions in seafaring should include: reduction in long separations from families
(i.e. shorter durations of stay on board), minimizing fatigue (through reduction of
long working hours, increased number of crew and unbroken periods of rest and
sleep), and improvements in quality of life on board (improvements in telecom-
munications, nutrition and recreational opportunities, as well as the promotion of
social events on board). Although communication and family life among seafarers
are today very favourable compared to former times (Hagmark 2003), free and
unlimited internet access on board is still just an aspiration for many seafarers.

In addition to the above suggestions, it is extremely important for managers to
listen to the voices of their employees and to take them into account in making
decisions. There is a large volume of evidence, in the broader area of occupational
stress, that intervention on this basis—in the direction of re-designing jobs (espe-
cially those which increase control and autonomy among employees), adopting
participatory management styles, developing clear role descriptions, setting effec-
tive goals and giving feedback—can reduce stress and increase the well-being of
employees (O’Driscoll and Cooper 2002). These approaches include the provision
of certain financial resources, as well as involvement and effort from the man-
agement, but in the long term bring benefits to the employees and the work
organization (Giga et al. 2003; O’Driscoll and Cooper 2002). On the other hand,
evidence of the efficacy of secondary and tertiary interventions is inconsistent and
very limited (McKenna 2000; O’Driscoll and Cooper 2002). The managements of
shipping organizations, as well as national and international regulatory bodies in the
maritime sector, have responsibility for development activities that enhance, rather
than impair, the physical and mental health of employees. A common approach in
dealing with stress may result in a work environment that is productive for the
shipping organizations and healthier for seafarers. Furthermore, intervention
strategies should be focused not solely on the prevention of physical or
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psychological risk, but on practices which yield healthy organizations (Jaimez and
Bretones 2011). A “healthy organization” is defined as one whose culture, man-
agement, working climate and other business practices create an environment that
promotes the complete physical, mental and social well-being, effectiveness and
performance of its employees (Wilson et al. 2004). According to Jaimez and
Bretones (2011), there is no single solution for all types of organization, but the
participation and involvement of employees is proposed as a fundamental element
for creating a healthy organization. Therefore, all workers should be actively
involved in the development and optimization of organizational practices which
promote a healthy workplace—which, in the case of shipping companies, includes
seafarers on board.

Occupational Stress in Seafaring from the Transactional
Perspective

Seafaring is a demanding, high-risk and stressful occupation which cannot be
compared with jobs ashore. There are a large number of stressors, risks and chal-
lenges that seafarers face, which can lead to consequences for their physical and
psychological health (Allen et al. 2008; Carotenuto et al. 2012; Iversen 2012;
MacLachlan et al. 2012; Oldenburg et al. 2010a). MacLachlan et al. (2012, 2013)
noted that the health of seafarers has been dramatically influenced by factors such
as globalization of the shipping industry, increased automation and mechanization
of work on ships, improvements in navigation techniques, reduction in crew
numbers, increased uncertainty and short-term contracting of seafarers in com-
mercial fleets, multicultural crewing and ships operated under flags of convenience.

In accordance with the transactional perspective on occupational stress, in this
chapter the main stressors in the field will be determined, as well as their potential
effects on the health and well-being of seafarers. In addition to effects at the
individual level, effects at the organizational level will also be discussed. Finally,
important individual and organizational characteristics which can moderate or
mediate links between occupational stressors and stress outcomes will be reviewed,
some of which have been relatively neglected in the research field. However, it is
important to first define the concept of occupational stress within the theoretical
framework in use.

Definition of Occupational Stress

Occupational stress is a term which is often used in the scientific literature and in
daily life. However, there is no general agreement on its definition, which is the

104 A. Slišković



result of various research approaches to stress in general, and also too broad a use
of the term stress (Hart and Cooper 2001).

In scientific literature, stress has usually been understood in three ways:
(1) stress as an external stimulus or the force exerted on the individual, i.e. stimulus
model (2) stress as the individual psychological or physical response to an external
force, i.e. response model, and (3) stress as the interaction of stimulus and response,
i.e. interactional or cognitive model (Arnold et al. 2005; Sulsky and Smith 2005).
Today, however, most researchers use the term stressor to identify external stimuli
or events, and the terms strain or distress for the response or reaction of the
individual. Thus, the term stress covers the general interactional process of linking
stressors, coping with the stressors and the effects of stress, rather than specific
elements. The key factor which determines whether the stress occurs is a personal
appraisal of the situation and assessment of the risk level, unlike physical and
environmental stressors, where, for example, exposure to toxic substances does not
necessarily lead to appraisal, but often leads to physical reactions: “For psy-
chosocial stressors, stress is indeed in the eye of the beholder” (Sulsky and Smith
2005, p. 12).

A great contribution to the field of stress was made by Lazarus and Folkman
(1984, 1987; Lazarus 1990). They defined stress as a relationship between the
individual and the environment arising from the former’s estimation that the
requirements of the latter exceed his capabilities to meet them. If such requirements
persist over time, this can lead to chronic adverse effects. However, stress reaction
is preceded by an appraisal of the stressfulness of the situation. The primary
appraisal of stress depends on personal and situational factors, and it is followed by
a secondary cognitive appraisal which implies the evaluation of different strategies
of coping with the stressor. Lazarus and Folkman gradually formed a transactional
model of stress and, with its formulation, theoretically moved away from the
classical interactional models of stress, which assumed an additive and linear
relation between environmental and individual factors in determining outcomes of
stress, or a one-way causality. Under the interactional approach, stress has been
studied as a static structure with fixedly divided independent and dependent vari-
ables, which does not allow reciprocal causation—for example, that the level of
stress responses of an individual affects the perception of stressors. In contrast,
Lazarus’ transactional standpoint implies a circular nature and a feedback system. It
introduces the concept of reappraisal based on new information, either from the
environment or personal reaction. Because the model assumes constant change in
the individual and the environment, cognitive appraisal is continuously renewing
and changing (Hart and Cooper 2001). These benefits of the transactional model
compared to previous models are also shortcomings from the methodological point
of view, because it is difficult to determine when the stress process begins and when
it ends, which creates difficulties in stress research (Lazarus 1990).

As there is no single definition of stress in general, there is no single definition of
occupational stress. This ambiguity in the definition and operationalization of
professional stress is one of the most important methodological problems in its
research (Schonfeld et al. 1995). Kenny and McIntyre (2005) classified
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contemporary approaches and models of occupational stress into five categories:
(1) intrapersonal approach; (2) interpersonal approach; (3) organizational and
transactional occupational stress theories; (4) cybernetics and systems theory; and
(5) occupational stress in the framework of the analysis of the work process.

The most comprehensive transactional perspective on occupational stress is
given in the model of Cooper et al. (1988, 2001; Cooper and Baglioni 1988;
O’Driscoll and Cooper 2002; Williams and Cooper 1998), as well as in that of Cox
and co-workers (Cox and Mackay 1981; Cox 1987; Cox and Griffiths 1995).
Considering the great influence of the transactional approach to stress in the broader
area of stress, it will serve here as a broader theoretical frame to illustrate the main
elements of stress in seafarers. In establishing the transactional model of occupa-
tional stress, Cooper et al. (1988) argued that the dominant models in that time
period (Karasek’s demand-control model and person-environment fit theories) were
limited and should be incorporated into the broader multidimensional transactional
model of Lazarus. In spite of differences between the different models (e.g.
Cooper’s vs. Cox’s model), a general transactional perspective on occupational
stress is focused on three elements: the sources of stress, the consequences for the
individual and the organization, and individual differences in personality and
behaviour. Stress transactions are the product of the individual and the environ-
ment: the individual affects the environment and at the same time responds to
demands of the environment. The central place in the model is taken by appraisal or
assessment, so the object of measurement of occupational stress is not work
requirement or pressure, but the perception of pressure. Therefore, in examining
occupational stress and stressors it is appropriate to use questionnaires. The process
of stress depends on the perception of the situation or the assessment of the
stressfulness of situations. Stress reaction occurs when an individual determines that
the intensity of the stressors overcomes his ability to cope. Therefore, the following
sections will relate to (1) sources of stress in seafarers; (2) stress reactions, i.e.
effects of stress at the individual and organizational levels; and (3) individual
characteristics which influence the perception of stressfulness, stress reactions and
consequences.

Sources of Stress in Seafarers

Table 2 shows the different sources of stress (i.e. stressors) faced by seafarers, some
of which are occupation related, while the others (work related) are typical sources
of work stressors recognized in different occupations, but also found in seafarers.

One of the most frequently cited psychosocial sources of stress (i.e. stressors) in
seafaring is long-term separation from home and family (Carotenuto et al. 2012;
Iversen 2012). Although this stressor is especially evident in the cases of longer
contract duration and in younger seafarers with children (Oldenburg et al. 2009,
2010a), the fact is that all seafarers are, by the nature of their work, separated from
their homes. Even under the most favourable employment conditions, seafarers
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spend at least 6 months a year at sea (Alderton et al. 2004). Stress levels caused by
separation from home increase significantly when family members are unwell or
when contact with the family is difficult (Carotenuto et al. 2012). Being physically
away from home and family can bring anxiety relating to the illness of loved ones,
sexual fidelity of the partner, problematic behaviour of children, the family’s
general well-being and practical household matters (Alderton et al. 2004).
Therefore, cyberspace communication with the partner is of great importance for
peer social support and strengthening of relationships in seafaring (Tang 2012).

Alongside loneliness caused by separation from family, partner or wife and
children, seafarers also report social isolation, caused by their characteristic way of
life on board, now additionally aggravated by reduction in crew numbers, short
ship-turnaround times and lack of shore leave (Iversen 2012; MacLachlan et al.
2012). Besides short ship-turnaround times, the reasons for low levels of shore
leave are: working, a need for rest, difficulties in simply getting to the dockyard gate
from the berthing area, lack of visa or security regulation in the country, and
depression (Iversen 2012). Social isolation in seafarers is a major cause of psy-
chological problems, such as depression, and in particular situations, and in vul-
nerable individuals, this can lead to suicide (Carotenuto et al. 2012; Iversen 2012).

Work-related stressors of seafaring include typical sources of work stress which
are recognized in many occupational stress models, such as: the demands of the job
(high workload and long working hours); the level of control seafarers have over
their work; the support received from management and colleagues; relationships at
work; the seafarers’ role in the organization; change and change management; and
job security (especially for non-rated seafarers who are employed on contract)
(Iversen 2012). These stressors lead to typical symptoms of stress, such as
insomnia, loss of concentration, anxiety, frustration, anger, headaches, heart disease
and less productivity in general, but they can also lead to burnout and chronic
responsibility syndrome. Chronic responsibility syndrome is defined as a kind of
burnout where people become mentally and physically exhausted from high

Table 2 Sources of stress in seafaring

Occupation-related stressors in seafaring Work-related stressors in seafaring

Long-term separation from home and family
Deprivation of physical and psycho-social needs
on board: sleep deprivation, limited influence on
quality and quantity of food, limited opportunities
for recreation, disturbed sexual life, social isolation
“Living two separate lives”
Environmental stressors on board: poor weather,
ship motion, noise, vibration, heat
Multinational crews
Exploitation and abuse
“Criminalization of seafarers”

Demands of the job: high workload,
long working hours, shift work
Low level of control over work
Interpersonal relationships with
supervisors, colleagues, and
subordinates
Level of support received from
management and colleagues
Role in the organization and role
conflict
Introduction of changes and change
management
Job insecurity
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workload caused by the individual’s perception that no one but them can do the
work (Iversen 2012). Regarding working hours, the results of an international study
which included 6461 seafarers from 11 countries showed that most seafarers
worked every day of the week, for 67–70 h a week on average, during periods of
2.5–8.5 months at sea (Jensen et al. 2006). In addition, comparison of seafarers
with non-seafarers of matched ages shows a significant difference in the level of
control between them (Lodde et al. 2008). That is, assessments of Karasek’s
decision-latitude dimension were at much lower levels for seafarers than for
non-seafarers. The results also showed that 17 % of seafarers (compared to 0 % of
non-seafarers) were ranked in the category of heavy strain/low decision latitude,
which is regarded by Karasek as a high risk of stress, and that 33 % of seafarers
reached a score which indicated psychic stress according to Langner’s Total Health
Test. One of the work-related stressors which was highly elevated was role conflict
(Rydstedt and Lundh 2010). Role conflict appears where conflicting requirements
by other actors and interested parties in the shipping operation are directed towards
the individual seafarer. It is particularly characteristic of mid-level managers “who
are supposed [to] live up to their professional standards in shipping and at the same
[time] operate the ship with reduced crew numbers and high speed, so as to satisfy
the requirements for profitability” (Rydstedt and Lundh 2010, p. 174). The authors
assumed that the rapid technological and organizational change and increased
pressure for economic profitability that characterize the shipping industry have
aggravated this source of stress. In the context of working stressors on board, one of
the major issues is fatigue.

Fatigue in seafarers is regarded as a consequence of work stress, high job
demands, insufficient crew members, long working hours, watch systems which do
not allow enough rest periods (2-watch system and rotating watch system), dis-
turbed circadian rhythms imposed by shift schedules and quick travel across
multiple time zones, sleep deprivation and compromised safety standards (Allen
et al. 2008; Arulanandam and Chan Chung Tsing 2009; Carotenuto et al. 2012;
Hystad et al. 2013; Oldenburg et al. 2010a, 2013b; Wadsworth et al. 2006, 2008).
Many maritime studies have focused on fatigue, since it is considered the most
important risk factor for maritime accidents, with severe life-threatening environ-
mental and economic consequences, as well as for the impairment of seafarers’
health and well-being. Unfortunately, fatigue is more prevalent in the seafaring
world than scientists are currently able or prepared to measure (Allen et al. 2008).
Authors in this field warn of a concerning number of under-recorded working hours
in seafarers (Smith et al. 2006). Disturbance of circadian rhythms imposed by shift
work, especially night work, is recognized as an important factor in the develop-
ment of sleep disturbance, as well as serious illnesses, such as gastrointestinal and
cardiovascular diseases (Slišković 2010). Results of studies in seafarers confirm a
strong independent association between longer term fatigue and physical and
mental health outcome measures (Smith et al. 2006; Wadsworth et al. 2006, 2008).
Data also show that measuring seafarers’ fatigue on waking may be a more sen-
sitive measure of emerging cumulative fatigue, which could relate to occupational
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performance, accident risk, and perhaps longer- term well-being (Wadsworth et al.
2006).

In addition to psychosocial stressors related to the seafarers’ characteristic way
of life (separation from home and families, isolation and loneliness) and specific
work stressors and related fatigue, seafarers are continuously exposed to environ-
mental stressors on board. These include poor weather, ship motion, noise and
vibration, and they can significantly impact the recreational value of leisure and
sleeping times (Oldenburg et al. 2010a). An additional environmental stressor for
engine personnel is the heat in the workplace (Oldenburg et al. 2009; Rengamani
and Murugan 2012). Life on board brings with it additional stressors, primarily
those related to the deprivation of physical and psycho-social needs. During the
stay on board, seafarers have limited influence on quality and quantity of food
(Oldenburg et al. 2013a), and their nutrition issue is even more pronounced in
multi-ethnic crews with different dietary habits. Recent studies showed poor food
hygiene knowledge of cooking and catering staff on board (Grappasonni et al.
2013), and numerous barriers to promotion of healthy diet at sea (Hjarnoe and
Leppin 2014). Limited opportunities for recreation are regarded as an important
source of stress, since the often-observed lack of leisure-time facilities (e.g. fitness
rooms or social events) impairs seafarers’ physical, psychological and social
well-being (Carotenuto et al. 2012; Oldenburg et al. 2010a). Disturbed sexual life
on board is also associated with the occurrence of psycho-emotional stress in
seafarers (Oldenburg et al. 2010a).

Interpersonal relationships with supervisors, colleagues, and subordinates are
generally recognized as one of the major occupational stressors (Cartwright and
Cooper 1996). Considering the frequent changes in working teams on board and
working in the multinational and multicultural environment of the seafaring sector,
interpersonal relationships may pose a specific challenge for seafarers. Regarding
familiarity of working teams, Espevik and Olsen (2013) showed that unfamiliar
teams use less efficient coordination strategies, which reduce efficiency and increase
levels of stress in novel and critical work situations. Multinational crews are rec-
ognized as a specific stressor, too (Oldenburg et al. 2010a). Since crews consist not
only of many different nationalities, but also of different religious and cultural
backgrounds, different needs, values and expectations may lead to communication
problems, conflicts, abuse, racism and isolation (Carotenuto et al. 2012; Oldenburg
et al. 2010a; Iversen 2012). Adequate English language skills among crew members
are prerequisite not only for work, but also for socialization on board (Sampson and
Zhao 2003). Furthermore, ship owners’ preferences for particular groups on the
basis of skills, nationality and cost may lead to discrimination, which takes varying
forms, but the most widespread is in terms of wage differentials between different
nationalities (McLaughlin 2012). This could also be reflected in the crew on board
in terms of poor relations between nationals and non-nationals working on vessels
flying certain flags. Oldenburg et al. (2009) note that the social gradient in their
study, where only 6.4 % of non-Europeans performed superior duties, likely also
constitutes a source of stress on ships.
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Some seafarers report exploitation and abuse (Iversen 2012). This is most evi-
dent in those seafarers who work in a substandard sector of merchant shipping
(ships defective in structure and equipment, and those with low wages and poor
working conditions). Hayashi (2001) warned that the entire maritime industry
suffers from practices which disregard generally accepted standards. With regard to
the evident decline in the numbers of seafarers coming from developed countries,
coupled with shipping companies’ desire to reduce labour unit costs (McLaughlin
2012), exploitation of the cheap workforces of the Far East and Eastern Europe is
becoming a significant issue for seafarers’ health and well-being.

Seafarers also report one special source of stress, known as criminalization of
seafarers. It is a term used to describe the treatment of maritime incidents (for
example, oil pollution incidents; maritime accidents beyond their control; maritime
accidents where there has been some negligence, regardless of the fact that such
negligence is not considered criminal in the maritime industry) as ‘true crimes’. It is
also used as a blanket term to describe the denial of procedural and human rights in
the investigation and prosecution of those incidents (Iversen 2012).

In addition to the above stressors, the specificity shared by all seafarers is the fact
that they are living two separate lives (Hafez 1999). The first life is the onboard ship
life away from home with all specificities. The second life is the home life, where
the seafarer is supposed to enjoy family life and generally relax before returning to
sea. However, seafarers at home may also be exposed to different types of stress
concerning their family issues. Adaptation by the seafarer and his family to dif-
ferences related to the two ways of life may also be stressful. Stressfulness of their
period at home may also especially be the case if they are not protected and covered
by a social security system (Hafez 1999; Slišković and Penezić 2015).

Besides the stressors, it should be noted that seafaring still has many risks
(Grappasonni et al. 2012; Iversen 2012; Rodríguez et al. 2011; Oldenburg et al.
2010a, b). Seafaring risks include (1) accidents due to harmful conditions at sea and
to non-observance of safety rules; (2) piracy, whose incidence has been rising since
the mid 1990s; (3) risk of communicable diseases, including those related to
on-board hygiene; (4) the limited ability to provide medical aid on board, which is
most pronounced in cases of heart failure; and (5) exposure to hazardous sub-
stances and UV light, which may be related to the risk of occupational cancer.

Effects of Stress in Seafaring at the Individual
and Organizational Levels

Occupational stressors have been implicated as risk factors for many physical,
psychological and behavioural problems in workers, including increased risk of
heart disease, gastrointestinal problems, musculoskeletal disorders, sleep problems,
headache, anxiety, depression, burnout, fatigue, accidents, substance misuse, dys-
functional behaviour, suicide, homicide, work-family conflict, and many other
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problems (Arnold et al. 2005; Cox and Griffiths 1995; Leka et al. 2005; Theorell
and Karasek 1996). At the individual level, stressors lead to a state of being unable
to perform one’s duties with the usual diligence, accuracy and efficiency. The
outcomes described at the individual level can also have serious consequences for
employers, potentially leading to decreased performance and productivity, high
turnover and absenteeism, increased unsafe working practice and accident rates, and
low morale (Arnold et al. 2005; Leka et al. 2005). The financial costs of stressful
work are due to a combination of two reasons: reduced productivity and increased
levels of health problems associated with stress. According to Arnold et al. (2005),
the UK is losing 10 % of its annual national income due to stress generated at work.
The causes of these losses are manifold. In the first place are the organizational and
medical costs of sick leave, since stress at work is generally the most significant
cause of absenteeism. In addition, job turnover increases the costs of job training,
job advertising and selection, reduces overall efficiency and disturbs other workers.
Finally, the complaints of workers due to stress-related illness, and the imple-
mentation of stress management programmes in organizations, which are becoming
a necessity nowadays, also contribute significantly to the aforementioned losses.

Regarding the effects of stress in seafaring at the organizational level, the main
contributions are made by a Cardiff study (Smith et al. 2006) and maritime field
studies (Oldenburg et al. 2013b), which showed links between working hours in
reduced crewing, fatigue and performance. These results indicated that the policy of
reduced crewing in the shipping industry is associated with an increase in stress and
a decrease in health and safety. However, most of the research in this field focuses
on outcomes at the individual level, i.e. the health and well-being of seafarers. Yet
results obtained from general working populations show an association between
average well-being at the organizational level and organizational performance
(Daniels and Harris 2000). Furthermore, workers’ attitudes, such as job satisfaction,
are associated with their health and level of occupational stress (Faragher et al.
2005), and also with job performance, turnover and withdrawal behaviour (Saari
and Judge 2004). Therefore, outcomes of stress at the individual and organizational
levels are presumably inevitably intertwined also in the maritime sector.

Since intensive stress could be a trigger for impaired health in seafarers, further
sections present the results of research relating to the mortality, health and
well-being of seafarers. Potential clues about links between stressors in seafaring
and health may be found in studies using biochemical parameters. For example, Lu
et al. (2010) analysed blood chemistry measures in 170 Chinese seafarers before
and after a 3-month voyage, and identified nine measures (monoamine oxidases,
creatine kinase, lactate dehydrogenase, albumin, fructosamine, inorganic ions:
calcium, phosphate, kalium and natrium) which were affected during the sailing.
The authors argue that great temperature changes, poor diet structure, lack of
exercise, abnormal electromagnetic radiation and stress may cause subtle changes in
physiological and psychological functions in seafarers’ bodies.
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Mortality in Seafarers

The results of a study which involved 24,132 Danish seafarers (Hansen and
Pedersen 1996) have shown that merchant seafarers have a higher mortality than the
general population. (The standardized mortality ratio was 1.43 from all causes and
3.05 from accidents.) Despite a very high risk of fatal accidents in the workplace,
these accidents could only explain a proportion of the observed excess mortality,
while accidents ashore and diseases related to lifestyle factors made a major con-
tribution to the observed excess mortality. The results of mortality studies in sea-
farers can generally be divided into three categories: (1) accident-related mortality,
(2) disease- and lifestyle-related mortality, and (3) suicide mortality.

Further research on Danish seafarers (Hansen et al. 2002) focused on occupa-
tional accidents aboard merchant ships in international trade (time period 1993–
1997). Among a total number of 1993 accidents, 209 accidents resulted in per-
manent disability of 5 % or more, and 27 were fatal. An analysis of traumatic
work-related mortality among seafarers employed in British merchant shipping
from 1976 to 2002, which was based on official mortality files, with a very large
sample, has shown that the mortality rate for the 530 fatal accidents that occurred in
the workplace in the observed time period was 27.8 times as high as in the general
workforce in Great Britain during the same time period (Roberts and Marlow 2005).
To be precise, of 835 traumatic work-related deaths, 564 were caused by accidents,
55 by suicide, 17 by homicide, and 14 by drug or alcohol poisoning. The cir-
cumstances in which the other 185 deaths occurred, including 178 seafarers who
disappeared at sea or were found drowned, were undetermined. The authors con-
clude that, despite improvements in health and safety that have led to substantial
reductions in fatal accident rates in UK merchant shipping throughout most of the
last 90 years, seafaring has remained a hazardous occupation (Roberts and Marlow
2005). Actually, the data show that the relative risk of an accident in UK shipping,
compared with the general British workforce, was similar in 2001 to that in 1961
(Roberts 2008). Since shipping accidents remain a major concern in the modern
shipping industry, contemporary studies deal with analysis of causes of different
classes of accidents and collisions (Chauvin et al. 2013), prediction of mortality
count based on influencing factors, such as type and place of accident, weather and
darkness conditions (Weng and Yang 2015), and differences between nationalities
in the rate of accidents, such as those which were found in the Danish merchant
fleet (Ádám et al. 2014). Although differences decreased over the investigated
period (2010–2012), the higher accident rate of Western European than that of
Eastern European, South East Asian and Indian seamen, according to the authors,
may be related to national differences in reporting practice, safety behaviour and
fitness to work. Further exploration of the underlying causes of nationality differ-
ences in occupational safety culture is recommended (Ádám et al. 2014).

Studies focusing on morbidity and mortality in seafarers are often confounded
by the “healthy worker effect,” i.e. better or equal health status of seafarers com-
pared to the general population. This effect is commonly obtained in cross-sectional
studies and may be explained by self-selection and adaptation. Seafarers who
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cannot adapt to the work on board, as well as those who are suffering from the
effects of occupational stressors, leave the occupation. This effect is also known as
the “survival effect,” meaning that individuals capable of coping with work
demands tend to remain in the workforce (Bridger et al. 2010). For example,
mortality data on seafarers employed in British merchant shipping from 1939 to
2002 (Roberts 2005) show sharp reductions regarding mortality from gastroin-
testinal diseases and from alcoholism. These results contrast with increases among
the general British population, and are largely due to the “flagging-out” of most
British deep-sea ships, and consequent reductions in long voyages, as well as
reductions in alcohol consumption among seafarers at work. Lower work-related
mortality from cardiovascular diseases (CVD) and ischemic heart disease
(IHD) among seafarers employed in British shipping than in the corresponding
general population is also explained by a healthy worker effect among the seafarers
(Roberts and Jaremin 2010). At the same time, mortality risk from CVD among
British seafarers ashore in Britain increased, which is at least partially caused by
seafarers’ being discharged ashore from active service because of sickness or dis-
ability, including CVD morbidity. Results from the same study showed an increase
in mortality risk from CVD among the crews of North Sea offshore ships, which
may reflect particular work-related hazards in this sector. It can be concluded that
cross-sectional research may underestimate health problems in seafarers, so lon-
gitudinal studies are strongly recommended. However, since an increase in mor-
bidity and mortality occur in the function of ageing, a seafarers group followed
through their work and life span (including the period after any abandonment of the
occupation) should be accompanied by a control group of workers with matching
characteristics.

The data on suicides prove that the mental health of seafarers in many cases
continues to be very poor and often fatal (Iversen 2012). While the figure for
suicide among total deaths in the general population ranges from 1.2 to 2 %,
suicides by seafarers are much more common. Seafarers’ international death
statistics based on 20 reports published in the years from 1960 to 2009 show that, of
a total of 17,026 seafarer deaths, 1011 (i.e. 5.9 %) were by suicide (Iversen 2012).
Analysis of suicides among seafarers in UK merchant shipping (Roberts et al. 2009)
show that the suicide rate among seafarers was substantially higher than the overall
suicide rate in the general British population from 1919 to the 1970s, but, following
reductions in suicide mortality among seafarers, it has become more comparable
since. These drops are explained by reductions over time in long intercontinental
voyages and changes in seafarers’ lifestyles over time. The results of this study
additionally show that suicide rates among seafarers in UK merchant shipping were
higher for ranks below officers and for older seafarers, and higher for Asian sea-
farers than for British seafarers (Roberts et al. 2009). The data also indicate that
suicide rates among seafarers in UK merchant shipping were typically lower than
those in Asian and Scandinavian merchant fleets. The results of a mortality study
among Polish seafarers and deep-sea fishermen have shown that the incidence of
suicides among the observed sample during work at sea was significantly higher
than suicides among the age-comparable male population of the country
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(Szymanska et al. 2006). The risk is greatest for seafarers aged 30–39 years, with a
period of service from 10 to 24 years, working as ratings, with known or concealed
alcohol addiction and/or family problems or insufficient identification with the
group.

Physical Health and Psychological Well-Being of Seafarers

According to a review of papers published in the journal International Maritime
Health from 2000 to 2010 (MacLachlan et al. 2012), among physical health
problems in seafarers, most papers focused on cardiovascular disease, heart attack,
diabetes, and lifestyle factors which contribute to these diseases.

Although acute cardiovascular diseases are the main cause of death in indus-
trialized countries (both at sea and on land), the results of the study show that, after
taking into consideration the healthy worker effect of seafarers, cardiac risk factors
are shown to occur slightly more frequently in seafarers than in the general pop-
ulation (Oldenburg et al. 2010b). Results of research on cardiovascular and coro-
nary diseases in seafarers on vessels under the German flag show that, in spite of the
seafarers’ regular medical surveillance examination, their CHD risk was similar to
that of a reference population working ashore (Oldenburg et al. 2007, 2010c).

Since seafarers may be exposed to engine exhaust, various oil products and
many carcinogenic chemicals, some studies have focussed on cancer risk. The
results of a study which aimed to investigate the possible work-related reasons for
the increased incidence of many cancers among seafarers who worked on Finnish
ships for any time during the period 1960–80 (Saarni et al. 2002) show that
occupational exposure of deck crews on tankers adds to their risk of renal cancer,
leukaemia and possibly lymphoma. On the other hand, engine crews have an
asbestos-related risk of mesothelioma, and engine-room conditions also seem to
increase the risk of lung cancer. The results of research conducted on all Danish
seafarers during 1986–1999 who were followed up for cancer until the end of 2002
have shown that Danish seafarers, especially men, face an increased overall cancer
risk—in particular, risk of lung cancer and other tobacco-associated cancers
(Kaerlev et al. 2005).

