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to be put in writing, and if necessary the organisation 
should establish a central database for gathering all these 
reports. It is vital to identify problems in order to take 
pre-emptive action. (See also the discussion of learning 
culture in the section on Management on page 99.)

How can you improve communications?
The SCCFG website (www.rail-scc.co.uk, as of May 2008) 
has an excellent summary of good practice for safety 
critical communications by front-line staff (see Panel, 
Good practice in communications for safety-critical staff). 
The website also gives you The Safety Communications 
Good Practice Handbook produced for RSSB in 2004 by 
Risk Solutions. This handbook covers all aspects of safety 
communications from the perspective of senior managers 
and directors, safety and line managers, and briefers.
 

How can you manage communications?
In addition to rules and guidance on actually 
communicating safety critical information, the rail industry 
has formulated good practice on what Railway Group 
members must do in order to ensure that safety critical 
communications are maintained at the highest standard 
possible. GE/RT8046 and GE/RC8456 specify what the 
management of organisations in the railway industry must 
do in terms of:

defining safety critical communication requirements•	

recruiting and selecting staff to undertake safety critical •	
communications

establishing a safety critical communications •	
competence management system

Good practice in communications for safety critical staff
Start on the 
right note

You have probably experienced in everyday life that when a conversation starts on the right note, it usually carries on that way, too. 
The same applies in safety critical communications. Research from the railway shows that when conversations start well, as per the 
protocols, they tend to continue that way. When you are the first to use the protocols, you help to set the professional tone. When 
beginning a communication, you must: 

identify yourself, your job title and your location •	

ensure you identify the other person •	

be clear about the purpose of the call.•	

The ABC 
principle: 
Accurate
Brief
Clear

The principles of safety critical communications are simple: keep the conversation accurate, brief, and clear. 

Speak slower than normal. •	

Use clear sentences and make sure you use the standard phrases. •	

Avoid technical and regional jargon – not everyone is familiar with it. •	

Spell words that are unfamiliar or difficult to pronounce. Use the phonetic alphabet. •	

Read back to confirm understanding. •	

Say numbers individually. Read back to confirm understanding. Remember how easy it is to get numbers and codes wrong by a slip of •	
the tongue. 

Take time to reach understanding. •	

If the caller speaks in a dialect or accent which is not familiar to you, what they say may take some repeating.•	

Lead 
responsibility

Lead responsibility is an important element in safety critical communications. It means that one person guides the conversation and 
takes charge of the outcome. That person has the authority and duty to show the way forward and direct the action. Because it is so 
important, lead responsibility is specifically assigned to different work roles, and varies according to who you are communicating with.

Listening skills It may be obvious that listening carefully is as critical as speaking clearly. But how do you know if someone is listening? Asking them to 
repeat the message is a simple way to check it. The protocols give you several ways of doing so. Asking for a read back and repeating 
messages is always a good practice, but even more important in situations when there is a risk of inattention and lack of focus. On the 
railway these include: 

long-term degraded working conditions – when exception becomes normal •	

monotony of work •	

tiredness •	

stress •	

intense activity •	

adverse conditions – wanting to work quickly rather than safely.•	

Confirm 
understanding

The ultimate purpose of the protocols is to ensure that clear understanding is reached about all critical details in safety critical 
operations. No action should be taken without confirming understanding.

Source: Rail Safety Critical Communications website

http://www.rail-scc.co.uk
http://www.rail-scc.co.uk
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training for safety critical communications•	

monitoring safety critical communications performance•	

gathering safety critical communication data•	

If you are responsible in any way for safety critical 
communications performed by railway staff, you 
should ensure you are familiar with these management 
requirements and make the appropriate arrangements. 

Further information about communications

Clark H. (1996) Using Language, Cambridge Uni Press1	

Cushing S. (1994) Fatal Words: Communication 2	
Clashes and Aircraft Crashes, Univ. of Chicago Press

Dietrich R. (Ed) (2003) Communication in High Risk 3	
Environments, Helmut Buske Verlag

HSE (2005) Development and validation of the HMRI 4	
safety culture inspection toolkit, RR365 
www.hse.gov.uk/research/rrhtm/rr365.htm (as of May 
2008)

Safety Critical Communication Focus Group 5	
www.rail-scc.co.uk (as of May 2008): several 
publications including The Safety Communications 
Good Practice Handbook produced for the Rail Safety 
and Standards Board by Risk Solutions (2004)

‘Nothing is permanent 
except change.’
Heraclitus 6th Century BC, 
Greek philosopher

Change

What drives change?
It has become a truism that the only constant in working 
life nowadays is change. But it is certainly the case that 
the railway industry has seen its full share of change over 
the last decade or so. Probably the major driver of change 
over this time has been a series of Government decisions, 
notably the decision to privatise the railways in the early 
1990s. These changes in the structure of the railways 
have been accompanied by increased exposure to new 
financial and business pressures. Other drivers of change 
have been the influence of initiatives at the European 
level (eg the EU Working Time Directive) and the growth 
in the number of train passengers. 

As it has throughout its history, 
the railway industry has to remain 
responsive to changes in the available 
technology. For example, the 
availability of cheap, reliable mobile 
phones has had a strong impact on 
many areas of railway working. This 
impact will only increase as new programmes such as 
GSM-R and ERTMS change fundamentally many aspects 
of how the railways work. Specific changes in working 
practices have also been driven by inquiries into major 
accidents, such as the Hidden Inquiry into the 1988 
Clapham accident and the Cullen Inquiry into the 1999 
Ladbroke Grove accident. 

There have also been changes that have affected the 
workforce in less obvious ways. Over the years skills have 
varied as education and training practices have developed. 
The composition of the workforce has changed under 

the impact of factors such as immigration and the 
increasing acceptance of women in many occupations 
that were traditionally ‘male’. Social attitudes have also 
changed. For example, few people these days expect to 
have a career for life in the way that earlier generations 
did. All of these changes are reflected in change in the 
way that the railways are staffed and operated.

What are the obstacles to change?
In any organisation there is a continual process of 
evolutionary change. This involves numerous small 
changes triggered by any of a multitude of factors. 
Normally the organisation will adapt to these changes 
without major disruption. But usually when people talk 
about the problems of organisational change they have in 
mind larger programmes of planned, intentional change. 

Such programmes are notoriously 
difficult. Many of these problems are 
practical in nature, but here we focus 
on what most writers on organisational 
change single out as the greatest issue, 
namely the human factor in change.

The human factor in change normally takes the form of 
resistance to change. Fear of the unknown is a leading 
problem. Staff fear that they may lose out financially or 
in terms of loss of power or influence. They may have 
fears that they may lose their jobs. Where the change 
involves new technology or working practices people 
may have concerns about safety. Even when fear is not 
a large concern, change always involves disruption and 
inconvenience. A lot of working life is about habits. 
Having to give up old habits and learn new ones is usually 
unwelcome. 
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More generally, organisational culture can play a major 
role in holding back the process of change. Many will view 
attempts to change the culture as putting at risk the very 
things that have made the organisation successful in the 
past – the shared values, beliefs and assumptions that 
have evolved over the years. Yet it may be essential to 
change the organisation and culture if the organisation is 
to remain viable. This is likely to be a challenging process 
since much of culture is deeply embedded in people at 
a subconscious level, and it is remarkably difficult even 
to identify what needs to change, let alone to actually 
change it.

How can change be managed?
Change is driven by many different factors, which means 
that change management programmes can take many 
different forms. In keeping with the themes of this Guide, 
we look here at three highly inter-connected aspects of 
managing change: technological change, change with safety 
implications and cultural change.

Introducing new technology
The railway industry is of course technology-intensive. 
There is a continuous process of replacing older 
technologies with new ones. This has always been the 
case with the technologies connected with trains, track 
and infrastructure, but more recently the rapid advance of 
information and communication technologies has resulted 
in radical changes in management and administration. 

The introduction of new technology into organisations 
has not always been a story of success. New technology 
has often triggered periods of disruption and even 
conflict, especially where people have felt threatened by 

the technology. Projects to introduce new technology 
have often been abandoned or the new technologies 
have soon fallen into disuse. The financial and other costs 
have been enormous.

Studies of why so many attempts at introducing new 
technology have failed have consistently pointed to a 
major cause: the failure to properly consider the human 
and social working context into which the technology 
is introduced. Managers have often focused on the 
operational or business benefits expected of the new 
technology, and designers have been totally absorbed 
by the technical challenges it poses. The fact that 
the technology may disrupt or make obsolete well-
established working practices, relationships and senses of 
professional identity is frequently ignored.

To avoid these difficulties, an approach to the introduction 
and development of systems, called socio-technical 
design, has been developed over the last 50 years. The 
essence of this approach is the recognition that the vast 
majority of working situations involve teams or groups 
of people working with each other (the social system) 
and with complex combinations and arrangements of 
technology (the technical system). Both the social and 
technical systems have to develop in step with each other. 
The aim is to find a solution in which business-oriented 
and human objectives can be met to the reasonable 
satisfaction of both types of system. A process for 
achieving this is outlined in the diagram on this page, 
Socio-technical systems design. You can view this process 
as providing a wider context for the user-centred design 
process (see section on user-centred design on page 25).
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Change with safety implications

	 ‘Organisational change is often an opportunity to improve 
health and safety, for example though reappraisal of 
safeguards or clarification of personal accountabilities. 
However, HSE’s experience is that in many instances 
organisational changes are not analysed and controlled 
as thoroughly as plant changes, resulting in reduced 
defences against major accidents, sometimes with fatal 
consequences. This is because, unlike management of 
plant change, impacts of organisational change are less 
well understood, and there is a lack of robust, generally 
accepted approaches to ensuring safety.’ 
HSE (2003)

Organisational change can, of course, include the 
introduction of new technology. It can also include 
outsourcing, mergers, introduction of ‘self managed’ 
teams, and so on. To help overcome the problem of not 
assessing organisational changes sufficiently for their safety 
implications, the HSE has developed the change process 
shown in the diagram, Managing organisational change. 
There are three major steps, each of which involves a 
number of tasks.

The HSE information sheet (CHIS7) not only gives a 
detailed description of the process but also a number 
of valuable checklists. The HSE overview checklist is 
reproduced in the Panel, Getting organised checklist.

Can safety culture be changed?
Within the context of this Guide, the organisational 
change that is of most relevance is changing the safety 
culture. We have already considered safety culture in 

Source: HSE (2003), reproduced with permission. © Crown copyright material is 
reproduced with the permission of the Controller of HMSO and Queen’s Printer 
for Scotland. 

relation to leadership, management, teamwork and 
communications. Introducing any of the good practice 

discussed in these sections will begin to bring about 
changes in your organisation’s safety culture. However, 
there will be occasions when you seek to bring about 
more comprehensive changes in your organisation’s safety 
culture. 

Getting organised checklist

Don’t make too many simultaneous changes, resulting 
in inadequate attention to some or all.

Don’t delay or defer safety issues compared to other 
aspects considered more pressing, because:

they are seen as a side issue•	

they are delegated to people with inadequate •	
influence

they are not considered early enough in the change •	
process

inadequate time or resource is allocated to their •	
assessment

teams making decisions are too inward looking•	

there is lack of objectivity•	

objectives are passive, maintaining rather than •	
improving standards

appropriate management controls are missing•	

Source: HSE (2003), reproduced with permission. © Crown copyright material 
is reproduced with the permission of the Controller of HMSO and Queen’s 
Printer for Scotland.
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You can see changing safety culture as a specific example 
of changing organisational culture 
in general. An important point here 
is that culture cannot be changed 
directly. It can only be changed 
indirectly, and this will probably 
take a long time. Culture can slowly 
change through the operation of a 
range of organisational ‘levers’, such 
as leader behaviour, changing rules 
and rewards, and visible things such as buildings, names, 
and so on. What is clear is that because an organisation’s 
culture is deeply embedded in the minds and identities 
of the members of an organisation, any change in 
organisational culture usually only happens when a crisis 
confronts the organisation and its staff, (see Panel, The key 
ingredients of culture change).

The diagram, The levers of culture change, illustrates the 
mechanisms involved in bringing about culture change.

Change management research in the off-shore industry 
has shown that an organisation’s safety culture typically 
goes through three stages of development as it changes 
and matures.

Stage 1 is a dependent safety culture. Here the emphasis 
is on management and supervisory 
control, with extensive use of 
discipline to enforce safety measures. 
There is a heavy reliance on written 
safety rules and procedures. Safety 
performance is dependent on the 
level of management commitment 
to enforcing rules and procedures. 
Safety performance improvement will 

reach an upper limit with this type of culture – because 
no matter how committed management are, it is not 
possible to be everywhere and observe all operations.

Stage 2 is an independent safety culture. Here, the focus 

is on personal commitment to, and responsibility for, 
safety. This involves all employees in developing their 
own personal safety standards and demonstrating their 
commitment by adhering to these standards. While 
there are still safety rules and procedures, employees 
look after their own safety and make active choices to 
keep themselves safe. In an independent safety culture, 
the focus on individual responsibility for safety may be 
indicated by statements such as ‘everybody is their own 
safety officer’.

Stage 3 is an interdependent safety culture. Here, 
team commitment to safety is the dominant 
factor. This type of culture is manifested by 
workers having a sense of responsibility for safety 

‘Culture can only be 
changed indirectly – and 
always takes a long time’

The key ingredients of culture change

Typically triggered by a perception of crisis•	

Initiated and shaped by strong leaders•	

Consolidated by perceived success•	

Requires extensive re-learning and re-education•	

Adapted from Scott et al (2003), reproduced with permission Adapted from Briault (1994), reproduced with permission



Understanding Human Factors/June 08 Page 113

Culture
Part 2: Guidance

Further information on organisational change
The first of these references is a short publication highly 
relevant to the theme of this guide. The others are all 
books that present important views on the process of 
organisational change in general.

