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Usability

The popular impression of the Human 
Element emphasises competence and 
leadership. These alone are not sufficient. 
We also need usable ships and systems:

•	 Getting the design right is a one-time 
activity. Training and competence to 
compensate for a bad design are a 
continuing commitment

• 	 A usable design provides support 
when it is most needed, e.g. when 
fatigued or under stress

• 	 Usable equipment can dramatically 
reduce training requirements - 
potentially to ‘walk up and use’

• 	 The state of the art is such that cheap, 
simple design changes can have a 
significant reduction in human error 
potential.

Usability is particularly important when 
introducing new technology and functions. 
It provides support to the seafarer 
performing an unfamiliar task, particularly 
in situations where operational use precedes 
training delivery. 

Usability is a result of taking a human-
centred approach to design. Lloyd’s 
Register has produced Human-Centred 
Approach Best Practice Guides (based on 
International Standards) to help shipyards, 
equipment manufacturers and Class. 

Human-Centred Design (HCD)

The principles of HCD are:

• 	 A clear and explicit understanding of 
users, tasks and environments (context 
of use)

• 	 The involvement of users throughout 
design and development

• 	 Iteration

• 	 Designing for the user experience

• 	 User centred evaluation

• 	 Multi- disciplinary skills and 
perspectives

Applying these principles requires 
strategic and managerial, as well technical, 
changes in an organisation. The Guides 
describe a staged approach to HCD and 
enable planning and implementation of an 

achievable improvement programme with 
respect to HCD. 

The Guides

The activities set out in the Ship Design 
Guide are shown in the Figure above.  
Corporate strategy has activities that 
align HCD and corporate objectives, and 
provide the necessary high-level support. 
The next level is concerned with business 
management; activities are grouped under 
well-known functions. At a technical level, 
the integration of HCD into a project 
is shown as a single set of activities, 
since it is likely to be resourced by very 
small numbers of people. The technical 
implementation of HCD is split up by 
technical specialist disciplines. 

The structure of the Equipment 
Manufacturers Guide is similar to that for 
yards, but with two essential differences at 
management level:  

• 	 The need for product support beyond 
a guarantee period, with a more 
extended lifecycle, and  
less organizational partitioning 
between stages.

Dr Jonathan Earthy,  Lloyd’s Register
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• 	 The likelihood of a greater emphasis 
on risk management.

At a technical level, the differences reflect 
the technical specialisms involved.

In conclusion

Shipyards and manufacturers do not 
benefit directly from usability in the way 
that a ship operator does. These Guides 
help to reward efforts made, and to 
provide incentives to those who are in the 
early stages of addressing usability. By 
concentrating on processes within design 
and manufacturing organizations, they can 
simplify and promote usage and uptake 
of good practice. Given this background 
the aim of the Guides is to offer a scale of 
benefits to yards and manufactures, and 
provide assistance with making simple 
improvements from a basic starting 
position. Engaging the user community is 
also an aid to technical innovation. Many 
major companies in other sectors find that 
their best ideas come from their users.
For further information go to:   
www.webstore.lr.org 
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that cognitive functions were considered when 
maximum allowable limits on noise, vibration 
and motion levels were selected. These limits 
seem arbitrary in this respect and do not cater 
for some of the most safety critical vessel tasks. 
This observation is further reinforced by the fact 
that maximum limits on noise and whole body 
vibration significantly vary from class to class 
(e.g. noise limits in the wheelhouse range from 
55dB, according to ABS, to 65 dB, according to LR).

The findings by project FAROS highlight the 
need for more research into how GDFs impact the 
cognitive performance of crew members. 

The research has to involve large scale 
experiments on bridge simulators, virtual reality 
environments simulating engine and other 
rooms, as well as on-board measurement. The 
ultimate objective would be to determine optimal 
conditions for human performance in normal 
operation, and compare them to corresponding 
design rules and guidelines.

We know that human error is often the 
primary contributing factor to maritime 

accidents. According to studies by the US Coast 
Guard, insufficient cognitive functions (e.g. 
situation awareness and decision-making) as 
opposed to physiological performance are  
the primary cause of human errors that contribute 
to risk at sea. So, how does ship design  
contribute to human error? And how well do the 
current design rules and standards cater for safe 
human performance? 

Project FAROS (www.faros-project.eu) is a 
European research project, which has been 
investigating the relationship between ship design 
and human performance.

Amongst all contributors to insufficient human 
performance, the effect of ship motions, noise, 
whole body vibration, deck layout, equipment 
arrangement and other global design factors 
(GDFs) controlled by design are, perhaps, the 
most speculative and anecdotal. 

Evidence suggests that exposure to GDFs impacts 
crew performance, acts as a stressor and affects 
the underlying human capabilities required to 
perform tasks successfully. However, humans 
are often able to maintain performance despite 
considerable stress by redirecting cognitive 
resources to the primary task, albeit potentially 
at the expense of secondary task performance. 
Task performance is only expected to become 
insufficient when this compensatory mechanism is 
no longer able to cope. 