Regarding the slightly elevated risk of cardiovascular disease in seafarers,
Oldenburg (2014) allocated three potentially influential risk factors: the ship’s
specific stress situation (originating from specific occupational psychosocial stres-
sors), malnutrition (unbalanced, high-fat diet) and the lack of exercise on board.
Data generally show that lifestyle factors explain a large proportion of mortality and
disease in seafarers. Comparison of sea captains and marine chief engineers with a
group of shore-based employed men (matched with the seafarers for age, ethnic
origin and level of education) has shown that certain behavioural risk factors were
more dominant among the seafarers than among the control group (Carel et al.
1990). These include smoking level, alcohol consumption and lack of leisure-time

114 A. Slišković



physical activity. Analysis of national data for England and Wales indicates that
seafarers are among the groups of occupations with the highest mortality from
alcohol-related diseases and injuries (Coggon et al. 2010). The results of a stratified
survey of French seafarers (Fort et al. 2009) confirmed that alcohol and nicotine
consumption is a major public health issue in seafarers. Approximately 44 % of
their sample was current smokers, and more than 11 % drank alcohol every day.
A review study (Pougnet et al. 2014) which focused on consumption of addictive
substances showed a higher prevalence of tobacco and alcohol consumption in
seafarers than the general population. According to this review, which was based on
international publications, 63.1 % of seafarers smoked, while 14.5 % were haz-
ardous drinkers (according to the World Health Organization (WHO) definition).
Besides smoking and alcohol consumption, one of the factors in lifestyle-related
diseases that dominate among seafarers is obesity. Overweight was found, to a
statistically significant extent, to be represented more highly in seafarers than a
reference group ashore (Hoeyer and Hansen 2005), and this can influence seafarers’
health and shipboard safety. Data also show that the best predictor of work ability in
seafarers was the interaction between body mass index and age, where the adverse
effect of high body mass index was greater in older seafarers (Bridger and Bennett
2011). Study results show that obesity among seafarers is favoured by compulsive
eating disorder, night eating disorder and emotional eating disorder, and that eating
is most frequently a reaction to stress or boredom (Jeżewska et al. 2009).

The above-mentioned review (MacLachlan et al. 2012) showed that the category
psychological functioning and health had a relatively small, but increasing, number
of papers. Papers relating to stress, fatigue, alertness levels and psychological issues
such as depression and general psychological well-being featured most prominently
in this category. It can be said that the area of psychological well-being and mental
health has been relatively neglected in previous studies in comparison to studies
which focused on physical health. For example, in a paper titled ‘Mapping the
knowledge base for maritime health’, psychological aspects of health are also rel-
atively unattended to (Carter 2011). Respecting the definition of health given by the
WHO (1948), where health is defined as “a state of complete physical, mental and
social well-being and not merely the absence of disease or infirmity”, scientists and
practitioners in the maritime health area need to place greater emphasis on psy-
chological and mental aspects of health, especially regarding the numerous mental
and psychosocial stressors that seafarers face.

Therefore, studies that have focused on psychological well-being (e.g.
Carotenuto et al. 2013), psychological quality of life (e.g. Juozulynas et al. 2007)
and burn-out syndrome (e.g. Oldenburg et al. 2012) are encouraged, especially
those which aim to determine the role of working conditions in the well-being of
seafarers. For example, Oldenburg et al. (2012) showed that emotional exhaustion
in seafarers is associated with a subjective perception of insufficient sleep on board,
lack of care provided by their superiors and/or the shipping company, with high
responsibility for work organization (for senior members of crew) and with social
problems due to the long periods of separation from their families.
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Since job satisfaction and intent to leave are considered reliable indicators of
work-related well-being, one survey study focused on these variables (Nielsen et al.
2013). The results of this study, conducted on 817 seafarers working on vessels
belonging to two large Norwegian shipping companies, show that job satisfaction
and intent to leave among seafarers are related to physical and psychosocial factors
in the working environment, and especially safety perceptions, job demands and
team cohesion. The results of a study on Danish seafarers (Haka et al. 2011)
confirmed that the main motivating and demotivating factors are related to psy-
chosocial factors rather than organizational or structural factors. The work moti-
vators which were identified in this study include duration of home leave, level of
responsibility and level of challenge, while the main demotivating factors that were
identified were being away from home, the shipping company´s HRM, and regu-
latory requirements. However, it would be interesting to conduct similar studies on
other national and cultural groups. The results of a pilot study of Croatian seafarers
(Penezić et al. 2013) have shown that job satisfaction is a significant positive
predictor of their life satisfaction. On the other hand, the results also showed that
significant negative correlates of seafarers’ life satisfaction include depression,
stress and social loneliness, loneliness in love and loneliness in the family.

Individual Differences in Experience of Occupational Stressors,
Health and Well-Being Among Seafarers

Regarding the various socio-demographic and working characteristics (age, cultural
background and nationality, length of service, level of education, rank and type of
job on board, type of employment contract and duration of onboard stay, type and
size of vessel, marital status, having children, etc.), the seafaring population cannot
be regarded as a whole. The results of an international study of seafarers (Jensen
et al. 2006) showed that self-rated health generally declined significantly with age,
and it varied by country. Obvious explanations of national differences can be found
in the fact that seafarers from South-East Asian countries spent longer periods at
sea, and had lower numbers of officers and older seafarers than are found among
seafarers from western countries. According with that fact is the result of a study
conducted by Borovnik (2011), who warned of particular health risks for seafarers
from developing Pacific countries because of their long contracts on board.
Oldenburg et al. (2009) noted that non-European crew members on German-flagged
ships stay twice as long as Europeans: 9.9 versus 4.9 months, and sometimes
exceeding 12 months.

The ageing of the workforce is particularly important within the whole of the
transportation industry (Popkin et al. 2008). Regarding seafarers, the results of a
study conducted by Rydstedt and Lundh (2012) suggest that rapid technological
and organizational development in the shipping industry may be associated with
increased mental strain for older engine-room officers. Data from a study of
Lithuanian seafarers (Juozulynas et al. 2007) have confirmed age differences in the
physical and psychological health-related quality of life (QOL). These results show
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that physical QOL is best among the youngest seafarers (20–24 years old), while
psychological QOL is best among seafarers aged 20–24 and 25–34 years.

Length of service is also an important variable. Although seafarers’ health
declines with age (Jensen et al. 2006), the experience which is obtained with years
of service could minimize the effects of work-related stressors. The results obtained
by Jeżewska et al. (2006) showed that students, during their training period on
merchant ships, perceive the job as highly stressful compared to the group of
merchant marine officers.

The results of the abovementioned study of Lithuanian seafarers (Juozulynas
et al. 2007) also show differences by profession, where health-related QOL is best
among commanding group members. The physical dimension of QOL is worst
among engineer ship service members, while psychological QOL is worst among
ship auxiliary service seafarers. A study done by Carotenuto et al. (2013) also
showed differences in some aspects of psychological well-being between seafarers
of different categories. The results obtained (higher levels of anxiety and
self-control among deck and engine officers than among the crew) supported the
view that management responsibilities are related to higher levels of stress. A study
on a sample of Danish seafarers has shown differences in the motivational profiles
of officers and non-officers (Haka et al. 2011). All these results show the importance
of considering the rank and job tasks on board, since they involve coping with
different stressors. While non-officers stay on board for considerably longer periods
than officers (8.3 months vs. 4.8 months), officers complain more frequently of
time pressure and report a far higher number of working hours than non-officers
(Oldenburg et al. 2009). The results of the study conducted by Oldenburg et al.
(2009) also showed that low qualification of subordinate crew represents a stressor
on board for superiors, and that deck and catering staff had higher stress levels due
to long working days and time pressure or hectic activities, compared to
engine-room personnel.

Furthermore, working conditions, occupational stressors and stress levels depend
upon type of ship (cargo vs. passenger ship), type of cargo (e.g. container, tanker,
etc.), size of vessel, and port frequency or average time period of voyage (short vs.
long voyages) and ship route, although systematic investigation of these factors has
as yet scarcely been performed (Oldenburg et al. 2009).

Regarding family situation, Oldenburg et al. (2009) noted that separation from
home and family particularly affects younger seafarers with children. Peplińska
et al. (2013, 2014) showed that marital satisfaction has a significant mediating role
in the association between perceived stress and anxiety reactions, as well as
between stress and sense of purpose of life. Marital satisfaction in seafarers thus
increases their ability to cope with stressful situations at sea, reducing the likelihood
of anxiety reaction, and providing a sense of purpose in life. On the other hand, low
levels of marital satisfaction may intensify the poignancy of stress, increase the
probability of experiencing fear and anxiety and thus negatively influence a general
sense of purpose in life.
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Suggestions for Further Studies

Further Research Questions

Considering the lack of systematic comprehensive investigation of the complex and
multivariate process of occupational stress in seafaring, the main suggestion is
implementation of an ecologically valid and theoretically rich transactional per-
spective into the research field. Although individual differences and subjective
appraisal are seen by occupational stress authors as integral to the entire stress
process, a great amount of empirical research is still based on models that focus
solely on environmental stressors, neglecting individual differences (Mark and
Smith 2008). Within transactional models of occupational stress an important role is
given to the variables which may moderate or mediate links between sources of
stress and outcomes, i.e. moderator and mediator variables. The moderator variable
is a stable variable (such as gender) which affects the direction and/or strength of
the relation between an independent variable (e.g. stressor) and a dependent vari-
able (e.g. stress outcome), while the mediator variable (such as personal coping
skills) is itself changing under the influence of an independent variable and in turn
influences the dependent variable (Baron and Kenny 1986). A great number of
individual and organizational characteristics may have a moderator or mediator role
in the relationship of stressors and stress outcomes in seafaring. As noted in the
previous section, while earlier studies showed the significant role of some of the
socio-demographic and work-related characteristics, many important characteristics
have not gained as much attention (e.g. type of cargo or ship route).

Regarding individual characteristics, along with socio-demographic and
work-related characteristics, further studies in the field therefore should include
personality traits, whose moderator or mediator role is shown in the broader area of
occupational stress. These include anxiety as a trait, neuroticism, negative affec-
tivity, extraversion, conscientiousness, self-esteem, work locus of control, personal
hardiness, and some aspects of type-A behaviour, such as hostility, etc. (Arnold
et al. 2005; Grant and Langan-Fox 2006; Hart and Cooper 2001; Kobasa 1979; Ng
et al. 2006; O’Driscoll and Cooper 2002; Semmer 2003; Sulsky and Smith 2005).
For example, internal locus of control in the work setting is positively related to
general well-being, including psychological well-being, physical health, and job
satisfaction, and also to intrinsic motivational orientation and proactive behavioural
orientation of workers (Ng et al. 2006).

Further research should also incorporate coping with stress, since coping strat-
egy may be more important for outcomes at both individual and organizational
levels than frequency and intensity of stressful events (Lazarus and Folkman 1984).
Therefore, further studies may investigate the use of different coping strategies
(problem-focused vs. emotion-focused strategies) in dealing with different occu-
pational stressors in seafaring. This line of research could differentiate adaptive and
maladaptive coping techniques in seafarers and provide practical implications for
interventions.
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With regard to the important direct and/or moderator role of social support in
dealing with occupational stress (Karasek and Theorell 1990; O’Driscoll and
Cooper 2002), social support also deserves special attention in further studies of
stress in seafarers. Thereby, different sources of social support (support from
superiors, work colleagues and family), as well as different types of support
(emotional vs. instrumental, actual vs. perceived) should be taken into account.
Considering the relationship between social support from the supervisor and strain
(Batista-Taran and Reio 2011), a special focus should be given to the identification
of supportive and unsupportive behaviours of supervisors which can lead to or
decrease occupational stress in seafaring.

Further, many work and organizational characteristics may moderate links
between occupational stressors and strain. One of the most important is level of
control in the work (Jones and Fletcher 2003; Karasek and Theorell 1990;
O’Driscoll and Cooper 2002). However, links between stressors and strain depend
on operationalization of control. Parkes (1989) identified three approaches to
control in the working context: (1) objective characteristic of the working situation,
(2) perceived control over the work, and (3) individual work locus of control.
However, considering the importance of work control in both the appraisal of
occupational stressors and the experience of stress reactions and long-term conse-
quences, and the different levels of objective control present in crew members on
board, it would be valuable to include work-control measurements in further
studies. Since leadership behaviour and organizational culture may be related to
health behaviours and practices, as well as to health problems and accidents on
board (Shea 2005), organizational culture in the maritime sector should also be
examined further.

Studies in the field have shown contextual and cultural implications for sea-
farers’ health (Jensen et al. 2006; MacLachlan et al. 2012). Considering wage
discrimination by nationality (McLaughlin 2012), which has implications for work
motivation and mental health (MacLachlan et al. 2013), further research in the field
may also include the concept of organizational justice (Greenberg 1987).
Organizational justice refers to how an employee judges the behaviour of the
organization and the employee’s resulting attitude and behaviour. Moreover,
regarding the fact that values in the workplace are influenced by culture (Hofstede
1980), some of the cultural dimensions, such as power-distance index, uncertainty
avoidance, and individualism versus collectivism, appear to have relevance for the
field (MacLachlan et al. 2013).

Finally, more research focusing on the families of seafarers is recommended. In
spite of the fact that separation from partner and family is still one of the most
important stressors for seafarers, a relatively small number of studies have focused
on the effects of separation on seafarers’ spouses and families (e.g. Parkes et al.
2005; Ulven et al. 2007), which is especially important in cases of longer contract
duration (Thomas et al. 2003).
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Methodological Considerations

Although a great number of individual and organizational variables are recom-
mended for inclusion, design of further studies requires serious theoretical and
methodological considerations. First of all, it is important to find a good balance
between simplicity of models based only on objective working conditions, and
complexity of models based on a transactional view of stress as a process, as it
includes a great number of variables and stages, which may be hard to support
empirically (Mark and Smith 2008).

Further research in this area should also seriously consider basic limitations
relating to the studies of occupational stress (Sulsky and Smith 2005). In the first
place, strain measures, regardless of whether they are subjective in their nature
(self-reports) or objective (physiological, biochemical and behavioural), should
have acceptable reliability and validity. One of the controversial issues in this area
is the choice between subjective and objective strain measures. Since many studies
are based on self-report conducted on land, some authors strongly recommend
objective measurements, such as monitoring basic physiological parameters, to be
conducted on board (Leszczynska et al. 2007; Oldenburg et al. 2013b). However,
most of the maritime field studies have focused on working hours, watch systems
and fatigue as univariate parameters (Oldenburg et al. 2013b). In spite of the fact
that only by experimentally designed studies may causal relations between stressor
and strain be tested, this approach neglects multivariate stressors present on board
and numerous individual and organizational characteristics which may affect links
between stressor and strain.

Taking a transactional approach, the recommendation is to use a mixture of
multiple objective and subjective measures, along with careful control of the
numerous confounding variables which may affect not only subjective, but also
so-called objective, strain measurements. With this mixed approach, the common
method variance characteristic of self-report studies (inflated relationships between
sources and outcomes of stress) will be reduced. Studies that rely on self-report
should also control negative affectivity, since some authors find that it can be a
methodological nuisance in the relations between stressors and strains. Since
occupational stress is a dynamic, multifaceted process, measurement of stressors
and strains at one single time point do not have the capacity to capture this process.
Therefore, longitudinal research is needed to examine dynamic changes in the
occupational stress of seafarers over time. Such an approach, although
time-consuming, would give new insight into some critical aspects of the occu-
pation, including choice of the occupation, adaptation period, and reasons for
leaving the occupation. Finally, in broadening the research field by focussing on
some less-explored issues (e.g. coping with stress in seafarers, seafarers’ families,
cultural and contextual considerations in motivational profiles of seafarers, etc.) a
qualitative approach (e.g. interviews, focus groups) is also necessary.
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Risk Factors for Fatigue in Shipping,
the Consequences for Seafarers’ Health
and Options for Preventive Intervention

Jørgen Riis Jepsen, Zhiwei Zhao, Claire Pekcan, Mike Barnett
and Wessel M.A. van Leeuwen

Background

Although there are several recent marine casualties in European waters which have
been caused by watchkeepers falling asleep while on watch, for example, the
grounding of the Danio in 2013 (Marine Accident Investigation Board 2014), one of
the most influential accidents is the grounding of the Shen Neng 1 on the Great
Barrier Reef off the coast of Australia (Australian Transport Safety Bureau 2011).
At 17:05 on 3 April 2010, the Chinese-registered bulk carrier Shen Neng 1 grounded
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on Douglas Shoal, about 50 miles north of the entrance to the port of Gladstone,
Queensland. The ship’s hull was seriously damaged by the grounding, with the
engine room, ballast and fuel oil tanks being breached, resulting in pollution in a
highly environmentally sensitive area. The subsequent investigation found that the
grounding occurred because the chief mate did not alter the ship’s course at the
designated course alteration position. His monitoring of the ship’s position was
ineffective and his actions were affected by fatigue. The loading of cargo in
Gladstone prior to this grounding was the chief mate’s first loading operation on the
ship, and he was concerned that the ship may suffer delays if de-ballasting could not
keep pace with the loading. Consequently, he stayed awake for most of the time in
port, and so when he relieved the second mate on the ship’s bridge after departure,
the chief mate had slept for only 2½ h in the previous 38½. One of the findings of the
investigation was that there was no effective fatigue management system in place,
and despite recommendations to the company, the investigators remained concerned
that there was no proper guidance provided to the master or crew with regard to how
fatigue levels should be managed on board and when someone should make the fact
known that they might not be fit to undertake a navigational watch.

Fatigue in a health sense represents a state of physical and/or mental duress that
can affect any person, regardless of occupation or cultural background. Fatigue is
also a symptom accompanying numerous diseases and one of the most frequent
reasons for seeking medical attention (Kaltsas et al. 2010). At the same time,
however, fatigue is also linked to specific circumstances of work.

Fatigue and sleepiness are often used as synonyms but differ because sleepiness
will always end with an amount of sleep, while this is not necessarily the case for
fatigue, which has also serious physical aspects. Physical fatigue follows prolonged
periods of physical activities and causes weakness and reduced endurance. Mental
fatigue is mainly the consequence of mental stress and emotional exhaustion, or
high workload such as long working hours. In particular, disruption of the sleep–
wake cycle and circadian rhythm, which occurs in jet lag and shift work, causes
irregularity of work and of sleep, reducing both the amount and quality of sleep
between work cycles. Mental fatigue occurs gradually and insidiously, and may
appear as cognitive impairment, reduced performance, mental symptoms such as a
sense of weariness, and reduced alertness. Three characteristic patterns of fatigue
have been described. One pattern predominated by drowsiness and dullness was
frequent among people who reported many as well as few symptoms and was not
characteristic of any particular type of work. A second pattern, in which an inability
to concentrate was prominent, was more frequent among those who reported many
symptoms and characteristic of mental workers, especially after night work. A third
pattern characterized by an awareness of physical discomfort was found mainly
among those who reported few symptoms and were engaged in physical work
(Yoshitake 1978). The International Maritime Organization (IMO) defines fatigue
as “a reduction in physical and/or mental capability as the result of physical, mental
or emotional exertion, which may impair nearly all physical abilities including:
strength; speed; reaction time; decision-making; or balance” (IMO 2002, p. 22).
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We suggest a feasible definition of fatigue as “a progressive loss of mental and
physical alertness possibly ending in sleep”.

Work-related fatigue is particularly an issue in safety-sensitive occupational
sectors, such as transportation (both on land, at sea and in the air). The conse-
quences of work-related fatigue have been widely studied in occupational settings.
Many experiences from land-based trades such as road and rail transport, as well as
from air transport, can be extrapolated to the maritime context (Smith et al. 2007).

The shipping industry is characterized by the necessity of seafarers to work in
shifts to keep the vessel going continuously. Various forms of shifts have been
applied, but common to most of them is that shifts permit less sleep because they
break up the day in portions that leave insufficient time for rest and restitution.
Sleeping may take place under unfavourable circumstances due to continuous
exposures such as noise, vibration, movements of the ship and other disturbing
factors at sea. Consequently, quantity and quality of sleep is prone to be disad-
vantageous, which is even worse if being forced to sleep at unfavourable times of
the day when working outside the regular daytime hours (Ohayon et al. 2010).

The work patterns and life on board vary enormously according to factors such
as cargo, type of trade, the crew nationality and flag state and so does the extent of
fatigue. Working in the short sea sector appears to cause more fatigue due to more
port calls and the associated increase of workload (Smith et al. 2003). Compared to
shore-based workers, seafarers report higher levels of lethargy and poor quality
sleep (Smith et al. 2001). It is, however, impossible to globally estimate the extent
and impact of fatigue on seafarers. Previous studies suffer from low response rates
and consequently it is difficult to compare with the fatigue rate of the general
population. However, patterns of day-to-day changes in fatigue have been shown to
be measurable and vary considerably among particular subgroups of seafarers and
between the start and end of voyages (Wadsworth et al. 2006). There is evidence of
under-recording of seafarers’ working hours, and that this may be related to cultural
and commercial pressures (Allen et al. 2006, 2008).

Measuring fatigue is complicated because fatigue represents an integration of
subjective perceptions, performance and physiological functioning. The lack of a
universal tool to measure fatigue challenges research that aims to relate fatigue to
health and safety outcomes. However, subjective rating of sleepiness by the
Karolinska Sleepiness Scale (KSS) is a simple approach for which there is evidence
of good validity in comparison with electroencephalographic and behavioural
variables (Kaida et al. 2006; van den Berg et al. 2005). KSS may therefore represent
a feasible proxy for fatigue, and has been used in several studies on fatigue (van den
Berg et al. 2005; Åkerstedt et al. 2004, 2008; Bonnefond et al. 2006; Harma et al.
2008; Eriksen et al. 2006; Lutzhoft et al. 2010; van Leeuwen et al. 2013). It is,
however, emphasized that subjective rating of sleepiness differs from the subjective
rating of performance (Kaida et al. 2007). Sleepiness has been shown to be context
dependent (National Transportation Safety Board 1999), meaning that sleepiness
can be regarded as the lack of ability to maintain a wakeful state of attention without
the aid of situational factors. Consequently, the context of sleepiness may influence
the KSS rating (Åkerstedt et al. 2008). Sleep diaries can serve as a proxy for the
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amount of sleep, while actigraph monitoring, which is applicable at sea, or elec-
troencephalographic recordings, represent more objective measures of rest and sleep
but cannot provide information as to what extent the person is suffering from fatigue.

A variety of specific fatigue measuring instruments exist as reviewed by Dittner
and colleagues (Dittner et al. 2004). The majority of these currently available tools
have the problem that they are aimed at measuring fatigue in very specific medical
circumstances, such as in people suffering, for instance, from specific medical
conditions whose symptoms include fatigue. This makes the majority of these
instruments unsuitable for measuring fatigue in a potentially healthy population
such as seafarers. In our opinion, one of the more suitable available scales to
measure fatigue is the multidimensional fatigue inventory (MFI-20) developed in
1995 by Smets and colleagues (Smets et al. 1995) for measuring fatigue in cancer
patients; however this instrument has also been validated in healthy volunteers (Lin
et al. 2009). The scale consists of 20 items, rated on a 1–7 scale, divided over five
dimensions of fatigue; namely, (1) general fatigue, (2) physical fatigue, (3) mental
fatigue, (4) reduced motivation and (5) reduced activity.

This chapter aims to describe the causes of work-related fatigue in seafarers and
the associated acute and chronic consequences of fatigue and risk factors for fatigue.
The issue is complex. A simple illustration of the major relationships is provided in
Fig. 1. In addition, ways of mitigating the risk of fatigue will be discussed.

Fig. 1 Diagram illustrating the main determinants and outcomes of fatigue
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Risk Factors for Fatigue

Studies of risk factors for seafarer fatigue may be related to either of the
acknowledged maritime risk factors or their combination, or to occupational risk
factors for fatigue that have been demonstrated among workers other than seafarers.

In a major questionnaire study of seafarers, symptoms of fatigue were found
related to a range of occupational and environmental risk factors at sea (sleep
quality, work hours and shifts, tour length, job demands, work stress, sleep dis-
turbances, time zone crossings, etc.). The rate of fatigue correlated with the number
of risk factors as well as with poorer cognitive and health outcomes, with fatigue as
the most important risk factor for the latter (Wadsworth et al. 2008). Other recent
studies confirmed that these factors in combination must be considered, in order to
understand fatigue at sea, and emphasized that working more than 2 � 6 h per 24 h
should be avoided since this leads to significantly high levels of sleepiness (Smith
et al. 2006). In a study of a representative Swedish sample of 58,115 individuals
interviewed at regular intervals over a period of 20 years on issues related to work
and health, Åkerstedt et al. found that significant predictors for fatigue were female
gender, age below 49 years, high socio-economic status, present illness, hectic
work, overtime work and physically strenuous work (Åkerstedt et al. 2002a).

Seafarers in the merchant fleet are the most studied among maritime workers.
However, there is evidence that, at times, fishermen may be even more prone to
fatigue. A review of fatigue in fishermen resulted in five studies that all confirmed
fatigue to represent a serious risk in the trade (Hovdanum et al. 2014). One study of
fishermen showed that 23 % of days at sea permitted less than 4 h sleep, and,
understandably, the fishermen’s perceived fatigue rating remained high after sleep
(Gander et al. 2008). In another study, 60 % of fishermen believed that their per-
sonal safety had been at risk due to fatigue at work, and 16 % had been involved in
a fatigue-related accident. 44 % said that they had worked to the point of
exhaustion or collapse (Allen et al. 2010).

Work stress, shift work and physical workload are among the most important
risk factors that are related to fatigue (Åkerstedt et al. 2002a, b). Sleep deprivation,
rather than perceived sleep quality, correlates best with observed biological and
metabolic changes. Most studies on the association between sleep and health are
based on sleep length (Cappuccio et al. 2011; Xi et al. 2014; Wang et al. 2012) but
there are an increasing number of epidemiological studies on the association
between sleep quality and health (Ferrie et al. 2011). A causal relation is indicated
by experimental demonstration of adverse health effects following a significant
reduction of the sleep duration (Tobaldini et al. 2014; van Leeuwen et al. 2010).

Stress

When it comes to the effect on sleep and fatigue of psychosocial work character-
istics, the picture is complex. Unfavourable psychosocial work characteristics have
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only minor effects. While high job strain is found to be associated with difficulties
initiating sleep and reduced psychomotor vigilance during night shifts, the average
sleep duration and efficiency was not affected (Harma 2013). A literature review on
psychological stress in seafarers concluded that seafaring is associated with mental,
psychological and physical stressors, with the most important stressors being sep-
aration from family, loneliness on board, fatigue, multinationality, limited recre-
ation activity and sleep deprivation. The stressors differed in between ranks and
departments on board. The associated mental health risks are suggested to be
addressed by helping seafarers to lower their stress level and to develop strategies
for coping with “inevitable” stress conditions (Carotenuto et al. 2012). The social
situation and stress at work are strongly linked to disturbed sleep and impaired
awakening. Gender and age may modify these relations and the inability to stop
worrying about work during free time seems to be an important link between stress
and sleep (Åkerstedt et al. 2002b). Increased stress/worry at bedtime about work,
for instance, is associated with impaired sleep (Åkerstedt et al. 2007) and work
stress is typically associated with increased sleep latency due to work rumination
(Åkerstedt 2006).

A recent review found only a small to moderate effect of work demands and job
control on sleep quality (van Laethem et al. 2013). A longitudinal study of the
relationship between job demands and job control demonstrated that a transition
from a non-high-strain towards a high-strain job was associated with significantly
reduced sleep quality and increased fatigue, while the opposite transition improved
sleep-related problems (de Lange et al. 2009). This conclusion is in line with the
outcome of a study of the influence of work-time control and variability of working
time on recovery from fatigue, sleep quality, and work–life balance, and on the
occurrence of self-reported “near misses” at work. High work-time control and
variability had favourable influences on health and work–life balance (Kubo et al.
2013a, b).

One study has shown that objective sleep efficiency based on actigraphy
recordings was unrelated to variations in both psychosocial work characteristics and
negative affective responses, while self-recorded poor sleep was more prevalent
among those overcommitted to work or with lower social support at work
(Jackowska et al. 2011). Another study showed that a working week with a high
workload and much stress increases sleepiness and impairs sleep, and affects the
pattern of diurnal cortisol secretion with a more flattened pattern probably due to
increased evening levels during the stress week (Dahlgren et al. 2005). Day-to-day
variations in self-reported fatigue by sleep diaries are related to poor sleep quality,
reduced sleep duration the previous night (measured by actigraphy recordings),
higher stress level and to the occurrence of a cold or fever during the same day
(Åkerstedt et al. 2014).
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Irregular Work and Sleep Quantity

While most adults need between 7 and 9 h of sleep per day, preferably during a
single major sleep period at night, this may be difficult to obtain at sea—in par-
ticular with work in shifts. Fatigue related to shift work has been studied in sea-
farers and clear differences between daytime workers and shift workers, and
between various watch systems, have been observed (Lutzhoft et al. 2010;
Project HORIZON 2012). In a case-control study of rotating shift workers and
daytime workers, the sleep profile was similar in the two groups, but insomnia was
found to be closely related to sleep time, anxiety, depression, fatigue and impaired
quality of life (Vallieres et al. 2014). Alertness was found to be lower in rotating
watch systems than in a steady watch system (Arulanandam and Tsing 2009).

Shift work causes difficulties getting to sleep, shortened sleep, and sleepiness
during working days that continues into successive days off. This can only be partly
improved by manipulating shift patterns. There is no clear indication that chronic
sleep problems result from long-term shift work (Åkerstedt 2003), although this is
suggested by retrospective studies (Dumont et al. 1997).

Shift work and long working hours contribute to sleep debt (Bayon et al. 2014).
When shift work includes night work, it has pronounced negative effects on sleep,
subjective and physiological sleepiness, performance, and accident risk, as well as
on secondary health outcomes such as cardiovascular diseases. The reason for that
is the conflict between the day-oriented circadian physiology and the requirement
for work and sleep at the “wrong” biological time of day. Other factors that neg-
atively impact work shift sleepiness and the associated accident risk include
long-duration work shifts in excess of 12 h and individual vulnerability for phase
intolerance, which may lead to a shift work-related disorder in workers with the
greatest impairment of sleepiness and performance during the biological night and
insomnia during the biological day (Åkerstedt and Wright 2009).

Shift work-related insomnia differs between various work schemes, with evening
shift insomnia more prevalent in 2-shift rotation than 3-shift rotation schedules
(29.8 and 19.8 %, respectively). Night-shift insomnia was higher among 3-shift
rotation workers compared with permanent night workers (67.7 and 41.7 %,
respectively). Rest-day insomnia was more prevalent among permanent night
workers compared with 2- and 3-shift rotations (11.4 % compared with 4.2 and
3.6 %, respectively) (Flo et al. 2013).