Briault S. (1994) What is integrated learning? Training 1	
Officer, May, Vol. 30, No. 4

HSE (2003) Organizational change and major accident 2	
hazards, Chemical Information Sheet CHIS7

Kanter R.M. (1983) The Change Masters, Unwin 3	
Paperbacks

Mumford E. & Beekman G.J. (1994) Tools for change 4	
and progress, CSG Publications

Scott, T, Mannion, R, Davies, & H, Marshall, M. (2003) 5	
Healthcare performance and organisational culture, 
Radcliffe Medical Press

Senge P., Kleiner A., Roberts C., Ross R., Roth G., 6	
& Smith B. (1999) The Dance of Change, Nicholas 
Brealey

beyond their own work and by caring for the safety 
of others. Employees share a common belief in the 
importance of safety. The movement towards an 
‘interdependent’ culture is difficult, as it relies on 
more than personal commitment; it requires shared 
perceptions, attitudes and beliefs. Employees need to be 
willing to help others to adopt this belief system – not by 
sanction but by persuasion.
Adapted from: Fleming & Lardner (1999), reproduced with permission from 
The Chemical Engineer

What are the principles of change management?
We have looked at ways of introducing new technology, 
improving safety or changing culture. These each have 
their different demands and requirements. But research 
from many areas has indicated that there is a common 
set of principles that you can regard as good practice 
in managing change (see Panel, The principles of change 
management).

‘Culture is always influenced 
by management actions 
– for better or worse’

The principles of change management

An important priority is to create an environment of •	
trust and shared commitment, and to involve staff in 
decisions and actions which affect them.

There should be full and genuine participation of all •	
staff concerned as early as possible, preferably well 
before the introduction of any change.

Team management, a cooperative spirit among •	
staff and unions and a genuine feeling of shared 
involvement will help create a greater willingness to 
accept change.

As part of the pre-planning for any change, •	
there should be a ‘personnel management action 
programme’ that is carefully designed to prepare 
staff for the change and to minimise any negative 
consequences of the change.

The introduction of incentive payment schemes •	
– based on an equitable allocation of the savings 
that may result from the changes and more efficient 
methods of working – may help in motivating staff.

Changes to the work organisation must maintain the •	
balance of the socio-technical system.

Careful attention should be given to •	 job design, 
methods of work organisation, the development 
of cohesive groups, and relationships between the 
nature and content of jobs and their task functions.

Adapted from Mullins (1999), reproduced with permission
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Conditions
This section is concerned with an important set of human 
factors which influence the conditions in which people 
work. The diagram, Focus on conditions, shows the four 
sub-areas that this section focuses on (in the middle red 
ring), and identifies the main human factors questions that 
this Guide answers (in the outer grey ring). At the end 

Focus on conditions

In this section we look at morale and motivation, how 
they are related, and what can be done to improve them. 

What are morale and motivation?
Morale and motivation are two concepts in managing 
people that are closely related and important, but hard 
to define (see Panel, Definitions). Both concepts can be 
used in relation to individuals and groups. If you work 
with a group of people, you can tell whether their morale 
is high and whether they are motivated, but it can be 
difficult to say exactly what it is you sense. Morale is to 
do with confidence, trust, optimism, self-belief in oneself 
and the others around you. It is a feeling about a general 
situation. Motivation is a state of will. It is about a person’s 
commitment to actually doing something to achieve a 
particular goal. 

Definitions

Motivation
‘Motivation derives from the Latin verb ‘movere’, meaning 
‘to move’. Movement implies action and, in order to act, 
energy and effort are required from the individual. The level 
of individual motivation is determined by the amount of 
energy and effort people put into their work.’ 
Kakabadse et al (1988)

Morale
‘Morale is a state of mind. It is that intangible force which 
will move a whole group of men to give their last ounce to 
achieve something without counting the cost to themselves; 
that makes them feel they are part of something greater 
than themselves.’ 
Field Marshal Slim, Defeat into Victory (1956)

of each section, you will find a list of sources of further 
information that will provide more detail.

Morale and motivation
In the early 1990s, during the run-up to privatisation, 
one of the authors of this Guide worked with a group 
of British Rail S&T supervisors and team leaders on 
a management training course. It was a time of great 
uncertainty, with most of the group unsure what would 

happen to their jobs. They also had a lot 
of extra tasks to do to prepare for the 

privatisation, such as documenting the 
quality system, even though they did 

not know if they would benefit 
personally from this work. Not 
surprisingly, morale was at rock 
bottom. The group’s motivation 
to learn about management 
when they did not know 
whether they would have 
a job in a year’s time was 
non-existent. They learned 
little from the course. 

A study of drivers of track 
maintenance trains in Japan 

found a close relationship 
between measures of morale 

and motivation on the one hand 
and accident rates on the other: the 

lower their morale and motivation, the 
greater the risks of an accident.
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Morale and motivation are not the same thing, then, but 
they do tend to go hand-in-hand. It is hard to imagine 
a person whose morale is low being highly motivated 
to do a particular task – except, perhaps for reasons of 
safety and self-preservation. Most of the research and 
theory in this area has focused on 
motivation, so we are mainly going 
to deal with motivation here. You 
can assume that the factors at work 
that influence motivation (including 
your own decisions and actions) will 
probably also influence morale as 
well.

What motivates people at work?
Mullins (1999) says that people seem to work for three 
main reasons:

Economic rewards1	  – most people need to be paid, to 
have a pension, to feel secure, and so on

Intrinsic satisfaction2	  – most people want to do a 
job that they find interesting and gives them the 
opportunity to learn, to develop new skills, and to 
progress

Social relationships3	  – work is one of the main places 
where many people make friends, feel part of a group, 
have status, earn respect, exercise power, etc 

Source: Mullins (1999), reproduced with permission

Most people are motivated to work because of some 
mix of all three reasons, although the precise make-up of 
the mix will vary. For example, somebody with a strong 
family and social life outside work may not need the 

social opportunities that work often provides. This could 
be important for a signaller working in a single-person 
signal box or a train driver driving trains on long routes. 
Or a person who is just doing a job on a temporary 
basis, while they save up money to do something else, 

may have little interest in the work 
itself, only being motivated by the 
financial rewards. 

How to motivate staff has long 
been a central concern for 
managers, and many theorists have 

put forward ideas about how to motivate people. We 
begin with a class of theories about motivation that starts 
from the common-sense assumption that people work to 
get their needs met.

Theories about needs
One well-known theory of this type 
is Maslow’s hierarchy of needs, shown 
in the diagram, Maslow’s hierarchy of 
human needs. Maslow argued that 
people will only experience a particular 
level of needs if the levels below it 
are satisfied. For example, if you are 
feeling hungry, tired or unsafe, you 
probably will not be much concerned 
about your needs for friendship and 
belonging, and even less so about 
your needs for personal growth. But in 
practice, people do not always seem 
to experience needs in this order and 
will often sacrifice lower level needs to 
achieve higher ones. For example, you 

may be willing to miss meals or sleep in pursuit of some 
social goal. But as a general classification of the kinds of 
needs that can motivate people, Maslow’s list has proved 
useful.

Another useful view of motivation is provided by 
Herzberg. He identified a number of factors that 
motivated people at work. He called these ‘motivators’ 
or ‘growth factors’. But it is not simply the absence of 
motivators that causes dissatisfaction. Dissatisfaction is 
caused by a separate group of factors he called ‘hygiene 
or maintenance factors’. These two classes of factors 
are shown in the Panel on page 119, Herzberg’s work 
motivation factors.

There are numerous other theories of needs. (You can 
find out about them in some of the sources listed in 
Further information at the end of this section.) But the 

‘The beatings will continue 
until morale improves.’
Commander of the Japanese 
Submarine Fleet, WW II

Based on original research by Maslow (1943)
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general conclusion from all the theories is that what 
motivates people is a complex set of factors. Individuals 
will differ from each other in what motivates them. The 
same person may be motivated by different things at 
different times. To motivate people means keeping in 
close contact with them, constantly asking them questions 
and listening to what they tell you. 

Theories about expectations
A number of writers on motivation have focused less 
on needs and more on the relationships between how 
much effort people are prepared to put into their work, 
the expectations that people have about being rewarded 
for their efforts, and to what extent they see the reward 
system as fair. People at work tend to observe carefully 
what happens to them and to others around them. They 

observe how much effort or what level of performance 
leads to what kinds of reward. If they see that extra effort 
or high levels of performance go unrewarded, this will 
generally reduce motivation. Also if they perceive any 
injustices in how rewards are allocated, this too will be 
de-motivating.

It may be that the system of reward is truly unfair or it 
may be that staff are unclear about what is expected of 
them in terms of satisfactory performance. It may also 
be that the person does not have a realistic perception 
of their own level of performance. Managers and 
supervisors must be careful in making clear what they 
expect from staff, and must also give them objective 
feedback about how well they are doing.

An important idea here is the psychological contract. In 
most employment situations there is an actual contract 
between the employer and the employee. This sets out in 
black and white what the rights and responsibilities each 
has – pay, duties, periods of notice, and so on. But there 
will also be a contract that is not written down but is 
equally real. This psychological contract includes the many 
and various expectations that the employee has of the 
employer and vice versa. Such expectations might include 
the opportunities for promotion, a generally pleasant 
working atmosphere, minimum standards of politeness, a 
freedom from unreasonable demands, and so forth.

Managers must be aware of the psychological contract 
whenever they introduce any changes. Violations of 
this contract will be seen as a breach of trust, and staff 
motivation will be damaged. Details on where to find out 
about these theories are given in Further information.

How can you improve morale and motivation?
Motivation is ultimately about the question: why do 
people do what they do? You will find as many answers to 
this question as there are people you work with. Drawing 
on the various motivation theories, the following are 
guidelines on how to motivate staff.

Your staff.•	  Spend time talking with your staff, especially 
listening to them. Find out what interests them and 
what they want from their jobs.

The jobs you are responsible for•	 . Make sure you know 
the rewards that tend to be associated with the 
jobs of your staff. Some jobs, for example, offer few 
opportunities for social contact. Or a job may in truth 
be boring. For some people such things may not 
matter much, but for others they will be highly off-
putting. 

Working conditions•	 . Make the physical and 
organisational conditions as attractive as possible. 
At the very least ensure that they do not become 
sources of dissatisfaction.

Performance•	 . Make sure everyone knows what is 
expected of them. Give them plenty of fair and 
objective feedback so that they know how they are 
doing.

Job enrichment•	 . For those who indicate they want extra 
variety or responsibilities, find ways to make their job 
more varied. But do not assume everyone wants this; 
some people might think you are just giving them 
extra work.

Herzberg’s work motivation factors

Frederick Herzberg originally published his influential 
two-factor theory of motivation in 1959. He 
distinguished two classes of factor, one of which he 
called motivation factors and the other hygiene factors. 
Motivation factors include receiving recognition, being 
given responsibility, having opportunities for personal 
growth, and the like. The presence of these factors is 
motivating, but if they are absent, then the result is not 
usually a lack of motivation. Hygiene factors include 
level of pay, job security, good working conditions, and 
so on. The effect of these factors is the opposite to 
that of the motivation factors. If hygiene factors are 
lacking (poor pay, bad conditions, etc), then staff are de-
motivated. But if they are present, this does not result 
in high motivation.
Summarised from: Herzberg (1959)
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Development and career opportunities•	 . Help those staff 
who want to move ahead to find opportunities to 
progress their careers.

Psychological contract•	 . Understand the implicit 
expectations your staff have of the organisation, and 
what the organisation expects of them. Many of 
these expectations may not be directly related to 
the work. For example, staff may expect working for 
a certain organisation to give them a status in their 
local community. Assess any changes you plan to 
introduce for their impact on these usually unspoken 
assumptions.

Rewards•	 . Ensure rewards are fairly allocated and 
that staff fully understand the basis on which 
rewards are given. Remember rewards are not 
only financial. Recognition, praise, a good working 
location, favourable working hours, even being given 
an interesting extra job, and much else can be highly 
motivating.

The big picture•	 . Keep staff up-to-date with how the 
whole department, region, organisation, industry is 
doing. Especially report areas of progress. Being able to 
place their work in a bigger context helps individuals 
feel their jobs are worthwhile and meaningful. 

Yourself•	 . Look at the messages your attitudes, behaviour 
and general demeanour send to your staff. If you 
are confident, optimistic and enthusiastic, this will be 
infectious and motivating to those around you.

Further information on morale and motivation

Adair J. (2004) Adair on Teambuilding and Motivation, 1	
Thorogood

Fournies F. (1999) Coaching for Improved Work 2	
Performance, McGraw-Hill Education

Handy C. (1993) Understanding Organisations, 4th 3	
Edition, Penguin

Harvard Business Review (2003) on Motivating 4	
People, Harvard Business School Press

Heil G. & McGregor D. (2000) Revisited - Managing 5	
the Human Side of the Enterprise, John Wiley

Herzberg F. Mausner B. & Snyderman B.B. (1959) The 6	
Motivation to Work (2nd ed.) John Wiley, NY

Herzberg F. (1993) Motivation to Work, Transaction 7	
Publishers

Kakabadse A. et al (1988) Working in Organizations, 8	
(especially Chapter 5), Penguin

Maslow A. (1943) A Theory of Human Motivation, 9	
Psychological Review, 50, 370-396

Maslow A. (1998) Maslow on Management, John Wiley10	

Stress

What is stress?
There are many definitions of stress. The definition and 
description used by the HSE is:

	 ‘Stress is the adverse reaction people have to excessive 
pressure. It isn’t a disease. But if stress is intense and goes 
on for some time, it can lead to mental and physical ill 
health.’

The HSE says that stress is widespread in the British 
workplace:

About 1 in 5 people say that they find their work •	
either very, or extremely, stressful.

Over half a million people report experiencing work-•	
related stress at a level they believe has actually made 
them ill.

Each case of stress-related ill health leads to an •	
average of 29 working days lost.

A total of 13.4 million working days were lost to stress, •	
depression and anxiety in 2001.

Stress has overtaken back problems as the leading •	
complaint in disability claims.

In a safety critical industry such as the railways, stress is 
a particular issue because stress makes people less safe 
in their work. Many people being absent from work 
because of stress only adds to the problem by increasing 
the workload (page 125) and associated stress of those 
people still at work. 
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What are the effects of stress?
Stress happens when the safe limits of our natural arousal 
levels are exceeded. In fact, there is a well-established 
relationship between performance at work and stressful 
demand. When the demands placed on us are very low, 
we tend to perform badly out of boredom or frustration. 
As the demand increases, our level of arousal rises and 
we become more alert and decisive. At some medium 
level of arousal – which varies from person to person – 
we perform at our best. We feel in total command of our 
work, able to cope with all the challenges it can throw 
at us. However, if the demands continue to increase and 
are not balanced by periods of lower demand, when we 
can recover and rebuild our reserves of energy, we begin 
to be stressed. We start to rush tasks, we don’t check 
properly, we don’t consider alternatives and we make 
more and more mistakes. (Stress is often cited as a cause 
of SPADs.) If the level of stress continues to increase, 
we may eventually reach a stage called burnout (see 
supervision and appraisal on page 68 for how to recognise 
and deal with this), where we are ill and unable to work.

