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Introduction
Ships are among the most complex workplaces in the world: moving, vibrating, and
often isolated environments where crews make time-critical decisions under
uncertainty. The difference between smooth operations and incidents frequently lives
in design choices that either support or hinder human performance. This book takes
the position that people—not technologies or procedures alone—are the core of safe,
productive maritime systems. By placing human factors and ergonomics (HFE) at the
heart of ship design, we can reduce error, improve reliability, and enhance the day-to-
day experience of everyone aboard.

Human-centered engineering in the maritime domain must account for the realities of
work on the bridge, on deck, in machinery spaces, and in accommodations. Bridge
teams juggle navigation, communications, traffic, weather, and automation; engineers
contend with heat, noise, tight access, and maintenance deadlines; deck crews work
under load, often in poor conditions. Design that disregards these contexts creates
friction, fatigue, and unnecessary risk. Design that embraces them creates margin,
clarity, and resilience.

Habitability and fatigue are not “soft” topics—they are performance drivers. Sleep
quality depends on cabin layout, noise and vibration levels, lighting, thermal comfort,
and motion; watch schedules and task demands compound the challenge. We
examine how accommodation design and fatigue risk management intersect, showing
how small changes in cabins, messes, and recreation spaces can yield outsized
benefits in alertness, morale, and safety. The goal is to create vessels where rest is
protected, recovery is real, and crews are equipped to perform at their best.

On the bridge and in control rooms, information must be available, legible, and
actionable. Layouts that preserve sightlines, eliminate unnecessary reach and
movement, and align with team workflows reduce cognitive load when it matters
most. We explore displays, controls, and alarms with a focus on clarity, prioritization,
and consistency, including the integration of ECDIS and other automated aids. Rather
than adding more technology for its own sake, we emphasize interfaces that make the
human–machine partnership transparent and trustworthy.

Maintenance and accessibility are treated as design requirements, not afterthoughts.
Poor access paths, heavy manual handling, and awkward postures increase error
likelihood and injuries while extending downtime. We provide practical guidance on
arrangement, clearances, lifting strategies, and task sequencing that enable safe,
efficient maintenance. Designing for maintainability ultimately improves availability
and lowers lifecycle cost while protecting the people who keep the ship running.
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The pages that follow are grounded in field studies and real-world evidence. We draw
on observations at sea, task analyses, and measurements of environmental and
human performance variables to connect design decisions with outcomes. Throughout
the book, you will find ergonomics metrics and methods that translate human factors
into numbers decision-makers can use—supporting trade-offs, verifying
improvements, and tracking progress over time. These metrics are tools for learning,
not ends in themselves.

Each chapter offers concrete techniques, checklists, and examples you can adapt to
your context. Early chapters establish foundations—standards, anthropometrics, and
cognitive considerations—before moving into bridge layout, automation, and alarm
management. We then address habitability and environmental comfort, marine motion
and its effects, and the ergonomics of maintenance, deck work, and emergency
response. Later chapters cover training and simulation, usability testing, and a
measurement framework for reducing human error, culminating in case studies,
integration into procurement and retrofits, and an outlook on autonomy and resilient
operations.

This book is for naval architects, marine engineers, shipowners, operators, regulators,
class societies, trainers, and seafarers themselves. Our aim is to help you design
vessels that are not only compliant, but genuinely easier to operate, maintain, and live
on. By centering the human in every design decision—backed by field evidence and
meaningful metrics—we can build ships that are safer, more productive, and more
humane.
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CHAPTER ONE: The Case for Human-Centered Ship
Design
The sea, an environment of both profound beauty and relentless challenge, has been
the stage for humanity's most ambitious endeavors and its most humbling failures.
From ancient mariners navigating by the stars to the sophisticated vessels of today,
the ambition to conquer the waves has driven innovation. Yet, amidst all the
technological advancements, a persistent truth remains: the human element is the
linchpin of maritime safety and efficiency. To ignore this fundamental aspect in the
design of ships is to invite peril, compromise performance, and ultimately, undermine
the very purpose of seafaring.

The history of maritime transport is, unfortunately, replete with sobering accounts of
disasters where human error played a pivotal role. The sinking of the SS Arctic in
1854, for instance, which claimed around 300 lives, highlighted not only the lack of
adequate lifeboats but also the failure of the crew to adhere to proper safety
protocols. Similarly, the MV Dona Paz, in 1987, became one of the worst peacetime
maritime disasters due to overloading and a lack of essential safety measures. The
sheer scale of loss in such incidents, sometimes thousands of lives, serves as a grim
reminder of the profound consequences when human limitations and needs are not
adequately considered in design and operation.

Even in the modern era, with all its advancements in navigation, automation, and
monitoring systems, human error continues to be a dominant factor in maritime
accidents. Various studies consistently suggest that human error contributes to a
staggering 60% to 90% of all marine casualties. This isn't merely about individual
mistakes; it's about a complex interplay of factors, often rooted in design choices that
create an environment ripe for error. Fatigue, miscommunication, cognitive overload,
and inadequate training are frequently cited as underlying causes. The financial
ramifications are equally stark, with human error being a primary factor in 75% of
marine liability insurance claims, amounting to billions of dollars in losses. These
figures underscore the urgent and undeniable economic imperative for prioritizing
human factors in ship design.