Changing from a forward rotating to a backward rotating shift system is likely to
increase sleep difficulties between successive afternoon shifts but to decrease social
disruption (Barton et al. 1994). Fatigue is more pronounced in 2-watch systems
(e.g. 6 on/6 off) than in 3-watch systems (e.g. 4 on/8 off) and most obvious between
04:00 and 06:00 h when the biological pressure to sleep is at its highest (Harma
et al. 2008).
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Eriksen and colleagues have demonstrated that, within a 6 on/6 off system, the
levels of sleepiness are highest during 00–06 h shifts and rise towards the end of the
shift (Eriksen et al. 2006). The 6/6-watch system (12 daily work hours) is related to
higher risk of severe sleepiness for marine officers during the early morning hours
compared to the 4/8 (8 daily work hours). The officers reported shorter sleep
duration, more frequent nodding off on duty and excessive sleepiness. 17.6 % had
fallen asleep at least once while on duty during their career (Harma et al. 2008).

These findings were confirmed in the HORIZON project, in which maritime
simulators were linked to create a sustainable and realistic voyage experience.
Bridge and engine crew were studied on a 4 on/8 off and 6 on/6 off watch system
for a simulated voyage of 7 days in coastal and congested waters. Sleep and
sleepiness were objectively assessed by polysomnographic recordings (van
Leeuwen et al. 2013; Maurier et al. 2011; Barnett et al. 2012a, b). There was a high
frequency of severe sleepiness, indicated by several officers actually falling asleep
whilst on watch. The 6 on/6 off watch regime appeared to be more sleepiness
inducing than the 4 on/8 off, with more incidents of seafarers falling asleep. The
onset of sleepiness on 6 on/6 off was apparent over a shorter time frame than
predicted from previous research. Watchkeepers were shown to be most sleepy
during night watches and showed signs of sleepiness in the afternoon. Sleepiness
increased gradually during the work periods as the week progressed. This study has
also demonstrated a profound impact of sleep disturbances during rest periods, and
that the actual amount of sleep obtained by watchkeepers when off watch was less
than anticipated. The total amount of sleep that watchkeepers managed to obtain on
6 on/6 off was less than normally required for full rest. Watchkeepers averaged
6.5 h in total, split up into two sessions: the main one during the “night” time,
followed by a “nap” during the other rest period (Project HORIZON 2012). The
subjective as well as objective peaks of sleepiness during night and early morning
watches coincided with the time frame in which most maritime accidents occur
(Marine Accident Investigation Branch (MAIB) 2004). Overtime work was shown
to have a strong impact on sleepiness. A striking number of participants fell asleep
during work after a short period of mild overtime work (van Leeuwen et al. 2013).

Similar findings were reported in a study by Lützhöft and colleagues, who also
found shorter sleep periods within a 6/6 system, where sleep was more often split
into two episodes (Lutzhoft et al. 2010). The level of sleepiness was higher on the
00:00–06:00 and 06:00–12:00 watch, with increasing sleepiness towards the end of
the watch. The sleep duration differed in between the various watches, with longer
sleep during the 06:00–12:00 and 18:00–24:00 off-duty period (Eriksen et al. 2006).

Whether sleep was fragmented into 2/3 episodes on an oceanographic vessel or
5/6 episodes on a fishing vessel, the 24-h circadian alertness rhythm, assessed by
Visual Analogue Scales (VAS) and actigraphs, was preserved in both instances,
with seafarers having a circadian alertness dip during night time and a pronounced
afternoon dip. The sleep fragmentation should be viewed not only as an occupa-
tional phenomenon but also with social factors such as meal times playing a role
(Tirilly 2004).
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Sleep Quality

Not all sleep is of the same quality and contains the same recuperative benefits. The
highest sleep quality is obtained at night, while sleeping at other times is prone to be
more disrupted and shorter, and therefore of lower quality. Good recuperation
requires about 6 h of uninterrupted sleep for a person who normally sleeps 8 h.

Objective measures of sleep continuity are closely related to perceived sleep
quality in the sense that sleep quality is essentially comparable to sleep continuity
(Åkerstedt et al. 1994). Disturbed sleep seems to be a stronger predictor for fatigue
than other well-established risk factors for fatigue (Åkerstedt et al. 2004). This is in
accordance with the observation that subjective calmness of sleep and ease of
falling asleep improves sleep quality and that the duration of wakefulness prior to
sleep and the timing of sleep determines the subjective experience of sleep quality
(Åkerstedt et al. 1997). Difficulty awakening after sleep is shown to be related more
to high work demands, low social support, being male, being younger and smoking
(Allen et al. 2010). Disturbed sleep is related more to female gender, age above
49 years, present illness, hectic work, physically strenuous work, and shift work
(Åkerstedt et al. 2002a).

Physical Risk Factors

Exposure to a ship’s engine noise at 65 dB(A) can have an adverse effect on sleep
(Tamura et al. 1997), but this seems to be more a subjective effect, e.g. relating to
sleep quality, which was not apparent with actigraphy (Tamura et al. 2002). Sleep
tended to be often interrupted through noise and ships’ movement in several studies
(Wadsworth et al. 2006; Smith et al. 2006). Related to a moving environment,
motion sickness—experienced by many seafarers—is a major cause of fatigue
(Wertheim 1998). There is, however, little evidence about the severity of ships’
motions that degrade physical and mental performance (Pisula et al. 2012). It has,
however, been demonstrated that crews experience more constraints in terms of
motion sickness and fatigue on days when vessel motions increased, with certain
activities (balancing, moving, carrying) and responses (sleep problems, cognitive
aspects of task performance, stomach awareness, dizziness) being particularly
influenced by vessel motions (Haward et al. 2009).

Individual Risk Factors

Large individual differences in the effects of shift duty scheduling were shown in a
study of naval day workers and night workers, so that the strategies addressing
fatigue need to take into account that different individuals may be more suited to
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different shifts (Goh 2000). Out of several individual factors with a detrimental effect
on circadian rhythms, age is an issue because there is a tendency towards an ageing
workforce in the maritime industry. Ageing decreases the speed of circadian adap-
tation to night work and has a major impact on sleep quality and chronic disease risk
factors (Ramin et al. 2015). Sleep disorders are also more prevalent in older workers.
Practical countermeasures to improve the conditions of older workers should aim to
fit work demands flexibly to ageing workers with different levels of work ability,
health and social needs (Harma and Ilmarinen 1999). In a study of naval seafarers,
older personnel did not suffer from more work-related fatigue than younger per-
sonnel, but work-related fatigue was found to accumulate over time with continuous
exposure to work demands on board (Bridger et al. 2010).

While older shift workers tend to report more subjective sleepiness that
decreases their work performance during morning and night shifts (Bonnefond et al.
2006), a systematic review of tolerance to shift work for older people reached
conflicting results and concluded that there is only limited evidence for older people
to be less tolerant. Nevertheless, it is argued that age-specific aspects should be
considered in shift work planning (Blok and de Looze 2011). However, subjective
sleep quality becomes worse and difficulties awakening and feelings of not being
well rested after sleep increase with age (Åkerstedt et al. 2002a, b). In contrast,
fatigue appears to be more prominent for younger subjects below the age of
49 years (Åkerstedt et al. 2002a, b).

Acute Responses

Acute Safety Effects

Within occupational medicine and traffic medicine, the concerns relating to safety
issues are the main focus for the interest in fatigue.

Transport workers are prone to become sleepy and eventually to fall asleep
during work (Harma et al. 2008; Project HORIZON 2012). In the driving sector,
sleepy drivers have been estimated to be involved in at least 15–20 % of accidents
(Horne and Reyner 1996). It is not easy to clearly relate sleepiness to maritime
accidents retrospectively, but in a study of 279 maritime incidents, the US Coast
Guard estimated that fatigue contributed to 16 % of the critical vessel casualties and
33 % of the personal injuries (National Transportation Safety Board 1999). In a
study of 1647 collisions, groundings, contacts and near collisions, the British
Marine Investigation Branch estimated that a third of all groundings involved a
fatigued officer alone at the bridge at night, that two-thirds of vessels involved in
collisions were not keeping a proper lookout, and that a third of all accidents that
occurred at night involved a sole watchkeeper on the bridge. The main concerns
from this study were fatigue, lookout, safe manning and the role of the master
(MAIB 2004).
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While reduced sleep and sleepiness in itself is an explanatory factor of accidents,
the context of reduced sleep is also important since suboptimal work schedules and
lifestyle, and sleep pathology are equally important factors (Åkerstedt et al. 2011).
A review of 20 studies of safety in shipping across fatigue, stress, health, situation
awareness, teamwork, decision-making, communication, automation, and safety
culture concluded that modifications of human factor issues should be a focus for
interventions (Hetherington et al. 2006). The risk of accidents is higher at night (and
to a lesser degree afternoon) compared to the morning. It increases over a series of
shifts and as shifts exceed 8 h (Folkard et al. 2005).

Acute Health-Related Effects

Disturbed sleep is the most common acute health-related effect of shift work, in
particular with regard to difficulty getting to sleep, shortened sleep and sleepiness
during working hours that continues into successive days off (Åkerstedt 2003).
Falling asleep during wake time is another consequence of fatigue (Harma et al.
2008; van Leeuwen et al. 2013; Åkerstedt et al. 2002b). Since shift work and the
associated fatigue impair cognition it can potentially lead to misjudgements and
accidents (Marquie et al. 2015).

Chronic Responses

Chronic fatigue may follow repeated exposures to acute fatigue or represent a
persistent failure of sufficient rest and recuperation to overcome fatigue. The
pathways from fatigue to chronic disease are complex and not fully understood but
involved mechanisms include metabolic, autonomous, and immunological
pathways.

Chronic sleep debt leads to chronic circadian disruption of the immune response
(van Mark et al. 2010) and increases the risk of developing cardiovascular diseases
(van Leeuwen et al. 2009). Autonomic changes relating to a reduced parasympa-
thetic modulation may result from lifetime shift work (Bernardes Souza et al. 2015;
Kubo et al. 2013a, b). Disruption of the circadian regulation of the human tran-
scriptome is another implicated mechanism behind fatigue that is related to mis-
timed sleep. Delaying sleep by 4 h for 3 consecutive days has been found to lead to
a sixfold reduction in human blood transcriptome, while the centrally mediated
circadian rhythm of melatonin remains unaffected (Archer et al. 2014). Fatigue
from night and shift work alters the hormonal and sleepiness cycles and the lipid
and glucose metabolism (Garbarino et al. 2002). Despite signs indicating these
possible disease mechanisms, compelling evidence is still lacking (Puttonen et al.
2010).
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Chronic Psychosocial Effects and Sleep Disorders

Experimental studies have demonstrated that chronic sleep loss cumulatively
increases the rate of deterioration in performance across wakefulness, in particular
during the circadian “night” (Cohen et al. 2010). Fatigue favours sleeping disorders
such as insomnia, and delayed or advanced sleep-phase disorders and interferes
with behaviour and social life (Harma and Ilmarinen 1999; Garbarino et al. 2002).

Insomnia, the inability to fall asleep and/or to stay asleep as long as desired, is
the most common sleep disorder related to irregular work hours such as shift work.
Sleep apnoea/hypopnoea is a common sleep disorder among overweight men who
snore. The affected subject may not be aware of the condition, which causes
sleepiness and fatigue when awake. While this condition is not caused by fatigue
per se, it is related to fatigue in the sense that fatigue related to sleep deprivation
contributes to a preference for high-caloric food that may result in overweight and
metabolic changes. Delayed or advanced sleep-phase symptoms occur when the
circadian rhythm is out of phase with the environment. Delayed sleep-phase syn-
drome causes difficulties in sleeping at night and mainly affects younger persons,
while advanced sleep-phase syndrome causes problems staying awake in the eve-
ning and waking up early in the morning (Zhu and Zee 2012).

Chronic Somatic Health Effects

In addition to impaired cognition (Marquie et al. 2015), chronic exposure to shift
work has been demonstrated to cause a number of other significant health impli-
cations (van Mark et al. 2006). Fatigue from night and shift work may affect the
gastrointestinal and cardiovascular functions through altered hormonal and sleepi-
ness cycles (Knutsson 2003).

Peptic ulcers and symptoms related to irritable bowel syndrome are increased in
shift workers and there is no doubt that shift work is a significant risk factor for
coronary heart disease (Harma and Ilmarinen 1999). The autonomous consequences
of lifetime shift work lead to increased blood pressure (Bernardes Souza et al. 2015;
Kubo et al. 2013a, b). The intake by shift workers of more proinflammatory diets
compared to day workers (Wirth et al. 2014) contributes to their cardiovascular risk,
which may also be increased through additional interrelated factors, for example,
psychosocial (difficulties in controlling work hours, decreased work–life balance,
poor recovery following work), behavioural (weight gain and smoking) and
physiological mechanisms (activation of the autonomic nervous system, inflam-
mation, altered lipid and glucose metabolism with related changes in risks for
atherosclerosis, metabolic syndrome and type II diabetes). Again, in spite of signs
indicating these possible disease mechanisms, compelling evidence remains to be
elucidated (Puttonen et al. 2010). However, it has been demonstrated that incom-
plete recovery from work is an aspect of the overall risk profile of cardiovascular
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disease mortality among employees, and workers who seldom recovered from work
during free weekends were particularly at risk (Kivimaki et al. 2006). This aspect
may be highly relevant for seafarers subjected to extended periods (months) at sea.

Many studies have linked short sleep duration to obesity through pathways of
increased high-caloric food intake and reduced energy expenditure during daytime,
which is related to sedentary behaviour. Fatigue, adverse sleep patterns and shift
work are known risk factors for obesity, and lead to high levels of triglycerides and
low HDL cholesterol. These metabolic changes indicate an increased risk of
metabolic syndrome (Kaltsas et al. 2010; Karlsson et al. 2001; Anonymous 2011),
which is more prevalent among former shift workers than in workers who have
never worked in shifts (Puttonen et al. 2012) and among seafarers than in the
general population (Moller Pedersen and Jepsen 2013). Short sleep duration is
correlated to an increased risk of adult overweight/obesity and some studies claim
this to be related to a reduced circulating leptin level relative to what is predicted by
fat mass (Chaput et al. 2007), whereas others have found increased circulating
leptin levels after a period of short sleep (van Leeuwen et al. 2010). It should be
noted, however, that experimental studies are far from consistent where it concerns
the metabolic consequences of short sleep duration (Wright et al. 2015; van Cauter
et al. 2008; Horne 2010). Shift work has been found to be associated with unfa-
vourable dietary habits and consequently to overweight and related chronic diseases
such as coronary heart disease, metabolic syndrome and type 2 diabetes (Hemio
et al. 2015). Night-shift work, in particular for workers of older ages, increases
obesity (Kubo et al. 2011a, b), calorie intake, and smoking, and causes shorter sleep
duration (Ramin et al. 2015). A meta-analysis has recently demonstrated that shift
work is associated to an increased risk of diabetes mellitus, in particular among men
with rotating shifts (Gan et al. 2015).

Shift work has also been shown to be associated with a higher risk of common
infections such as the common cold, flu-like illness, and gastroenteritis (Mohren
et al. 2002). This may be explained by impaired immune function consequent to
sleep deprivation (Toth 1995).

The joint additional effect of adverse lifestyle factors such as smoking, sedentary
lifestyle, and obesity, which is also prevalent among seafarers, is regarded as
multiplicative (Harma and Ilmarinen 1999). Individuals whose working hours
exceed standard recommendations are more likely to increase their alcohol use to
levels that pose a health risk (Virtanen et al. 2015).

The International Agency for Research on Cancer has classified shift work as a
probable human carcinogen but research on this issue is complex (Stevens et al.
2011). For males, prostate carcinoma has been particularly implicated (Kubo et al.
2011a, b). Along with other psychosocial stressors, fatigue is regarded as associated
with mental health risks (Carotenuto et al. 2012). Psychiatric conditions such as
major depression are increased among shift workers and their prevalence increases
with the length of exposure and age (Harma and Ilmarinen 1999).
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Fatigue Mitigation

Countermeasures for fatigue in transportation, including seafaring, have been
recently reviewed in a comprehensive Swedish report (Anund et al. 2015).
Reducing seafarers’ fatigue requires external and company regulation and control as
well as individual preventive intervention and human resilience. Fatigue-mitigating
factors include alertness management strategies, of which proper work–rest
scheduling and adequate sleep hygiene are of primary importance (Caldwell et al.
2008). Whereas countermeasures (scheduling, education, naps, caffeine etc.)—
preferably in combination—may ameliorate the negative impact of shift work on
night time sleepiness and day time insomnia, there seems at present to be no way of
eliminating most negative effects of shift work on human physiology and cognition
(Åkerstedt and Wright 2009). Recent advice on best practices has been published
by Seahealth—the occupational health service for the Danish merchant fleet
(Seahealth 2010).

International Regulation

The ILO Convention 180 on Seafarers’ Hours of Work and Manning of Ships,
which came into force in 2002, dictates a maximum amount of work of 14 h in any
24-h period and up to 72 h in any 7-day period. The minimum hours of rest should
be not less than 10 h in any 24-h period and 77 h in any 7-day period. The hours of
rest may be divided into no more than two periods, one of which must be at least
6 h in length and the interval between consecutive periods must not exceed 14 h.

Other ILO Conventions 92, 133, 140, 141 and 147 introduce additional minimal
habitability requirements on board ships such as noise control and air conditioning.
IMO instruments concerning hours of rest and work include the International
Convention on Standards of Training, Certification and Watchkeeping for Seafarers
(STCW) Code, which requires alertness to factors that can contribute to fatigue
including excessive or unreasonable overall working hours and to the frequency
and length of leave periods as material factors in preventing fatigue from building
up over a period of time. The limits of hours at work and hours at rest contained in
the Maritime Labour Convention (MLC) 2006 are similar to those in ILO 180 and
the revised STCW Code of 2010.

IMO also produced the “Guidelines on Fatigue Mitigation and Management” in
2001 (IMO 2001), which contains useful information on the causes and conse-
quences of fatigue. In 2015, IMO took the decision to review these guidelines and
the new guidelines will be produced by 2017, and will contain sections on
managing fatigue, as well as a section on FRMS.

The International Safety Management (ISM) Code states that if fatigue, excessive
hours of work, or lack of adequate rest are or should be apparent, the master and
the company management should intervene to immediately remedy the problem.
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The Code reiterates the important position held by the master of a ship but also states
that the company will not absolve itself from responsibility by delegating the
responsibility for managing safety on board to the master. The company is also
responsible for ensuring their masters’ monitoring and managing of their own hours
of work/rest so that they do not suffer from fatigue. The company must ensure that
master, officers and crew are properly qualified, experienced, trained and familiar-
ized and sufficient in number. The safe manning certificate determines the required
manning of a particular ship safely at a particular time. The Code requires the
company to prepare plans and instructions, including checklists for “key shipboard
operations,” which will depend on the type of ship and its operational requirements
(navigation and bridge management, cargo operations and management, etc.). The
management of personnel and their hours of work and rest should ensure that the
various tasks can be performed safely and that fatigue is prevented. Seafarers who
are too tired to act safely should not perform operational tasks, and procedures
should prevent this from happening.

While the ISM Code cannot achieve immediate perfection it should initiate a
cycle of continuous improvement and proactive steps. It also allows a reactive
approach by learning from experienced system failures, including previous cor-
rective actions. Any situation on board where a seafarer is not achieving the
minimum hours of rest or works excessive hours and is possibly suffering from
fatigue must be recorded and reported.

Collective Fatigue Mitigation Management

Fatigue should be regarded as a serious health and safety issue and therefore
securing sufficient quality sleep is the first and most important method of fatigue
mitigation. This will promote recovery, while insufficient rest and suboptimal sleep
will exacerbate fatigue, which may eventually accumulate over time (van Mark
et al. 2010). Keeping fixed watch schedules for mitigating fatigue has been pro-
posed (Arulanandam and Tsing 2009), but the feasibility in a broader context
remains to be shown.

Houtman et al. emphasized proper implementation of the ISM Code as essential
to reduce fatigue (Houtman et al. 2005) and consequently a focus upon company-
based strategic solutions. This requires a more robust and realistic approach to
regulation and manning. While vessels may already operate with more crew than
demanded by their flag state, the operational mode must also be taken into account
(Allen et al. 2007). The crew size may be adequate for open sailing but insufficient
for maintenance, recovery, port turnarounds, or with specific security requirements.
A level of redundancy requires manning specifications to be universal for all vessels
to prevent economic advantage accruing to companies who operate with bare
minimums. A comparison between a ship with a 24-man crew and a ship with an
18-man crew demonstrated that the latter had longer working hours, a higher level
of catecholamine excretion and higher stress levels (Wegner et al. 2008).
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To cope with fatigue, learning experiences should be drawn from different
sectors in the maritime sector as well as from other transport sectors that are prone
to fatigue, notably the aviation industry, which has dealt significantly with this issue
(Hartzler 2014). Learning from best practices requires the collaborate efforts of all
stakeholders such as the workforce, regulators and academics.

Under-recording of working hours to comply with the legislation is contra-active
in relation to fatigue mitigation. It has been shown that seafarers who underreported
(at least occasionally) their working hours were significantly more fatigued and less
healthy than non-under-recording seafarers (Allen et al. 2006, 2008). To promote
good quality sleep, the cabins should be quiet, dark and cool, i.e. protected from
noise and vibration to the extent possible, with an option for shielding off daylight,
and with efficient air conditioning facilities. Single cabins should be offered for
undisturbed sleep.

Individual Fatigue Mitigation Management

Taking into account that legislation and compliance cannot solve all issues relating
to fatigue, and that certain circumstances on board cannot be changed, e.g. the
weather, and the sea state, and that naval architects, at best, are only likely to
modify/reduce the ship’s motion, collective mitigation cannot stand alone. The
seafarer’s own behaviour is also important.

The seafarer would benefit from taking actions such as calming down and
avoiding caffeine and alcohol prior to sleep. It is important to spend as much time as
possible in daylight, and to be active (physically and mentally) during the day, but
not too close to bedtime. The seafarer should attempt to follow his own circadian
rhythm by sleeping and waking early if a morning person and sleeping and waking
late if an evening person.

The cabin should be prepared for sleep by shielding out light and by securing
coolness (below 20 °C). Phone and doorbell should be switched off. Relaxing,
reading or listening to soothing music before sleeping can help getting ready for
sleep. Nicotine and alcohol should be avoided 2 h before sleep, and caffeine 6 h
before sleep. Heavy exercise should also be avoided 2 h before going to bed. If
hungry, only light food is recommended.

There are several additional countermeasures to ameliorate the negative impact
of irregular work on night time sleepiness while working and daytime insomnia
when there is a need of sleeping during the day. Even when these measures are
applied (probably best in combination), however, there seems at present to be no
way to eliminate most of the negative effects of shift work on human physiology
and cognition (Åkerstedt and Wright 2009).

Blue light exposure (Taillard et al. 2012), caffeine (Philip et al. 2006; Sagaspe
et al. 2007) and naps (Philip et al. 2006; Sagaspe et al. 2007; Ferguson et al. 2008)
have all been demonstrated to mitigate fatigue. Naps should be kept short (15–
40 min) to avoid waking up from deep sleep. A nap should be scheduled for the last
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2 h before a night shift and end 1 h before starting work. Lifestyle issues such as
regular exercise and healthy diet habits promote the general health, and at the same
time affect positively sleep and reduce fatigue. Worksite healthy sleep programmes
have shown the effectiveness of tailored interventions (Steffen et al. 2015).

A recent Cochrane review concluded that melatonin had only a limited effect on
sleep duration during daytime after night shifts but no effect on sleep quality. There
is insufficient knowledge for an effect of hypnotics on sleep length (Liira et al.
2014). In spite of melatonin and hypnotics being available over the counter in many
countries, medications addressing sleep problems are not recommended by the
authors. Their side effects may well be worse than the problem that one tries to
solve by taking them.

Fatigue Prediction

Various models for fatigue prediction have been recently reviewed (CASA 2014)
and the current generation of such models is regarded as an appropriate element in
an FRMS to be applied in field settings by organizations and regulators. It is,
however, emphasized that individual and task variables are not included in the
current models (Dawson et al. 2011) and the user interphase has limited user
friendliness. One of the outcomes of the EU-funded Project HORIZON (2012) was
the production of a prototype fatigue prediction model for use in shipping opera-
tions. This prototype is based on a theoretical model of fatigue, and uses the results
of many years of research effort from other industries to produce algorithms which
predict the levels of sleepiness of watchkeepers (Barnett et al. 2012a, b).

Such models may be used within an FRMS, and the authors are now involved in
a follow-up project called MARTHA, one of the aims of which is to evaluate these
systems in practice at sea. FRMS are new to aviation, but are virtually unknown in
shipping, so this represents the first known trial of FRMS at sea. Guidance and
support through self-help manuals and incident reporting are also measures being
introduced in the trial by the consortium, and these will be evaluated using specific
fatigue-related key performance measures. The particular challenge in this type of
research is to find ways to change the culture of a diverse and multinational
workforce, where fatigue is accepted as the norm, and there is resistance to
acknowledging and reporting fatigue. This is exacerbated by the fact that ships
work literally “over the horizon”, are prone to sudden changes in voyage plan, and
are therefore difficult places to monitor and to collect meaningful data.

The MARTHA project, which commenced in 2013 and lasts for 3 years, is also
exploring the longer term psychosocial issues affecting crews at sea. In addition to a
questionnaire given to 1000 seafaring employees, volunteer crew members have
been rating their fatigue and stress levels in a weekly diary for 3–4 months, which
is then sent directly to the research team by email. Some crew members are also
wearing Actiwatches at the beginning and end of the study period to record their
physical activity levels. In addition to this personal data, information is also being
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collected on the voyages, including the times of their port calls, weather conditions
and any other situations which are likely to affect the quality of sleep. When all the
data is collected, it will comprise a large database of the sleep experiences of about
1000 seafarers of all ranks. The authors hope that the database will provide more
knowledge on the complex issues surrounding seafarer fatigue.

While there is much knowledge about the risk factors for seafarer fatigue and the
many and serious consequences of fatigue in terms of health and safety effects, there
is still insufficient knowledge about individual differences with respect to the impact
of fatigue, the effectiveness of different mitigating interventions and the relative
impact of legislation and cultural change management in relation to company
policies on fatigue risk management. Future research into sleepiness and the longer
term fatigue problems of seafarers is likely to focus on the following areas of
interest:

• The link between individual levels of fatigue and performance on tasks asso-
ciated with shipboard roles

• The recovery mechanisms for long-term fatigue and effective interventions to
improve the psychological well-being of seafarers

• The effectiveness of different FRMS
• The way in which the organizational practices and cultural differences in

interpretation of regulatory frameworks can affect fatigue mitigation.
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Motion Sickness Susceptibility
and Management at Sea

John F. Golding

Case Study

Rob was a young healthy man who was a volunteer lifeboatman from a coastal
town in England. Unfortunately he suffered from seasickness. He found difficulty in
adapting (habituating) to motion and he found that anti-motion sickness tablets
were not effective. But he was highly motivated and did not want to give up lifeboat
crewing, which would have been the obvious solution to his problem. He sought
help and advice. He was estimated to be in the extremely motion susceptible portion
of the population, scoring above the 80th percentile on a validated Motion Sickness
Susceptibility Questionnaire (MSSQ-short: see in this chapter the section on
‘Susceptibility’). He was tested on a laboratory motion simulator capable of elic-
iting motion sickness in almost all the population. The usual metric on such sim-
ulators is the time tolerated before onset of various stages of motion sickness; for
example, differences between drug and placebo in tolerance times to sickness are
used to assess the effectiveness of anti-motion sickness medications. This objective
test confirmed his extreme sensitivity by comparison with normative data. He was
then given an hour of training on the controlled breathing technique, which also
involves an attentional component (see section on ‘Non-Pharmacological
Countermeasures’). He was then instructed to practise this technique further that
same day but on his own in a quiet room. Later that day the same motion simulator
test was repeated while he employed controlled breathing. He still became sick, but
almost doubled his tolerance time on the motion simulator. While not an ideal
design to estimate the effect of the countermeasure (better to have retested several
days later to have washed out any ‘carry-over’ effects from the initial simulator
exposure), Rob saw that controlled breathing could benefit him. It also enabled him
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to feel some ‘control’ over his situation; this aspect has also been shown to be
important in motion sickness. Rob was advised to become well practiced in the
breathing technique in his own time in the absence of motion, and then to use it
when at sea. He was also advised that if he took anti-motion sickness tablets, these
should be well before the start of any sea trip. It is often not realized that motion
sickness initiates gastric stasis (a protective reflex), which occurs well before the
onset of subjective motion sickness symptoms. Gastric stasis prevents any further
progression of stomach contents, prevents absorption of the anti-motion sickness
drug and thus renders the tablet completely ineffective (see section
‘Pharmacological Countermeasures’).

So far research has produced no ‘magic bullets’ or complete cures for motion
sickness but the outcome in this case appears to have been a partial success

… I have been out on our lifeboat this morning, and on an exercise that would normally
leave me feeling at the very least nauseous. So with the breathing exercises, and NO help
from tablets, instead of going to stage 3, or probably stage 4, I barely got to stage 2 ….

(Extract from subsequent email from ‘Rob the Lifeboatman’ to the author. The
‘stages’ he refers to are from the Sickness Rating scale he was trained on, where
1 = OK, 2 = Initial symptoms, 3 = Mild nausea, 4 = Moderate nausea, 5 = Severe
nausea &/or retching, 6 = Vomiting; see section ‘Signs, symptoms and effects on
performance’).