It is important to note that while people need to be 
aroused to some extent in order to act, stressors are 
always bad (see Panel on page 122, What causes stress 
at work). For example, even a little anxiety (eg caused by 
fear of bullying at work) affects performance by producing 
changes in people’s ability to pay attention, learn and 
recall information.

Stress is usually first experienced psychologically, typically 
with difficulties in sleeping, increasing anxiety and feelings 
of tension and loss of control. Problems can then start to 
appear at work, with difficulties in concentrating, inability 
to make decisions, becoming increasingly short-tempered 
with colleagues.

But when levels 
of stress are 
maintained for 
any length of 
time, physical 
symptoms will 
begin to emerge. 
Headaches and 
backaches are 
common signs 
of stress for many people. Stress tends to seek out a 
person’s particular areas of weakness. For one person, 
this may mean digestive problems. For another person 
stress may show up in skin rashes. 

While one should avoid the trap of blaming any physical 
ailment on stress, whenever these kinds of problem 
appear consideration should always be given to the 
possible role of work-related stress.

Clearly, stress has a bad effect on the individual. In 
addition, stress is also a problem for the workgroup as 
conflicts increase, and cooperation and relationships 
suffer. All of these effects reduce the quality and safety of 
the work being carried out. At the organisational level, 
stress results in a fall in performance and productivity. 
Staff turnover increases, and experience and expertise 

disappears with each person who leaves. More resources 
have to be devoted to recruitment (page 84) and training 
(page 55) to replace the staff who leave. But replacing 
staff who leave because of stress is only a temporary fix. 
Something needs to be done about the underlying causes 
of stress.

What causes stress?
Stress has many possible causes (see Panel on page 122, 
What causes stress at work?). A recent survey by the TUC 
identified workload (page 125) as far and away the major 
cause of stress. Other leading causes were cuts in staff, 
change, long hours, bullying and shift work (page 128). On 
the railways the factors that cause stress include pressure 
to achieve targets, threats from aggressive or violent 
passengers, and risks posed by vandals or trespassers. 
Suicides are a particularly severe cause of stress for a 
significant minority of train drivers. RSSB has recently 
conducted research aimed at minimising the impact of 
railway suicides on railway staff (see Further information).

The HSE has carried out extensive work in the area of 
stress at work in recent years. One key output of this 
work is the set of Management Standards relating to 
stress (see Further information at the end of this section). 
The standards classify the principle causes of work-related 
stress into six key areas: 

Demands•	  – includes such issues as workload, work 
patterns and the work environment 

Control•	  – how much say the person has in the way 
they do their work 

Support•	  – includes the encouragement, sponsorship 

‘Too much stress 
and we burn out … 
but there are many 
symptoms that can let 
us know it’s happening.’
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‘Stress at work is a 
major cause of poor 
performance … and the 
major cause of stress at 
work is workload.’ 

and resources provided by the 
organisation, line management and 
colleagues 

Relationships•	  – includes promoting 
positive working to avoid conflict 
and dealing with unacceptable 
behaviour 

Role•	  – whether people understand their role within 
the organisation and whether the organisation ensures 
that the person does not have conflicting roles 

Change•	  – how organisational change (large or small) is 
managed and communicated in the organisation.

Source: HSE (2005), reproduced with permission

Stress is also, of course, caused by many life events 
outside of work. The events most strongly associated with 
high levels of stress are:

death of partner, spouse or other close relative•	

divorce•	

marital separation•	

imprisonment•	

personal injury or illness•	

getting married•	

dismissal from work•	

marital reconciliation.•	
Source: Holmes & Rahe (1967), reproduced with permission from Elsevier

Note that not all these events are 
‘negative’. Some of them are events 
that are usually considered as 
‘positive’ (eg getting married). Even 
the ‘good things’ in life can impose 
demands that may be experienced 
as stressful.

Stress within work and stress outside of work tend to 
add together. This means that moderate levels of stress at 
work and at home may mean that the overall experience 
of stress is high. But equally a happy, settled home life may 
mean that the impact of high levels of stress at work is 
minimised.

How can you recognise stress?
Good practice in stress management begins with 
recognising stress in yourself or in others around you 
at work. Things to look for particularly in your own 
behaviour include:

eating on the run, or in a disorganised manner •	

smoking, or drinking excessively •	

rushing, hurrying, being available to everyone •	

doing several jobs at once •	

missing breaks, taking work home with you •	

having no time for exercise and relaxation.•	
Source: HSE (2005), reproduced with permission

What causes stress at work?
The causes of stress are very personal. We all vary in 
what we find stressful. What is enlivening music for one 
person may be unbearable noise for another. Our age, 
gender, experience, home life, and many other factors will 
influence our vulnerability to different types of stressor. 
Somebody who is having a difficult time in their home life 
is likely to be more susceptible to stressors at work. But 
we can identify certain classes of stressor that are likely to 
be behind most cases of stress.

First and most obviously, physical conditions can give 
rise to stress. Loud noise, poor lighting, vibration from 
passing trains or road traffic, too much or too little heat 
can all contribute to stress. Poorly designed workspaces 
which are cramped or where equipment and furniture is 
placed so that it is easy to bump into or trip over, can be 
psychologically stressful as well as dangerous. Equipment 
that is difficult to access, or difficult and frustrating to use 
are common contributors to stress levels of staff.

Perhaps most commonly, stress is associated with levels of 
work, especially pressure of too much work and too little 
time, although too little to do can also contribute to stress. 
Uncertainty is a major element in many cases of stress at 
work. This may be uncertainty about what to do or what 
is expected of you, how well you are doing, what your 
promotion prospects are, and so on. Lack of job security is 
a serious cause of stress.

For many people stress is associated with their 
relationships with colleagues, managers and even 
subordinates. Bullying, conflicts and harassment are all 
acute causes of stress.
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Aspects of behaviour that you may notice about your 
colleagues include:

changes in a person’s mood or behaviour•	

deteriorating relationships with colleagues•	

irritability•	

indecisiveness•	

absenteeism •	

reduced performance •	

smoking or drinking alcohol more than usual •	

indications of drug abuse•	

complaints about their health.•	
Source: HSE (2004), reproduced with permission

See supervision and appraisal (page 68) for more on how 
to recognise and manage stressed colleagues.

How can you reduce stress?

Helping yourself
Stress arises when you experience a mismatch between 
the demands placed on you, and your capacity (in terms 
of time, energy, skills and so on) to cope with them. To 
manage your stress you need better control over the 
demands you face and improved capacity to cope. 

Gaining control over the demands you face at work may 
mean re-assessing what you can and cannot do. This in 
turn may lead you into re-negotiating with managers and 
colleagues what responsibilities you take on. Remember 

your employer has a legal responsibility for your health at 
work and this includes stress arising from work. Maybe 
some of your stress arises from fears that you do not 
have all the knowledge and skills for your work. Perhaps 
there are training courses you could attend to help you 
develop new knowledge and skills. On a wider scale you 
may need to re-appraise all of the commitments you have 
within work and outside work. Are you just taking on 
more than is sensible?

However effective you become at managing your 
external demands, the chances are that there will still be 
times when demands will be uncomfortably high. This is 
why you need to improve your own inner resources as 
well. When you look at your own ability to cope with 
stress, you may realise that you need to develop skills that 
are not directly work-related and are of a more personal 
nature. Time management is one area you might want 
to improve. Or learning how to say ‘no’ when asked to 
take on just one more responsibility. It may be that you 
want better control over how your body reacts to stress. 
Learning how to relax, to take more exercise, to eat 
more healthily, to take more time off, may all be things 
you want to consider. You might also want to find out if 
your company offers training in stress management or 
counselling. The sources listed in Further information at the 
end of this section will help you find out what you can do 
to improve your ‘stress proofing’. 

Helping others
If you are responsible for the work or well-being of 
others in your organisation, you will often be in the 
best position to recognise and help someone suffering 
from stress. You may well be aware that the person 

has a stress problem before they are fully aware of it 
themselves. The Panel on page 124, Looking after others, 
gives good practice for stress prevention and initial stress 
management if stress does become a problem. The 
suggestions given in the section on Helping yourself (this 
page) may also give you ideas that you can pass on to 
others who ask for your assistance. 

Helping your organisation

	 ‘Stress is often a symptom of poor employment relations 
and can seriously affect productivity. Organisations who 
talk regularly with their employees and have sound 
systems and procedures in place for dealing with issues 
like absence and discipline are much more likely to avoid 
work-related stress and to be able to deal with potentially 
stressful situations when they arise.’ ACAS

If you are responsible for the work and well-being 
of others in your organisation, you need to do more 
than respond to particular causes of stress and adopt 
a more formal and comprehensive approach to stress 
management. HSE requires every employer to conduct 
risk assessments for health and safety hazards, including 
work-related stress. It recommends a five-step approach 
to risk assessment.

Identify the hazards•	

Decide who might be harmed and how•	

Evaluate the risk and take action•	

Record your findings•	

Monitor and review•	
Source: HSE (2005), reproduced with permission
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This approach is also based on 
the new Management Standards 
for work-related stress that 
we mentioned earlier. The HSE 
website is the best place to get 
full information about both the 
standards and the assessment 
process. 

Further information on stress

The HSE provides many 1	
resources dealing with stress 
at work. The web page URL is 
www.hse.gov.uk/stress/index.htm 
(as of May 2008)

www.hse.gov.uk/stress/2	
standards/index.htm HSE Stress 
Standards (as of May 2008)

HSE (2004) Work-related 3	
stress: A short guide

HSE (2005) Tackling stress: The 4	
management standards approach

International Stress 5	
Management Association, ACAS, 
HSE, Working together to 
reduce stress at work: A guide 
for employees, 2004

Looking after others
What can you do to prevent stress from becoming a problem?

Show that you take stress seriously, and be understanding towards people who admit to •	
being under too much pressure.

If you are a manager, have an open and understanding attitude to what people say to you •	
about the pressures of their work, and look for signs of stress in your staff.

Ensure that staff have the skills, training and resources they need, so that they know what •	
to do, are confident that they can do it and receive credit for it.

If possible, provide some scope for varying working conditions and flexibility, and for •	
people to influence the way their jobs are done. This will increase their interest and sense 
of ownership.

Ensure that people are treated fairly and consistently and that bullying and harassment •	
aren’t tolerated.

Ensure good two-way communication, especially at times of change.•	

Don’t be afraid to listen.•	

What should you do if an employee complains about being stressed?

First, listen to them! If the stress is work-related: •	
• try to address the source(s) 
• involve the employee in decisions 
• if necessary, encourage them to seek further help through their doctor 
• if not their manager, ensure that they are treated with understanding and in confidence.

Where you can’t control the work-related sources of stress, it may be appropriate to •	
move the employee if you can. If a period of sick leave is recommended, keep in touch 
with the employee and their doctor. Remember that before they are ready to return to 
their old job, they may be able to return to work to do part of their job, work reduced 
hours or do a different job.

Try to be flexible!•	

Don’t be tempted to think that firing someone provides an easy way out! If you don’t act •	
reasonably in dismissing an employee, they could claim unfair dismissal.

Finally, bear in mind that if one of your employees is suffering from work-related stress, •	
they may represent the tip of an iceberg. Find out whether others are also experiencing 
stress at work.

Adapted from HSE (2004), reproduced with permission

The TUC has a useful account of stress and a 6	
description of the management standards from a 
union perspective: www.tuc.org.uk/h_and_s/tuc-
10147-f0.cfm (as of May 2008). Most unions involved 
in the railways also provide guidance on stress, usually 
referring to the HSE and TUC websites 
 
There are also many self-help books on stress, eg

Davis M. et al (2003) The Relaxation and Stress 7	
Reduction Workbook, New Harbinger Publications

Greener M. (2003) The Which? Guide to Managing 8	
Stress, Which? Books

RSSB (2005) Minimising the Impact of Railway Suicides 9	
on Railway Staff, Research Project T317.

Richards M. (1998) The Stress Pocketbook, 10	
Management Pocketbooks 

Sutherland V. & Cooper C. (2000) Strategic Stress 11	
Management: An Organizational Approach, Palgrave 
MacMillan

Williams A. & Cooper L. (2002) Managing Workplace 12	
Stress: A Best Practice Blueprint, John Wiley  
 
Two other useful books are:

Covey S.R. (1999) The Seven Habits of Highly Effective 13	
People, Simon & Schuster

Pedler M. Burgoyne J. & Boydell T. (2001) A Manager’s 14	
Guide to Self-development, McGraw-Hill Education

http://www.hse.gov.uk/stress/standards/index.htm
http://www.hse.gov.uk/stress/standards/index.htm
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Workload

What is workload?
Workload refers to the effort demanded from people by 
the tasks they have to do. It can be the effort demanded 
at a single point in time, or over a whole shift. It can be 
the physical demands created by working in a particular 
posture (eg sitting, standing or reaching at a workstation); 
manual labour (such as walking, using hand tools, carrying 
loads); or working in particular environmental conditions 
(eg extremes of temperature and humidity, and poor 
lighting). Workload can also be the mental demands 
created by the need to attend to sources of information 
and then process the information, often against time 
pressure. Mental workload can be considerably increased 
by the operator’s knowledge that they are responsible 
for processing information correctly – and what the 
consequences of error might be.

Workload is a crucial human factors consideration for 
both designers and managers. If people have too little to 
do, they can become bored and inattentive. On the other 
hand, too much workload is a primary cause of high 
stress, which seriously degrades human performance. In 
either case, there is a major implication for safety-critical 
operations.

How much workload is too much?

Physical workload
Excessive physical workload arises from the following 
typical problems: 

a load is too heavy and/or bulky, placing unreasonable •	
demands on the person

a load has to be lifted from the floor and/or above the •	
shoulders

a task involves frequent repetitive lifting •	

a task requires awkward postures, such as bending or •	
twisting 

a load cannot be gripped properly•	

a task is performed on uneven, wet, or sloping floor •	
surfaces

a task is performed under time pressure•	

a task incorporates too few rest breaks.•	

These problems may result in physical injuries (eg to the 
lower back, arms, hands or fingers) and increase the risk 
of slips, trips and falls.