Current design rules and international standards 
specify maximum allowable limits on noise, 
vibration and motion levels on-board vessels. 
These limits assume that exposure above these 
levels would have detrimental effects on both 
physiological and cognitive performance of 
crew members. However, FAROS challenges the 
validly of this assumption.

Modern vessels are indeed quiet, have low 
vibration levels, and perform well in waves. The 
study showed that some design standards and 
requirements are indeed linked to physiological 
functions, for example, walking and how GDF 
exposure impacts the probability of being knocked 
off your feet and sea sickness. Therefore we 
can say, with some certainty, that some basic 
physiological performance of crew members 
can be improved by design. But what about 
safety critical cognitive functions such working 
memory, comprehending and producing language, 
calculating, reasoning, problem solving, and 
decision making? 

No evidence was found to support the assumption 
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Onboard work and habitability environments  

IMO MSC-MEPC.7/Circ.3 - Framework 
for consideration of ergonomics and work 
environment - provides guidance on the 
application of ergonomic solutions as 
a means to reduce personal injuries or 
accidents brought on by human error. It 
suggests that, when addressing ergonomics 
onboard ship, there are five key areas 
that should be considered; following each 
we offer a list of sources of information 
to assist with the application of these 
solutions:

1. 	 Manual valve operation, access, 
location and orientation, in order to 
better access and operate manual valves 
aboard ship.

- 	 Guidance Notes for the Application of 
Ergonomics to Marine Systems, 
Section 9 - ABS (2013)

2. 	 Stairs, vertical ladders, ramps, 
walkways and work platforms. 
The application of ergonomic design 
principles for ladders, ramps, walkways 
and work platforms.

	-	 Guidelines for the Design of the Means 
of Access for Inspection, Maintenance 
and Operation of Commercial Ships - 
Bureau Veritas (2008)

	-	 Human element recommendations 
for structural design of lighting, 
ventilation, vibration, noise, access  
and egress arrangements – IACS 
Rec. No. 132 Section 4.6 - Access and 
Egress Design

	-	 Guidance Notes for the Application of 
Ergonomics to Marine Systems, Section 
7 - ABS (2013)

3. 	 Inspection and maintenance 
considerations, to ensure the 
accessibility, inspectability and 
maintainability of the ship’s hull, 
machinery, lifesaving and fire- 
fighting appliances. 

	-	 Guidance Notes for the Application of 
Ergonomics to Marine Systems, Section 
10 - ABS (2013)

	-	 A guide to managing maintenance in 
accordance with the requirements of 
the ISM Code – IACS Rec. No. 74 

4.	 Working environment, including: 
the layout of spaces; the ambient 
environmental characteristics of human 
whole-body vibration; noise; indoor 
climate; and vibration.

	-	 Code on noise levels on board ships – 
IMO Resolution MSC.337(91)

	-	 Ships and marine technology -- 
Ship’s bridge layout and associated 
equipment -- Requirements and 
guidelines - ISO 8468:2007

	-	 Guidelines for engine-room layout, 
design and arrangement - IMO MSC/
Circ.834

	-	 Guidelines on ergonomic criteria for 
bridge equipment and layout – IMO 
MSC/Circ.982

	-	 Guidelines on the application of 
SOLAS Regulation V/15 to INS, IBS 
and bridge design –  IMO SN.1/
Circ.265

	-	 Human element recommendations 
for structural design of lighting, 
ventilation, vibration, noise, access and 
egress arrangements – IACS 
Rec. No. 132

	-	 Recommendation for the application of 
SOLAS Regulation V/15 bridge design, 
equipment arrangement and procedures 
– IACS Rec. No.95

5. 	 The application of ergonomics 
to design how ergonomics can be 
considered during design for changes  
after construction.

	-	 Ergonomic principles in the design of 
work systems - ISO 6385:2004

	-	 Guidance Notes for the Application 
of Ergonomics to Marine Systems, 
Appendix 2 - ABS (2013)

	-	 The Human-Centred Approach - A Best 
Practice Guide for Ship Designers and 
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Builders – Lloyd’s Register (2013)

IMO MSC-MEPC.7/Circ.3 does not cover 
Habitability, but this is now adequately 
covered by ILO MLC 2006 (see Alert! 
Issue No. 34, January 2014 centrespread 
and page 8). 

IMO MSC/Circ.1014 - Guidance on fatigue 
mitigation and management – recognises 
a number of ship design features and 
environmental factors that can cause 
fatigue, or have an effect on workload and 
the crew’s ability to sleep.

Those who are involved in the design of 
ships and their systems should be familiar 
with Module 7 of MSC/Circ.1014.

For further information,
scan the QR code.
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