Signs, Symptoms and Effects on Performance

Over 2000 years ago the Greek physician Hippocrates wrote, ‘… sailing on the sea
proves that motion disorders the body …’. Indeed the word ‘nausea’ derives from
the Greek root word ‘naus’, hence ‘nautical’ meaning relating to ship, sailing or
sailors. However, motion sickness can also be provoked by a wide variety of
transport environments, including land, sea, air and space. The general term ‘motion
sickness’ embraces sickness provoked by a wide variety of environments and often
denominated by the class of provocative environment, sea sickness, car sickness, air
sickness, space sickness, cinerama sickness, simulator sickness, etc. Irrespective of
environment, the primary signs and symptoms of motion sickness are nausea and
vomiting (Reason and Brand 1975). Other related symptoms include stomach
awareness, sweating and facial pallor (sometimes called ‘cold sweating’), increased
salivation, sensations of bodily warmth, dizziness, drowsiness (also denoted as the
‘sopite syndrome’), sometimes headache, and, unsurprisingly, loss of appetite and
increased sensitivity to odours. The importance and negative impact on performance
of ‘sopite’ (drowsiness) is often underestimated (Lackner 2014). Yawning has been
shown to be a behavioural marker for the sopite syndrome and consequent reduced
task performance (Matsangas and McCauley 2014). A typical motion sickness
questionnaire is shown in Table 1, which lists the more frequent symptoms,
excluding vomiting and facial pallor. This is an adaptation of the simulator sickness
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questionnaire (Kennedy and Fowlkes 1992). Oculomotor symptoms are relatively
more frequent in situations where visual mismatches may be the provoking stimulus,
such as in simulators and virtual reality systems, as opposed to motion sickness due
to whole-body accelerative stimuli such as during ship motion. Similarly, headache
is provoked more by visual than by real motion, even when the real motion is twice
as provocative as visual motion in terms of nauseogenicity (Bijveld et al. 2008). For
a more rapid assessment, the following global sickness rating scale has proved
reliable and useful: 1 = no symptoms; 2 = initial symptoms of motion sickness but
no nausea; 3 = mild nausea; 4 = moderate nausea; 5 = severe nausea and/or
retching; 6 = vomiting (Golding et al. 2003).

Physiological responses associated with motion sickness may vary between
individuals. These include autonomic changes such as sweating and vasoconstric-
tion of the skin causing pallor (less commonly, skin vasodilation and flushing in
some individuals), with the simultaneous opposite effect of vasodilation and
increased blood flow of deeper blood vessels, changes in heart rate which are often
an initial increase followed by a rebound decrease, and inconsistent changes in
blood pressure (Benson 2002). Gastric stasis occurs for the stomach and increased
frequency and reduced amplitude of the normal electro gastric rhythm (Stern et al.
1985; Koch 2014). The drop in stomach fundus and sphincter pressure correlates
with the nausea of motion sickness (Schaub et al. 2014). A host of hormones are
released, mimicking a generalized stress response amongst which vasopressin is

Table 1 Symptom self-report questionnaire for motion sickness

Do you have any of the following symptoms right now? (tick boxes)

0 1 2 3

None Slight Moderate Severe

General discomfort

Fatigue

Headache

Eye strain

Difficulty focusing

Increased salivation

Sweating

Nausea

Difficulty concentrating

Fullness of head

Blurred vision

Dizziness (eyes open)*

Dizziness (eyes closed)*

Vertigo

Stomach awareness

Burping

*illusory feelings of motion
Note excludes facial pallor and vomiting
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thought to be most closely associated with the time course of motion sickness
(Eversmann et al. 1978). The occurrence of cold sweating suggests that motion
sickness may disrupt aspects of temperature regulation (Golding 1992). This notion
is also consistent with the observation that motion sickness reduces deep-core body
temperature during cold water immersion, accelerating onset of hypothermia
(Cheung et al. 2011).

Although motion sickness is unpleasant in its own right, under some circum-
stances it may have adverse consequences for performance and even for survival.
Approximately 80 % of personnel have difficulty working while seasick
(Pethybridge 1982). Motion sickness preferentially causes decrements in perfor-
mance of tasks which are complex, require sustained performance and offer the
opportunity to the person to control the pace of their effort (Hettinger et al. 1990).
Simple tasks and overlearned tasks are less susceptible to performance decrements
caused by motion sickness, whereas novel tasks and cognitive tasks involving
spatial orientation processing are particularly vulnerable (Gresty and Golding
2009). Although tiredness and drowsiness have been ascribed in the past to exertion
caused by extra physical effort in a motion environment, it is now realized that it
reflects a symptom of motion sickness, not simply tiredness due to physical exer-
tion. This is often termed the ‘sopite syndrome’ and is especially important during
long-term chronic exposure to motion. The classic situation would be a
long-duration sea voyage, as opposed to a short-duration acute exposure to
provocative motion in aerobatic flight. Apart from possible loss of alertness during
watch-keeping, less immediately critical effects include neglect of routine tasks
such as maintenance tasks, cleaning routines, etc., which are important in the longer
term. For pilots and air crew, acute motion sickness can slow training in the air and
in simulators and even cause a minority to fail training (Benson 2002). The majority
of novice astronauts suffer some degree of space sickness in the first day of
weightlessness of space. Although vomiting in space is doubtless unpleasant, the
possibility of vomiting while in a spacesuit in weightlessness is potentially life
threatening, consequently precluding extravehicular activity for at least the first
24 h of spaceflight (Heer and Paloski 2006). For survival at sea, such as in liferafts,
seasickness can reduce survival chances by a variety of mechanisms, including
reduced morale and the ‘will to live’, failure to consistently perform routine survival
tasks, and dehydration due to loss of fluids through vomiting (Benson 2002). An
additional hazard to survival at sea may be the increased risk of hypothermia, since
motion sickness can reduce deep-core body temperature (Cheung et al. 2011).

Provocative Circumstances and Incidence of Motion
Sickness

There is a potential for motion sickness to be caused in a wide range of situations—
at sea, in cars, tilting trains, funfair rides, aircraft, weightlessness in outer space,
virtual reality and simulators (Table 2).
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Estimates for incidence rates of motion sickness vary widely, partly due to
individual differences in susceptibility and also because superficially similar
transport environments can vary dramatically in terms of their motions and con-
sequent nauseogenicity. For example, air travel in small aircraft which can
encounter low altitude air turbulence can provoke motion sickness incidence of
around 25 %, but flights in large airliners which have less motion show incidence
rates of less than 1 % (Murdin et al. 2011). In zero-G parabolic flights which mimic
the weightlessness of space for repeated brief periods of time, 33 % of fliers
experience nausea and 12 % vomit despite being pre-medicated with anti-motion
sickness drugs (Golding et al. 2015). In the more challenging environment of space,
up to 70 % of novice astronauts may suffer some degree of space sickness in the
first 24 h of flight (Heer and Paloski 2006). In an extensive survey of a cruise ship,
motion sickness was the most common reason for physicians’ consultations; the
incidence of 4.2 per 1000 person/days being higher than for infections or injuries
(Schutz et al. 2014). Incidences can be much higher in small boats and rough seas.
In liferafts incidence rates of over 50 % vomiting have been observed after 1 h of
moderate sea motion (Benson 1999). Seasickness affects approximately 25 % of
military personnel adversely in moderate seas and 70 % in rough seas (Pethybridge
1982). Long-distance coach journeys can cause some symptoms of motion sickness
in over a third of passengers (Turner and Griffin 1999b). In the more challenging
motion environment of rally car racing, a quarter of co-drivers may become motion
sick (Perrin et al. 2013). Cinerama sickness has been noted since the birth of the
moving picture cinema, but this is usually mild and affects only a small percentage
of the population, usually sitting at the front near the screen, with less than 6 %
experiencing minor symptoms (Golding 2006a). But the widespread introduction of
newer visual technologies may pose more of a problem. Whole-field visual motion
triggers some degree of motion sickness in roughly 30 % of naval simulator trai-
nees and 60 % of virtual environment users (Lawson et al. 2002). Such technolo-
gies as virtual reality and 3D stereoscopic video films may provoke more motion

Table 2 Stimuli capable of provoking motion sickness

Context Examples of provocative stimuli

Sea Boats, ferries, survival rafts, divers’ lines under sea

Land Cars, coaches, tilting trains, ski, camels, elephants, funfair rides

Air Transport planes, small aircraft, hovercraft, helicopters, parabolic flight

Space Shuttle, spacelab

Optokinetic Widescreen cinemas, virtual reality, head mounted displays
(HMD), microfiche-readers, ‘Haunted Swing’, simulators, rotating visual
drums or spheres, pseudo-coriolis, reversing prism spectacles

Laboratory Cross-coupled (Coriolis), low frequency translational oscillation (vertical or
horizontal), Off Vertical Axis Rotation (OVAR), counter-rotation, g-excess
in human centrifuges, Auditory vection (a very weak stimulus)

Associated
stimuli

Emetic toxins, chemotherapy, Post-Operative Nausea and Vomiting
(PONV), extreme arousal (fear increases/fight decreases)
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sickness than 2D films. The majority of studies suggest that 3D visual technologies
are more provocative of motion sickness and pose a problem for some users (Naqvi
et al. 2013; Solimini 2013; Bos et al. 2013).

How Do the Mechanisms for Motion Sickness Work?

In the past it was thought that the mechanism of motion sickness was the great
severity of motions acting on the vestibular apparatus of the inner ear and on the
gut, such as experienced by a sailor in rough seas. These were called the ‘vestibular
overstimulation’ or ‘gut stimulation’ hypotheses. Such ideas have been discarded
because they cannot account for evidence which contradicts their predictions. Thus
it has been shown that motion sickness can be induced by purely visual stimuli in
the complete absence of any real physical motion. Equally, some very violent types
of physical motion such as riding a horse at full gallop are incapable of causing
motion sickness.

The generally accepted explanation of the ‘how’ of motion sickness, i.e. the
mechanism, is based on some form of sensory conflict or sensory mismatch between
actual versus expected invariant patterns of vestibular, visual, and kinaesthetic inputs
as predicted by an ‘internal model’ (Golding 2006b). The key observation leading to
the understanding of this concept is that the physical intensity of the stimulus is not
necessarily related to the degree of nauseogenicity. To take one example, with
optokinetic stimuli the motion is implied but not real. A susceptible person sitting at
the front in a widescreen cinema experiences motion and ‘cinerama-sickness’ but
there is no physical motion of the body in the real world. In this situation, the
vestibular and somatosensory systems are signalling that the person is sitting still,
but the visual system is signalling illusory movement of the self, usually termed
‘vection’. Consequently the generally accepted explanation of the ‘how’ of motion
sickness is based on some form of sensory conflict or sensory mismatch. Sensory
conflict or sensory mismatch is between actual versus expected invariant patterns of
vestibular, visual and kinaesthetic inputs (Claremont 1931; Reason and Brand 1975).
There may be many possible sensory conflicts, perhaps the most important classes
being visual–vestibular conflicts and intravestibular conflicts. The latter class of
conflict is between rotational accelerations sensed by the semi-circular canals of the
vestibular apparatus and linear-translational accelerations (including gravitational)
sensed by the otoliths of the vestibular apparatus.

A variety of detailed hypotheses have been developed to explain the exact nature
of sensory conflict, sometimes called sensory or neural mismatch (e.g. Oman 1990;
Benson 1999). Benson (2002) categorized conflicts into two main types: (i) conflict
between visual and vestibular inputs, and (ii) conflict between the canals and the
otoliths. In addition, moving sound sources (under laboratory conditions) can
provide conflicting cues for spatial orientation, and a type of auditory vection which
may provoke sensory conflict and mild motion sickness in a minority of people
(Keshavarz et al. 2014). However, this is of little practical significance outside of
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the laboratory. A simplified conflict model was proposed by Bos and Bles (1998).
They postulated that there is only one conflict: between the subjective expected
vertical and the sensed vertical. Despite this simplification their underlying model is
necessarily complex and finds difficulty in accounting for the observation that
motion sickness can be induced by types of optokinetic stimuli which pose no
conflict concerning the Earth vertical (Bubka et al. 2006). Most good models of
motion sickness also incorporate integrator and decay systems in which the rate of
accumulation of ‘sensory conflict’ is processed by leaky integrators with different
time constants (Oman 1990). This process can be below conscious experience, the
person feeling quite OK, until a threshold is reached, triggering the onset of overt
symptoms and the awareness of the beginning of motion sickness (Golding and
Stott 1997a).

The ‘rule of thumb’ model originally advanced by Stott (1986) is not the most
elegant in theoretical terms but arguably is still the most practical. This model
proposes a set of simple rules, which if broken will lead to motion sickness

Rule 1. Visual–Vestibular: motion of the head in one direction must result in motion
of the external visual scene in the opposite direction.
Rule 2. Canal–Otolith: rotation of the head, other than in the horizontal plane, must
be accompanied by appropriate angular change in the direction of the gravity
vector.
Rule 3. Utricle-Saccule (i.e. the two types of otolith organs): any sustained linear
acceleration is due to gravity, has an intensity of 1 g and defines ‘downwards’.

In other words, the visual world should remain space stable, and the sustained
force vector is gravity, which should always point down and average over a few
seconds to 1 g.

In some environments there may be only one provocative stimulus. At sea it is
the low frequency ‘heave’ motion of the vessel that provokes seasickness.
However, in many environments multiple stimuli and conflicts may be involved.
For example, airsickness in a pilot produced by the flight of an agile military aircraft
may be due to up to five sources (Golding 2006b). Flying through air turbulence
produces low-frequency translational oscillation of the aircraft, which may cause
airsickness. In addition, during aircraft turns there may be provocation from the four
following sources: visual–vestibular mismatches as the pilot senses ‘down’ to
remain through the axis of the body but the external visual world to be tilted;
sustained changes in the scalar magnitude of gravito-inertial force (GIF) due to
centripetal acceleration; cross-coupling (Coriolis) due to head movements during
rotation of the aircraft if the turn is tight enough, and also the g-excess illusion if the
pilot tilts the head during increased GIF.

In virtual reality systems, head-mounted displays or simulators, important
provocative stimuli are vection, retinal slip and poor eye collimation. But phase
(time) lag between real motion and the corresponding update of the visual display
may be equally or more important. Vestibular ocular reflexes (VORs) automatically
control eye muscle adjustments of eyeball orientation despite disruptions caused by
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head movements, enabling the retinal image to be motion stabilized and conse-
quently the visual world to remain stable despite walking, jogging or rapidly
moving the head. These compensatory VORs to head movements are as fast as
10 ms or so, consequently visual update time lag disparities not much longer than
this may be easily detectable by subjects. If visual display update lags are much
longer than this then they may provoke sickness, since it has been shown that
virtual reality sickness has been induced with update lags as short as 48 ms
(Golding 2006b).

Low-frequency translational motion is a major source of motion sickness in land
vehicles, ships, and aircraft and has been sufficiently well described to provide
engineering design parameters (exposure time, acceleration, frequency) for stan-
dards regulated by the International Standards Organisation (ISO 2631, 1997) (see
Fig. 1). The frequency weighting function is of theoretical as well as applied
interest. Laboratory experiments (O’Hanlon and McCauley 1974; Golding et al.
2001) and ship motion surveys (Lawther and Griffin 1988) have shown that nau-
seogenicity increases as a function of exposure time and acceleration intensity as
might be expected, but more unusually that nauseogenicity peaks at the
low-frequency motion of around 0.2 Hz. Such low frequency motions are present in
transportation in ships, coaches, aircraft flying through air turbulence, and on
camels and elephants, all of which can provoke motion sickness. Low frequency
sway can also cause motion sickness at the top of very tall buildings during high
winds (Lamb et al. 2014). This frequency relationship also explains why some
forms of transport or motion environments are not provocative, for example people
do not experience ‘horse-sickness’. During horse riding, walking, running, riding
off-road trail bikes, the motion frequencies are higher than 1 Hz. Consequently,
although these motions can be quite severe (capable of bruising the person), they
are not nauseogenic (Golding 2006b). Hypotheses for the frequency dependence of
nauseogenicity of translational oscillation are a phase error in signalling motion
between canal–otolith and somatosensory systems (Von Gierke and Parker 1994;
Benson 1999), or a frequency-dependent phase error between the sensed vertical
and the subjective or expected vertical (Bos and Bles 1998). It has also been
proposed that a zone of perceptuo-motor ambiguity around 0.2 Hz triggers sick-
ness, since at higher frequencies imposed accelerations are usually interpreted as
translation of self through space, whereas at lower frequencies imposed accelera-
tions are usually interpreted as a shift in the main force vector, i.e. tilt of self with
respect to the assumed gravity vertical (Golding et al. 2003; Golding and Gresty
2005). The region of 0.2 Hz would be a crossover between these two interpretations
and, thus, a frequency region of maximal uncertainty concerning the correct frame
of reference for spatial orientation. More recently, Golding and Gresty (2016)
proposed a related biodynamic explanation, that this frequency tuning of motion
sickness is related to mechanical limitations on human body motion. This proposes
that a cause of motion sickness may be difficulty in selecting appropriate tactics to
maintain body stability at vehicle motion circa 0.2 Hz, between whole-body GIF
alignment seen at lower frequencies versus lateropulsion seen at higher frequencies
(Golding and Gresty 2016).
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Although the physiological mechanisms are still not fully known, understanding
of the brain mechanisms which underpin sensory conflict and motion sickness has
progressed greatly. In a series of elegant experiments Oman and Cullen (2014) have
identified brainstem and cerebellar neurons whose activity corresponds to what
might be expected of putative ‘sensory conflict’ neurons. The concept of a discrete
brainstem area postrema ‘vomiting centre’ has been superseded by the picture of a
network of nuclei, including the nucleus tractus solitarius (NTS) and the medullary
reticular formation. It seems that the same brainstem areas mediate vomiting and
nausea irrespective of the triggering mechanism, whether motion or toxins. These
brainstem areas not only include the NTS, but also the dorsolateral reticular for-
mation of the caudal medulla (lateral tegmental field, LTF), and the parabrachial
nucleus (PB), which act together to integrate signals that lead to nausea and
vomiting (Yates et al. 2014). The NTS is the terminus of many visceral afferents
and it also receives efferent projections from the area postrema and the NTS is now
known to relay signals to the emesis pattern generator. In addition, neurons in the
vestibular cerebellum, including the fastigial nucleus, are also influenced by vis-
ceral afferents. Galvanic vestibular stimulation in the cat has been shown to produce
patterns of neural activation revealed by c-fos labelling, some of which correlate
with overt signs of motion sickness, others of which show no such relationship but
may relate to covert affective aspects such as nausea (Balaban et al. 2014). In

Fig. 1 Frequency weightings are shown for the potential to cause motion sickness (nauseogenic-
ity) by oscillatory vertical motion. The lines are predictions from the International Standardisation
Organisation (ISO). Similar relationships between motion frequency and nauseogenicity occur for
horizontal motion. Nauseogenicity peaks at around 0.2 Hz. At lower or at higher frequencies
motion has less potential to cause motion sickness. Ship motion is often around 0.2 Hz and
consequently causes seasickness. Similarly, braking, accelerating and cornering in vehicles can
produce horizontal motions also around 0.2 Hz which cause coach or car sickness. By contrast the
frequencies of motions involved in walking, jogging, horse riding etc. are above 1 Hz and thus do
not cause motion sickness
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humans, visually induced nausea has been studied using fMRI (Napadow et al.
2013a). Increased activity was observed in a variety of brain regions, but activity in
a network including insular, anterior cingulate, orbitofrontal, somatosensory and
prefrontal cortices appeared to be most specific to nausea (Napadow et al. 2013a).

Why Should Motion Sickness Exist at All?

In contrast with the ‘how’ of motion sickness (i.e. the mechanisms), for which there
is consensus concerning sensory conflict, there are widely differing opinions con-
cerning the ‘why’ of motion sickness. These hypotheses can be classified broadly
into: poison detector; vestibular–cardiovascular-autonomic reflex; disorientation/
motor warning; and non-functional ‘Bad Luck’ evolutionary maladaptation.

The poison or toxin detector hypothesis states that the vestibular system can act
as a toxin detector. The evolutionary purpose of what we call ‘motion sickness’ is
postulated to be the same as for any emetic response, which is to protect the
organism from the toxic effects of potentially harmful substances that it may have
ingested (Treisman 1977). The toxin detector hypothesis proposes that the brain has
evolved to recognize any derangement of expected patterns of vestibular, visual,
and kinaesthetic information as evidence of central nervous system malfunction and
to initiate vomiting as a defence against a possible ingested neurotoxin. It provides
a ‘backup’ to the main toxin detector system of chemoreceptors of the afferent vagal
nerves and the chemoreceptor trigger zone of the brainstem. Motion sickness in
pedestrian man or other animals is simply the inadvertent activation of this ancient
defence reflex by the sensory conflicts induced by the novel altered visual and force
environments of sea, air, land transport, space, virtual reality (Golding 2006b). This
is consistent with the observation that motion sickness is evolutionarily well pre-
served, from man down to the level of the fish (ironically, fish can become seasick
during aquarium transport) (Reason and Brand 1975). It is also consistent with the
observation that people who are more susceptible to motion sickness are also more
susceptible to toxins, chemotherapy, and post-operative nausea and vomiting
(PONV) (Morrow 1985; Golding 1998). Further attempts to test the toxin detector
hypothesis examined whether bitter taste sensitivity and aversion, which reflects
activity of one part of the ‘primary’ toxin detector system, correlates with motion
sickness susceptibility. However, unlike the well-proven associations of motion
sickness susceptibility with chemotherapy sickness or PONV, these bitter taste
studies have provided contradictory results, with positive (Sharma et al. 2008),
negative (Benson et al. 2012), or no significant correlations (Golding and Tayyaba
2014) reported. More recently it has been proposed that reductions in core tem-
perature observed with motion sickness (see earlier section ‘Signs, symptoms and
effects on performance’) may be part of a coordinated defence system to cope with
toxins, since, in animals at least, it has been shown that reductions in core tem-
perature improve survival chances during toxin poisoning (Nalivaiko et al. 2014).
Finally, perhaps the most convincing evidence is that the toxin detector hypothesis
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has been experimentally tested in animals. This demonstrated that emetic responses
to a variety of emetogenic toxins were significantly reduced after bilateral vestibular
ablation, which also abolished motion sickness to motion stimuli (Money and
Cheung 1983).

The vestibular–cardiovascular/autonomic reflex hypothesis is based on the
observation that tilt stimulation of the otoliths, which transduce linear accelerations,
provoke a pressor response (increased blood pressure and cardiac output) mediated
via vestibular–cardiovascular projections (Yates et al. 1998). It has been proposed
that motion sickness is caused by the inappropriate activation of such vestibular–
cardiovascular reflexes. The vestibular and visual systems influence autonomic
control for the purpose of maintaining homeostasis during movement and changes
in posture. Thus motion sickness arises from an aberrant activation of neural
pathways that serve to maintain a stable internal environment (Yates et al. 1998).
A somewhat similar, but non-functional, explanation has been proposed by Balaban
(1999). The vestibular–cardiovascular reflex hypothesis has a good historical
pedigree in the ninenteenth century concept of ‘cerebral anaemia’ as the cause of
motion sickness (Nunn 1881). Some support is provided by the observation that
cerebral hypoperfusion preceded nausea during gravito-inertial force (GIF)
variation induced by centrifugation (Serrador et al. 2005), but the situation is
unclear since there is considerable overlap between sick and non-sick individuals’
pressor responses to motion sickness induced by the GIF variation of parabolic
flight (Schelgel et al. 2001). The importance of the vestibular–cardiovascular
reflexes in maintaining blood pressure may be limited, at least in humans. Bilateral
labyrinthectomized patients’ pressor responses to rapid tilts are only minimally
slower than normal (<500 ms) (Radtke et al. 2003). Moreover, although not a
formal disproof, this hypothesis does not predict the relative nauseogenicity of the
various gravity-referenced and body-referenced directions of motions which would
be expected to alter blood pressure (Golding et al. 1995, 2003).

The disorientation/motor warning hypothesis postulates that motion sickness is a
punishment system which has evolved to discourage development of
perceptual-motor programmes that are inefficient or cause spatial disorientation
(Guedry et al. 1998). In other words, this system has evolved to discourage
self-exposure to circumstances causing disorientation or motor instability. An
extension of this hypothesis is that prostration caused by motion sickness reduces
the likelihood of injury or vulnerability to predators (Bowins 2010) and other
variants of the last idea have been proposed (Thornton and Bonato 2013; Knox
2014). However, an unanswered difficulty with all disorientation/motor warning
hypotheses is why would evolution select such a slow warning system as nausea
and vomiting, rather than the rapid warning systems of fear and pain?

The most reductionist approach is the ‘Bad Luck’ evolutionary maladaptation
hypothesis (Oman 2012). Evolution is not perfect: an example of evolutionary
maladaptation is the co-location of the entries to the respiratory airways and the
oesophagus in many land animals which makes them susceptible to death by
choking. From the perspective of the evolutionary maladaptation hypothesis,
motion sickness is just an unfortunate consequence of the physical proximity of the
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motion detector (vestibular) and vomiting circuitry in the brainstem. It is just bad
luck. Oman (2012) has stated that adaptive hypotheses for motion sickness such as
the toxin detector hypothesis are ‘… naïve ‘just-so’ stories …’ (Oman 2012,
p. 125), the reference being to the children’s stories by the author Rudyard Kipling
providing amusing and fanciful explanations for differing animal characteristics, for
example as to how the elephant got its trunk, the leopard its spots, etc.

To summarize, all of the above hypotheses remain in contention to provide
explanations for the ‘why’ of motion sickness. If motion sickness is just a random
and complicated evolutionary maladaptation, then it has been remarkably well
preserved across species from fish to man and by implication over many millions of
years. At present, the balance of evidence would seem to favour either the func-
tional explanation of the toxin detector hypothesis or the ‘Bad Luck’ evolutionary
maladaptation hypothesis.

Predictors of Motion Sickness Susceptibility

Concept of Motion Sickness Susceptibility

Determinants of motion sickness susceptibility are doubtless multifactorial. At least
three general processes are thought to be at work: initial sensitivity to motion, rate
of adaptation, and the retention of adaptation in the longer term (Reason and Brand
1975). In addition there can be differential sensitivity in individuals to different
types of motion (Lentz 1984). Self-report questionnaires suggest the existence of
independent latent susceptibilities to different types of provocative environments,
usually forming factors that might be termed transportation by land, air, sea, or
funfair rides (Golding 1998). This might seem to contradict the notion of a general
motion susceptibility dimension. Nevertheless, these apparently contradictory
views can be argued to both be true, i.e. a general motion susceptibility factor and
specific factors exist. Other limitations are imposed by the test–retest reliability of
response to the same motion challenge, which may be estimated from repeated
exposures in the laboratory to be around r = 0.8–0.9 (Golding 2006b).

Motion Sickness Susceptibility Questionnaires (MSSQ) (sometimes called
Motion History Questionnaires) enable a rapid estimate to be made of an indi-
vidual’s susceptibility. A typical questionnaire is shown in Table 3, which has been
validated to predict motion sickness to motion stimuli in the laboratory and in
transport environments (Golding 2006a). An overall indicator of susceptibility may
be calculated as the MSSQ score = (total sickness score) � (18)/(18 − number of
types not experienced), this formula corrects for differing extent of exposure to
different motion stimuli in individuals. For the normal young adult population, the
median MSSQ score is 11.3, where higher scores indicate greater susceptibility and
vice versa. More details are given in the original reference (Golding 2006a).
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Table 3 Motion Sickness Susceptibility Questionnaire Short-form (MSSQ-Short) (adapted from
Golding 2006a)

This questionnaire is designed to find out how susceptible to motion sickness you are, and what
sorts of motion are most effective in causing that sickness. Sickness here means feeling queasy
or nauseated or actually vomiting

Your CHILDHOOD Experience Only (before 12 years of age), for each of the following
types of transport or entertainment please indicate:

1. As a CHILD (before age 12), how often you Felt Sick or Nauseated (tick boxes):

Not Applicable–Never
Travelled

Never
felt Sick

Rarely
felt sick

Sometimes
felt sick

Frequently
felt sick

Cars

Buses or coaches

Trains

Aircraft

Small boats

Ships, e.g. channel
ferries

Swings in
playgrounds

Roundabouts in
playgrounds

Big dippers, funfair
rides

t 0 1 2 3

Your Experience over the LAST 10 YEARS (approximately), for each of the following types
of transport or entertainment please indicate:

2. Over the LAST 10 YEARS, how often you Felt Sick or Nauseated (tick boxes):

Not applicable–
Never travelled

Never
felt sick

Rarely
felt sick

Sometimes
felt sick

Frequently
felt sick

Cars

Buses or coaches

Trains

Aircraft

Small boats

Ships, e.g.
channel ferries

Swings in
playgrounds

Roundabouts in
playgrounds

Big dippers,
funfair rides

t 0 1 2 3
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Genetics

Monozygotic and dizygotic twin studies suggest that the heritability of motion
sickness is high at around 70 % in childhood and declines through puberty and the
early adult years to around 55 % (Reavley et al. 2006). This decline of heritability
with age may be due to differing experiences between each individual of a pair of
twins to provocative environments as they grow older and to their consequent
differential habituation. Selective breeding for high versus low motion sickness
susceptibility strains of shrews has shown the importance of genetic determinants
for motion sickness and that this extends to anaesthesia-induced emesis, indicating
some common mechanisms under genetic control (Horn et al. 2014). There is
evidence for Chinese hypersusceptibility to motion sickness, and this may provide
some indirect evidence for a genetic contribution to such differences (Stern et al.
1993; Klosterhalfen et al. 2005). The nature of the genes involved is not yet clear.
One example is that a single-nucleotide polymorphism of the alpha2-adrenergic
receptor increases autonomic responses to stress in humans and also contributes to
individual differences in autonomic responsiveness to provocative motion (Finley
et al. 2004). This may be a marker for motion sickness susceptibility or simply a
general marker for autonomic reactivity. A recent large-scale genome study has
isolated 35 single-nucleotide polymorphisms (SNPs) associated with motion sick-
ness susceptibility (Hromatka et al. 2015), demonstrating that multiple genes are
involved.

General Predictors

Infants and very young children are immune to motion sickness but have no dif-
ficulty vomiting for other reasons. Susceptibility motion sickness appears to onset
from 6 to 7 years of age (Reason and Brand 1975) and peaks around 9 years
(Turner and Griffin 1999a; Henriques et al. 2014). The reasons for this are uncer-
tain. Puberty begins later (around 10–12 years) than the 6–7 years age for onset of
motion sickness susceptibility, indicating that puberty is not the critical reason.
Another possibility is that the perceptuo-motor map is still highly plastic and not
fully formed until around 7 years of age. Most theories of motion sickness propose
that this perceptuo-motor map provides the ‘expected’ invariant patterns for
detecting possible sensory mismatches in the relationships between vestibular,
visual and kinaesthetic inputs, i.e. the ‘internal model’ (see section above
‘Mechanisms of Motion Sickness’). Following this peak susceptibility, there is a
subsequent decline of susceptibility during the teenage years toward adulthood
around 20 years. This doubtless reflects habituation. It is often observed that this
decline in susceptibility continues in a more gradual fashion throughout life toward
old age (Paillard et al. 2013). However, the interpretation maybe limited because
older people may avoid motion environments if they know that they are susceptible.
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Indeed, longitudinal evidence from individuals who have been studied objectively
in the laboratory suggests that toward older age, susceptibility may increase in a
minority of individuals.