Much is known about the measurement and limits of 
physical workload. You can find specific guidance in the 
Further information at the end of this section.

Mental workload
Excessive mental workload arises most typically in 
tasks that demand more attention than operators 
have available. People continually change their working 
methods to keep their mental workload within limits. 
They may, for example, vary the level of detail they attend 
to in an attempt to keep the whole picture in their heads. 
Problems arise, however, when they pitch their attention 
at too high a level and so completely miss important 
events or trends in the workflow. Alternatively, sometimes 
people get tunnel vision as they focus on one particular 
task element in detail – and so fail to address the rest of 
their responsibilities. It is possible to see this happening. 
For example, you may see an air traffic controller who is 
becoming overloaded in this way move their face closer 
and closer to the display screen as they slowly ‘lose the 
picture’.

When mental workload gets too much, people become 
stressed (see Stress, page 120) and their accuracy suffers. 
They give more attention to tasks or information that 
they consider to be important (which may or may not 
be the case). They focus on information sources that are 
easiest to see. They use strategies that require the least 
mental effort – these are usually the best learned, but 
may not be the most appropriate. They may also get 
locked into a single strategy.

Low workload can also be a major problem. Over time 
it can reduce a person’s ability to notice new events and 
result in slower response times. Sometimes people just 
go to sleep on the job. People are more likely to become 
sleepy through boredom if they have suffered sleep loss 
or disruption to sleep rhythms through shift work (page 
128).

‘Workload is a problem for 
safety-critical operations if it’s 
too low – and an even bigger 
one if it’s too high.’
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People vary a great deal in their 
capacity for, and vulnerability to, high 
workload. Organisations can minimise 
the negative effects of workload 
through the following strategies:

Desig•	 n (page 25) (Interfaces, 
Workplaces, and Jobs) – to 
minimise the occurrence of work 
over/underload.

Trainin•	 g (page 55) – including the use of ‘overtraining’; 
and creating an appropriate team culture that means 
people anticipate workloads and arrange appropriate 
backup – see teamworking on page 103. 
 
Note: ‘Overtraining’ simply refers to giving people more 
training than they apparently need to pass the test at the 
end of training. It works because it gives people a chance 
to practise what they have learned so that their skills 
become more automatic. Such a strategy is especially 
useful when training people to respond very rapidly to 
emergencies.

Selectio•	 n (page 79) – to assure the correct mix 
of operator ability and design solution to prevent 
operators becoming over/underloaded.

Recruitmen•	 t (page 84) – to assure the supply of the 
right numbers of human resources to perform the 
required tasks.

Design is the most important of these strategies. But if 
a user-centred design (page 25) strategy has not been 
used, you will usually have to fall back on one or more 
of the other human factors areas to find a solution. This 

is by no means ideal as well as being 
expensive. It is important to use 
workload prediction techniques at 
an early stage of design to identify 
likely problem areas, determine the 
use of automation and define user 
roles. Workload measurement should 
be used during prototyping to help 
identify design deficiencies and/or the 
need for user role re-definition.

A natural approach to reducing workload at the design 
stage is to find ways to automate some tasks. However, 
you need to take great care here, since this approach 
often transfers the problem elsewhere (see function 
allocation on page 37).

How do you measure workload?

Physical workload
Kroemer & Grandjean (1997) say the best indicator of 
physical workload is heart rate, which rises with increasing 
workload. This rate of rise is steeper: 

the higher the ambient temperature•	

the greater the proportion of static to dynamic effort•	

the smaller the number of muscles involved. •	
Kroemer & Grandjean (1997) reproduced with permission

The least intrusive way of measuring 
this in a person is for them to wear 
a continuously recording heart 
monitor.

A toolset for calculating safe limits for manual handling 
operations is the HSE Manual Handling Assessment Chart 
(MAC) (see Further information).

Mental workload
There are a number of workload prediction and 
measurement techniques – ranging from rating scales to 
performance monitoring. You need to select the most 
appropriate of these for use in the design process. 
Primary inputs for workload analysis are:

task analysi•	 s (page 47)	 • design scenario analysis

role definition•	  	 • team design (page 103). 

These inputs together define the nature of the workload 
(frequency of scenario events and user tasks to be 
performed with the equipment) and the resources 
available (user roles, numbers and team organisation).

You can measure or estimate workload using:

timelines – which can also be used as the basis for •	
measuring real-time workload during prototyping

human performance models via task simulation •	
software such as SAMMIECAD or IPME

performance measurement (eg throughput time, •	
number of work units processed, error rate, task 

conflicts observed etc.)

subjective rating scales.•	

‘Mental workload 
problems arise most 
often when tasks exceed 
the amount of attention 
that operators have 
available.’

‘Design is the single best 
way to avoid problems 
of high workload – if it’s 
not too late.’
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You will find summaries of some of the more useful 
mental workload analysis tools in Part 3 of this Guide. 
They include: 

IS•	 A – Instantaneous Self-
Assessment of workload 
technique, a very simple 
subjective technique that 
was developed for use in 
the assessment of mental 
workload during the design 
of future systems

SWA•	 T – Subjective Workload Assessment Technique, 
one of the most widely used and well known 
assessment techniques available

Team Workload Assessmen•	 t – in which team members 
provide a subjective assessment of their own workload, 
as well as an estimation of the team’s overall workload.

IPM•	 E – The Integrated Performance Modelling 
Environment – software in which a task simulation 
network is set up. When the software is run, the 
simulated behaviour is influenced by software models 
of factors that affect human performance (such as 
noise and vibration). The results show how task timings 
and accuracy alter with different levels of workload.

In addition, RSSB has recently developed a suite of tools 
to measure train driver mental workload (see Further 
information) and Network Rail is developing similar tools 
to measure signaller workload.

You can use the results of workload analysis to identify 
achievable levels of workload and as the basis for many 

decisions about function allocation 
(page 37), task and role design, 
team design and user-equipment 
interface design. The results will 
also be used in workspace and 
workstation design and the health 
and safety analysis. See the section 
on Design (page 25) where many 
of these issues are considered.

How do you identify workload problems?
The most powerful way of stopping workload problems 
from developing in the first place is to ensure there is 
good design. This may entail using workload assessment 
techniques and/or structured interviews with users on 
prototype interfaces, workstations, work schedules and 
workflows. User trials are particularly important. Mental 
demands, in particular, are often overlooked during the 
workplace design (page 41) process because they are 
invisible and not an obvious part of the equipment design 
(page 31). 

After the design stage, the best 
methods for identifying workload 
problems are:

talking to employees and getting •	
their views – they are very well 
informed about the problems they 
have!

assessing employees’ work by considering the following •	
questions: 

	 Do they work in a comfortable position?

	 Do they complain of any discomfort, including (aches, 
pain, fatigue, or stress? 

	 Are they satisfied with their working arrangements?

	 Is the equipment appropriate, easy to use and well 
maintained? 

	 Are there frequent errors? 

	 Are there signs of poor or inadequate equipment design, 
(page 31) such as plasters on employees’ fingers or 
‘home-made’ protective pads made of tissue or foam? 

	 Do the accident report book, the absence record or staff 
turnover give any clues about any systematic problems?

deciding if any on-job problems require deeper •	
investigation via the use of a workload assessment 
technique.

During the process of identifying workload problems 
you will often immediately see ways of eliminating them. 

A minor alteration in the workplace 
may be all that is needed. But you 
will need to make sure that any 
alterations are properly evaluated by 
the people who do the job. Be careful 
that a change introduced to solve one 
problem does not create difficulties 
elsewhere.

‘It is easiest to estimate 
mental workload via self-
report – and there are some 
simple and effective tools to 
do so.’

‘Sometimes a minor 
alteration in the 
workplace may be all 
that’s needed to reduce 
workload to safe levels.’
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Further information on workload
Physical workload

HSE (2000) Management of Health & Safety at Work 1	
Regulations 1999 Approved Code of Practice and 
Guidance (L21) (Second Edition) HSE Books

HSE Musculo-Skeletal Disorders 2	
www.hse.gov.uk/msd/faq.htm (as of May 2008)

HSE Manual Handling Assessment Charts (MAC), 3	
www.hse.gov.uk/pubns/indg383.pdf (as of May 2008)

HSE (1994) Manual handling: Solutions you can 4	
handle. HSG115

HSE (2000) Getting to grips with manual handling: A 5	
short guide for employersLeaflet INDG143(rev1) 

HSE (2003) Aching arms (or RSI) in small businesses 6	
- Is ill health and sickness absence due to upper 
limb disorders a problem in your workplace? Leaflet 
INDG171(rev1) 

HSE (1997) Seating at work HSG57 (Second edition)7	

HSE (1997) Lighting at work. HSG38 (Second edition) 8	

HSE (2003) Work with display screen equipment. 9	
Health and Safety (Display Screen Equipment) 
Regulations 1992. Guidance on Regulations (Second 
edition) L26

HSE (1998) Working with VDUs Leaflet INDG36(r1) 10	
www.hse.gov.uk/pubns/indg36.pdf (as of May 2008)

Kroemer K.H.E. & Grandjean E. (1997) Fitting the task 11	

to the human: A textbook of occupational ergonomics 
(Fifth edition) Taylor & Francis

HSE (1998) Manual handling. Manual Handling 12	
Operations Regulations 1992. Guidance on 
Regulations L23 (Second edition) HSE Books

Pheasant S. (1991) Ergonomics, work and health, 13	
Macmillan

Mental workload

ISO 10075-1:2000. Ergonomic principles related to 1	
mental workload: General terms and definitions

RSSB Mental Workload Assessment in the Rail 2	
Industry, Research Project T147 
www.rssb.co.uk/pdf/reports/research/T147%20
Train%20driver%20mental%20workload%20-%20
the%20train%20driver%20workload%20principles%20
guidance%20note.pdf (as of May 2008)

Wilson J.R. & Corlett E.N. (1995) Evaluation of human 3	
work: A practical ergonomics methodology (Second 
edition) Taylor & Francis

Shift work
Shift work is inevitable in many parts of the railway 
industry. A lot of attention has been paid in recent years 
to its effect on train drivers. But, of course, many other 
railway employees have to work shifts and possibly suffer 
from the effects of doing so. Since 2003, the Hidden 
Recommendations have set maximum limits for railway 
shift working following the Clapham rail crash. These limits 
are based on what appeared to be common sense at the 
time, but are not based on scientific research. Since then, 
further direction has been given by the EU Working Time 
Directive. Poorly managed shift patterns can have wide-
ranging effects on the staff concerned. They can also affect 
the efficiency and, most critically, the safety of the industry 
as a whole. It is therefore important to understand the 
risks and problems associated with different shift work 
patterns. 

What’s the problem with shift work?
Working shifts can have many side-effects. The main ones 
are listed here.

•	 Fatigue. One of the most inevitable and damaging 
consequences of shift work is fatigue. This has been 
explicitly recognised on the railways since the time of 
the Hidden inquiry into the 1988 Clapham Junction 
accident. Fatigue is the subject of Regulation 25 in the 
Railways and Other Guided Transport Systems (Safety) 
Regulations 2006 (known as ROGS) which came into 
force on 10 April 2006:  
 
“Every controller of safety critical work shall have in 
place arrangements to ensure, so far as is reasonably 
practicable, that a safety critical worker under his 

http://www.hse.gov.uk/msd/faq.htm
http://www.rssb.co.uk/pdf/reports/research/T147%20Train%20driver%20mental%20workload%20-%20the%20train%20driver%20workload%20principles%20guidance%20note.pdf
http://www.rssb.co.uk/pdf/reports/research/T147%20Train%20driver%20mental%20workload%20-%20the%20train%20driver%20workload%20principles%20guidance%20note.pdf
http://www.rssb.co.uk/pdf/reports/research/T147%20Train%20driver%20mental%20workload%20-%20the%20train%20driver%20workload%20principles%20guidance%20note.pdf
http://www.rssb.co.uk/pdf/reports/research/T147%20Train%20driver%20mental%20workload%20-%20the%20train%20driver%20workload%20principles%20guidance%20note.pdf
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management, supervision or control does not carry out 
safety critical work in circumstances where he is so 
fatigued or where he would be liable 
to become so fatigued that his health 
or safety or the health or safety of 
other persons on a transport system 
could be significantly affected. 
 
The arrangements in paragraph (1) 
shall be reviewed by the controller 
of safety critical work where he has 
reason to doubt the effectiveness of 
those arrangements.” 
 
The HSE says fatigue from shift work and overtime 
is in the Top Ten topics for onshore HID (Hazardous 
Installations Directorate) industries. Fatigue levels 
clearly need to be monitored very carefully in shift 
workers, particularly those playing a safety critical role. 
It is generally recognised that on average adults need 
7–8 hours sleep per night. Less sleep than required 
will incur a ‘sleep debt’. A sleep debt can lead to 
impaired alertness, which will adversely affect fatigue 
and reaction times, concentration and judgement and 
decision making. Sleep debt is accumulative and over 
several days the effects can be compounded.

Health problems•	 . Gastro-intestinal problems can be 
common among shift workers. Peptic ulcers and other 
stomach disorders are five times higher among shift 
workers with night-shifts, compared to day workers 
or shift workers without night-shifts. The most likely 
reasons for this are that shift workers tend to take 
meals at irregular times and these meals are often 

rushed or interrupted. Shift workers tend to rely more 
on snack foods with a high fat content, and to drink 
more coffee to stay alert. 

 
Cardiovascular problems tend also 
to be more prevalent amongst 
shift workers. Again, the type of 
meals consumed and the lack of 
exercise is likely to contribute to this. 
Furthermore, it has been reported 
that some women workers can 
experience adverse effects on 
hormonal and reproductive functions.

Stress•	 . Shift work can undoubtedly increase work-
related stress. This will particularly be the case when 
the employee has little control over the shifts worked, 
when shifts are unpredictable, where hours are long 
and unsociable, and where inadequate provision is 
made for rests and breaks.

Family problems•	 . Family life is often centred around 
the shared rhythms of sleep, mealtimes, work and 
recreation. Shift work can bring a separation from 
these shared rhythms of general life and can isolate the 
shift worker from family and friends.

Anxiety, irritability and depression•	 . These are more 
commonly reported amongst shift workers. In many 
cases they will clearly be inevitable consequences 
of the side-effects of shift work already discussed. 
However, they will also occur when a person feels they 
have no choice but to accept shift work.