Consider the infamous grounding of the Costa Concordia in 2012, an incident directly
attributed to navigational arrogance and a deviation from the voyage plan, resulting in
32 fatalities and a monumental salvage operation. Or the MV Sewol capsizing in 2014,
where overloaded cargo and a sharp turn combined with an incompetent crew
response to cause immense loss of life. More recently, the MV Wakashio grounding in
2020 was linked to crew distraction and negligence, as the ship altered course for a Wi-
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Fi signal. These are not isolated incidents but rather recurring themes that expose
systemic vulnerabilities where human capabilities and limitations were not adequately
supported or accounted for by design.

The traditional approach to ship design has often been, and in many cases still is,
heavily focused on engineering principles, structural integrity, hydrodynamics, and
technological integration. While these aspects are undeniably crucial, they often
sideline the very individuals who will operate, maintain, and live on these complex
structures. The human element, encompassing everything from physical comfort to
cognitive processes, has historically been treated as an afterthought, if considered at
all. This oversight creates a gap between what a ship is designed to do and how
humans can effectively and safely interact with it.

The challenges of working at sea are unique and demanding. Mariners often face long
working hours, isolation, constant motion, and the need to make critical decisions
under pressure and uncertainty. When ship designs fail to acknowledge these realities,
they inadvertently amplify stress, accelerate fatigue, and increase the likelihood of
errors. Imagine a cramped engine control room where vital gauges are difficult to
read, or a bridge layout that obscures crucial sightlines, forcing officers into awkward
postures or constant repositioning. These seemingly minor design flaws can
accumulate, leading to significant decrements in performance and, ultimately,
compromise safety.

A human-centered approach, by contrast, places the seafarer at the very core of the
design process. It acknowledges that ships are socio-technical systems, where the
intricate dance between humans and technology determines success or failure. By
understanding the needs, behaviors, and preferences of the end-users – the mariners
themselves – designers can create environments that enhance usability, efficiency,
and overall satisfaction. This isn't about "dumbing down" technology; it's about
making it intuitively operable and supportive, even under challenging conditions.

The benefits of integrating human factors and ergonomics (HFE) into ship design
extend far beyond merely preventing accidents. A well-designed ship, informed by HFE
principles, can significantly improve operational efficiency, reduce downtime, and
enhance the overall well-being of the crew. When spaces are designed for optimal
workflow, when controls are intuitive, and when living quarters promote adequate rest
and recovery, crews are more alert, more productive, and more resilient. This
translates into tangible gains for shipowners and operators, including reduced training
costs, fewer delays, and a stronger reputation for safety and reliability.

Moreover, an investment in human-centered design is an investment in crew
retention. As crew sizes diminish on modern vessels, the individual workload and the
importance of each crewmember's performance increase dramatically. Ships that
prioritize habitability, comfort, and ease of operation are more attractive workplaces.
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A comfortable cabin, a quiet mess hall, or an easily accessible maintenance area can
make a profound difference in morale and job satisfaction. This, in turn, helps to
combat the challenges of recruitment and retention in an industry that relies heavily
on skilled and dedicated personnel.

The concept of human-centered design is not entirely new, but its comprehensive
application within the maritime industry has lagged behind other sectors. While
industries like aviation and nuclear power have long embraced HFE as integral to
safety and performance, the maritime sector has been slower to adopt a holistic
approach. However, there is a growing recognition that this paradigm shift is not just
desirable but essential for the future of shipping. The industry is beginning to
overcome these historical challenges, understanding that proactive integration of HFE
knowledge throughout the design lifecycle is key to safer and more efficient maritime
operations.

The evolution of ship design methodologies reflects broader societal and technological
changes. From the rudimentary designs of sailing ships to the complex, IT-driven
vessels of today, each era has brought new challenges and opportunities. The latest
stage, sometimes referred to as Shipbuilding 5.0, places human needs and capabilities
at the heart of intelligent IT systems, emphasizing sustainability and resilience
alongside advanced digital tools. This convergence of technology and human focus
creates an unprecedented opportunity to integrate human factors from the very initial
stages of design, ensuring that future vessels are truly fit for purpose, both
technologically and humanly.

This book serves as a guide to bridging the gap between engineering prowess and
human needs. It champions a proactive, human-centered design philosophy that
considers the entire lifecycle of a vessel, from conceptualization to operation and
maintenance. By providing practical techniques, real-world examples, and measurable
metrics, we aim to equip naval architects, marine engineers, and all stakeholders with
the tools to design ships where human performance is optimized, errors are
minimized, and the well-being of seafarers is paramount. The case for human-centered
ship design is not merely a matter of compliance or best practice; it is a fundamental
pillar of a safer, more productive, and more humane maritime industry.
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