Surveys of transportation by sea, land and air indicate that women are more
susceptible to motion sickness than men, although it must be emphasized that this
sex difference is an overall trend, with considerable overlap. Women show higher
incidences of vomiting and report a higher incidence of symptoms such as nausea
(Kennedy et al. 1995). Surveys of passengers at sea indicate a 5 to 3 female to male
risk ratio for vomiting (Lawther and Griffin 1988). This difference in vomiting
suggests that the increased susceptibility in women is likely to be objective and not
due to differential subjective reporting of symptoms. The elevated susceptibility in
women does not seem related to extra habituation to greater ranges of motion
environments experienced by risk-taking males (Dobie et al. 2001), nor to
gender-biased differential self-selection between males and females, e.g. when
volunteering for laboratory motion sickness experiments (Flanagan et al. 2005).
Moreover, this sex difference is not exclusive to humans because in animals, such
as the shrew Suncus murinus, females show significantly more emetic episodes and
shorter latencies to emesis in experimental exposures to motion (Javid and Naylor
1999). The cause of greater motion sickness susceptibility in women has been
suggested to involve the female hormonal cycle. Susceptibility varies over the
menstrual cycle, peaking around menstruation. But this cannot fully account for the
greater susceptibility in females because the magnitude of fluctuation in suscepti-
bility across the menstrual cycle is only around one-third of the overall difference
between male and female susceptibility (Golding et al. 2005). The elevated sus-
ceptibility of females to sickness extends to post-operative nausea and vomiting as
well as chemotherapy-induced nausea and vomiting (Morrow 1985; Golding 1998).
This may reflect an evolutionary function. Thus greater susceptibility to sickness in
females may serve to prevent exposure of the foetus to harmful toxins during
pregnancy, or subsequently through milk. Elevated susceptibility in females may be
‘hard-wired’ but capable of upregulation, albeit variably, by hormonal influences
during the menstrual cycle and even further during pregnancy (pregnancy sickness).

Relatively few other predictors of susceptibility have been found. Individuals
with high levels of aerobic fitness appear to be more susceptible to motion sickness,
and longitudinal experiments show aerobic fitness training increases motion sickness
susceptibility (e.g. Cheung et al. 1990). A more reactive autonomic nervous system
(including hypothalamic–pituitary–adrenal axis) in aerobically fit individuals may
sensitize them. Psychological variables such as mood may modify susceptibility in
contradictory directions: ‘state’ variables such as extreme fear or anxiety conditioned
to motion may contribute indirectly to motion sickness susceptibility; by contrast
extreme arousal ‘fight-flight’ such as observed in warfare may suppress motion
sickness (Reason and Brand 1975). Personality trait variables such as extraversion or
neuroticism do not strongly predict motion sickness susceptibility. Only weak cor-
relations occur between extraversion or similar personality traits with reduced
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susceptibility (Reason and Brand 1975; Gordon et al. 1994) and higher levels of trait
anxiety associated with increased susceptibility (Paillard et al. 2013).

Reliable physiological markers for predicting individual motion sickness sus-
ceptibility have proved elusive. The otoliths in the vestibular apparatus (labyrinths)
sense linear accelerations including gravity, whereas the semi-circular canals sense
rotational or angular accelerations. Individual variation in sensory thresholds to
angular or translational accelerations does not seem to relate to susceptibility in any
obvious fashion. Otolith asymmetry may occur naturally between left and right
labyrinths in some individuals but is compensated for by neurological adaptations
under the usual background acceleration of one gravity on Earth. However, such
asymmetries become suddenly revealed again when measured during zero-G
parabolic flight, and this has been proposed as an indicator of individual suscep-
tibility for space sickness under weightlessness (Diamond and Markham 1991).
However, this mechanism has not been definitely proven. Although motion sick-
ness produces profound autonomic changes, baseline autonomic characteristics are
unlikely to provide useful predictors for motion sickness susceptibility (Farmer
et al. 2014). Similarly, although motion sickness can cause postural instability, the
evidence that individual differences in postural stability or perceptual style (e.g.
Riccio and Stoffregen 1991) are major predictors of motion sickness susceptibility
seems limited (Golding and Gresty 2005; Diels and Howarth 2013; Lackner 2014).
Indeed, postural sway evoked by visual motion has been demonstrated to be dis-
sociable from the visually induced motion sickness (Lubeck et al. 2015). Shorter
time constants of the central vestibular velocity store have been suggested to cor-
relate with reduced motion sickness susceptibility (Lackner 2014; Dai et al. 2011),
but others have found no evidence of such a relationship (Golding and Gresty 2005;
Furman et al. 2011). It has been proposed that it may not be the absolute duration of
the time constant per se, but the ability to modify readily the time constant that may
be a candidate marker for success in motion sickness habituation (Golding and
Gresty 2005). Similarly, observations on cervical Vestibular Evoked Myogenic
Potentials (cVEMP) suggest that individuals with a broader dynamic range of
vestibular reflexes can respond and adapt to a wider array of stimulus amplitude,
predicting better future habituation to seasickness (Tal et al. 2013). Finally, indi-
vidual differences in brain white matter structure revealed by fMRI may relate to
nausea susceptibility, although this remains to be confirmed as a reliable predictor
(Napadow et al. 2013b).

Special Groups: Blind, Migraine and Vestibular Disorders

Blind or blindfolded normally sighted individuals can be made motion sick using
real physical motion, although obviously optokinetic stimuli (Table 1) will be
ineffective. Blind individuals, ranging from congenital to late acquired blindness,
are as susceptible to motion sickness as sighted individuals with eyes closed and
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their range of susceptibility tends to be comparable to normal-sighted people when
exposed to provocative cross-coupled motion (Graybiel 1970).

Migraineurs tend to have elevated motion sickness susceptibility. However, the
reason is not known. There may be a genetic link caused by defective calcium ion
channels shared by the brain and inner ear, leading to reversible hair cell depo-
larization, producing vestibular symptoms and that the headache might just be a
secondary phenomenon (Baloh 1998). Alternatively it may be due to altered
serotonergic system functioning in migraineurs (Drummond 2005; Brey 2005).
Support for this possibility was provided by the observation that the serotonin
1B/1D agonist rizatriptan provided some anti-motion sickness effects in migrai-
neurs (Furman et al. 2011). It is possible that there are several mechanisms for this
link, including pain pathways and autonomic reactivity (Cuomo-Granston and
Drummond 2010). The complexity of any association between migraine and motion
sickness is illustrated by Bosser et al. (2006), who surveyed the general population.
This survey demonstrated the expected association between elevated motion sick-
ness susceptibility and migraine. However, when these data were reanalyzed using
multivariate techniques, the existence of any independent association of motion
sickness with migraine disappeared and was replaced by other more important
predictors such as syncope (faintness) and autonomic reactivity (Bosser et al. 2006).

Certain groups of patients with vestibular pathologies have reduced or elevated
risk for motion sickness. Individuals who have complete bilateral loss of labyr-
inthine (vestibular apparatus) function appear to be largely immune to motion
sickness provoked by physical motion (Murdin et al. 2015) but may have some
slight susceptibility to visually induced motion sickness (Johnson et al. 1999).
Patients with Vestibular Neuritis (VN) or benign paroxysmal positional vertigo
(BPPV) show no overall difference in susceptibility compared to controls. But
within this broad picture many individuals up- or downregulate their sensitivity to
motion in response to their vestibular disease. Patients with Vestibular Migraine
(VM) have greatly elevated susceptibility (Boldingh et al. 2011; Paillard et al. 2013;
Murdin et al. 2015), as do those suffering from Meniere’s Disease (Sharon and
Hullar 2014).

Mal-de-debarquement

When a sailor returns to land after a time at sea, he or she often experiences the
sensation of unsteadiness and tilting of the ground. This is termed
Mal-de-debarquement. A similar effect is observed in astronauts returning to 1 g on
Earth after extended time in weightlessness in space. Whittle (1689) provided an
early description of Mal-de-debarquement, after the landing and during the advance
of the troops of William of Orange in Torbay in 1688: ‘As we marched here upon
good Ground, the Souldiers would stumble and sometimes fall because of a
dissiness in their Heads after they had been so long toss’d at Sea, the very Ground
seem’d to rowl up and down for some days, according to the manner of the Waves’.
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Mal-de-debarquement can lead to motion sickness but symptoms usually resolve
within a few hours as individuals readapt to the normal land environment.
Individuals susceptible to Mal-de-debarquement may have reduced reliance on
vestibular and visual inputs and increased dependence on the somatosensory system
for the maintenance of balance (Nachum et al. 2004). It has long been known that
the view of a stable horizon reference can increase resistance to motion sickness
(see next section) but provision of an artificial horizon failed to have any effect on
Mal-de-debarquement (Tal et al. 2014).

In a very small minority of individuals symptoms persist for months and years
and are troublesome. Patients with persistent Mal-de-debarquement syndrome
exhibit impaired postural stability but do not exhibit differences in cortical
excitability compared to controls (Clark et al. 2013). Customized vestibular exer-
cises have been proposed as a treatment (Murdin et al. 2011). Some temporary
relief can be obtained by re-exposure to motion but this is not a viable treatment. It
has been suggested that repetitive transcranial magnetic stimulation can reduce
symptoms for persistent Mal-de-debarquement syndrome (Cha et al. 2013).
Standard anti-motion sickness drugs appear ineffective but benzodiazepines appear
to offer some relief (Cha 2009).

Non-pharmacological Countermeasures Against Motion
Sickness

Behavioural countermeasures to motion sickness may be broadly classified into
habituation versus more immediate short-term behavioural modifications such as
changes in body posture or visual attention. The most useful ones are summarized
in Table 4.

Habituation offers the surest countermeasure to motion sickness but by definition
is a long-term approach. Habituation is superior to anti-motion sickness drugs, and it
is free of side effects (Cowings and Toscano 2000). The most extensive habituation
programmes, often denoted ‘motion sickness desensitization’, are run by the mili-
tary, where anti-motion sickness medication is contra-indicated for pilots because of
side effects including drowsiness and blurred vision. These programmes have suc-
cess rates exceeding 85 % (Benson 1999; Lucertini et al. 2013) but can be extremely
time consuming, lasting many weeks. Critical features include: (a) the massing of
stimuli (exposures at intervals greater than a week almost prevents habituation),
(b) use of graded stimuli to enable faster recoveries and more sessions to be
scheduled, which may help avoid the opposite process of sensitization, and
(c) maintenance of a positive psychological attitude to therapy (Yen-Pik-Sang et al.
2005). Whether or not anti-motion sickness drugs are of any practical use in this
context is debatable. For example, although some studies appear to show that
anti-motion sickness drugs can improve the rate of adaptation (Lackner and Graybiel
1994; Cohen et al. 2008), other studies in both the laboratory (Wood et al. 1986) and
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at sea (Van Marion et al. 1985) have shown that although anti-motion sickness
medications may speed habituation compared to placebo in the short term, in the
longer term it is disadvantageous. This is because when the anti-motion sickness
medication is discontinued, the medicated group relapses and is worse off than those
who were habituated under placebo.

Table 4 Behavioural countermeasures against motion sickness

Countermeasure Comments Possible Limitations

Habituation
(desensitization)

The most effective of any
countermeasure. Fully
acquired habituation is more
effective than any current
anti-motion sickness drugs
and also free of side effects

Can be slow to acquire, often
stimulus specific. It may need
periodic re-exposure to
motion to maintain adaptive
protection

Obtaining visual horizon
reference

Shown to provide some
protection in ships, ship
simulators, coaches and cars

Often not possible, e.g. if
below decks at sea or
passenger in rear inside seat
in land transport

Avoiding reading or visual
scanning

Shown to reduce motion
sickness in a variety of
transport or simulator
environments

Not compatible with
performance of visual tasks
such as map reading,
monitoring displays, etc.

Avoid head movements Reduces motion sickness in a
variety of transport
environments

Often not compatible with
effective performance of
tasks

Laying supine May be acting by reducing
head movements rather than
posture per se

Likely to be incompatible
with effective performance of
most tasks

Aligning Body with
Gravito-Inertial Force
vector (GIF), sometimes
called ‘Wave-riding’

Shown to be effective both in
the laboratory and outside: at
sea align the standing posture
(cf. ‘sea-legs’); as a car
passenger lean into the bends
when cornering

Requires experience and
some degree of accurate
anticipation of motion

Avoiding locations of
maximum motion

For example, avoid locations
such as the bows of a ship

Sometimes passenger or crew
work location cannot be
chosen.

Being in control For example being the driver
or the pilot. Also evidence
that perception of
‘controllability’ is important

Often not possible as a
passenger

Systematic controlled
breathing

Laboratory trials show it to
be around half as effective as
anti-motion sickness drugs
and reliable. Also free of side
effects

Requires some degree of
training. Also requires some
degree of attention, which
may interfere with very
complex tasks

Note that apart from Habituation, other behavioural countermeasures are only partially effective
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Habituation, itself, is often stimulus specific, producing the problem of lack of
generalization and transfer of habituation from one type of motion to another. For
example, tolerance acquired to car travel may confer no protection to seasickness
(Murdin et al. 2011). Thus to foster generalization, it is useful to use as wide a
variety of provocative motions as possible (see Table 2: ‘Stimuli’). The specificity
of habituation to different types of motion has been shown in animals to be reflected
in different anatomical patterns of neuronal functional changes (presumably
reflecting learning) in the vestibular–cerebellar network to different classes of
provocative stimuli (Kaufman 2005). Other neural structures such as the amygdala
and such areas as the nucleus tractus solitarius are thought to be important in
habituation to motion sickness (Nakagawa et al. 2003; Pompeiano et al. 2004). The
scope of applications of habituation training are diverse, e.g. ranging from habit-
uating pilots suffering airsickness, to reducing motion sickness produced by
short-arm rotors intended to provide artificial gravity in future space flight (Young
et al. 2003). Research continues to optimize habituation approaches (Cheung and
Hofer 2005; Stroud et al. 2005). On a positive note, although stimulus specificity of
motion habituation may be a problem for some people, some generalization of
habituation acquired from one type of stimulus to another can be demonstrated.
Exposing subjects to visual–vestibular interaction in the laboratory reduces their
sensitivity to motion sickness during travel in buses for example (Dai et al. 2011).
Similarly, a controlled trial demonstrated that optokinetic habituation training
generalized, giving subsequent reductions of seasickness in 71 % of those treated
versus 12 % of controls (Ressiot et al. 2013).

Immediate behavioural countermeasures include reducing head movements,
aligning the head and body with GIF (Golding et al. 2003; Wada et al. 2012) or
laying supine (Golding et al. 1995). The strategy of supine position provides some
protection of cruise ship passengers against sea sickness (Gahlinger 2000).
Consistent with the general observation that reducing head movements can reduce
motion sickness, movement restraint of head, shoulders, hips, and knees reduced
motion sickness induced by playing a video game while standing (Chang et al.
2013). However, such protective postures and restriction of movement may be
incompatible with task performance under many circumstances. It is usually better
to be in active control, i.e. to be the driver or pilot rather than a passenger (Rolnick
and Lubow 1991), a finding replicated in the laboratory (Golding et al. 2003).
Similarly, enhanced perceptions of control and predictability appear to reduce
motion-induced nausea (Levine et al. 2014). In a different context, exertion of
control reduced motion sickness induced by playing video games on a tablet
computer (Stoffregen et al. 2014).

Avoidance of tasks such as reading which enhance visuo–vestibular conflict is
often recommended. The importance of this may be gauged by the observation that
up to a quarter of co-drivers became motion sick in rally cars if they were reading a
book or sitting in the back seat (Perrin et al. 2013). Stroboscopic illumination
protected against motion sickness for back seat military helicopter personnel, per-
haps because it reduces retinal slip and visual–vestibular conflicts (Webb et al.
2013). Obtaining a stable external horizon reference is helpful in preventing motion
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sickness (Turner and Griffin 1999b; Bos et al. 2005). However, although a direct
view out of a car window reduced sickness, a real-time video display of the view
ahead failed to reduce sickness in rear seat car passengers (Griffin and Newman
2004). Standing with a wider stance width and view of the horizon may reduce
postural instability and motion sickness at sea (Stoffregen et al. 2013).

Controlled regular breathing has been shown to increase motion tolerance to
provocative motion, being approximately half as effective as standard anti-motion
sickness drugs yet rapid to implement and free of side effects (Yen-Pik-Sang et al.
2003a, 2005; Stromberg et al. 2015). See the case study at beginning of this
Chapter. The mechanism by which controlled breathing has its protective effect is
uncertain but may involve activation of the known protective inhibitory reflex
between respiration and vomiting (Yen-Pik-Sang et al. 2003b). In other words, it is
more than a simple placebo or distraction effect. Supplemental oxygen may be
effective for reducing motion sickness in patients during ambulance transport. By
contrast, it does not alleviate or prevent motion sickness in individuals who are
otherwise healthy. This apparent paradox is explained by the suggestion that sup-
plemental oxygen may work by ameliorating a variety of internal states in
ill-patients that sensitize for motion sickness, rather than blocking motion sickness
directly (Ziavra et al. 2003).

Anecdotally, modification of diet has been said to alter susceptibility to motion
sickness. Unfortunately the evidence is contradictory; for example, one study
suggested that protein-rich meals inhibit motion sickness (Levine et al. 2004),
whereas another study drew the opposite conclusion that any meal of high-protein
or dairy foods 3–6 h prior to flight should be avoided to reduce airsickness sus-
ceptibility (Lindseth and Lindseth 1995).

It has been suggested that ginger (main active agent gingerol) acts to calm
gastrointestinal feedback (Lien et al. 2003), but conflicting reports of its effect on
motion sickness indicate that any such effects are weak (Palatty et al. 2013). For
habitual smokers, the temporary abstinence and consequent withdrawal from
nicotine provides significant protection against motion sickness (Golding et al.
2011). Indeed, this finding may explain why habitual smokers are at reduced risk
for PONV, whereas non-smokers have elevated risk, the other main PONV risk
factors being female sex, greater motion sickness susceptibility, and previous epi-
sodes of PONV. The unavoidable temporary nicotine withdrawal perioperatively
and the consequent increased tolerance to sickness may explain why smokers have
reduced risk for PONV (Golding et al. 2011).

Placebo effects can be strong but very variable (Lackner 2014). Combining
positive verbal instructions and placebo can promote reductions in motion sickness
(Horing et al. 2013). High-frequency head vibration can provide some reduction in
motion sickness (Bos 2015) but it is unclear if this is simply an additional placebo
effect; moreover, its practicality outside of the laboratory is unproven. Providing
pleasant (or unpleasant) scents had no effect on motion sickness sensitivity,
although the reverse effect occurred since motion sickness enhanced sensitivity to
odours (Paillard et al. 2014). By contrast, another study claimed pleasant smells
alleviated motion sickness (Keshavarz et al. 2015). In an unpublished study, the
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present author used pleasant odours to prevent motion sickness during parabolic
flights, at the initial stages of motion sickness some alleviation occurred but at
higher levels of motion sickness the previously pleasant odour became aversive and
exacerbated symptoms. Such findings suggest that the effect of pleasant odours is
likely to be weak and of little practical use as a countermeasure for motion sickness.
Listening to pleasant music can reduce motion sickness elicited by cross-coupled
motion (Yen-Pik-Sang et al. 2003a), a finding replicated with visually induced
motion sickness (Keshavarz and Hecht 2014). This may reflect a kind of distraction
or placebo effect.

Although electrical stimulation of the vestibular apparatus, usually termed
‘galvanic vestibular stimulation’ (GVS), can cause vertigo and nausea, the opposite
effect has been proposed, that it may provide a novel countermeasure for motion
sickness. GVS synchronous with the visual field may normalize electrogastro-
graphic and autonomic responses and reduce motion sickness during flight simu-
lation (Cevette et al. 2012). The mechanism perhaps involves reducing visual–
vestibular conflicts but it is uncertain if it is of practical use outside of the labo-
ratory. Transcranial electrical stimulation has been shown to reduce motion sickness
evoked by physical motion in the laboratory but this requires replication to prove its
reliability (Arshad et al. 2015). Some report electroacupuncture, ordinary
acupuncture, or acupressure to be effective against motion sickness (Bertalanffy
et al. 2004). However, well-controlled trials find no evidence for their value (Bruce
et al. 1990; Miller and Muth 2004); consequently it is probable that any specific
protective actions are relatively small, over and above any placebo effects.

Pharmacological Countermeasures

Many of the drugs used against motion sickness were identified in the Second
World War in research to reduce sea sickness and air sickness in military personnel.
The most important were scopolamine and amphetamine. The antihistamine class of
drugs were discovered shortly afterwards. It is noteworthy that nearly all the
common drugs currently used against motion sickness had been identified and
proven over 40 years ago (Wood and Graybiel 1969). They may be divided into the
categories: antimuscarinics (e.g. scopolamine), H1 antihistamines (e.g. dimenhy-
drinate), and sympathomimetics (e.g. amphetamine). Commonly used anti-motion
sickness drugs are shown in Table 5. However, these drugs, alone or in combi-
nation, are only partially effective. Other classes of potent antiemetics are employed
for treating nausea and vomiting due to a wide variety of causes, including emetic
side effects of chemotherapy, but are not effective against motion sickness. These
include D2 dopamine receptor antagonists, 5HT3 antagonists (Levine et al. 2000),
and neurokinin NK1 receptor antagonists (Golding 2006b). This is probably
because their sites of action may be at vagal afferent receptors or the brainstem
chemoreceptor trigger zone (CTZ), whereas anti-motion sickness drugs act else-
where. Additionally, in the case of neurokinin NK1 receptor antagonists, although
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they might stop vomiting from motion sickness in animals, it has been shown that
they do not prevent motion sickness induced nausea in man.

Anti-motion sickness drugs often produce unwanted side effects, drowsiness
being the most common. Promethazine is good example of an anti-motion sickness
drug which is highly sedating (Cowings and Toscano 2000). Scopolamine may
cause blurred vision in a minority of individuals, especially with repeated dosing.
The combination Scopolamine + Dexamphetamine (so-called ‘Scopdex’) is highly
effective since each drug acts through a different pathway, consequently their dif-
ferent anti-motion sickness properties are additive but their respective unwanted
side effects of sedation and stimulation cancel each other out. For legal reasons
(drug abuse potential of amphetamine) the Scopdex combination is no longer
available, apart from specialized military use. Unfortunately new atypical stimu-
lants such as Modafinil have been shown to be of no use as a replacement for
amphetamine in motion sickness (Hoyt et al. 2009). Some medications such as
transdermal scopolamine (i.e. scopolamine skin patch) or the calcium channel
antagonist Cinnarizine are significantly less sedating than others (Gordon et al.
2001).

Well before more obvious symptoms such as nausea develop, motion sickness
induces gastric stasis which prevents drug absorption by this route (Stewart et al.
2000). Consequently, oral administration must anticipate this and oral medications
must be taken early. Injection of the drug overcomes the various problems of slow
absorption kinetics of oral tablets and gastric stasis (or indeed expulsion of tablets by
vomiting). Transdermal delivery offers the advantage of providing protection for up
to 72 h with low constant concentration levels in the blood, thus reducing side effects.
The slow onset time (6–8 h) of transdermal scopolamine can be offset by simulta-
neous administration of oral scopolamine, enabling protection from 30 min or so

Table 5 Common anti-motion sickness drugs (adapted from Benson 2002)

Drug Route Adult dose Time of onset Duration of action (h)

Scopolamine Oral 0.3–0.6 mg 30 min 4

Scopolamine Injection 0.1–0.2 mg: 15 min 4

Scopolamine Transdermal patch One 6–8 h 72

Promethazine Oral 25–50 mg 2 h 15

Promethazine Injection 25 mg 15 min 15

Promethazine Suppository 25 mg 1 h 15

Dimenhydrinate Oral 50–100 mg 2 h 8

Dimenhydrinate Injection 50 mg 15 min 8

Cyclizine Oral 50 mg 2 h 6

Cyclizine Injection 50 mg 15 min 6

Meclizine Oral 25–50 mg 2 h 8

Buclizine Oral 50 mg 1 h 6

Cinnarizine Oral 15–30 mg 4 h 8

Note the names given above are for the drug itself, the tradename of the formulation containing the
particular drug may be different
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onwards (Nachum et al. 2001). Unfortunately, there may be variability in absorption
via the transdermal route, which alters effectiveness between individuals (Gil et al.
2005). ‘Chewing gum’ formulations offer the prospect of motion sickness prophy-
laxis with reduced side effects compared to tablets, due to a more sustained release
(Seibel et al. 2002). Buccal absorption (i.e. through the mucous membranes of the
mouth and throat) is effective with scopolamine but an even faster route is via nasal
scopolamine spray. Peak blood levels may be achieved in 9 min with nasal spray
(Ahmed et al. 2000). This nasal route has been shown to be fast and effective against
motion sickness (Simmons et al. 2010), although is not yet available for public use.

Research into new anti-motion sickness drugs includes re-examination of old
drugs such as phenytoin, as well as the development of new agents. The range is
wide, including phenytoin, betahistine, chlorpheniramine, cetirizine, fexofenadine,
benzodiazepines and barbiturates, the antipsychotic droperidol, corticosteroids such
as dexamethasone, tamoxifen, opioids such as the u-opiate receptor agonist lop-
eramide, neurokinin NK1 receptor antagonists, vasopressin V1a receptor antago-
nists, NMDA antagonists, 3-hydroxypyridine derivatives, 5HT1a receptor agonists
such as the antimigraine triptan rizatriptan, selective muscarinic M3/m5 receptor
antagonists such as zamifenacin and darifenacin (for review see Golding 2006b). So
far none of these drugs have proven to be of any major advantage over those
currently available for motion sickness (Golding 2006b). The reasons are various
and include relative lack of efficacy, or complex and variable pharmacokinetics, or
in those that are effective, unacceptable side effects. A possible candidate for an
effective anti-motion sickness drug with fewer side effects might be a selective
antagonist for the m5 muscarinic receptor (Golding and Stott 1997b). The aim in
the future should be to develop drugs with highly selective affinities to receptor
subtypes relevant to motion sickness to produce an anti-motion sickness drug of
high efficacy and with few side effects.

From a practical point of view, it is best for an individual to first of all try out any
particular anti-motion sickness drug he or she proposes to use, in an undemanding
motion-free environment. This enables them to check if they have any idiosyncratic
sensitivities to unwanted side effects from that drug. If the person is a driver, they
should be aware that side effects may persist for some time, which is especially
important if driving a vehicle shortly after disembarking after having recently taken
an anti-motion sickness drug. Also, it is sometimes forgotten that the usual mode of
use of anti-motion sickness medication is to prevent motion sickness, not to cure
sickness that has already started. The latter, so-called ‘rescue’ medication approach
is very limited and is confined to the injection route of drugs such as promethazine
or scopolamine, and then usually only when administered by a doctor or medical
officer. Another factor which must always be borne in mind is to take any medi-
cation in good time, both because of gastric stasis with oral routes (see above) and
because of the widely different times from administration of the drug to onset of
motion protection, due to differing absorption rates and differing pharmacological
mechanisms (see Table 5: Times to Onset). Finally, as can be seen in Table 5, the
duration of protection provided varies widely between drugs.

174 J.F. Golding



Summary

As we have seen, the problem of motion sickness has been noted from very early
written records; over two thousand years ago the Greek physician Hippocrates
wrote, ‘… sailing on the sea proves that motion disorders the body …’. It is almost
certain that humans must have experienced motion sickness since they first trav-
elled to sea with early boats, although written records do not exist from those
prehistoric times. This chapter described the signs and symptoms of motion sick-
ness and different types of provocative stimuli. The primary signs and symptoms of
motion sickness are nausea and vomiting, additional symptoms may include
drowsiness, especially during long-duration motion exposure often encountered at
sea. Motion sickness can be provoked by a wide variety of transport environments,
including land, sea, air, and space. The recent introduction of new visual tech-
nologies may expose more of the population to visually induced motion sickness.
The ‘how’ of motion sickness (i.e. the mechanism) is generally accepted to involve
sensory conflict or sensory mismatch between actual versus expected invariant
patterns of vestibular, visual, and kinaesthetic inputs as predicted by an ‘internal
model’. New observations have concerned the identification of putative ‘sensory
conflict’ neurones and the underlying brain mechanisms. In addition, there now
seems to be greater understanding of why motions around 0.2 Hz should be so
provocative of motion sickness. But what reason or purpose does motion sickness
serve, if any? This is the ‘why’ of motion sickness, which we analyzed from both
evolutionary and non-functional maladaptive theoretical perspectives. The most
satisfactory explanation from this perspective is that motion sickness is simply the
inadvertent activation by transportation environments of an ancient defence reflex
against poisons. This so-called ‘Toxin detector’ hypothesis proposes that the
vestibular system is thought to have evolved a secondary role in detecting toxins as
a result of disruptions of its highly sensitive and accurate functioning. This toxin
defence reflex evolved in vertebrate animals well before modes of transportation or
moving visual displays were invented by humans. Individual differences in sus-
ceptibility are great in the normal population and recent studies would suggest a
large degree of genetic basis. In more general terms the main predictors appear to be
age (maximum susceptibility occurs around 9 years) and gender, females being
somewhat more susceptible than males, although there is a large degree of
overlap. Motion sickness susceptibility also varies dramatically between special
groups of patients, including those with different types of vestibular diseases, and is
elevated in migraineurs. Finally, the efficacy and relative advantages and disad-
vantages of various behavioural and pharmacological countermeasures have been
evaluated. Habituation to motion is by far the most effective countermeasure but by
definition is time consuming and can be very slow in some individuals. Habituation
may also be specific to a particular type of motion, e.g. habituation to car sickness
may not protect against seasickness, because the exact patterns of motion are not the
same. Other behavioural countermeasures are only partially effective and some-
times may be prevented by circumstances or incompatible with requirements of
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work duties. These include obtaining a stable horizon reference, avoiding head
movements, laying supine and avoiding close visual scanning. Controlled sys-
tematic breathing has been shown to provide some protection, albeit less than
anti-motion sickness drugs. A possible new intervention involves applying very low
electrical currents (not subjectively detectable) to the scalp in order to selectively
stimulate and inhibit various cortical brain areas. This has been shown to be
effective in the laboratory but needs to be shown to be of practical use in the field.
Medication with various anti-motion sickness drugs remains a standby for those
situations where habituation is not feasible (e.g. single trips or experiences of a
provocative environment). The various types of medications were reviewed and
their various advantages and disadvantages. They all have the limitations of side
effects (e.g. drowsiness), drug absorption delays have to be factored in and they do
not provide complete protection. Recently an intranasal scopolamine (hyoscine)
dosing system has been developed by the military which provides absorption
almost as fast as injection and avoids the limitations of oral tablet absorption.
However, it is yet to be made available to the general public. Research continues
with the aim of developing new anti-motion sickness drugs which would be highly
selective for blocking those brain pathways involved in motion sickness but
avoiding actions on other brain systems which would cause unwanted side effects.
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Risk Communication: Following
a Maritime Disaster

Ian de Terte and Elspeth Tilley

Case Study

On 5 October 2011, a container ship Rena ran aground on Astrolabe Reef in the
entrance to Tauranga Harbour, New Zealand. The ship damaged its hull and
approximately 350 tonnes of heavy fuel oil spilled into the environment and sub-
sequently washed up on the shores of Bay of Plenty, New Zealand. In addition, the
ship lost the majority of its containers and was deemed to be a total loss (Transport
Accident Investigation Commission 2014). Although there was no loss of human
life, the crew and cleanup workers, particularly those dealing with injured wildlife,
reported a range of signs and symptoms of trauma. Maritime New Zealand national
scene commander Nick Quinn commented in the media on the “unbelievably huge
emotional aspect to it all” (Fairfax 2011, para. 19), and counsellors were called into
assist.