How can you reduce shift work problems?
The main problem with shift work is that of fatigue. In 
March 2005 a major research study of shift work and 
fatigue in train drivers was completed for RSSB. The study 
identified a number of primary influences of shift work 
on fatigue and recommended a series of guidelines for 
reducing these influences.

Other key studies have also identified strategies for 
dealing with fatigue induced by shift work, as well as a 
number of its other side effects.

In the Panel on page 130, How to manage shift work 
problems – a research perspective, we have used these 
various sources to summarise the key shift work 
problems and strategies for their management. These 
guidelines are highly consistent with the advice published 
by ASLEF (see Further information).

There are a number of tools and techniques for assessing 
the fatigue risks associated with shift working patterns. 
The guidance for managing fatigue in safety critical work 
with reference to Regulation 25 of the ROGS (available 
from the ORR) is a key document for anyone on the 
railways who manages, supervises or controls workers 
doing safety critical work. It is required that effective 
arrangements are established for managing the risks of 
fatigue in safety critical workers. This management process 
should include the nine steps shown in the Panel on page 
131, Managing the risks arising from fatigue in safety critical 
workers. You can find detailed descriptions of what to do 
at each of the steps in the ROGS Guidance. In working 
through this process you will probably find it helpful to 
make use of the Fatigue Risk Index tool from the HSE. 

‘Shift work creates 
several problems for 
people, but the biggest 
by far is fatigue – leading 
to increased risk of 
mistakes and accidents’
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How to manage shift work problems – a research perspective
Shift work problem Management

Long shift duration is a primary cause of fatigue. Its effect is 
most significant on night and early morning shifts.

Operate a maximum shift length of 8–10 hrs for nights and early shifts.•	

Long periods of continuous duty without a break are 
particularly fatiguing. This can be especially so for drivers.

Ensure breaks are taken of at least 15 minute duration, free from any work-related activities and that continuous driving •	
time is restricted to 4 hours to reduce accident risk.

High percentage of hours worked per week is very fatiguing 
due to long shifts and short breaks between shifts – or both.

Ensure a maximum of 55-60 hours per week for train drivers. This is consistent with a 55-hour rolling week limit for •	
aircrew and a 56-hours per week limit for HGV drivers.

Consecutive shifts increase accident risk due to fatigue. The 
risk is greatest on consecutive night and early shifts due to 
cumulative sleep loss. Long consecutive shifts can result from 
workers volunteering to work rest days and Sundays.

Ensure a maximum of 7 consecutive shifts before a rest day, with this reduced to 3 consecutive shifts for nights.•	

Review policy on napping. Napping during the duty period is permitted in a number of safety-critical industries. For •	
example, airlines permit aircrew to take a 40-minute nap followed by a 20-minute recovery period during the cruise 
phase of the flight. Canadian and American railway companies have also introduced schemes allowing napping on duty. 
Nappers must be made aware of the recovery period required to overcome grogginess. In general, grogginess tends 
not to be a major problem with naps of less than 30 minutes.

Shift variability is often inevitable but can be fatiguing. The 
fatigue risk is greatest when there is a rapid switch from a 
late finish or night shift to an early shift. Shift variability is 
often increased by shift swapping between staff.

Eliminate the requirement for shift variability and the opportunity for fatigue-inducing shift swapping.•	

However, be aware that allowing employees to select/swap shifts to tailor work to their needs can help reduce fatigue •	
and can improve satisfaction with the shift work system.

Lack of rest between shifts is an obvious and common cause 
of shift work-related fatigue.

Ensure a minimum rest period of 14 hours between night shifts and 12 hours between other shifts.•	

Lack of rest days is another common cause of shift work-
related fatigue.

Ensure a minimum of 2 rest days at the change from night to early shifts, and one rest day at the change from late to •	
early shifts. Ensure one rest day after seven consecutive shifts.

Health problems associated with shift work can build up over 
prolonged periods of time (eg due to poor diet, weight gain, 
heart problems and disrupted sleep patterns)

Ensure a continuing programme of education is in operation eg on the use of exercise and how to manage sleep at •	
home eg exercise is often beneficial before the start of a late or night shift.

Ensure a continuing programme of health monitoring for the specific risks associated with shift work is in operation.•	

Lack of social interaction in late and night shifts exacerbates 
shift work-related fatigue.

Social interaction is not always easy to address (eg one-man signal boxes), but it does provide stimulation and help •	
counter fatigue.

Lack of work variety exacerbates shift work-related fatigue 
– especially on late and night duties.

Providing variation in the work across a shift can help combat fatigue, but is not always easy. Where possible, make sure •	
that employees are deterred from leaving tedious or routine tasks to the end of a shift when they are likely to be most 
drowsy.

Inadequate temperature, ventilation and lighting promote 
fatigue – especially shift work-related fatigue.

Adequate lighting, proper ventilation and a comfortable working temperature will help control fatigue. A well-lit •	
workplace signals to the body that it is time to be alert and awake.

Poor diet can arise from difficulties with eating at the right 
times or the right foods.

Sources: RSSB research and general human factors literature

Ensure there are facilities that enable – and a culture which encourages – regular, nutritious meals to be taken.•	

Caffeine can be a useful stimulant before and early on in a shift but should be avoided late in a shift if the employee is •	
due to sleep shortly.

Ensure an education programme that teaches and reinforces good dietary practice, eg meals taken at the end of a shift •	
should be easily digestible so that sleep is not disturbed due to an active digestive system.

This tool uses the five main 
factors that affect fatigue:

Shift start time1	

Shift duration2	

Length of time between shifts3	

Breaks within duties4	

Number of consecutive shifts.5	

It provides scores for individual 
shifts, and these are then added 
up to give the total score for 
the roster pattern as a whole. 
It can thus be used to compare 
different shift patterns.

In addition to its use on the 
railways, The Health and Safety 
Laboratory has used the HSE 
Fatigue Index to compare fatigue 
levels associated with an 8-hour 
shift rota and a proposed 12-hour 
rota in other safety critical 
environments, including the 
offshore, nuclear, transport and 
chemical industries.

RSSB has published a series of 
resources aimed at combating 
fatigue through shift work – see 
Further Information.
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Further information on shift work

ASLEF Shift work, lifestyle and 1	
health, ASLEF booklet

The London Chamber of 2	
Commerce and Industry: 24/7 
Health effects: shift and night 
working – an employer’s guide, 
Fact Sheet 10 July 2004

McGuffog A. Spencer M.B. Stone 3	
B.M. & Turner C. (2005) Guidelines 
for the management and reduction 
of fatigue in train drivers, for RSSB

RSSB (2005) ‘Feeling tired’ 4	
resources. As of May 2008 -  
www.rssb.co.uk/pdf/Feeling%20
tired%20additional%20info.pdf

Railway Safety (1996), Railway 5	
(Safety Critical Work) Regulations 
1994. Approved Code of Practice, 
HSE Books

Strategic Rail Authority (2003) 6	
Guidelines for the Implementation 
of the Working Time Directive, 
Aug 2003

Stone B.M. (2004) Evaluation of 7	
current tools and techniques used 
for estimating risks associated with 
shift patterns, QinetiQ Centre for 
Human Sciences Report, QinetiQ/
KI/CHS/CR032327, for RSSB

Wedderburn A. (ed) (2000) Shift work and Health, 8	
Bulletin of European Studies on Time (BEST 1/2000), 
European Foundation for the Improvement of Living 
and Working Conditions 
www.eurofound.europa.eu/publications/htmlfiles/
ef0009.htm (as of May 2008)

The Railways and Other Guided Transport Systems 9	
(Safety) Regulations 2006 can be accessed from the 
Office of Public Sector Information (OPSI) website at: 
www.opsi.gov.uk/si/si2006/uksi_20060599_en.pdf ( as 
of May 2008)

The Railways and Other Guided Transport Systems 10	
(Safety) Regulations 2006 – Guidance on Regulations 
can be accessed from the Office of Rail Regulation 
(ORR) website at: www.rail-reg.gov.uk/server/show/
ConWebDoc.7964 (as of May 2008)

The development of a fatigue/risk index for 11	
shiftworkers, to be published by HSE Books in 2006

Managing the risks arising from fatigue in safety critical workers (ROGS 2006)

http://www.rssb.co.uk/pdf/Feeling%20tired%20additional%20info.pdf
http://www.rssb.co.uk/pdf/Feeling%20tired%20additional%20info.pdf
http://www.eurofound.europa.eu/publications/htmlfiles/ef0009.htm
http://www.eurofound.europa.eu/publications/htmlfiles/ef0009.htm
http://www.rail-reg.gov.uk/server/show/ConWebDoc.7964
http://www.rail-reg.gov.uk/server/show/ConWebDoc.7964
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Part 3: Reference

Techniques

Parts 1 and 2 of this Guide describe a wide range of 
human factors issues that managers, designers, trainers 
and others on the railways are likely to encounter. They 
contain specific guidance and tools on how to deal with 
these issues. In addition, there are a large number of 
human factors techniques that can be used to answer 
particular questions.

In this section, a number of these techniques are 
introduced. They have been selected because you may 
find them of particular value in dealing with human 
factors issues on the railways. For each technique, you will 
find a description of when each technique might be of 
interest and what is involved in using it. 

If you browse through the techniques, you will see that 
many of them have been developed to help with human 
factors issues associated with the introduction of new 
technologies – especially computer-based systems. These 
new systems have been having a major impact on the 
railways in recent years, and can be expected to have an 
even bigger impact in the coming years. Accordingly, the 
techniques described in this section are likely to have an 
increasing value in the railway industry and their use will 
become much more widespread than so far. 

It is beyond the scope of this guide to describe how 
to carry out all these techniques in detail. If you are 
interested in a specific technique, we have provided 
references where you can find out more.

An authoritative collection of human factors techniques is 
summarised in DEFSTAN 00-25, the MOD’s standard for 
human factors design.

A more detailed treatment of a comprehensive collection 
of these and other human factors techniques may be 
found in a book by Stanton et al published in 2005. In 
particular, this book describes the processes involved in 
using the techniques, as well as worked examples.

Many of these techniques are also summarised in 
Annex 3 of a recent major document on human factors 
integration published by the Ministry of Defence’s Sea 
Systems Group published in 2006.

All three of these key references are provided below. 

Alternatively you might want to talk with your 
organisation’s human factors specialists. If so, the accounts 
of the techniques you find in this Guide may help you 
have a more informed discussion with them.

Key references

Def Stan 00-25 (2004) Human Factors for Designers 1.	
of Systems Part 15 Issue 1, Principles and Processes. As 
of May 2008, you can download this document directly 
from the MOD’s DefStan website here: 
www.dstan.mod.uk/data/00/025/15000100.pdf

Ministry of Defence (2006), MAP-01-011 Human 2.	
Factors Integration Technical Guide, Sea Systems 
Group, TES-SSG-ShipDes, Defence Procurement 
Agency, MOD Abbey Wood, Bristol, BS34 8JH  
As of May 2008, you can download this document 
directly from the HFI-DTC website here: 
www.hfidtc.com/pdf/MAP-01-011.pdf

Stanton, N. A., Salmon, P. M., Walker, G. H., Baber, 3.	
C., Jenkins, D. P. (2005). Human Factors Methods: A 
Practical Guide for Engineering and Design. Ashgate, 
Aldershot. ISBN 0-7546-4660-2 (HBk), 0-7546-4661-0 
(PBk)
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Which technique?
Technique Input requirements Output format Primary users Useful for... Not useful if...

Applied Cognitive Task 
Analysis, p139

Structured interviews Tabulated mental skills and 
demands

System designers Understanding the mental skills and demands that a design will 
require from its users

No access to task expert

Brainstorming
p140

Structured small group 
discussions

Structured list Anyone Generating ideas from a mixed group without letting status or 
seniority get in the way

Little chance of acting on results

Checklists
p141

Structured paper or electronic 
form

Checked list Anyone Any kind of audit where a structure or systematic procedure is 
needed

Situation requires explanations of 
observed results

Cognitive Mapping
p142

Interviews, workshops Graphical representation of 
concepts

Anyone Understanding the relationships between different perspectives or 
concepts – often useful to organise the results of a workshop

n/a

Cognitive Walk-through
p143

Structured interviews Video, audio or paper record of 
user responses

System designers Evaluating the usability of user interface designs Not enough time

Communications Usage 
Diagram, p143

Interviews and observations Tabulated graphical data System designers Understanding the communications and collaborative 
requirements of geographically separated team members

Not enough time

Critical Decision 
Method, p144

Structured interviews Annotated incident timeline System designers
Training designers

Understanding the mental skills and demands that were required 
by expert decision makers for past actual situations

No access to human factors experts 
who are also skilled interviewers

Critical Incident 
Technique, p145

Structured interviews Annotated incident timeline Incident investigators
System designers

Understanding the decisions and rationale of participants in past 
actual situations

No access to skilled interviewer

Design Scenario 
Analysis, p145

Scenario storyboards Video, audio or paper record of 
user responses

System designers Proposing, evaluating and modifying design concepts without the 
need for expensive simulation

Design team unavailable to act out 
scenarios

Fault Trees
p146

Actual incident report or detailed 
scenarios (for prospective events)

Graphical representation of root 
causes

Incident investigators
Risk analysts

Analysing the root causes of actual or potential incidents Incident involves large complex systems

Focus Groups
p147

Structured small group 
discussions

Report System designers Understanding user or other stakeholder requirements Process is not planned or participants 
are not representative

Groupware Task Analysis
p147

Focus groups, brainstorming, 
scenario storyboards

Tabulated team task data System designers Understanding current team problems and migrating current team 
tasks to new system designs

Not enough time

Heuristic Analysis
p148

Task-driven interview Tabulated user response data System designers Rapidly obtaining user feedback about an interface design Articulate task experts are unavailable

Hexagons
p149

Structured small group 
discussions

Graphical representation Anyone Understanding the relationships between different perspectives or 
concepts - builds on cognitive mapping by revealing gaps

n/a

Hierarchical Task 
Analysis, p149

Interviews, focus groups, 
observation, questionnaires etc

Graphical representation and 
tabulated task data

Anyone Understanding the detailed behavioural requirements, demands 
and procedures for successful task performance

Task is largely cognitive rather than 
behavioural

HEART
p151

Structured process using pre-
defined factors and scales

Tabulated error data and 
reduction strategies

System designers 
Risk analysts

Quantifying predicted human error in new systems Task expert is not available
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Which technique?
Technique Input requirements Output format Primary users Useful for... Not useful if...

Human Error HAZOP
p152

Structured small group 
discussions

Tabulated error data System designers 
Risk analysts

Prospectively assessing the likelihood and nature of errors in a 
system under design

Mixed team of engineers, operations 
staff, HF specialists unavailable

Human Reliability 
Analysis, p153

Interviews, focus groups, 
observation, questionnaires etc

Graphical representation and 
tabulated data

System designers
Risk analysts

Analysing the probability of human error during system operation. 
HRA refers to a family that includes Fault Trees, HE HAZOP etc

Varies with its specific instances such as 
Fault Trees, HE HAZOP

Instantaneous Self-
Assessment, p153

Operator’s on-job use of 
electronic device at intervals

Workload profile across a shift Anyone Estimating operator workload throughout a work shift in both real 
world and simulated tasks

Specific sources of workload need to 
be identified

Integrated Performance 
Modelling Envt, p154

Task and system specifications, 
and performance requirements

Time and error forecasts System designers 
Training designers

Modelling operator (and team) tasks, workload etc in normal, 
degraded and abnormal conditions for proposed complex systems

Task or human factors experts are not 
available

Interface Surveys
p155

Structured survey form Tabulated and summarised user 
response data

System designers Evaluating the physical aspects of a user interface against available 
human factors criteria, guidelines and standards

No access to human factors expert

Interviews
p155

One to one discussions Structured or tabulated report Anyone Collecting both qualitative and quantitative data - in which people 
are asked open ended or closed questions respectively

Interviewer biases are not successfully 
addressed

Keystroke Level Model
p156

Structured process applied to a 
task analysis

Keyboard task timings System designers Estimating times for keyboard-based tasks Tasks are not computer-based or user 
performance is not serial

Layout Analysis
p157

Interviews, walk-throughs and 
observation

Revised interface layout System designers Designing an interface based on the user’s mental model of the 
way the task should be done

Users are unavailable or tasks are very 
complex

Link Analysis
p157

Interviews, walk-throughs and 
observation

Tabulated and graphical interface 
design data

System designers Designing an interface based on operational relationships 
(frequency and importance) between different task elements

Cognitive issues outweigh the physical 
relationships between task elements

Murphy Diagrams
p158

Task analysis Structured graphical root cause 
data

System designers 
Risk analysts

Analysing the root causes of past and potential errors for both 
single operator and team tasks

Task is large and complex

NASA Task Load Index
p159

Operator’s on-job response to 
probe questions

Overall workload score System designers 
Risk analysts

Estimating operator mental workload, based on well validated 
principles

n/a

Observational Analysis
p159

Video, audio or other data 
recording site preparation

Video, audio or paper record of 
user behaviour

Anyone Collecting information about the visual or verbal aspects of an 
actual task or scenario

Properly trained observers who are 
also task experts are not available

Questionnaire
p160

Structured design of the 
questionnaire form

Summary statistics Anyone Collecting large amounts of attitudinal data very cost-effectively for 
numerical analysis and summary

Analysis of performance is required 
(not analysis of what people say)

Qu. for Dist’d Assm’t of 
Teams, p161

Team on-job response to 
questionnaires

Summary situation awareness 
scores

Anyone Estimating the degree of mutual situational awareness of team 
members

Too much time has passed between 
task performance and use of technique

Qu. for User Interface 
Satisfaction, p161

Pre-defined questionnaire Global and sub-scale usability 
scores

System designers Assessing usability of user interfaces n/a

Sequentially Timed 
Events Plotting, p162

Actual incident report; interviews Graphical timeline Incident investigators Identifying the contributory events leading to an incident and 
facilitating discussion between investigators

Historical, time-based incident data is 
unavailable

Situation Awareness for 
SHAPE, p163

Operator’s on-job response to 
probe questions

Summary situation awareness 
scores

System designers Assessing situation awareness Task expert who can conduct probe 
questions on-job is not available
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Which technique?
Technique Input requirements Output format Primary users Useful for... Not useful if...

Situation Awareness 
Rating Technique, p164

Operator’s on-job response to 
pre-defined rating scales

Overall situation awareness score 
for each team member

System designers 
Training designers

Estimating the degree of situational awareness of team members Thorough analysis of situation 
awareness is required

Soft Systems 
Methodology, p164

Interviews and workshops with 
stakeholders

Model of the problem area and an 
action plan to deal with it

System designers 
Change managers

Establishing ‘rich pictures’ of complex organisational situations in 
order to characterise and solve problems

No access to experienced analysts - or 
the time to work with them

Software Usability Meas. 
Inventory, p165

Operator’s post-task response to 
pre-defined questions

Global and sub-scale usability 
scores

System designers Assessing usability of user interfaces in detail Unwilling to spend €1,000 on the 
purchase price

Subjective Workload 
Assess. Technique, p166

Operator’s response to pre-
defined questions

Individual and overall workload 
scores for several dimensions

System designers Estimating multiple aspects of workload for tasks based either on 
actual advanced system designs or a task analysis

Accurate detail is required for mental 
workload (vs time or stress)

System Usability Scale
p167

Operator’s post-task response to 
pre-defined questions

Simple overall usability score System designers Rapid, reliable, rough assessment of the usability of an interface 
design

Detailed usability analysis is required

Syst. Hum. Err. Red. & 
Pred. Approach, p167

Structured process using pre-
defined error taxonomy

Tabulated errors and suggested 
remedies

System designers 
Risk analysts

Predicting human error from task analysis data, and identifying 
error reduction strategies

Cognitive components of error are 
critical to the task

Task and Training Reqts 
Methodology, p168

Structured process based on a 
task analysis

Tasks prone to skill fade, training 
gaps, required skills and teamwork

Training designers Training needs analysis for team - especially for skills prone to skill 
fade

Task expert or sufficient time are not 
available

Task Centred System 
Design, p169

Structured process using an 
existing design

Principled re-design of system System designers Evaluating system design concepts using user-centred principles Team of task expert, design engineers 
and system operators is not available

Team Cognitive Analysis
p170

Observation and interviews using 
CDM-type structured process

Tabulated decision requirements System designers 
Training designers

Understanding the decisions and decision making skills used by 
team members on a team task

Not enough time available or too 
much time elapsed since task

Team Decision Reqts 
Exercise, p171

Structured interviews Tabulated decision requirements System designers 
Training designers

Understanding the thought processes of team decision makers Two skilled interviewers who are 
familiar with the technique not available

Team Workload 
Assessment, p171

Team member’s on-job response 
to probe questions

Workload scores for each team 
member and the team as a whole

System designers Estimating team workload, based on the NASA TLX technique n/a

Teamworking Improv’t 
Process, p172

Questionnaire and workshops Prioritised remedies for specific 
teamworking problems

Change managers Diagnosing and identifying cost-effective remedies to problems of 
teamworking within an organisation

n/a

User Trial
p173

Interviews, focus groups, 
workshops, observation

Refined user requirements, training 
and skills recommendations

System designers 
Training designers

Evaluating a new system in terms of its usability and training 
requirements

n/a

Walk-through Analysis
p173

Focus groups, workshops, 
interviews

Video, audio or paper record of 
user responses

System designers Evaluating early system design concepts Task experts are not available

Why-Because Analysis
p174

Actual incident report Annotated, graphical 
representation of the incident

Incident investigators Analysing the root causes of actual incidents and suggesting 
countermeasures

Experienced incident analyst is not 
available

Workshops
p175

Structured larger group 
discussions

Report Anyone Understanding user or other stakeholder requirements and 
feedback - and getting their ownership of a project

Process is not planned or participants 
are not representative
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Applied Cognitive Task Analysis

Why is it useful?
Like most other areas, work on the railways has shifted 
over time from very physical work towards work that 
is much more ‘mental’ (also referred to as ‘cognitive’). 
People are doing less in an obviously active way such 
as moving physical objects and controls. Instead they 
are doing much more work that goes on largely inside 
their heads: monitoring, thinking and deciding. Think, for 
example, of the difference between the work of a driver 
and fireman on a 1950s steam engine and the driver in 
the cab of a modern Pendolino train. Or between the 
work of a signaller in a traditional lever frame signal box 
and that of a signaller in an IECC signalling centre. 

Much of this change can, of course, be attributed to the 
introduction of computer-based systems and equipment. 
The designers of these systems, and their associated 
jobs and training need to be able to understand and 
describe the cognitive tasks they are expecting people 
to undertake. But compared to traditional physical work, 
mental tasks are largely hidden, and one cannot see 
what the person is doing. It is to help make these tasks 
visible so they can be designed for and managed that the 
Applied Cognitive Task Analysis (ACTA) technique has 
been developed.

What does it do?
Cognitive Task Analysis is very useful for clarifying the 
thinking, decision making and judgement skills that tasks 
require, so that effective equipment and interface designs, 
and training, can be created. Applied Cognitive Task 
Analysis (ACTA) is one of the best of its class.

What does it involve?
ACTA is a suite of interview techniques designed to 
identify the thinking demands imposed by a task on an 
operator. The technique is aimed at situations where the 
most of the task goes on inside an operator’s head (eg 
a train driver) rather than through observable behaviour 
(eg a trackman).

ACTA requires three kinds of interview with subject 
matter experts (SMEs) to be undertaken. First, the analyst 
works with one or more SME to prepare an overview of 
the task, usually set out as a diagram. Second, the analyst 
works with SMEs to clarify the knowledge needed by 
operators to perform each part of the task revealed in 
the task diagram. Third, the analyst works with the SME(s) 
through specific task scenarios in order to probe specific 
situations which are difficult or complex.

The results of these interviews are typically entered 
into a tabular format, which can then be used to inform 
either the design of the system or the design of training 
procedures.

Who can use it?
ACTA is primarily aimed at supporting the system design 
process. The success of the technique depends both on 
the availability of knowledgeable and articulate SMEs, 
as well as on ACTA analysts who are skilled at probing 
expert knowledge. While no specialist training in cognitive 
psychology is required, it is highly desirable to involve a 
human factors specialist in the use of the technique. 

Finding out more

Militello L.G. & Militello J.B. (2000) Applied Cognitive 1.	
Task Analysis (ACTA): A practitioner’s toolkit for 
understanding cognitive task demands. In J. Annett & N. 
S Stanton (Eds) Task Analysis, 90-113, Taylor & Francis 

MOD (2006), MAP-01-011 Human Factors Integration 2.	
Technical Guide (Annex 3), Sea Systems Group, TES-
SSG-ShipDes, Defence Procurement Agency, Bristol 

Stanton, N. A., Salmon, P. M., Walker, G. H., Baber, 3.	
C., Jenkins, D. P. (2005). Human Factors Methods: A 
Practical Guide for Engineering and Design. Ashgate, 
Aldershot. ISBN 0-7546-4660-2 (HBk), 0-7546-4661-0 
(PBk)
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Brainstorming

Why is it useful?
Safety on the railways can never be taken for granted. 
Circumstances are always changing and new ideas are 
constantly needed to ensure high levels of safety are 
maintained. Good ideas are not the monopoly of senior 
managers. Indeed, in relation to safety, it is often the staff 
at the sharp end – in the signal box, on the train, working 
on the line or on the platform – who have the best ideas 
on how safety can be improved. But these ideas can only 
be implemented if they are first brought to light. Often 
people in less senior positions are reluctant to make 
suggestions for fear of being criticised or because they 
think their ideas may seem foolish if they are not yet fully 
worked out. Brainstorming is a way of getting ideas from 
everyone out in the open so they can be developed and 
assessed. 

What does it do?
Brainstorming is an easy to use discussion technique 
for generating ideas from a group without letting status 
or seniority get in the way. See also Hexagons for a 
complementary technique.

What does it involve?
A brainstorming session is a loosely structured discussion, 
in which group members are encouraged to float ideas. 
Although the group leader should have a clear idea of 
the problem to be solved, limited guidance is given and 
all participants are encouraged to put forward ideas 
without the fear of criticism. For example, an operations 
manager might conduct a session among engineering 
supervisors and COSSes in order to generate ideas and 

possible solutions for the management of a complex T3 
possession. 

A brainstorming session may typically last up to an 
hour or more. In the first phase, group members are 
encouraged to generate ideas without criticism. However 
outlandish they might seem, they are all noted without 
discussion where everyone can see them eg on a flip 
chart. In the second phase, the group members agree 
some evaluation criteria and then review each of 
the ideas, discarding any that appear to be infeasible. 
Sometimes it is helpful to use a formal vote (eg show of 
hands, secret ballot) to eliminate or prioritise ideas.

The result should be a list of ideas about what is involved 
in the problem, or what the possible solutions are. 

Brainstorming is especially useful where everyone’s views 
are equally important, but where discussions could be 
dominated by individuals of higher status. By seeking a 
wide range of views – initially, uncritically – over a range 
of ideas, brainstorming can achieve a comprehensive view 
of a problem and possible solutions.

Who can use it?
Anyone in the railway industry over wide range of 
problem areas. No special skills or resources are required 
other than a group of people, a quiet room for an hour 
or so and a flip chart.

Finding out more

Rawlinson J.G. (1981) Creative thinking and 1.	
brainstorming, Gower

Van Gundy A.B. (1981) Techniques of structured 2.	
problem solving, van Nostrand- Reinhold, New York
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Checklists

Why is it useful?
There are many working situations on the railways where 
safety depends on ensuring that all necessary actions 
have been completed, and often completed in the right 
order. The process that a signaller and a PICOP have to 
go through when taking or handing back a possession is a 
good example here. Another example is the process that 
depot staff should follow in checking that a train is fit to 
enter service. Many safety-related incidents arise because 
a step has been missed out or not completed properly. 
Requiring staff to use a checklist is a straightforward way 
of minimising the risk that these types of error can occur.

What does it do?
A checklist is a simple and powerful tool that is in 
everyday use in a wide range of application areas. 
Its primary use is to check situational status eg of a 
possession or equipment.

What does it involve?
Checklists may already exist or else need to be 
developed from scratch for a particular purpose. 
Developing a checklist takes considerable attention and 
must be based on authoritative documentation and 
subject matter expert knowledge. Brainstorming and/or 
workshops can help in the checklist development process. 
This is to ensure that the items on the list are both 
relevant and appropriate for the purpose of the check. 
For example, a checklist to support a depot maintenance 
schedule for a train must contain all of the right items 
for that service interval without omissions. Similarly, the 
list should not allow simply a tick in the box if a more 

detailed investigative procedure is more appropriate. The 
flip side of this point is also important: checklists are not 
generally useful for explaining why things fail.