Later, charges were laid against Rena’s captain and navigator under New
Zealand’s Maritime Transport Act, Resource Management Act, and Crimes Act,
and they were found guilty of operating a vessel in a manner likely to cause danger
(Daly 2012). Part of the issue, according to the judgement in the case, was a
single-minded focus on reaching the pilot station by a particular deadline, to the
detriment of focus on other navigational principles (Bowen and Migone 2012). The
judge concluded that the crew had failed to follow “basic navigation practices”
before the ship ran aground, cutting corners and sailing hazardously (Bowen and
Migone 2012). A defence lawyer for one of the men pointed out that the men were
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not thinking clearly at the time—they knew that all their discussions on the bridge
were recorded by the black box, yet held an audible conversation about falsifying
navigation records: “That gives an idea of their state of mind” (Bowen and Migone
2012).

The Rena incident, while foremost in damage to property and environment, was
not an isolated case for New Zealand, where the combination of rocky coastline and
extreme weather mean there have been major incidents of both environmental
impact and lives lost, as well as frequent “near misses.” Just some of the major
incidents in New Zealand waters include the 1863 loss of the Royal Navy steam
ship HMS Orpheus, which was wrecked at the entrance to Auckland’s Manukau
Harbour, killing 189 men; the 1881 Tararua shipwreck in which 131 passengers
and crew were lost; the 1909 Cook Strait ferry Penguin shipwreck off Cape
Terawhiti with the loss of 72 lives; the sinking of the ferry Wahine in 1968 which
killed 53 people; the Mikhail Lermontov cruise ship which sank in 1986, killing a
crew member; the 1998 grounding of the Don Wong 529 with 400 tonnes of
automotive gas oil spilled; and the Jody F Millennium, which spilled 25 tonnes of
fuel oil in 2002 (see Maritime New Zealand N.d.; Ministry for Culture and Heritage
2014 for these and more incidents). While these are the worst cases, they illustrate
the outer extent of risks that maritime workers live with on a regular basis.
Globally, maritime professions have long been recognized as inherently dangerous,
with fatality rates fluctuating, but ranging from peaks of 18 times the national
work-fatality average in Australia to more than 50 times higher than the national
average in the United Kingdom, and 25–30 times higher in Denmark (Lindøe
2007).

While some of the industry-level costs of this risk have been well researched, the
practical implications for effective interpersonal and group communication prac-
tices during both everyday maritime work and before, during and after a high-risk
or crisis situation have not previously been well documented. Complicating this is
the fact that, as Pomeroy (2014) and Bailey (2006) report, these risks are not always
accurately perceived or acknowledged by maritime professionals. Pomeroy believes
divergence between actual and perceived risks “may explain some of the maritime
incidents that appear to be the consequence of apparently inexplicable acts” (2014,
p. 50). Such a divergence also has important communication implications. First, it
indicates the need for circulation of clear, accurate, meaningful information right
throughout the industry as to real levels of risk. Preparing to face risk with
responses that ensure resilience takes effort, and one of the key motivators for
expending such effort is realistic appreciation of the personal consequences of the
risk. Second, living with daily risk as occurs in maritime industries will certainly
impact on the design and delivery required for effective risk communication. Hence
in this chapter, we outline both the psychological impacts of a crisis and how best to
communicate with people who are living with heightened daily risk.
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Review of State of the Knowledge

The impact of disasters such as those outlined previously is far reaching and may
have psychological consequences for some of the people involved. Disasters have
been categorized into two separate domains, natural disasters and human-made
disasters (Galea et al. 2005). Sometimes human-made disasters have been further
divided into human-made and technological disasters. Natural disasters are events
that occur because of acts of nature, for example, earthquakes. Human-made dis-
asters are events that are the result of some act by human beings, such as terrorism.
Technological disasters are events that occur because of some malfunction in
technology, such as factory explosions (Neria et al. 2008). Scientific research has
found that individuals have more difficulty psychologically recovering from a
human-made disaster or a technological disaster than a natural disaster (Norris et al.
2002). However, there is some scientific debate about the simplistic nature of this
categorization of disasters (Grimm et al. 2012). The Rena disaster would be
characterized as a human-made disaster because it was an event that could have
been avoided by better human decision-making. There are some common reactions
to such events or situations that can be directly transferable to other marine dis-
asters. There are some other psychological phenomena that may have impacted on
this marine catastrophe such as crew fatigue and cognitive performance. However,
this chapter will focus on the psychological consequences of such an event and how
these consequences impact on communication processes.

The psychological reactions to such an event may be plotted on a continuum.
This continuum would include posttraumatic stress disorder (PTSD), psychological
distress, secondary traumatic stress, and no reaction. At one end of the continuum
people may have a reaction like PTSD. For an individual to be diagnosed with
PTSD, according to the fifth edition of the Diagnostic and Statistical Manual of
Mental Disorders (DSM-5; American Psychiatric Association 2013), they need to
be exposed to a traumatic event. Then the individual concerned must have the
following reaction to the traumatic event: intrusion symptoms, avoidance symp-
toms, negative alterations in cognitions and mood, and marked alterations in arousal
and reactivity. There are a number of symptoms under each sub-construct that
stipulate when an individual meets the relevant criterion. For a full description of
the diagnostic criteria the reader is referred to the DSM5 (American Psychiatric
Association 2013). It should be noted that in some jurisdictions only psychiatrists or
clinical psychologists are able to diagnose people with such a clinical phenomenon.
The second stage of the continuum is where people may not meet the first diag-
nostic criteria for PTSD, which relates to being exposed to the traumatic event, but
they may still have some of the reactive symptomatology of PTSD (e.g. avoidance).
In addition, some people may have other psychological phenomena, such as stress,
fear, anxiety, blaming, anger, fatigue or dissociation. This is not an exhaustive list,
but notes some of the psychological difficulties that some people who are exposed
to a traumatic event may exhibit.
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Some people who are exposed to an event like the grounding of the Rena may
not meet the criterion stipulated by the DSM5 regarding what constitutes exposure
to a traumatic event. However, they may still exhibit psychological difficulties. The
third stage of the continuum is when an individual may have secondary traumatic
stress. Secondary traumatic stress is where the individual does not directly expe-
rience the traumatic event, but hears about the event via a third party and mimics
the reactive symptoms of PTSD. Finally, some people may have no reaction to such
an event whatsoever. To summarize, people who are exposed to such an event may
have a diverse range of reactions.

An alternative phenomenon is that people may begin to problem-solve the issue.
In the case of the Rena’s grounding, the crude oil that leaked from the container
ship washed up on the Bay of Plenty shores. An example of the problem solving of
local people is that in this incident they began to clean their foreshore of oil residue.
However, this modus operandi displayed by the helpers was not considered to be
the best option because of their physical safety (Goldstein et al. 2011), further
environmental contamination, or the correct disposal of oil residue (K. Manch,
personal communication, April 28 2015). However, the people who were cleaning
up the beach believed that they were providing an appropriate response.

There are two matters to consider here. On the one hand, some people may have
a psychological response to a crisis event and are not sure if this is a normal reaction
or how this response should be dealt with. On the other hand, some people may
commence problem solving without full knowledge of how they should respond to
such a marine disaster. Both matters require some expertise and knowledge on the
subjects as to how to deal with them. In addition, after an event like the Rena there
are multiple impacts that need to be dealt with, so human reactions may be low on
the list of priorities for some individuals. However, we believe that people should
be informed about how these subjects should be dealt with. These messages need to
be communicated to the people involved, but how should such a message be
communicated so that the recipients engage with the message? Unless psycho-
logical factors are addressed in the design of risk communication not only during an
incident, but also before and after, understanding and compliance will be hard to
obtain and harm can be exacerbated (Mehta et al. 2014).

The Implications for Communication Practice

There are many communication guidelines that can help, but one highly relevant
one is the elaboration likelihood model (ELM). Developed by social psychologists
Petty and Cacioppo (1986), ELM investigates the different ways that people process
communication messages, and the different results for communication effectiveness,
including changes in attitude or behaviour, such as compliance or rejection.
Elaboration refers to mental processing, or the effort spent considering and evalu-
ating arguments and context.
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Petty and Cacioppo’s (1986) research led them to group people’s communica-
tion processing into two main categories: central processing, in which attitudes are
formed as a result of careful assessment of a range of information; and peripheral
processing, in which attitudes are adopted more rapidly and in a less considered
way. Both can result in effective communication, but the central route requires more
intensive message elaboration, meaning higher levels of mental effort are involved,
while the peripheral route involves low message elaboration, offering a short-hand
or intuitive way to accept or reject a message. The two are not mutually exclusive
and a combination anywhere along a spectrum may be used.

ELM studies have suggested that attitudes adopted after lower elaboration are
vulnerable to subsequent counter-persuasion, but also that few people regularly
have time, ability and inclination to conduct a lot of central processing other than
for particular issues in which they have a deep personal emotional investment, and
therefore most everyday attitudes are predominately peripherally formed rather than
deeply researched and considered (Petty and Cacioppo 1986; Petty and Wegener
1999). Additionally, some people are in a better position to elaborate either gen-
erally or on particular topics than others—plus at different times and in different
circumstances we may shift on the spectrum in terms of our processing. For
example, children will typically process differently than adults, as will experts
versus novices, as will anyone who is feeling too busy and tired to elaborate, or who
is in a highly distracting situation (hence why expensive fashion boutiques often
play distracting music, to encourage a quick and emotive rather than thoughtful and
cognitive purchasing decision). In particular, stressed or traumatized audiences are
very unlikely to be able to devote much cognitive effort to central processing and
will typically make highly intuitive, peripherally processed decisions. So in times of
crisis, such as a ship heading for a reef, we are often reliant on our “gut instinct”
and may ignore things we would “know” to do, based on evidence or prior learning,
in calmer times. On the flip side of this, if we spend time developing and practising
centrally developed attitudes and behaviours during calm times, those attitudes will
be more likely to withstand counter-pressures even during times of stress.

People using either communication processing route as the dominant one to deal
with incoming information will typically seek different things to aid their decision.
Those primarily using central processing at any given time seek out facts, statistics
and “hard data.” They want reasoned, logical arguments with supporting examples
and evidence. For example, if we are grocery shopping and we are not in a hurry,
and we want to make some dietary or budgetary decisions with particular outcomes,
we might process our shopping selections centrally. We may scrutinize nutritional
and ingredient information, calculate price per kilogramme and compare with other
package sizes or brands, read the fine print of environmental information and look
carefully at brands we have never bought before to see if they better meet our goals
than our regular brand. Then we make a considered, and likely quite lasting,
decision.

By contrast, if we are processing the shopping choices peripherally, perhaps
because we are in a hurry, tired, stressed or just do not have the inclination to
elaborate today, we will seek a different set of cues for our decision-making. These
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may include cognitive heuristics or mental shortcuts such as a trusted recommen-
dation: “Mum used this brand so it must be good.” Familiarity also works as a
mental shortcut, such as recognizing the package or logo from advertising. Prior
experience can also provide a mental shortcut (“this is the brand I got last time” or
“this is the way we’ve always done it”), as can an endorsement from a celebrity,
expert, person we look up to (for example in a maritime context “the best captain I
ever sailed with always did it this way”) or a person we like (“my friends do it this
way”). In a peripheral context, we also place value on visual elements (photos,
simple graphics and diagrams, using clearly differentiated bright colours) and what
could be called “window dressing” of the communication rather than the infor-
mation itself (e.g., for a product that could mean glossy packaging, a price
reduction, a giveaway or contest, or a photo of a celebrity on the box, while on a
ship that may mean the brightest coloured signage placed most prominently at eye
level at the precise moment when we have to make a decision). When processing
peripherally we seek very simple information messages, and are also quite sus-
ceptible to directive messages that tell us what to do, provided they come from a
source we trust and like. An entertainment element to the message, not just purely
information, is also effective in peripheral processing—so if your audience is likely
to process at least part of your communication peripherally, your message can
potentially be delivered with (appropriate) humour, or delivered in the context of
other entertainment values, such as being part of a day of fun activities or simulation
games that “embed” serious learning messages about managing risk or achieving
safety outcomes in an entertaining format.

What Happens During Message Processing?

Messages processed by the central route usually result in long-lasting attitude or
behavioural change if arguments are well presented and credible and particularly if
“inoculation” against opposing arguments is provided—that is, you let your audi-
ence know what counterarguments exist and actually take them through those
arguments to evaluate their validity (Banas and Rains 2010). This all takes time, so
cannot be done in the heat of the moment of crisis. It can, however, be done
beforehand—and so in the context of maritime risk, preparation in advance of the
attitudes and behaviours that will help when a typical maritime crisis hits is crucial.
This includes running regular crisis training in which both common and uncommon
disasters are simulated, debriefing everyone afterwards, and evaluating and
updating communication materials after every crisis test. Important aspects include
getting all levels of staff involved in planning these crisis simulations and creating
an atmosphere of co-operation and trust in which people are happy to talk about the
risks they perceive and areas where safety problems could arise (Moats et al. 2008).
Effective crisis simulations can include both computer-game-based simulations and
live-action rehearsals (Boin et al. 2004).

190 I. de Terte and E. Tilley



An important communication-related element of preparation is ensuring that
those who will lead a real crisis response have plenty of positive contact with all
staff during non-crisis times, and are well-known faces and personalities. Because
trust, familiarity, likeability and status are important peripheral cues when people
are stressed, it is also extremely important to build those kinds of relationships with
your audience beforehand too. This preparation phase when efforts are being made
to inculcate the kinds of attitudes and behaviours that reduce risk and increase
safety or that prepare people to know their role and responsibility should a crisis
occur is also the most appropriate time to include entertainment value. When
audiences are conscious of a persuasive intent, they are more likely to resist a
message through reactance (a “boomerang” or push-back attitude against authority
that involves resisting perceived pressure to change; Brehm and Brehm 1981) and
counterarguing (actively thinking up reasons to contradict or undermine a persua-
sive message; Eveland and Cooper 2013). Antiauthoritarian sentiment has been
shown to be increasing over the last three generations in many cultures, so there
will be age-related differences in resistance to authority (McCrindle and Wolfinger
2009). Eveland and Cooper note that “Entertainment media that contain persuasive
messages can reduce these forms of resistance through greater involvement with the
narrative. This involvement facilitates the development of message-consistent
beliefs, especially in audiences otherwise predisposed to disagree with the mes-
sage” (2013, p. 14091) Entertainment-based communication methods, such as skits,
songs, dance, comedy, television drama or multimedia including animations and
dramatized scenes, are all methods that may assist with overcoming barriers to
message processing (Edmond and Tilley 2002). An added bonus is that these are
often non-print channels and therefore accessible to audiences with widely different
levels of print literacy. An example of this is an African mining company that found
a 30 % reduction in workplace accidents 18 months after introducing a series of
short performance pieces dramatizing safety issues through oral storytelling, song,
dance, chanting, music and metaphor (Edmond and Tilley 2002).

The peripheral route usually results in only a temporary shift of attitudes or
behaviour, so you cannot predict long-term results and need to keep repeating your
message (even top brands need to keep advertising to maintain buyer purchasing
behaviour). However, if all you need is a quick response of compliance, by trau-
matized people who cannot think things through, then peripheral cues such as
likeability are very powerful—so in a maritime crisis, ask the most liked and trusted
leader on the ship to deliver short, simple, directive messages, but to do so in a way
that is humanized and empathetic. This should help provide the necessary
peripheral cues for compliance.

In life and work, most messages are in fact processed peripherally. And the most
effective peripheral messages are those that emphasize tangible, immediate, per-
sonal rewards (“Together we will make this ship as safe as we can, for everyone.
I trust you with this important responsibility—to check every lifeboat has stores—
because I know you won’t let me down”). Alongside personal benefits, design
peripheral messages to emphasize the positive characteristics of whomever is
delivering the message, including their credibility and expertise (“We have trained
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many times for this, we know exactly what to do”), likeability (be human), and
familiarity (messages before, during and after crises should come from one of the
ship’s own, not from an external body or stranger, and most definitely not from an
officious-sounding bureaucratic organizational title that is not actually a person with
a name and identity as a human).

These kinds of noncognitive cues are particularly important for unmotivated,
incapable, stressed audiences. If peripheral cues are not present, stressed audiences
may simply “not hear.” Peripheral attitude change is typically short term (messages
need to be repeated, and repeated and repeated during a crisis). Celebrity
endorsements provide one of the strongest peripheral cues yet discovered, yet even
then the change is small and transitory (Chaudhuri and Buck 1995). Expert testi-
monials are also effective, with high-credibility sources producing more attitude
change (hence the Captain should speak in times of stress), but even
high-credibility sources typically convince less than half of an audience if the
audience is not predisposed to agree with their message through likeability cues
(Chaiken et al. 1989). Maintaining consistently good relations between ships’
officers and crew, then, has psychological and communication consequences for
mitigating a maritime disaster—as does ensuring senior crew are sober and ready to
take command during a crisis. Because crew look first and foremost to their most
trusted expert to lead crisis communication, the absence or incapacity of a senior
officer whom crew respect and like may have far more wide-reaching negative
consequences during a crisis than the simple absence of any one person among
many may logically be expected to cause.

How Does This Relate to More Typical Everyday Maritime
Risk Communication?

The maritime audience, which refers to those people who are in the maritime
industry either in a professional or social capacity, is always slightly aroused (in the
psychological sense of heightened alertness, and higher than-average vigilance to
risk in the surrounding environment). Factors that may exacerbate that arousal
along a continuum that leads ultimately to a state of trauma in which communi-
cation is difficult to hear and process include: shift work, particularly night shifts
(disruption to circadian rhythms increases adrenal strain), long shifts or repeated
long shifts over several days (fatigue and lack of concentration build up both over a
shift and cumulatively across several days of long shifts; Rosa and Colligan 1997);
build-up of residual stress from prior incidents (e.g., prolonged sequential periods
of bad weather); alcohol and drugs; relationship difficulties (personal or work);
changes in life circumstances (divorce, death of a loved one, moving house); culture
shock (transition from one cultural group or context to another or, as can be the
situation on commercial maritime vessels, hiring cross-cultural labour, teams from
different cultures working together or groups from different cultures working at
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different organizational levels of the ship hierarchy); and illness (Bailey 2006,
reports higher than average levels of illness and mental illness among seafaring
workers). Additional maritime-specific factors contributing to heightened adrenal
stress and, consequently, fatigue, may include jobs with strenuous physical labour,
using heavy or dangerous machinery, and handling dangerous goods or volatile
cargo and equipment. In New Zealand, the Maritime Union has also raised the
casualization of the industry and irregular short-contract work patterns as con-
tributing to worker stress, reduced skills and safety issues in parts of the industry
(Maritime Union of New Zealand 2015). And in maritime workplaces, as in many
workplaces globally, there may be multiple languages, plus print literacy levels may
also be an issue for written communication processing. In general with increasing
global access to cheap audiovisual technologies, many younger populations are
shifting towards a more heavily oral and visual skillset, with a concomitant
reduction in print-processing literacy (Ong 2002). Literacy levels may particularly
be of issue for some kinds of maritime workers because of the limited access to
print materials on board ship, cultural preferences for orality and/or background
education levels. Loading a worker who struggles with print literacy with frequent
or crucial written communication material has been shown to be a factor in worker
stress and feelings of depression and inadequacy (Tilley et al. 2006). This again
causes heightened adrenal arousal, which means when an individual has an
increased level of biological reactivity in their body, including an increase in the
release of adrenaline in their body (Friedman and McEwen 2004), that can in turn
lead to fatigue and inability to concentrate, in what can only be described as a
vicious cycle.

Factors that may alleviate that arousal and keep it at levels that are less likely to
impede the processing of risk communication include preparation and planning;
risk and crisis scenario forecasting; crisis response rehearsal; sense of personal
control (such as over a specific response task); sense of accountability for outcomes
of tasks in an individual’s control (if I do this task well, I personally can help save
lives); general health and safety practices (sleep, diet, opportunities to talk formally,
opportunities to socialize informally); and sense of values alignment with the
organization (this ship is run in a way that aligns with the things I care about, such
as safety—and when it is not, I have opportunities to speak up and be listened to,
and my input is valued). Good management practices generally are important to
creating a crew that can communicate well under pressure.

Even with good health and safety practices, however, seafaring is an inherently
high-arousal state. These arousal factors mean that while at sea, messages will need
to be largely peripheral. They should be reminder messages, not new information.
Simple, one-sided messages will be most effective on audiences who already agree
with the gist of what you are saying. The peripheral messages should provide a
prompt or reminder of what to do—meaning the careful elaboration through the
central route that establishes compliance attitudes must have been completed prior.
Simple messages are also most effective on audiences with lower standards of
education, limited knowledge of the topic and less sense of personal involvement in
the topic—this kind of audience is generally less sceptical than an audience that
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sees itself as expert and involved. On a ship, it will often be necessary to differ-
entiate between levels of central and peripheral messaging for different segments of
the audience, rather than try to use one message for everyone on board. When the
entire audience has no ability to elaborate, however, one-sided messages will best
meet everyone’s needs.

Two-sided messages are most effective if the audience disagree with you, have a
high standard of education, knowledge and involvement with the topic, and have
time and ability to elaborate. Again, strategies may need to be adjusted for different
groups at different times. And at any one time, people are both rational and irra-
tional—meaning a mix of communication styles is usually needed but the balance
shifts.

In General

• If your audience is tired, stressed, busy, distracted or traumatized, you need to
include lots of peripheral route cues.

• Avoid print-heavy communication for any audience other than one specifically
accustomed to dealing with large quantities of print, but particularly avoid it for
stressed and traumatized audiences.

• You cannot tell accurately if anyone in your audience is traumatized, so just in
case they are, include plenty of peripheral route cues such as simple, person-
alized messages from a speaker they like and trust, verbal, visual and audio-
visual communication and repetition of prior key messages on the same topic.

• Repetition may increase elaboration—the more you repeat, the more you can
start to add central cues to the communication, for example as the time after a
crisis event increases, people can start to process more detailed information.

Back to the Maritime Case Study

After a crisis has been weathered people may experience traumatic symptoms
including replaying the event, intrusive images or thoughts about the event, or
nightmares. A judge hearing the Rena case commented that “an entire community
was sent into shock” by the large scale of environmental oil-spill devastation
(Bowen and Migone 2012). For traumatized people, whether on ship or off, helpful
responses include providing opportunities to discuss the event—if they are moti-
vated to engage with a health professional—plus remembering the importance of
relaxation, enjoyment and social activities. Ensure referral to a specialist for anyone
who has a noticeable change in behaviour, difficulty with their normal routine,
relationship issues, overuse of substances, disturbed sleep or withdrawal from social
activities.
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All people may be affected by a crisis in ways that reduce their cognitive
processing and all messaging should tend more towards peripheral reiteration of
well-established ideas, and only gradually reintroduce central elements after a crisis.
However, the possibility of people becoming traumatized by an incident may be
reduced if those responsible for communicating about risk and crisis understand
some of the science of communication processing and are able to target message
content, style and delivery to the time, place and conditions of their audience.

Good crisis preparation including systematic pre-inculcation of lasting attitudes
and behaviours for appropriate response, along with apt communication modes
during a crisis, may empower maritime workers to feel more in control, recognize
the style of their own responses under stress, and consequently be more successful
in handling whatever their risky profession throws at them. In the case of the Rena,
indigenous New Zealanders who were affected by the oil spill devastating their
customary fishing grounds recognized that while two men, the captain and navi-
gator, took personal responsibility for the crisis, there were also issues that were
larger than individuals. Colin Reeder, chairman of the Te Moana a Toi iwi leaders’
forum, read out a victim impact statement in court: “Through restorative justice,
Tangata whenua (indigenous owners of the seabed and foreshore) have forgiven the
defendants, who were able to apologise to the community. That apology has been
accepted. We do not, however, forgive the system that may allow this to happen”.
This perceptive statement pointed to the wider systemic issues that create or prevent
conditions for individual failures of decision-making—but also signalled the
opportunity for maritime operators to address crisis preparation systemically,
through understanding and implementing appropriate risk communication designs
before, during and after a crisis, to reduce the likelihood that crew will abandon
cognitive processing and resort to “gut instinct” just when it is least appropriate.

Summary

• There are some visible signs of severe trauma—if you notice these, refer to a
health professional.

• However, you cannot necessarily tell if your audience is traumatized. And in a
maritime situation, your audience is likely to be somewhat aroused all the time.

• The more aroused the audience, the less capable they are of elaborating (pro-
cessing messages cognitively) and the more likely they are to process messages
with an instinctual, emotive reaction. A traumatized audience has almost no
ability to elaborate at all and may simply “not hear”’ or “not see” the
communication.

• Before going to sea, use a mix of central processing (data, explanations, pros
and cons, evidence, background context, numbers or statistics) and some
peripheral (colour, charts, photos and multimedia including entertaining ele-
ments) to build the audience’s cognitive engagement with your most important
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messages, and inculcate strong learned behaviours and attitudes of crisis best
practice.

• Before going to sea, create relationships between the audience and information
sources by providing evidence that the source is credible, human, has similar
values to the audience, and can be trusted.

• At sea, use predominantly peripheral messaging (simple, directive, visual,
colourful, repetition, using pre-established familiar and likeable sources and
expert testimonial).

• The peripheral effect is temporary; so repeat key information regularly, and as
time from an incident elapses complement increasingly with central cues (more
data, less directed needed over time, more ability to use other spokespeople and
bring in multiple perspectives over time).

Key Research Questions and Rationale for Future Research
in the Area

While the persuasive efficacy of ELM communication design has been tested with
experimental research in a range of risk communication situations such as food
safety risk (Frewer et al. 1997), and exercise promotion (Jones et al. 2003), our
extensive literature searching could find no experimental research testing
ELM-based message design in maritime situations. The literature also contains
ELM model designs for such diverse contexts as marketing products online (Sher
and Lee 2009), public health campaigns communicating the health risks of tobacco,
alcohol, unprotected sex and not wearing a seatbelt (Rucker and Petty 2006), and
for communicating the risk of not immunizing infants (Tilley et al. 2014). The latter
research also included the development of a specific ELM-based communication
messaging tool for use with immunization decision-makers. An extensive search of
published research, however, found no communication modelling for maritime risk
communication, with this chapter being the first publication to link the established
efficacy of ELM-informed approaches for risk communication generally to the
specific high-arousal situation of maritime professionals.

ELM is only one of a number of communication models that might potentially
assist in strengthening risk communication design for maritime situations. Others
that could be investigated include social judgement theory, which identifies existing
attitudes on a topic before determining the ideal way to pitch an attitude-changing
message (see further Hovland and Sherif 1980); narrative transportation theory
(which uses storytelling techniques to help people visualize themselves engaging in
particular behaviours—see further Green and Brock 2002); and, as noted earlier,
inoculation theory (which prepares people to resist counterarguments by ensuring
they have already thought through all the positions opposed to the attitude you want
them to adopt—see further McGuire 1964).
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ELM has strengths and weaknesses—in particular it has been critiqued for being
difficult to test and falsify, and for failing to produce clear guidelines as to what
makes a strong or weak argument (e.g., Mongeau and Stiff 1993). Despite this, it
has been one of the most influential theories of attitude change in the last 30 years,
providing a practical synthesis of many diverse aspects of persuasion research. The
particular strength of ELM in the maritime context is that it offers specific guidance
for communicating with people who are not in a position to carefully consider long
or detailed information, but need to make “snap decisions.” For this reason we
believe it offers more potential for primary investigation as a maritime risk com-
munication approach than other theories at this point in time.