Checklists are useful in supporting the evaluation of 
designs of new equipments or interfaces. The references 
below provide some examples of evaluation checklists 
that have already been developed for this purpose. If you 
decide that a new checklist needs to be developed, you 
should ensure that input from designers, task experts, a 
range of users and subject matter experts is utilised in 
the checklist design. It is vital that the checklist is reviewed 
thoroughly by its target users and subject matter experts 
before being deployed.

Who can use it?
Anyone across the railway industry can use a preexisting 
checklist with minimal training, although they may need 
to be specially qualified to make the necessary technical 
judgments demanded. A more specialist group of subject 
matter experts is normally needed to design and evaluate 
a new checklist. 

Finding out more

Ciavarelli A. (2002) Human Factors Checklist: An 1.	
Aircraft Accident Investigation Tool, School of Aviation 
Safety, California

Human Engineering Ltd (2004) The Human Factors 2.	
SPAD Hazard Checklist, Issue 2 HEL/RSSB/041123/
RTB02, Network Rail

Kirwan B. & Ainsworth L.K. (eds) (1992) A guide to 3.	
Task Analysis, Taylor & Francis

MOD (2006), MAP-01-011 Human Factors Integration 4.	
Technical Guide (Annex 3), Sea Systems Group, TES-
SSG-ShipDes, Defence Procurement Agency, Bristol

Ravden S.J. & Johnson G.I. (1989) Evaluating Usability of 5.	
Human-Computer Interfaces: A practical method, Ellis 
Horwood, Chichester

Stanton, N. A., Salmon, P. M., Walker, G. H., Baber, 6.	
C., Jenkins, D. P. (2005). Human Factors Methods: A 
Practical Guide for Engineering and Design. Ashgate, 
Aldershot. ISBN 0-7546-4660-2 (HBk), 0-7546-4661-0 
(PBk)
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Cognitive Mapping

Why is it useful?
Nearly every initiative to develop some feature of the 
railways involves groups of people working together, 
whether it is a group of designers working on a 
new system such as GSM-R, or a group of managers 
considering changes to the Rule Book. These groups often 
involve people from varied occupational backgrounds 
and experience. A major obstacle to progress is that 
all the participants see the topic they are addressing in 
totally different ways. Worse, they may be unaware that 
others see the issue so differently. This can often lead 
to misunderstanding, confusion – and even argument. 
What is needed is a way building up a way of visual 
representation of the topic or situation, so that different 
assumptions and viewpoints can become apparent, and 
eventually an agreed picture can be created. Cognitive 
mapping is one way of achieving this. 

What does it do?
Cognitive mapping is a group activity that is useful for 
focusing the activity of discussion – eg in a workshop – 
where a key aim is to create a shared understanding 
of the different perspectives and requirements of the 
participants.

What does it involve?
Cognitive mapping produces a kind of map of how 
the participants see a situation or problem area. The 
map (also known as an influence diagram) is made up 
of concepts (represented as words or short phrases) 
and arrows that point from means to ends (ie from 
contributing factors to goals). A minus sign shows an 

inverse relationship between two concepts ie the more 
of one concept, the less of the other.

Example of a cognitive map (influence diagram)

This example shows the positive and negative influences 
held by a group of people on the rate by which 
organisational innovations (eg new IT systems) are likely 
to be adopted by staff. The diagram shows their belief 
for example that the more complex the system is, the 
less rapidly it will be adopted. Similarly, the greater the 
relative advantage of the new system, the more rapidly 
it will be adopted. Interesting and more complicated 
patterns of influence can be established when lines 
of influence can be drawn between many nodes. It is 
possible to calculate the effects of the influences on 
each other by representing the influence diagram in 
affordable computational systems thinking software such 
as STELLA™ or iTHINK™ (see References).

Who can use it?
Anyone capable of planning and running a workshop, 
although generating influence diagrams takes a little 
practice to get right.

Finding out more

Eden C. (1989) Using cognitive mapping for strategic 1.	
options development and analysis (SODA), in 
Rosenhead J. (Ed.), Rational analysis for a problematic 
world, 21-70, John Wiley

iSee Systems STELLA™ and iTHINK™ www.2.	
iseesystems.com/ (as of May 2008)
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Cognitive Walk-through

Why is it useful?
Technology is providing the railways with many new 
forms of equipment and system. These can bring 
important benefits, but often, the new system is more 
complex than the one it replaces. This complexity may 
not be immediately obvious to the user, eg the IECC 
screen. The means by which the operator uses the 
equipment, how they communicate with it and how 
it communicates with them, is known as the ‘human-
machine interface’ or ‘human-computer interface’ (HCI). 
The design of this interface is vital to ensuring safe and 
reliable performance. Before any design is finalised its 
usability must be assessed. One technique for conducting 
a usability assessment is the Cognitive Walk-through.

What does it do?
Cognitive Walk-through is a structured observation 
technique that helps an analyst evaluate the usability 
of an interface. The technique is a development of the 
traditional design walk-through method.

What does it involve?
The technique’s emphasis is on examining the ease 
with which a new interface can be learned. The analyst 
makes this examination by applying a set of criteria that 
are concerned with the cognitive (thinking) processes 
required by the user to perform the task. Examples of 
these criteria include how obvious it is for the correct 
choice to be made, how clearly labels are linked to 
their associated actions, and how easy it is for the user 
to understand what they have done. The analyst ‘walks 
through’ each action that a user needs to take to carry 

out a task using prototype interfaces for driving a new 
type of train or using a new ticket machine. Each action 
is scrutinised in terms of technique’s pre-defined criteria 
in order to estimate the impact made by the interface on 
the user’s goals and actions. 

Who can use it? 
Cognitive Walk-through is primarily aimed at supporting 
the system design process. Its success depends both on 
the availability of knowledgeable and articulate task or 
subject matter experts, as well as on analysts who are 
skilled at applying the pre-defined criteria. It can also 
be quite time-intensive. While no specialist training in 
cognitive psychology is required, it is highly desirable to 
involve a human factors specialist. 

Finding out more

Polson P.G. Lewis C. Rieman J. & Wharton C. (1992) 1.	
Cognitive walk-throughs: a method for theory based 
evaluation of user interfaces. Int Jnl of Man-Machine 
Studies, 36 pp741-773

MOD (2006), MAP-01-011 Human Factors Integration 2.	
Technical Guide (Annex 3), Sea Systems Group, TES-
SSG-ShipDes, Defence Procurement Agency, Bristol

Stanton, N. A., Salmon, P. M., Walker, G. H., Baber, 3.	
C., Jenkins, D. P. (2005). Human Factors Methods: A 
Practical Guide for Engineering and Design. Ashgate, 
Aldershot. ISBN 0-7546-4660-2 (HBk), 0-7546-4661-0 
(PBk)

Wharton C. Rieman J. Lewis C. & Polson P. (1994) 4.	
The Cognitive Walk-through Method: A Practitioners 
Guide, John Wiley

Communications Usage Diagram

Why is it useful?
Safety on the railways depends on teamwork. But many 
teams on the railways are not what people normally 
think of as teams. This is because teams on the railways 
often involve people working in different places and often 
only working together for a short time. For example, 
a train driver and a signaller may only be working 
together for a few minutes. During that time they share 
the same goals and they are dependent on each other. 
These arrangements are known as distributed teams. In 
such short-lived, physically separated teams the quality 
of communications is of the utmost importance. The 
Communications Usage Diagram can be a valuable aid for 
designers, trainers and managers responsible for ensuring 
that distributed teams can communicate when and how 
they need to. 

What does it do?
A Communications Usage Diagram (CUD) is a technique 
for analysing and describing the communication aspects of 
distant teamworking (page 103).

What does it involve?
Creating a Communications Usage Diagram (CUD) 
involves specifying what is communicated between the 
geographical locations of each member or group that 
comprises a team. For each type of communication, the 
technology used is also specified, together with the pros 
and cons of that medium. The technique could potentially 
be applied in any domain involving communication 
or collaboration. For example, a CUD could be used 
to document the problems of communications and 
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supporting technologies between signallers, trackworkers, 
drivers and control at a particular location in order to 
determine the requirements for new communication 
procedures or technologies.

Who can use it?
Anyone involved in analysing communications problems 
and the potential for improvements. However, sufficient 
time should be allowed for the initial data collection, 
which can involve many interviews and observations.

Finding out more

MOD (2006), MAP-01-011 Human Factors Integration 1.	
Technical Guide (Annex 3), Sea Systems Group, TES-
SSG-ShipDes, Defence Procurement Agency, Bristol 

Stanton, N. A., Salmon, P. M., Walker, G. H., Baber, 2.	
C., Jenkins, D. P. (2005). Human Factors Methods: A 
Practical Guide for Engineering and Design. Ashgate, 
Aldershot. ISBN 0-7546-4660-2 (HBk), 0-7546-4661-0 
(PBk)

Watts L.A. & Monk A.F. (2000) Reasoning about tasks, 3.	
activities and technology to support collaboration. 
In J. Annett & N. Stanton (Eds) Task Analysis, Taylor & 
Francis

Critical Decision Method

Why is it useful?
In most situations signallers, train drivers, engineering 
supervisors, and other people working in safety critical 
roles on the railways can act in accordance with the Rule 
Book. But there are inevitably many situations in which 
the Rules do not apply, are conflicting or are unclear. 
This means rail workers have to make decisions which 
are often difficult and may have serious consequences if 
wrong. The Critical Decision Method is a means to help 
designers and planners understand these decisions in 
detail. It is a later version of the Critical Incident Technique.

What does it do?
The Critical Decision Method (CDM) is a relatively 
powerful, easy-to-use structured interview technique 
for revealing the thought processes of expert decision 
makers. It is useful for understanding task requirements 
for both system and training design. 

What does it involve?
CDM works by means of a set of pre-defined probe 
questions that an analyst asks an expert about their 
decision-making. For example, an analyst could discover 
what cues the expert was using by asking “How did you 
know that you needed to make the decision?” Similarly, the 
expert’s situational awareness could be probed with a 
question such as “What information did you have available 
to you at the time of the decision?” Video can be a useful 
means of ensuring that information generated by the 
probe questions is not missed, although video analysis 
can be time consuming. The information yielded can then 
be used to inform the development of new systems 

and/or associated training systems. CDM is useful at a 
very early stage in the design of a new operational or 
training system. For example, it could be used to infer the 
requirements for a new cab design from the actions of 
expert drivers using existing cabs. 

Who can use it?
CDM requires at least two interviewers, preferably 
human factors specialists, who need to be reasonably 
skilled in the technique in order to get the most out of it. 

Finding out more

Flanagan J.C. (1954) The Critical Incident Technique. 1.	
Psychological Bulletin, 51, 327-358

Klein G.A. Calderwood R. & MacGregor D. (1989) 2.	
Critical Decision Method for Eliciting Knowledge. IEEE 
Transactions on Systems, Man and Cybernetics, 19(3), 
462-472

MOD (2006), MAP-01-011 Human Factors Integration 3.	
Technical Guide (Annex 3), Sea Systems Group, TES-
SSG-ShipDes, Defence Procurement Agency, Bristol 

O’Hare D. Wiggins M. Williams A. & Wong W. (2000) 4.	
Cognitive task analyses for decision centred design and 
training. In J. Annett & N. Stanton (eds) Task Analysis, pp 
170-190, Taylor & Francis

Stanton N., Salmon P., Walker G., Baber C., & Jenkins 5.	
D., (2005) Human Factors Methods (2005) Human 
Factors Methods: A Practical Guide for Engineering 
and Design, ISBN: 0754646610, Ashgate Publishing
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Critical Incident Technique

Why is it useful?
In many situations on the railways it is important to know 
why people made the decisions that they did. This may be 
necessary to understand how a particular incident was 
caused, or it may be necessary when developing systems 
or procedures intended to help railway staff in safety 
critical roles to make better decisions. For example, the 
increased use of computer-based systems can not only 
provide staff with better quality information, such systems 
can also actively help staff predict how events will unfold 
in the future. This technique enables an analyst to explore 
in a systematic way how railway personnel have made 
particular incidents in critical situations in the past.

What does it do?
Critical Incident Technique (CIT) is an interview technique 
designed to help people reconstruct their roles, decisions 
and reasons for acting in the way they did, during the 
critical phases of a past, actual incident. CIT is an older 
techniques that has been developed more recently into 
the Critical Decision Method (CDM).

What does it involve?
CIT involves an analyst using a set of pre-defined probes 
within an interview convened for the purpose. The 
probes are a forerunner of the much more extensive 
probes used in CDM. They are simply aimed at eliciting 
information about the circumstances leading up to 
an incident, the critical actions or inactions, the results 
and other actions or inactions that might have made 
a difference. Today, such questions form the basis of 
debriefing railway staff after an incident affecting safety. 

However, like all retrospective techniques, it is subject to 
the unreliability of human memory and the interviewee’s 
tendency to distort history by trying to make sense of 
things after an event. It is sometimes difficult to build 
a good timeline unless other corroborating data are 
available. A key value of CIT is that it can reveal poor 
design of both equipment and processes. 

Who can use it?
CIT is a very useful and inexpensive investigative 
technique for someone already trained in interviewing 
skills. It is not necessary to be a human factors specialist 
to use the technique, although access to this specialism is 
of undoubted assistance in interpreting the results – and 
possibly guiding some of the questions.

Finding out more

Flanagan J.C. (1954) The Critical Incident Technique. 1.	
Psychological Bulletin, 51, 327-358

Klein G.A. Calderwood R. & MacGregor D. (1989) 2.	
Critical Decision Method for Eliciting Knowledge. IEEE 
Transactions on Systems, Man and Cybernetics, 19(3), 
462-472

MOD (2006), MAP-01-011 Human Factors Integration 3.	
Technical Guide (Annex 3), Sea Systems Group, TES-
SSG-ShipDes, Defence Procurement Agency, Bristol 

Stanton, N. A., Salmon, P. M., Walker, G. H., Baber, 4.	
C., Jenkins, D. P. (2005). Human Factors Methods: A 
Practical Guide for Engineering and Design. Ashgate, 
Aldershot. ISBN 0-7546-4660-2 (HBk), 0-7546-4661-0 
(PBk)

Design Scenario Analysis

Why is it useful?
Like any business, the railways need to constantly 
innovate to improve performance and safety. Being able 
to imagine not only new design concepts but also their 
use in a variety of settings is a powerful way to innovate. 
Design scenario analysis provides the means to explore 
new concepts in a wide range of new contexts.