Future research therefore should proceed on two fronts: first, to develop specific
prototype maritime risk communication messaging, ideally based on participative
action research approaches that involve maritime professionals collaboratively in
their development for known maritime situations yet also draws on the vast
repository of research in the communication discipline in extant models, particu-
larly ELM. Second, to conduct experimental research to refine and validate the
prototypes to develop an evidence-based set of risk communication tools that are
uniquely adapted to the differing cognitive and emotional functioning states of
maritime workers before, during and after a crisis, and during everyday
heightened-risk maritime contexts.
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Psychometric Assessment: A Case Study
of Greek Merchant Marine Officers
Using the MMPI-2

Yannis Zolotas, Maria Kalafati, Ernestos Tzannatos
and Dionysios Rassias

Introduction

Psychometric assessment was officially introduced in the maritime industry through
the Oil Companies International Marine Forum’s (OCIMF) Tanker Management and
Self Assessment (TMSA) in 2004, which was addressed to tanker operators and
managers in an effort to enhance the implementation of the International Safety
Management (ISM) Code. The objective of TMSA is to exhort managers to assess,
measure and improve their Safety Management Systems (SMS) through Key
Performance Indicators (KPIs) and best practice guidance. In respect of “the
recruitment and management of vessel personnel”, TMSA points out that managers
and/or operators must “ensure that all ships in the fleet have competent crew who
fully understand their roles and responsibilities and who are capable of working as a
team”. As a KPI to this requirement, TMSA suggests that “the company conducts
pre-employment assessment for job competence and training for officers and ratings”
and considers as “best practice guidance” that “techniques such as simulator training
and computer-based or psychometric assessment should be used to confirm com-
petence before confirmation of employment” (OCIMF 2008, p. 28). The ambiguity
of this formulation leaves room for interpretation for the shipping companies and
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manning agents to decide on a number of issues. Psychometric assessment is a large
area of psychological endeavour which tries to quantify in a standardized way
aspects of human behaviour. Occupational psychometric assessment can take several
forms and focus on cognitive abilities, the aptitudes considered necessary for a
particular job, the personality characteristics that enhance or hinder performance,
safety etc., the appropriate attitudinal or motivational characteristics, the clinical
assessment of an employee (if safety-critical positions are to be evaluated) or a
combination of these.

The notion of “competence” in the maritime profession has evolved and changed
rapidly, as has the profession itself, in the last few decades. It comprises, as in most
jobs, technical knowledge and skills and non-technical skills. While the technical
skills of the mariner have been under scrutiny for quite a long time and have
evolved in conjunction with technical advancements and regulatory requirements,
there is considerable lack of proportionate research and agreement in respect of
non-technical competence with which we are concerned.

As Sanden et al. (2014) state, “a large body of evidence has shown that working
on board merchant ships is one of the most mentally and physically demanding
professions, with a potential for severe somatic and psychological distress” (p. 93).
Working conditions are often physically adverse—ship motion and vibration, noise,
heat, cold, humidity, weather conditions etc. Haka et al. (2011), in a study of
Danish seafarers, found that the best and worst aspects of the job were perceived to
be of a psychosocial nature. Psychosocial stressors are ever present due to the
peculiarities of the profession—social and familial isolation, loneliness, lack of
shore leave, lack of leisure time and recreational activities, security threats, inter-
mittent sleep, fatigue, disturbed sexual life, language difficulties, living and working
in the confined space of the ship with the same people 24/7, the organizational
hierarchy of the ship, harassment and bullying, emotional labour (“the effort,
planning and control needed to express organizationally desired emotion during
interpersonal transactions;” Morris and Feldman 1996, p. 987) and the need for
containment of emotions and conflicts, excessive workload, paperwork and time
pressure, boredom, the “Damocles’ sword” of contemporary regulations and
criminalization, cross-cultural communication and relationships, ship-office rela-
tionships and commercial demands, and so on. Consequently, psychological health
is a prerequisite for the mariners’ competence. Furthermore, imperfections of the
human-machine interface attributed to the frequently observed mismatch between
the quality of crews and new technologies can increase the operator’s mental
workload, whilst the withdrawal of the operator from highly automated onboard
systems reduces his awareness and subsequently his readiness to intervene effec-
tively (and preferably without panic) when automation fails (Goulielmos and
Tzannatos 1997).

The Manila Amendments to the Standards of Training, Certification and
Watchkeeping for Seafarers (IMO 2011) describe some seafarers’ occupational
competencies at the management and operational level, like leadership, team-
working and managerial skills, including: bridge and engine resource management,
shipboard personnel management and training, task and workload management,
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decision making, situational awareness, contribution to good human and working
conditions, effective communication in individual and team work, assertiveness,
reflective consideration of team experience, conflict resolution, motivation, and so
on.

Lastly, legal issues pertaining to the improper discrimination of applicants in
pre-employment screening can also pose a problem. In some countries this option is
rendered invalid since “an employer may ask disability-related questions and
require medical examinations of an applicant only after the applicant has been given
a conditional job offer” (Equal Employment Opportunity Commission [EEOC]
1995).

Selecting psychometric assessment instruments in an occupationally
safety-critical setting like the shipping industry—where the lives of people, the
safety and security of the ship, goods worth millions of USD, inestimable potential
environmental consequences and the reputation of a company are all at stake due to
a person’s behaviour and performance—is a task which has to be based on validity
and reliability. The aforementioned ambiguity of TMSA may also lead to the use of
psychometrically unsound instruments for reasons of cost, short administration
time, and lack of appropriate standardized tests in a particular language, etc.

Personality Assessment and the MMPI-2
in the Maritime Industry

In this chapter we describe the personality profile of officers of a major Greek
shipping company, using the MMPI-2 in the context of the routine psychometric
assessment procedures of this company. Research regarding the personality of the
modern seafarer is limited. Lipowski et al. (2014) studied the relationship of
merchant marine officers’ personality, as it is portrayed by the NEO-Five Factor
Inventory (NEO-FFI, Costa and MacCrae 1992), with health behaviours and
physical activity. Jeżewska et al. (2013) studied the work-related quality of life of
Polish seafarers and its relationship with personality traits and temperamental
features and among other questionnaires they also used the NEO-FFI. A research by
Elo (1985) showed that personality factors were significant predictors of perceived
health status and stress. Jeżewska, in another study (Jeżewska and Leszczyńska
2004), explored the possible relation of certain personality factors in predicting
successful career development of Polish Maritime Academy students. Jeżewska
(2003) has also used a “Consciousness, Intuition, Anticipation” test for the psy-
chological evaluation of Filipino seafarers.

The MMPI and MMPI-2 are two of the most widely used and empirically
researched psychometric instruments of adult personality and psychopathology in
the world. The MMPI was developed in the 1940s (Hathaway and McKinley 1943)
in the USA, initially as a clinical instrument to be used with adults facing psy-
chological problems. In 1989, a major re-standardization and revision of the
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inventory produced the MMPI-2 (Butcher et al. 1989, 2001). It is considered one of
the main assessment tools of psychologists in clinical settings but it has also been
utilized in occupational assessments since 1944 (Butcher 2012).

MMPI-2 is a self-report questionnaire with 567 items and is addressed to adults
18 years old onwards. It requires at least a sixth-grade educational level (Butcher
et al. 2001) and it takes around 90 min to be administered. It has been translated
into many languages and used in many countries (Butcher 1996). One of the
advantages of MMPI-2 is the extensive set of Validity Scales it contains, which
have also been applied and researched in various different settings. These scales can
measure the respondent’s “attitude” towards the test and when used in occupational
assessment identify quite distinctly potential underreporting (of possible psycho-
logical problems or symptoms), either intentional (“positive impression manage-
ment”) or unintentional (“self deception”) in the applicants’ effort to “put their best
foot forward” (Bagby et al. 2006).

MMPI-2 has been used in many occupational contexts in various ways (Butcher
et al. 2009). Considerable research has focused on police officers (Weiss and Weiss
2010) and their pre-employment screening (Dantzker 2011; Laguna et al. 2013;
Gamez 2010), predicting performance problems (Weiss et al. 2013; Aamodt 2004;
Enright 2004; Matyas 2004), employment outcomes (Caillouet et al. 2010; Davis
and Rostow 2004), brutality (Campion 2006), misconduct (Macintyre et al. 2005;
French 2002), supervisors’ performance ratings (Brewster and Stoloff 2004),
intercultural sensitivity (Hamill 2004), police academy performance (Chibnall and
Detrick 2003) and other occupational issues (Lijewski et al. 2013; Laguna et al.
2009; Detrick and Chibnall 2008; Devan 2004).

The Federal Aviation Administration (FAA) has used MMPI-2 as part of the
psychopathology screening process for hiring air traffic control specialists (FAA
2008, 2010). It has also been used in the assessment of airline pilots (King 2014;
Butcher 1994), in military personnel assessment (Kennedy and Zillmer 2006;
Cigrang and Staal 2001), in personnel selection of federal law enforcement and
intelligence candidates (Sheneman 2004), in the assessment of international orga-
nizations’ expatriates for successful assignments (Branton 2004), in cross-cultural
occupational comparisons (Zapata et al. 2009), in the clergy (Gamino et al. 2007;
Gafford 2001; Perri 2001), and elsewhere (Butcher 2012). The validity scales of the
MMPI-2, when the test is administered as part of a battery, have been used as an
indicator of the general response style of a job applicant to inform results from other
tests that do not contain Validity Scales (King 2014).

Considering the use of the MMPI with seafarers there are two studies by
Dolmierski et al. (1988, 1990) concerning the evaluation of “psychical state” and
“psychic parameters” of seamen and fishermen with a long period of employment at
sea. In the first of these studies the authors report a high prevalence of “psycho-
somatic neurosis”. Also, a study by Xiao et al. (2006) explored the mental health of
2272 seamen with the MMPI. However, from our search we could not find any
study of seafarers with the MMPI-2.
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The Greek version of the MMPI-2 (Karaminas et al. 2007) consists of the 8
Validity Scales, the 10 Standard Clinical Scales, the 9 Restructured Clinical Scales,
the 31 Harris–Lingoes Clinical and Si Subscales, the 42 Content and Content
Component Scales, the Personality Psychopathology Five Scales (PSY-5), the 15
Supplementary Scales and the Lachar–Wrobel Critical Items. In this chapter we
explore the application of MMPI-2 as a psychometric tool in order to assess the
personality characteristics of Greek merchant marine officers.

Method

Sample

The participants in this study were Greek merchant marine officers of a major Greek
shipping company to whom the MMPI-2 was administered from January 2012 until
December 2013. All officers of the sample had at least 16 years of education
(12 years of formal education plus 4 years in the Merchant Marine Academy and 2
more years of further education before they reach the rank of the Master or Chief
Engineer. Most of our participants were men (5.5 % females N = 11).

Of the 198 officers who completed the MMPI-2 in the study, 15 protocols were
considered invalid as having T-Scores on the (inconsistency) VRIN or TRIN scales
greater than 80, but there were no protocols with a substantial number of missing
items (Butcher et al. 2001). Following the suggestion by Butcher (1994, 2006), 55
profiles with T-Scores on the L or K greater than 65 and 70 respectively were also
excluded from the sample as being overtly defensive. All the remaining protocols
had T-scores of 65 or less on the S scale, except for one having a score of 67. The
number of excluded protocols in the current study is close to those reported by other
researchers in other personnel assessment settings (Baer and Miller 2002). The total
sample included in the study was therefore 128 officers (female 2.3 %, N = 3).

The demographic and professional characteristics of the participants are pre-
sented in Table 1. The officers enrolled in two subsets/groups according to their
working position. There were 58.6 % (N = 75) deck officers and 41.4 % (N = 53)
engine officers. The mean age of the sample was 35 years (SD = 11.11), ranging
from 22 to 68 years.

For the purposes of the study six age groups were created. In our effort to
establish appropriate age groups, especially for the younger ages of the sample, we
consulted the shipping company’s crew department and we arrived at an estimate of
the mean age when the Greek officers at this company are promoted to the three
stages of their career: Apprentices 22–25 years old; second officers (deck) and third
officers (engine) 26–29 years old; chief officers (deck) and second officers (engine)
30–34 years old; and masters and chief engineers 35 years old and over.
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Ethical Considerations

The researchers requested permission to use the officers’ MMPI-2 data from the
shipping company. The formal application was accompanied by a consent form that
explained the aim of the study, and guaranteed confidentiality and anonymity for
the officers and the company. This study therefore used secondary data analysis of
anonymous data.

Assessment and Analysis Procedures

The test was administered to the officers in small groups during the period the
officers were assembling their medical certificates prior to embarkation and after a
conditional offer of employment by the company. The MMPI-2 was chosen as an
appropriate psychometric instrument due to the validity and reliability of the test,
the extensive research base in occupational settings, its standardization in the Greek
language and the inclusion of the validity scales, since it was assumed that a certain
degree of defensive style of responding (intentional and/or unintentional) was
expected to be adopted by the officers in an employment assessment context.

A licensed psychologist administered the test and gave standard formal
instructions to the officers. Answer sheets were scanned, and the appropriate
computer program produced the results. Feedback of the test results to the officers
was optional and available to whoever wished for it. Data analysis was performed

Table 1 Demographic
characteristics of the
participants

Variables Percentage
(frequency)

Gender Male
Female

97.7 (125)
2.3 (3)

Work position Deck officers
• Master
• C/O
• 2nd Officer
Engine officers
• Chief Engineer
• 2nd Engineer
• 3rd Engineer

58.6 (75)
• 14.8 (19)
• 10.2 (13)
• 33.6 (43)
• 41.4 (53)
• 17.2 (22)
• 10.9 (14)
• 13.3 (17)

Age groups
(years)

1 = 22–25
2 = 26–29
3 = 30–34
4 = 35–40
5 = 41–50
6 = 51>

22.7 (29)
21.1 (27)
13.3 (17)
16.4 (21)
15.6 (20)
15.6 (20)

Age mean = 35 years (min = 22 years, max = 68 years)
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using the Statistical Package for Social Sciences (SPSS 22). Descriptive statistics of
all variables were explored and mean values and SDs were reported. Mean and
median values and parametric comparisons were used to assess the differences
between groups.

Results

Descriptive statistics for MMPI-2 of Merchant Marine Officers’ (MMOs) profiles
(means and standard deviation of T-Scores) and the comparison with the MMPI-2
of the Greek normative sample (T = 50) are shown in Table 2.

Most of the MMPI-2 scales scores of MMOs’ profiles are not close to the mean of
the MMPI-2 scores of the Greek normative sample (Fig. 1, Table 2). The highest
elevation difference on means of T-Scores occurs to RC3 (Cynicism), RC6 (Ideas of
Persecution), CYN (Cynicism) and R (Repression) scales and the highest reduction to
F (Infrequency), 1 (Hypochondriasis), 2 (Depression), 0 (Social Introversion), RC4
(Antisocial Behaviour), DISC (Disconstraint), AAS (Addiction Acknowledgment)
and APS (Addiction Potential) scales (these scale scores are plotted relative to general
population norms in Fig. 1).

In Table 2, statistically significant difference was observed between the T-Scores
of the normative sample and MMOs’ profiles in most of the Validity, Standard
Clinical, Restructured Clinical, Content, PSY-5 and Supplementary Scales
(p < 0.05).

In addition, high mean elevations were obtained on both RC3 and RC6 scales
(Restructured Scales), with 19.5 and 20.3 % of the MMOs sample producing RC3
and RC6 scores respectively greater than or equal to 65T and on the CYN scale
(Content Scales) with 30.5 % of the MMOs sample producing CYN scores greater
than or equal to 60 (Table 2).

No statistically significant differences were observed between the T-Scores of
Deck and Engine groups, although there are differences in means of T-scores in
some scales (Fig. 2).

Although there are differences on means in T-Scores between the age groups
(Fig. 3), Table 3 provides the statistically significant differences between T-Scores
of MMOs and age groups (p < 0.05).

A statistically significant difference in T-Score of K scale (F5, 128 = 4.78,
p = 0.001) between age groups can be seen. The age group 26-29 years has a
negative statistically significant difference (t = −9.914, p = 0.001) with the 22–25
years age group and positive statistically significant difference (t = 9.659,
p = 0.006) with MMOs >50 years.

In Clinical Scales, only scale 7 can be seen to have a statistically significant
difference (F5, 128 = 3.25, p = 0.009) between age groups, with 35-40 years
showing a negative statistically significant difference with 22–25 years (t = −5.45,
p = 0.019) and 26–29 years (t = −5.56, p = 0.018).
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Table 2 Descriptive Scales, mean differences, comparison statistics with Greek general
population/normative sample and percentage above 65 or 60

Scales N Mean SD t-test with Greek
normative sample
(Test value = 50)

Percent (%)
� 65(mean)

� 60(mean)

(Content Scales)t value p-value

Validity Scales L 128 49.27 9.30 −0.9 0.374

F 128 44.47 5.25 −11.9 0.001*

Fb 128 47.34 6.41 −4.68 0.001*

K 128 54.32 9.58 5.1 0.001*

S 128 52.20 6.84 3.6 0.001*

Standard Clinical
Scales

1 (Hs) 128 43.78 7.15 −9.84 0.001* 0.8

2 (D) 128 43.15 6.53 −11.86 0.001* –

3 (Hy) 128 49.73 7.06 −0.44 0.662 2.3

4 (Pd) 128 48.79 7.36 −1.86 0.065 2.3

5a (Mf) 125 45.09 9.23 −5.95 0.001* 1.6

6 (Pa) 128 45.12 6.60 −8.37 0.001* 1.6

7 (Pt) 128 46.33 6.01 −6.90 0.001* 0.8

8 (Sc) 128 44.91 5.66 −10.18 0.001* –

9 (Ma) 128 50.36 9.11 0.446 0.656 5.5

0 (Si) 128 41.64 8.90 −10.63 0.001* –

Restructured
Scales

RCD 128 47.79 6.65 −3.76 0.001* 0.8

RC1 128 49.88 7.50 −0.18 0.860 4.7

RC2 128 46.78 6.65 −5.49 0.001* –

RC3 128 58.41 8.60 11.07 0.001* 19.5

RC4 128 43.34 6.50 −11.60 0.001* 0.8

RC6 128 55.02 10.30 5.51 0.001* 20.3

RC7 128 48.55 7.32 −2.23 0.027* 2.3

RC8 128 50.50 8.02 0.71 0.482 5.5

RC9 128 51.47 7.57 2.20 0.030* 4.7

Content Scales ANX 128 50.54 6.60 0.92 0.357 12.5

FRS 128 50.39 8.53 0.52 0.605 15.6

OBS 128 48.34 8.13 −2.31 0.022* 8.6

DEP 128 49.90 6.29 −0.18 0.855 4.7

HEA 128 49.23 7.00 −1.25 0.214 10.2

BIZ 128 51.06 8.40 1.43 0.155 14.8

ANG 128 48.84 6.08 −2.16 0.032* 4.7

CYN 128 56.95 8.38 9.37 0.001* 30.5

ASP 128 49.71 5.97 −0.55 0.585 5.5

TPA 128 49.75 7.71 −0.37 0.714 13.3

LSE 128 48.25 7.58 −2.61 0.010* 7.0

SOD 128 45.48 7.05 −7.25 0.001* 6.3

FAM 128 46.34 8.47 −4.90 0.001* 7.8

WRK 128 45.09 6.73 −8.24 0.001* 0.8

TRT 128 49.88 8.68 −0.16 0.871 12.5
(continued)
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Table 2 (continued)

Scales N Mean SD t-test with Greek
normative sample
(Test value = 50)

Percent (%)
� 65(mean)

� 60(mean)

(Content Scales)t value p-value

PSY-5 Scales AGGR 128 50.73 7.12 1.15 0.251 2.3

PSYC 128 51.16 8.57 1.53 0.129 10.2

DISC 128 44.00 6.80 −9.98 0.001* 0.8

NEGE 128 49.90 7.04 −0.16 0.871 3.9

INTR 128 44.05 7.33 −9.17 0.001* –

Supplementary
Scales

A 128 46.71 6.90 −5.40 0.001* 1.6

R 128 55.81 6.80 9.67 0.001* 14.8

Es 128 51.48 7.28 2.31 0.023* 4.7

Do 128 48.77 7.98 −1.74 0.085 1.6

Re 128 53.73 7.73 5.46 0.001* 4.7

Mt 128 47.54 6.20 −4.49 0.001* 0.8

PK 128 46.55 7.31 −5.35 0.001* 3.9

MDS 128 46.03 7.80 −5.76 0.001* 3.1

Ho 128 52.54 7.05 4.07 0.001* 6.3

O-H 128 53.36 9.24 4.11 0.001** 10.9

MAC-R 128 49.20 8.40 −1.07 0.285 1.6

AAS 128 42.70 5.37 −15.37 0.001* –

APS 128 42.91 8.61 −9.307 0.001* 1.6

GM 128 50.20 7.85 0.28 0.779 1.6

GF 128 51.46 6.89 2.40 0.018* 0.8
aNot included female, *p < 0.05
Notes L Lie, F Infrequency, Fb Infrequency back, K Correction, S Superlative Self-Presentation,
Hs(1) Hypochondriasis, D(2) Depression, Hy(3) Hysteria, Pd(4) Psychopathic Deviate, Mf(5)
Masculinity-Femininity, Pa(6) Paranoia, Pt(7) Psychasthenia, Sc(8) Schizophrenia, Ma(9)
Hypomania, Si(0) Social Introversion-Extraversion, RCD Demoralization, RC1 Somatic
Complaints, RC2 Low Positive Emotions, RC3 Cynicism, RC4 Antisocial Behavior, RC6 Ideas
of Persecution, RC7 Dysfunctional Negative Emotions, RC8 Aberrant Experiences, RC9
Hypomanic Activation, ANX Anxiety, FRS Fears, OBS Obsessiveness, DEP Depression, HEA
Health Concerns, BIZ Bizarre Mentation, ANG Anger, CYN Cynicism, ASP Antisocial Practices,
TPA Type A, LSE Low Self-Esteem, SOD Social Discomfort, FAM Family Problems, WRK
Negative Work Attitudes, TRT Negative Treatment Indicators, AGGR Aggressiveness, PSYC
Psychoticism, DISC Disconstraint, NEGE Negative Emotionality/Neuroticism, INTR
Introversion/Low Positive Emotionality, A Anxiety, R Repression, Es Ego Strength, Do
Dominance, Re Social Responsibility, Mt College Maladjustment, PK Post-Traumatic Stress
Disorder, MDS Marital Distress, Ho Hostility, O-H Overcontrolled Hostility, MAC-R MacAndrew
Alcoholism, AAS Addiction Acknowledgment, APS Addiction Potential, GM Gender Role–
Masculine, GF Gender Role–Feminine
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Looking at significant differences on Restructured Clinical Scale between age
groups, there are statistically significant differences on RCD (F5, 128 = 2.53,
p = 0.032), RC3 (F5, 128 = 4.9, p = 0.001), RC4 (F5, 128 = 2.6, p = 0.029) and
RC7 (F5, 128 = 2.9, p = 0.016) on age groups.

It seems that the younger and eldest groups present differences on T-Scores with
the other age groups. The highest difference between means of T-Score appears in

Fig. 1 MMPI-2 Scale profiles for total sample
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the RC3 scale on 26–29 years and the >50 years group (t = −9.913, p = 0.001)
(Table 3).

In addition, there seems to be statistically significant difference in T-Scores of
some Content Scales and one from PSY-5 Scales on age groups. ANG, CYN, ASP,
TPA and DISC T-Scores produce statistically significant differences (p < 0.05)
between age groups, where in most profiles younger ages lead the differences

Fig. 2 MMPI-2 Scale profiles for deck officers and engine officers
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(Table 3). The highest difference between mean of T-Score was indicated in the
CYN scale for the >50 years group and 26–29 years (t = −8.735, p = 0.004)
(Table 3).

Finally, in most T-Scores of Supplementary Scales can be seen a statistically
significant difference between age groups (p < 0.05). The greatest difference
between means of T-Scores can be seen in the GM scale for the >50 years group
and 41–50 years (t = −9.714, p = 0.003) (Table 3).

Table 3 presents all the variations of T-Scores means on those age groups that
seem to have a statistically significant difference.

Fig. 3 MMPI-2 scale means distribution for age groups
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Table 3 Comparison statistics with MMPI-2 scales and age groups of total sample and mean
differences in statistically significant variables

Scales ANOVA F
(df = 5, 122)
(df5 = 5, 119)

p-value Age
groups

Age groups
means

Age groups mean
difference

p-value
Multi
comparisons
Bonferroni

K 4.796 0.001* 22–25 50.34 −9.914* 0.001*

26–29 60.26 9.659* 0.006*

>50 50.60

7 3.250 0.009* 22–25 48.07 −5.450* 0.019*

35–40 42.62 −5.566* 0.018*

26–29 48.19

RCD 2.53 0.032* 22–25 51 5.571* 0.047*

35–40 45.43

RC3 4.9 0.001** 22–25 61.28 8.239* 0.003*

26–29 53.04 −9.913 0.001*

>50 62.95

RC4 2.6 0.029* 22–25 46.07 7.212* 0.009*

41–50 38.86

RC7 2.9* 0.016* 22–25 51.80 6.571* 0.011*

26–29 45.22

ANG 2.905* 0.016* 22–25 51.21 5.850* 0.040*

41–50 45.36

CYN 4.055* 0.002* 22–25 59.79 6.978* 0.019*

26–29 52.81 −8.735* 0.004*

>50 61.55

ASP 4.104* 0.002* 26–29 47.85 −5.493* 0.006*

22–25 53.34 6.051* 0.009*

30–34 47.29

22–25 53.34 4.964* 0.039*

35–40 48.38

TPA 2.719* 0.023* 22–25 54.03 6.701* 0.016*

26–29 47.33

DISC 2.826* 0.019* 22–25 47.48 7.054* 0.019*

41–50 40.43

A 2.895* 0.017* 22–25 50.10 5.474* 0.039*

41–50 44.63

Do 3.527* 0.005* 30–34 52.24 7.615* 0.021*

22–25 44.62 −6.856* 0.032*

35–40 51.48
(continued)
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Discussion—Concluding Remarks

In this section we compare the scale scores of our group of officers with the
respective scores of the Greek general population (Karaminas et al. 2007). In this,
we follow the interpretative suggestions by Friedman et al. (2015) and by Nichols
(2011) unless otherwise stated.

The Validity Scales show us, as is usually the case in personnel assessment
contexts, that a significant number of participants (N = 55, 27.8 %) approached the
questionnaire with an overtly defensive style of responding, trying intentionally or
unintentionally to present a positive picture of themselves (L and K). This percentage
is close to those reported in other personnel assessment studies (Baer and Miller
2002). These protocols were excluded from the data analysis as invalid. Another
Validity Scale (F) shows that our sample may be characterized by conventionality.

Table 3 (continued)

Scales ANOVA F
(df = 5, 122)
(df5 = 5, 119)

p-value Age
groups

Age groups
means

Age groups mean
difference

p-value
Multi
comparisons
Bonferroni

Re 4.149* 0.002* 26–29 55.00 6.586* 0.019*

22–25 48.41 −7.351* 0.004*

30–34 55.76

35–40 55.76 7.348* 0.009*

22–25 48.41 −7.658* 0.024*

41–50 56.07

PK 3.131* 0.011* 26–29 44.59 −5.821* 0.036*

22–25 50.41 6.414* 0.050*

30–34 44.00

MDS 3.091* 0.012* 30–34 42.82 −7.073* 0.037*

22–25 49.90 7.825* 0.026*

41–50 42.07

Ho 3.70* 0.004* 22–25 56.31 6.681* 0.004*

26–29 49.63

APS 3.369* 0.007* 26–29 40.70 −7.055* 0.026*

22–25 47.76 7.425* 0.031*

35–40 40.33

GM 4.566* 0.001* 35–40 53.76 8.762* 0.003*

>50 45.00 −9.714* 0.003*

41–50 54.71

GF 2.449* 0.037* 22–25 48.10 −6.447* 0.018*

>50 54.55

*p < 0.05
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In relation to the Clinical Scales we see that the mean scores of our sample are
significantly lower than those of the general population in most of the Clinical
Scales (1, 2, 6, 7, 8, 5 and 0) and the percentage of participants having scores above
the clinically significant level of 65T is small. It appears from the Clinical Scales
and the number of participants who scored higher than 65T that our sample is
psychologically quite a well-adjusted group. Our sample’s scores are especially low
on introversion (0) and the low score on scale 5 is typical of occupations where a
male-dominated culture prevails—airline pilots (Butcher 1994), military federal
agents (Funk 1997), police officers (Kauder and Thomas 2003) etc.

In the Restructured Clinical Scales we see that compared to the Greek normative
sample our group have lower scores on scales measuring general psychological
distress (RCD and RC7), depression-spectrum symptoms (RC2) and anti-social or
substance-related problems (RC4). On the other hand, they score higher on scales
measuring cynicism (RC3), mistrust towards others (RC6) and, to a lesser degree,
impulsivity and activation (RC9).

The higher scores in RC3 and RC6 have also been linked to alienation. As
Sellbom et al. (2007) suggest: “… cynicism and unusual thinking … have been
linked to alienation—a construct that involves fear of victimization and questioning
the loyalty of others (Tellegen and Waller 1992). Indeed, Sellbom and Ben-Porath
(2005) found strong correlations between both RC3 and RC6 and Alienation, a
primary trait scale from Tellegen’s Multidimensional Personality Questionnaire”.

Moving to the Content Scales with their obvious item content, we see the
perception that the officers have of themselves, or the one they want to present. Our
sample’s scores are higher on the scale measuring cynicism (CYN) and lower on
scales measuring discomfort with social situations (SOD), problems related to their
family and work (FAM and WRK) and to a lesser degree indecision (OBS), poorly
controlled anger (ANG) and low self-esteem, especially in the interpersonal context
(LSE).

In the Personality Psychopathology Scales (PSY-5) we observe that the officers
score significantly higher in scales measuring conventionality, conformity and
controlled behavior, which also imply high tolerance for boredom and routine and
“relatively rigid adherence to traditional moral standards” (DISC) and sociability
(INTR).

In the Supplementary Scales we see significantly lower scores in scales mea-
suring anxiety and worry (A), problems with current long-term relationships
(MDS) and admittance to substance abuse (AAS) and higher scores in scales
measuring repressed (“suppressed” or “constricted”) emotionality with limited
insight and avoidance of self-disclosure (R), dutifulness (Re), the tendency to
perceive others as selfish, hostile and unsympathetic (Ho), the presence of a largely
unconscious hostility and massive inhibitions around the expression of it (O-H) and
to a lesser degree stress tolerance, resourcefulness and self-reliance (Es). We are
hesitant in interpreting certain scales which have produced, at least according to
certain authors, equivocal research correlates (Mt, PK, APS, GM and GF).

There are no statistically significant differences in the profiles of deck and engine
officers and this is interesting given the different work environments of each—it
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might suggest that the commonalities (living aboard ship) are greater than the
differences for these two groups.

Considering the age group differences of our sample we observe the validity
scales showing a significant increase in defensiveness when the officers officially
acquire their professional role as junior officers at the age of 26 and a decrease after
the age of 50—possibly because they have accepted and come to terms with who
they are and what they do. In the Standard Clinical Scales the groups aged 22–25
and 26–29 have significantly higher (but still lower than the Greek normative
sample) levels of tension, worry, indecisiveness and obsessive behaviours (Scale 7)
than the 35–40 group. In almost all the other scales we see a trend of significant
decrease in scores between the 22–25 group and some older age group(s), with the
exception of two scales measuring the characteristics of self-direction and duti-
fulness (Do and Re), where we see an increase in scores in older age group(s)
compared to the 22–25 group. The other exception is with cynicism (RC3 and
CYN), where we see a significant decrease from the first to the second group and an
increase in the last group. Taking as a reference point the younger group of
apprentice officers it appears that, in general, as age and/or job experience increase,
scores in some occupationally “dysfunctional” behaviours are decreasing, or
occasionally fluctuating (7, RCD, RC3, RC4, RC7, ANG, CYN, ASP, TPA, A,
MDS, Ho), and scores in some “functional” behaviours (Do, Re, -DISC) are
increasing.

Two interesting and apparently inconsistent results are between a) the scores of
Clinical Scale 6 and RC6 and b) the sociability and the cynicism that our group
presents. We think that further research should clarify the relationship between the
low score on Clinical Scale 6 and the high score on RC6, although some low
Clinical Scale 6 scores may have equivalent clinical significance with high Scale 6
scores. “Ideas of persecution”, the core construct of RC6, are measured by subscale
Pa1 in Clinical Scale 6. The content of Pa1 has been described as “externalization
of blame for one’s problems, frustrations [and] failures” (Harris and Lingoes 1955,
in Friedman et al. 2015). Friedman et al. (2015) suggest that “low Pa scores appear
to be associated with having low empathy for others and with low motivation for
making relations with others easy and comfortable”. Graham (1990, in Friedman
et al. 2015) says that “high [Pa1] scorers tend to blame others for their problems,
feel that others have unfairly blamed or punished them, and feel misunderstood”. In
a study with nonclinical population Forbey and Ben-Porath (2008) found that RC6
is correlated with unusual thinking and more specifically with magical ideation and
secondarily with depression. A factor we could bear in mind in future research
considering the “magical ideation” of RC6, that is, the belief in supernatural
causality, could be that seafaring is an occupation with a longstanding tradition and
culture, part of which are the concepts of “superstition” and “luck”. In law the term
“Act of God” is an exception from liability for damages caused by overwhelming
natural events “of an exceptional, inevitable and irresistible character” which are
beyond the control of the seafarer (Tsimplis 2015, personal communication). The
reference to the supernatural powers of God even where the notion concerns natural
phenomena links well to the aforementioned tradition and culture.
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In relation to the apparent contradiction between the sociability and cynicism of
our sample a possible hypothesis would be that although our group is free from
problems related to socializing, they perceive the motives of the people they come
across with scepticism, if not distrust (or even mistrust). In this sense there is the
possibility that a large part of their social relationships may be at a superficial level.
Further research is also needed on this topic.

The overall picture shows a group of officers who may be quite well adjusted,
sociable, with behavioural and emotional control (if not overcontrol). Cynicism, the
distrust (or mistrust) of others’ motives and alienation seem to be considerably
present. Further research is needed to verify these preliminary results and clarify
whether these characteristics are personality traits “attracted” by seafaring (Stokes
1994, in Obholzer and Roberts 1994), coping mechanisms occupationally and/or
organizationally induced (Wanous et al. 2000), or both. A relative question is
whether the apparent MMOs’ cynicism is linked more to real-life occupational
relationships than the less cynical attitude of the normative sample.

The characteristics portrayed in this study may correlate with multiple occupa-
tional targets aimed at by the maritime organizations, which optimally should be
studied within a multidisciplinary perspective, like leadership, maritime human
factors, communication and teamworking skills, emotional and social intelligence,
team dynamics and team composition, safety management and culture, account-
ability, organizational commitment, performance, employee motivation for orga-
nizational change, job satisfaction, burnout and fatigue mitigation, improved
retention rates, etc. Obviously they may also have an impact on individual, team
and organizational learning and adaptation. Integration of these factors will require
a systems approach (MacLachlan et al. 2013). Personality characteristics have also
been correlated with health-related behaviours and cardiovascular morbidity and
mortality (Arbisi and Butcher 2004; Almada et al. 1991; Friedman et al. 2015) and
can inform organizational practices and appropriate occupational health campaigns.

Butcher has presented an impressive report of MMPI-2 scales combination
linked to the measurement of competencies, which may be of particular interest in
high-risk occupations as part of a more comprehensive assessment process. These
competencies are stress tolerance and emotional control, acceptance of feedback
and supervision, impulse control, positive attitudes, integrity, dependability and
reliability, leadership, conformity to rules and regulations, anger control, adapt-
ability and flexibility, vigilance and attention to detail, interpersonal interest and
sensitivity and teamworking ability (Butcher et al. 2006).

Personality assessment tests cannot and should not be used on their own as
evidence of the existence or absence of psychopathology in a select-out context—
when screening for safety-critical occupations—or of other desirable or undesirable
personality characteristics in a select-in screening context. A battery of appropriate
tests should be used after a thorough job analysis concerning non-technical skills. In
the case of the specific company’s procedures, the results of the MMPI-2 were used
as hypotheses of occupationally problematic or dysfunctional behaviours which had
to be cross checked and validated, or rejected against other sources of data (clinical
interview, interview by the crew manager, references, occupational history,
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performance appraisals, etc.) and when decided that it was necessary relevant
administrative action was taken. The test results were also used to modify the
methodology and the content of the non-technical skills/human element module of
the company’s training scheme and served as an instigator for a fruitful discussion
related to organizational and managerial factors in the context of the company.

Conclusions

The data reported here are the first to describe the use of the MMPI-2 with merchant
marine officers. Our data have a number of limitations: (a) the relatively small
sample size and the very few female officers that were included in our study; (b) the
fact that our sample comes from only one company; this may have an effect on test
results, reflecting organizational factors and the culture of the specific company;
(c) the limited access we had on demographic data. Variables like cultural factors,
socioeconomic status of the family of origin, whether the officer’s father was also a
mariner, years of service with the current company, marital status and whether the
officer has children may have an impact on various scale scores; (d) the tests were
administered during a period of financial crisis in Greece. Although the Greek
shipping industry has not been directly affected by this crisis, Greek society was
undergoing major social and economic turmoil, which may also have had an impact
on test results.

This chapter has, however, highlighted the potential value of psychometric
assessment in personnel screening and assessment and in informing training and
coaching programmes related to non-technical skills (human element).
A prerequisite to all this is the use of psychometrically sound instruments with a
strong research base. In our case the MMPI-2 revealed a well-adjusted group of
officers characterized by conventionality, emotional and behavioural control, social
ease, cynicism and alienation. The need for further research is evident as well as the
potential correlations of these findings with desirable and undesirable occupational
outcomes in seafaring.
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Sailing as an Intervention

Malcolm MacLachlan

Case Study

The Jubilee Sailing Trust (JST) registered as a charity in 1978 with the aim of
integrating people with physical disabilities with non-disabled people in an
enjoyable activity. JST’s founder, Christopher Rudd, had experience of teaching
children with disabilities and special needs to sail dinghies. Rudd believed that “the
obstacles to sailing offshore were to a large extent artificial and could be overcome
by thoughtful design and proper equipment. In addition, he believed that if phys-
ically disabled people were to sail alongside able-bodied people as part of the crew,
it would help break down the prejudices and misunderstandings between people
with different circumstances in life” (JST 2016).

In scoping the project with collaborator Tony Hicklin, they found that
square-rigged ships were in fact ideal sailing vessels for people with disabilities as
such ships require a large crew working together, and there are many different tasks
involved, thus suiting different types of capabilities: “There was something for
everyone—those who couldn’t pull on ropes could ease them off, and those who
could do neither could instead call out the ‘two–six’ hauling rhythm” (JST 2016).

Now with two purpose-designed square-rigged ships—Lord Nelson and
Tenacious—participants in the Jubilee Sailing Trust have sailed hundreds of
thousands of miles, mostly in European and North Atlantic waters, helping to
change thousands of lives for those participating, and helping to change many more
thousands of views of what people with disabilities can do.

Former Vice President of the Trust, the late Ian Shuttleworth, recalled:
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It was a complicated business bringing Lord Nelson into the world, but we never doubted it
would work. Although the world has since advanced in its approach to inequality, we still
feel we are proving something every day that is relevant and we are the only ships to offer
what we do. Our voyage crew develop self-confidence, self-image and positive results. This
is still relevant and important and is still learned on board. (JST 2016)

Introduction

There is a lot of psychology in sailing. There is a psychology of sailing, with an
excellent example of this being Sadler’s (1987) book of that title, subtitled “The
sea’s effects on mind and body”. This remains an engaging and broad ranging
review of sensory performance and sensory illusions at sea; seasickness, motivation
and how to manage the “work” of sailing; and the crew as a social group—
especially as regards living in close quarters with one another. There is also a
psychology about achieving better performance at sailing. One of the initial
descriptions of this is by Halliwell, who outlines how sport psychology contributed
to the performance of the Canadian sailing team in the 1988 Olympics (Halliwell
1989). Indeed, along with sports medicine, Olympic sailing has been a stimulus to
more evidence-based approaches to incorporating a psychological perspective into
sailing (Allen and De Jong 2006).

The vast area of sport psychology can of course be applied to sailing, where
many leisure sailors, but also some professional sailors, compete in yacht racing,
from small dinghy sailing to the Volvo Ocean Race or America’s Cup events. Yet at
all levels these performances can be enhanced by psychological interventions to
promote effective teamwork, positive imagery and attitudes, improved concentra-
tion and goal setting (see Brown 2011). Sailing has benefited not just from more
evidence regarding sail performance at sea, but also in simulated environments to
explore issues such as decision making in demanding situations (Araújo et al.
2005). This idea of developing a “winning mindset”, as Brown (2011) calls it, not
surprisingly can extend to other types of teamwork and performance, and therefore
sailing can be used to simulate and stimulate the development of skills and attitudes
that can extend into the corporate and government sectors. There are many com-
panies offering sailing as a reward for, or for the development of, good teamwork in
the corporate sector.

While each of the above uses of psychology in sailing is important, they are not
the focus of this chapter. Here we are concerned with the self-development and
therapeutic benefit of sailing, where the context of sailing and the maritime has been
deliberately chosen as an intervention to be of personal benefit to its participants.
However, there will hopefully always remain an unfathomable aspect to sailing. It
is possible to have considerable expertise in the technical aspects of sailing and in
the psychology of sailing, and yet for it to still retain its sublime existential value.
Evans (2016), in his remarkable book “Thoughts, Tips, Techniques and Tactics for
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Single-Handed Sailing”, begins this authoritative volume with these enchanting
lines:

If I was the richest man in the world,

I’d have a bigger boat and newer sails.

But on a Saturday afternoon with only God and the wind,

I wouldn’t be any happier than I am right now.

(2016, p. 1).

It is clear that there are many ways and levels at which psychology and sailing
are interwoven. While some of these may indeed be relevant to the context of
sailing as an intervention, these areas of research are not primarily concerned with
the benefit of sailing to the participant, beyond of course its intrinsic enjoyment and
the opportunity it offers to become absorbed in the “flow” of the activity. The
enormous popularity of sailing as a hobby is testament to its intrinsic rewarding
possibilities. However, this chapter instead places the benefit of sailing foreground,
with the activity and indeed the maritime environment being somewhat
back-grounded, as a sort of canvas on which interventions play themselves out.
While such an intervention may be enjoyable, we are interested in those that seek to
(and may or may not) stimulate a longer lasting, more profound and sustainable
effect on the participant’s well-being.

Sailing as an Educational Intervention

In the example of sail training in the above case study of the Jubilee Trust, sailing is
not simply an enjoyable activity, but clearly also one that presents an environment
that can be operated on in different ways to achieve different ends. McCulloch
(2004) contrasts two case studies of UK sail training, considering the ethos of
voyaging within each of them. The differences between them, McCulloch argues,
can be understood in terms of different approaches to participation in decision
making, and their associated and different interpretations of power. McCulloch
argues that even the types of vessels used and the routes of voyages made are not
neutral choices, but rather imbued with ideological significance.

In a subsequent multinational study of sail training for young people, McCulloch
and colleagues (McCulloch et al. 2010) conclude that such opportunities allow for
the development of social and emotional skills in self-confidence and the ability to
work collaboratively, along with the acquiring of practical skills and knowledge. In
fact, they argue that it is not necessarily the “seamanship dimension” of the
experience that is crucial for such learning, but rather participation in a “structured
purposeful programme”, with the maritime environment providing a unique and
stimulating learning environment in which to pursue it. McCulloch et al.’s study,
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using qualitative analysis of interviews with 25 participants across a range of
different types of sail training vessels, states that

There is clear evidence of various educational purposes and expectations in both sail
training operators’ accounts of purpose, and in participants’ own stories. Our findings show
that participation provides an opportunity for learning in the practical and cognitive
domains in relation to skills and knowledge, and in the affective domain in relation to social
confidence. (p. 675)

McCulloch et al. also found that the greater the extent to which structured and
purposefully educational activities (and reviewing of learning from them) were
used, the greater was the evidence of their association with increased
self-confidence of the participants. They note that while on some vessels pro-
grammes are planned to explicitly facilitate trainees’ learning, on others there was a
greater emphasis on simply allowing the seafaring experience to “speak for itself”,
and for participants to draw their own learning from this. While the latter may be of
value, some degree of structure and reflection seems to facilitate more learning and
the building of more self-confidence.

In another paper, McCulloch (2013) has applied Erving Goffman’s idea of total
institutions to sail training, emphasizing the extent to which the physical boundaries
of a boat, encapsulating its crew during its passage, help to create the sense of
independence and self-sufficiency within the participants. This boundedness of the
vessel and those within it may be one of the unique features of sailing as a context
of intervention—individuals both bounded together and separated from all else—
allowing for a particular type of environment, or culture, to develop on board, even
during short durations at sea.

Others too have found the educative experience of seafaring to build certain
desirable psychological characteristics. Hayhurst et al. (2015) explored the extent to
which a “developmental voyage” for a group of youths was associated with
increased resilience, both during the voyage and at follow-up 5 months later. They
found that increased self-efficacy, social effectiveness, and less positive perceptions
of the weather (!) were each individually associated with increased resilience.

These sorts of results for educational sail training chime with findings from other
aspects of the “outdoors” being seen as fertile ground for the development of self,
and self in relation to others. Cooley et al. (2015) investigated participants’ per-
ceptions of outdoor (ashore) groupwork skill programmes for undergraduate and
postgraduate students, alumni and academic staff, over a 24-h period using video
diary, one-to-one interview and focus group methods. Perceived benefits reported
included increased social integration amongst peers, academic success, personal
development and employability. Various factors felt to influence the extent of these
benefits were elaborated in their “Model for Optimal Learning and Transfer”.

This model has two broad domains that can each be broken down into several
overlapping components. First there is the “Reaction & Learning” of the partici-
pant; this involves their preparation (needs analysis, priming and group formation),
their own characteristics as learners (or learning styles, such as openness to and
engagement with new experiences), and the learning context. The learning context
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incorporates the removal from familiar social norms, its experiential nature, the
range of progressive challenges, the social and supportive elements, guided
reflection and enjoyment. The second domain of the model, “Behaviour & Results”,
is seen to arise from the first. Here learner characteristics relate to the ability to
generalize learning, mindful practice and self-reflection. Also included in this
domain is transfer context, which relates to opportunity, challenge, informal
prompting and follow-up, and peer support. Colley et al.’s model would seem to
have relevance to the idea of sailing as an educational or self-development inter-
vention. Its recognition of the preparation of participants and their learning styles
also indicates awareness that there may be considerable individual differences in
what constitutes an optimal outdoor learning environment, and we may assume that
for some that would not be the maritime or sailing environment. Indeed, different
people may perceive the same environment as threatening to quite different extents
(Walsh-Daneshmandi and MacLachlan 2000) and there may be cultural differences
in such perceptions (Walsh-Daneshmandi and MacLachlan 2006). In other words,
people’s background or group characteristics may determine the extent to which
any type of intervention, especially an outdoor one, seems appropriate to them.

While “outdoor experiential learning”, as it is referred to by Warren et al. (2014),
may be of value for many, its social justice credentials have been questioned.
Indeed, sailing is often seen as an elitist activity par excellence (Laurier 1999).
Warren et al. concerned themselves with North American outdoor programmes,
recognizing that cultural as well as contextual factors are likely to influence the
meaning given to any such programmes. Social justice may be taken to refer to the
promotion of equity in access to services and opportunity in society. So, equity in
this context means providing different groups with the necessary means so that they
can achieve similar outcomes (Amin et al. 2011). Outdoor activities—perhaps
especially sailing—are often seen as rather privileged, well-off, middle-class,
able-bodied, and (perhaps in the USA) white activities.

If such activities are the vehicle of privilege, then perhaps they can also be
poignant symbols of inclusion, by more explicitly targeting social divides and
social dominance (Pratto et al. 1994, Lee et al. 2011). Maybe outdoor experiential
learning—outside conventional social norms—can offer a canvas on which to
re-negotiate social difference and invigorate, or re-invigorate, shared identities and
common purpose. Thus, taking social privilege and oppression outdoors, by
engaging with race/ethnicity/culture, (dis)ability, gender, gender identity, religion
and socioeconomic status, can be one way to embrace a social justice ethos.

For instance, in the case of people with disability, Warren et al. state,

Any discussion of ‘able bodied’ is predicated on the assumption that there exists disabled
‘others’. Rather than adopting this binary categorisation, … [we]… present the concepts of
universal design, inclusion, and integration for all people engaged in OEE [outdoor
experiential education] … Integration is the act of combining individuals to make a unified
whole, for example, wilderness experiences including persons with and without disabilities.
(p. 92)
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The Jubilee Trust ships can be seen as perhaps juxtaposing the idea of the
inaccessibility of traditional sailing ships with the meaningful participation of
people with disabilities in a very wide range of sailing activities. It is the disap-
pearance of this apparent contradiction that is so empowering and causes us to reset
our expectations and to be more open to unanticipated possibilities. Such efforts
educate not just those viewing from the “inside” in regard to what people with
disabilities can and cannot do, but they also educate and empower participants from
the “outside” in terms of what they can expect.

In highlighting areas for future research and development that would promote
social justice in outdoor experiences, Warren et al. (2014) suggest that fundamental
challenges for learning in the outdoors include reconceptualization of the meanings
of outdoor adventure; promoting the intersectionality of race, class, gender, and
other identities; adoption of universal design principles and accessibility as the
norm; and more attention to power relations and to how social justice theory can be
used to promote constructive learning and practices. In this sense, sail training can
therefore be a mechanism for cultivating pluralism (MacLachlan and O’Connell
2000). The ship at sea is therefore a potential new and bounded social culture, one
that can reach beyond the extant social norms that constrain individual and group
identities, and one that allows people to experience difference in a more con-
structive and empowering way, facilitating both educative and self-development
goals.

Sailing as a Therapeutic Intervention

The maritime environment may also be able to contribute to therapeutic as well as
educative experiences. “Adventure-based experiential therapy” (AET; Eckstein and
Rüth 2015) has been used with child and adolescent psychiatry inpatients, often in
the form of rock-climbing, caving or exploring a creek; these can provide con-
siderably more stimulating environments than hospital settings for therapeutic work
to be “worked out” in. Eckstein and Rüth (2015) call for more research and practice
to explore this potential. Ewart (2014) has also reported benefits from “Outward
Bound Program for Vets” (OB4V), used to complement other interventions for US
soldiers experiencing various types of emotional reactions (such as PTSD and
suicidal thoughts) to their soldiering experiences. The “macho” element of outdoors
experiences may well suit the narrative of coping and building resilience common
to military cultures.

There are a number of studies that have specifically used sailing for therapeutic
benefit. Carta et al. (2014) explored the effects of sailing for 40 participants who
had either a diagnosis of schizophrenia, affective psychoses, or severe personality
disorder, who had been in treatment in a mental health care network for no less than
2 years, and who had reached clinical remission, but could nonetheless be con-
sidered to be experiencing chronic mental health problems. The researchers con-
cluded that for those who participated in the “rehabilitation with sailing”
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programme—which included a series of cruises in the gulf of Cagliari (Sardinia)—
there was a statistically significant improvement in their quality of life, as compared
to a similar group who did not have such experiences. However, this study is very
interesting, as much because of what did not change as what did change. They
report that on the World Health Organisation Quality of Life Scale (Group 1998)—
on which there are four sub-scales—there were positive changes for self-report
scores on the physical and the environment components of quality of life, but only
modest changes on the psychological scale and none at all on the social relations
scale. Furthermore, even these benefits were not long-lasting and had disappeared at
12-month follow-up. This may suggest that clear psychological and social gains are
required to maintain the benefits of shorter-lasting positive physical and environ-
mental experiences.

du Moulin et al. (2013) describe their experience with Boston’s “Community
Boating Universal Access Program” (UAP): over a period of 6 years more than
1500 people, with a range of physical and cognitive disabilities, have participated in
the programme, which is designed to promote therapeutic and recreational goals.
They argue that the natural setting—particularly its unpredictability—allows for the
development of motor skills, coordination and self-confidence, in a challenging,
adventurous environment.

Perhaps one of the most innovative applications of sailing as an intervention is
that being developed by Romero et al.’s (2014) Italian research group, comprising a
team of designers and rehabilitation clinicians who are using a specially modified
sailing boat as a rehabilitation strategy for people who have experienced a stroke.
They argue that many people who experience a stroke are left with reduced muscle
movement and/or some degree of mobility impairment. One of the challenges in the
rehabilitation of people with such impairments is that post-stroke depression can
disengage them from activities and the motivation necessary to gain functional
recovery, participate in social activity and actively engage in effective problem
solving. Romero et al. (2014) see sailing as an intervention that will facilitate better
rehabilitation by helping to engage people more in the rehabilitative process
through improving their quality of life, providing an enjoyable and relaxing
intervention.

In this research, sailing is seen as providing both motor and cognitive challenges,
and supporting the motivation of participants by giving them a (often new) life
experience; perhaps something they had assumed they may no longer be able to
have. However, sailing is also seen as having a very instrumental quality, with the
authors describing the boat as “a floating rehab gymnasium”, allowing participants
to engage in a number of routine motor activities in a purposeful and sociable way,
as opposed to simply repeating prescribed movement tasks, which may require
much greater motivation. The yacht being used in this work takes a crew of six
people, allowing the activity to be sociable and for people with stroke to support
each other and see each other’s success. This work is ongoing and will surely be
important for informing the potential of sailing as a rehabilitative mechanism for
stroke and other types of impairments.
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We have already noted the perception that sailing is elitist. Recio et al. (2013)
argue that many people view sailing not just as elitist and expensive, but also as
dangerous, and that these perceptions, along with having no previous experience of
sailing, act as a barrier to access, including for those without disabilities. For people
with disabilities, physical access may be a further barrier. However, Recio et al.
(2013) also claim that sailing has positive outcomes on self-esteem and general
health for such participants. To address some of these access barriers Recio et al.
trialled a real-time “ride-on” sailing simulator, to allow non-sailors to develop basic
sailing skills before on-water experience. Following a 12-week therapeutic sailing
programme using the VSail-Access sailing simulation system, they reported that
participants with disabilities could gain both in technical sailing skills and in their
psychological well-being. Importantly, participants were also able to participate in
such activities with family members.

Koperski et al. (2015) describe “Adventure Therapy” as a modality of interaction
which can augment other therapeutic approaches. They see its value in its ability to
improve coping skills and so better manage stressful situations, with these effects
being associated with a better therapeutic alliance. Sailing may be seen as one of the
alternative forms of adventure experiences and as such connected with what has
been referred to as ecopsychology. The realm of ecopsychology as a therapeutic or
self-development intervention is well established.

According to the ethos of ecopsychology and ecotherapy it is human evolution
—in particular our “moving away from nature”—that is at least in part responsible
for some health, and particularly mental health, problems. The ecopsychology view
is that living in urbanized environments is not optimal and disconnects people from
the benefits of nature (Roszak 2001). An often-quoted study illustrating the power
of nature to heal is by Ulrich (1984), who evaluated the post-operative recovery of
hospital patients who had either a view from their hospital bed of a blank wall, or a
view of trees. Records over a 10-year period showed that those with a view of the
trees had shorter post-operative recovery times—being discharged earlier—than
those with a view of the wall. This study was followed by a number of others with
variations on the same theme, which can be summarized as indicating that patients
who have some form of access to more natural environments (a window or even a
picture) recover more quickly than those who do not. In fact this effect is now
incorporated into the design of hospital environments.

The context of that work is the view that the industrialization of humanity has
not only moved it away from nature but has also led it to destroy nature; in this
sense ecopsychology can be seen as being about both getting back in contact with
nature at an individual level, and at a species level, getting nature back into
humanity’s view of how as a species it should “develop”, what it should value and
how it can sustain itself and the planet on which it is dependent. Thus MIND (2013)
defines ecotherapy as being about “building a relationship with nature, so that
personal wellbeing is considered equally alongside the health of the environment”
(p. 5).

Jordan (2013) discusses the relevance of the concept of the “frame” for under-
standing the challenge that “taking therapy outside” constitutes to conventional
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therapy, where the space of the therapist’s rooms frames the nature of the rela-
tionship between therapist and client, the sort of talk that is appropriate, and the
roles—and status—of participants in the therapeutic encounter. By contrast, an
encounter out-of-doors does not locate or confine the therapeutic space; it questions
boundaries; it makes ambiguous the relative roles of the participants; it offers the
potential for a more democratic and less status—and role—conscious encounter. It
also allows for that encounter to be less hinged on specific personalized problems
and more developed through the relationship between the participants.

The confidentiality, physical comfort and consistency of the therapy room is also
often lost and these attributes need to be implicitly re-negotiated—in what is
invariably a more fluid and dynamic context (Jordan 2013). Within this more
complex, less rigid environment, there are opportunities for de-professionalizing of
therapeutic encounters (with both the advantages and disadvantages this may
involve). Importantly, Jordan (2013) found that therapists working outdoors felt
that one of the values of their medium was to sometimes be able to “bypass
language” (p. 169) and allow the sensory stimulation of natural environments to be
at the forefront of experience. Jordan (2013) also stresses the need to develop a
clearer understanding of what constitutes safe, ethical and professional practice,
outdoors.

It is clear that the environment and indeed environmental threats are perceived
and experienced differently by different people (Walsh-Daneshmandi and
MacLachlan 2000), and both knowledge of, and attitudes towards, the environment
may be culturally influenced (Walsh-Daneshmandi and MacLachlan 2006). Thus,
while people will experience their exposure to the maritime context in different
ways, there seems to be sufficient evidence to suggest that sailing in general as an
intervention is at least worthy of further research.

Research Questions

This chapter has sought to review the idea of sailing as an intervention. Some
questions for future research in the area are now briefly posed. What distinguishes
sailing as an intervention compared to other types of outdoor interventions? And
related to this, is sailing simply a variation in the outdoors that may be more
attractive to some than to others, or is there an element of engaging with the
maritime that makes it qualitatively different from other outdoor interventions? The
research reviewed above also suggests that more structured interventions may be
more beneficial and so, what is the optimal type of structure to bestow the greatest
benefit for participants?

We have considered sailing as both an educational and therapeutic interventions.
If there are benefits associated with sailing for such interventions, are they similar
for the two types of interventions; are there commonalities, but also distinctive
mechanisms in each case? In the case of corporate sailing interventions—on which
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there seems to be little systematic research—what are the possible mechanisms of
benefit here?

We have also noted the challenges with sailing, for instance, its perception as an
elitist activity, its cost, and the idea that therapy in the sailing context, like in other
outdoor contexts, can remove many of the boundaries with which practitioners and
therapists are familiar. A code of good practice and a mechanism to provide support
and guidance to practitioners may be worthwhile developing. Norton et al. (2014)
review the literature on adventure therapy with youth and call for training and
professional development in adventure therapy and greater professionalization in
practice, and through better research in the area (see also Gass et al. 2012).

We might also want to ask to what extent sailing can be offered more widely as
an intervention. For instance, the excellent work done by Sail Training International
is focused on “changing young people’s lives”. This is a very appropriate target, but
with our changing demographics, surely there is scope for changing the lives of
older people too! The innovative work on the rehabilitation of people with stroke
could easily be extended to people with other types of rehabilitative needs. For
instance, limb amputation and learning to use a prosthetic limb are challenges that
are accompanied by many psychosocial issues (Desmond and MacLachlan 2002a,
b). Learning how to use both upper and lower limb prostheses in purposive,
enjoyable and often new experiences could be both motivating and empowering for
participants. In all these situations, the potential for the intervention to be helpful
will depend on being accurately able to assess the ability of the person to engage
with and learn from such experiences, and so the development of assessment tools
to help practitioners judge this would be another important area of future research.

Research in sailing as an intervention is in its infancy and so like many other
innovative areas, initial research is often piecemeal, opportunistic and of modest
scale. Despite this, some excellent research has already been undertaken and this
should be built on through larger studies, and the collection of longitudinal data
over longer time periods. The use of comparative or control groups through ran-
domized controlled trials would provide a much more robust database on which to
build future and further evidence-based practice. However, there is also a critical
role for skilful qualitative research to pinpoint crucial experiential elements of
sailing as an intervention, and to allow researchers to learn ideas from participants,
as well as test their own ideas from theory or practice.

Conclusion

Art, drama and music are recognized as mediums of intervention that allow people
to express themselves in ways that “talk” may not (MacLachlan 2004), and
therefore to know and possibly define themselves in other and new ways. Similarly,
the development of new sets of skills, such as carpentry, a new language or through
hobbies, can be seen as a means of experiencing added aspects of the self and
giving a greater—and often a more “rounded”—sense of self. Sailing is experienced
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variously as a skill, an art, an intellectual challenge, a connectedness to nature, as
risk-taking, as calming. For the same person it may be all of these at different times.
As an enjoyable realm of human activity sailing is certainly worth considering as a
beneficial intervention, particularly with regard to its educative and therapeutic
possibilities, but possibly also as a corporate intervention. There is already enough
research to give us optimism regarding the benefits and possibilities of sailing as an
intervention; however, to fully realize the potential of this medium will require
several significant and complementary research programmes to be undertaken by
different research consortia.
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