What does it do?
Design scenario analysis is a technique that design teams 
can use to help generate, review and refine design 
concepts.

What does it involve?
Design scenario analysis works best with several - even 
many - members of a design team present. Together, 
they generate a new concept and set out a storyboard 
for it within some operational context which they also 
generate for the purpose. As they probe and challenge 
it, new parts of the ‘story’ are added and changes made 
to the design as a result. The techniques is not limited to 
equipment design. For example, design scenario analysis 
would be just as suited to the design of new procedures 
for the rule book as it would be for the design of catering 
trolleys for on-train use or new signalling panels. While it 
may sometimes be difficult to get all of the design team 
together in one place, the technique itself is inexpensive, 
flexible, highly creative (and enjoyable!), often leading to 
innovative results.
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Who can use it?
Design teams.

Finding out more

Go K. & Carroll J.M. (2003) Scenario-Based Task 1.	
Analysis. In D. Diaper & N. Stanton (Eds) The 
Handbook of Task Analysis for Human-Computer 
Interaction, Lawrence Erlbaum Associates, London

Verplank B. Fulton J. Black A. & Moggridge B. (1993) 2.	
Observation and Invention – Use of scenarios in 
interaction design. Tutorial notes for InterCHI 93. 
Amsterdam

Stanton, N. A., Salmon, P. M., Walker, G. H., Baber, 3.	
C., Jenkins, D. P. (2005). Human Factors Methods: A 
Practical Guide for Engineering and Design. Ashgate, 
Aldershot. ISBN 0-7546-4660-2 (HBk), 0-7546-4661-0 
(PBk)

Fault Trees

Why is it useful?
Incidents on the railways typically involve some 
component failing or a person making an error. Many 
engineers and designers on the railways will be familiar 
with fault trees for describing how an incident was caused 
or for assessing the likelihood of a physical component or 
sub-system going wrong at some future point. Fault trees 
can also be used to examine how a procedure or other 
human action has gone wrong or could go wrong. For 
example, Rule Book designers could use the technique 
to discover errors that might occur when a signaller and 
COSS are arranging T12 protection, and estimating the 
probability of these errors occurring. 

What does it do?
Fault trees are a relatively simple but effective root cause 
analysis technique for understanding and sometimes 
predicting multiple causes of failure events. 

What does it involve?
The analyst creates a tree-like diagram to represent 
hardware failures and human errors. The contributing 
causes are linked together by AND and OR relations and 
each contributing cause is further analysed in terms of its 
own contributing causes. Care needs to be taken to keep 
the analysis going until the root causes (rather than the 
preceding causes) are properly documented.

The original use of this technique was to identify the root 
causes of actual incidents. However, it is also possible to 
use it throughout design in a predictive way, in order to 
try to eradicate failures before they arise.

Who can use it?
Anyone faced with the task of analysing the actual or 
likely causes of failure within an operational system. Little 
training is required, although a logical, systematic approach 
helps a lot. While the analysis of simple incidents generally 
requires modest amounts of time, more complex incident 
analyses can be quite time consuming. 

Finding out more

Kirwan B. & Ainsworth L.K. (1992) A Guide to Task 1.	
Analysis, Taylor & Francis

Kirwan B. (1994) A Guide to Practical Human 2.	
Reliability Assessment, Taylor & Francis

MOD (2006), MAP-01-011 Human Factors Integration 3.	
Technical Guide (Annex 3), Sea Systems Group, TES-
SSG-ShipDes, Defence Procurement Agency, Bristol

Stanton, N. A., Salmon, P. M., Walker, G. H., Baber, 4.	
C., Jenkins, D. P. (2005). Human Factors Methods: A 
Practical Guide for Engineering and Design. Ashgate, 
Aldershot. ISBN 0-7546-4660-2 (HBk), 0-7546-4661-0 
(PBk)
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Focus Groups

Why is it useful?
Focus groups have become mainly known for their use 
in the worlds of market research and politics. Market 
researchers use them to gauge consumer reaction to 
products and to work out how they can be presented 
more attractively. Political parties use focus groups 
to assess public opinion in relation to some issue of 
interest. If participants are correctly chosen, the right 
questions asked, and the right procedures followed, it 
has been found that a focus group with a small number 
of participants can be as accurate as a more traditional 
survey involving large numbers of people. There are many 
potential uses of focus groups in the railways. As well 
as finding out the views of, say, members of the public 
or staff members, focus groups can be used by more 
specialist groups such as trainers or system designers to 
establish how users will respond to a specific issue.

What does it do?
A focus group is a structured discussion that uses a small 
group of stakeholders to discuss a particular set of pre-
defined topics. It is a smaller and more highly constrained 
version of a workshop.

What does it involve?
Focus groups normally involve a group of up to 8 people 
and 1 to 2 facilitators, and typically last for 2 to 4 hours. 
Typically, the facilitators encourage discussion of each 
topic by describing situations or scenarios and asking 
probe questions designed to reveal participant views and 
their rationale. In a railway setting, system designers might 
use them to elicit user requirements for a proposed 

system or to understand usability or workload issues of 
a new prototype; training designers might use them to 
modify a training method among a group of trainers.

Who can use it?
Experienced facilitators can enable focus groups to 
be a very useful, trustworthy and economic source of 
stakeholder information.

Finding out more

Hyponen H. (1999) Focus Groups. In H. A. Williams, 1.	
J. Bound & R. Coleman (eds) The Methods Lab: User 
Research for Design. Design for Ageing Network

MOD (2006), MAP-01-011 Human Factors Integration 2.	
Technical Guide (Annex 3), Sea Systems Group, TES-
SSG-ShipDes, Defence Procurement Agency, Bristol 

Stanton, N. A., Salmon, P. M., Walker, G. H., Baber, 3.	
C., Jenkins, D. P. (2005). Human Factors Methods: A 
Practical Guide for Engineering and Design. Ashgate, 
Aldershot. ISBN 0-7546-4660-2 (HBk), 0-7546-4661-0 
(PBk)

Groupware Task Analysis

Why is it useful?
Groupware refers to a class of technical systems designed 
to improve the work of any collection of people who 
have to work together to achieve some defined set of 
goals. Groupware supports the more rapid and efficient 
sharing of information and passing of documents so 
that different individuals can each make their particular 
contribution to the on-going work. So far groupware 
has been mainly used for traditional office tasks, but 
there is immense scope for wider exploitation across 
the railways. For example, groupware offers the potential 
for much more reliable passing of information between 
staff involved in planning engineering works, the staff 
who will actually carry out the work, the signallers who 
must arrange protection with the PICOP, and the TOC 
staff who may be affected by the engineering works. 
Groupware systems are inevitably complex and careful 
analysis is required to ensure they will work correctly.

What does it do?
Groupware Task Analysis (GTA) is a technique for team 
task analysis. It is designed to migrate current team tasks 
to new system designs.

What does it involve?
The GTA analyst uses structured interviews and 
observation of team activities within current systems, The 
results are used to contribute to the design of new team-
based systems. GTA provides a framework for a two part 
analysis. In the first part, the analyst describes the current 
system, eg signalling. This is done in order to ensure that 
the design team understands the current workflows 
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and communication patterns between signallers, drivers, 
control etc. In the second part, the analyst re-designs the 
current team task using new technologies to solve any 
problems and requirements presented by the current 
situation. The result is a representation of a proposed 
system together will all its assumptions for the future 
scenario(s) in which it will operate.

Who can use it?
Design teams – but it should be noted that the technique 
is time-intensive and resource-hungry.

Finding out more

MOD (2006), MAP-01-011 Human Factors Integration 1.	
Technical Guide (Annex 3), Sea Systems Group, TES-
SSG-ShipDes, Defence Procurement Agency, Bristol 

Stanton, N. A., Salmon, P. M., Walker, G. H., Baber, 2.	
C., Jenkins, D. P. (2005). Human Factors Methods: A 
Practical Guide for Engineering and Design. Ashgate, 
Aldershot. ISBN 0-7546-4660-2 (HBk), 0-7546-4661-0 
(PBk)

Van Welie M. & Van Der Veer G. (2003) Groupware 3.	
Task Analysis. In E. Hollnagel (Ed) Handbook of 
Cognitive Task Design. Pp 447 – 477. Lawrence 
Erlbaum Associates	

Heuristic Analysis

Why is it useful?
New equipment and systems – especially those that are 
computer-based – often provide many more facilities 
and features than the old equipment or system. The 
price paid for this new capability is that the interface (the 
means whereby the user interacts with the equipment 
or system) becomes much more complex and therefore 
more difficult. There are numerous techniques described 
elsewhere in Part 3 that provide thorough but time-
consuming means of assessing user interfaces. The value 
of Heuristic Analysis is that it is quick and easy to use, 
although limited in certain respects.

What does it do?
Heuristic analysis is a rapid, simple, subjective technique 
for recording opinion about (eg) a task interface.

What does it involve?
The analyst walks the user through their task as 
systematically as possible and tries to spot the 
opportunities for error and other design weaknesses 
as they go. The technique can be re-used throughout 
the design process. The walk-through can be structured 
by the analyst in any way they choose, and any such 
structuring is likely to improve the quality of the results. 
Note, though, that any undesirable effects arising from 
complex interactions with other tasks or events are 
unlikely to arise or be spotted.

Who can use it?
Anyone can use heuristic analysis, but its results will only 
be as good as the analyst’s ability and imagination to spot 
the negative aspects of the task during the walk-through. 

Finding out more

MOD (2006), MAP-01-011 Human Factors Integration 1.	
Technical Guide (Annex 3), Sea Systems Group, TES-
SSG-ShipDes, Defence Procurement Agency, Bristol 

Nielsen J. & Molich R. (1990) Heuristic evaluation 2.	
of user interfaces. In J. C Chew & J. Whiteside (eds), 
Empowering people: CHI 90 Conference Proceedings 
(pp. 249 – 256) Monterey, CA: ACM Press

Stanton, N. A., Salmon, P. M., Walker, G. H., Baber, 3.	
C., Jenkins, D. P. (2005). Human Factors Methods: A 
Practical Guide for Engineering and Design. Ashgate, 
Aldershot. ISBN 0-7546-4660-2 (HBk), 0-7546-4661-0 
(PBk)
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Hexagons

Why is it useful?
There are many situations on the railways where a 
group of people need to come up with good ideas. 
Brainstorming is perhaps the most commonly used 
technique to generate lots of ideas. While writing 
ideas that the group comes up with on a flipchart or 
whiteboard will often work well, what is even better is 
to be able to move ideas around, so similar ideas can 
be grouped together. Being able to see what ideas have 
in common or how they differ, can often enable the 
group to develop the ideas further. Hexagons is a simple 
technique for helping with this process.

What does it do?
Hexagons is a simple technique which can be used to 
support brainstorming. It helps with the structuring of 
emergent ideas and the evaluation of their completeness.

What does it involve?
Hexagons involves a workshop session in which issues 
written on magnetic hexagons (alternatively, coloured 
post-it notes) can be grouped and classified. It is a way for 
a group to get a comprehensive picture of the problem 
they are tackling and it pushes the group into thinking 
about the gaps in the discussion so far. 

Who can use it?
Anyone in the railway industry over a wide range of 
problem areas. If a magnetic whiteboard and magnets are 
not available, post-it notes are a good substitute.

Finding out more

Hodgson A.M. (1992) Hexagons for systems thinking, 1.	
European Journal of Operational Research, 59, 
220-230

Hierarchical Task Analysis

Why is it useful?
There are many situations in designing equipments, 
systems, training and jobs on the railways where it 
is necessary to have a clear understanding of what 
the various tasks entail. One of the most widely used 
techniques for doing this is hierarchical task analysis 
(HTA). HTA is based on the fact that most tasks can be 
decomposed into a hierarchy of goals. For example, a 
signaller’s main task is to ensure the safe movement of 
trains. To achieve this goal he must carry out a number 
of sub-tasks: set routes, manage the taking of possessions, 
monitor level crossings, and so on. Each of these sub-tasks 
can be further broken down still further into smaller tasks 
(eg communicating with PICOP, protecting signals, placing 
reminders, completing forms). Tasks, sub-tasks and so on 
are progressively analysed until all the actions that form 
the fundamental building blocks have been identified. 
These basic acts can then form the basis of equipment 
design, training material development, and so on. HTA 
is often performed as a first step in many of the other 
techniques described here.

What does it do?
Hierarchical Task Analysis (HTA) is a systematic and 
well used method of task analysis (page 47) for 
comprehensively representing tasks as a hierarchical 
structure of goals and sub-goals. It works especially well 
for tasks that emphasise what operators must do rather 
than what they must think and the way they should think 
it.
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What does it involve?
HTA involves representing the task of interest as a tree-
like structure of goals, operations and plans.

Goals•	  – These provide the purpose for carrying out 
the task - or some piece of it

Operations•	  – These are all the observable activities 
that must be carried out by the operator in order to 
achieve the goal

Plans•	  – These are the conditions for, and sequences by 
which, the operator carries out the operations.

Carrying out a HTA for a large or complicated task like 
driving a train or operating a signaller’s NX panel can be 
quite time-consuming. While HTA affords many insights 
into a task, a key problem is that even when all the 
operations have been specified, it is often by no means 
obvious what should be done about the results – in 
terms of risk detection, error prevention or training – 
without a lot of further analysis.

Who can use it?
Anyone capable of applying a logical and systematic 
approach. While it is not necessary to be a human 
factors specialist to use the technique, such specialists are 
usually essential in interpreting and applying the results 
of the analysis eg via interventions in training, system or 
job design. In view of this it is recommended to involve 
human factors people on the analysis team from the very 
beginning,

Finding out more

Ainsworth L.K. & Marshall E. (1998) Issues of quality 1.	
and practicality in task analysis: preliminary results from 
two surveys. Ergonomics 41(11), 1604-1617. Reprinted 
in J. Annett & N.A. Stanton (2000) op.cit. 79-89

Annett J. Duncan K.D. Stammers R.B. & Gray M. (1971) 2.	
Task Analysis. HMSO

Annett J. Cunningham D.J. & Mathias-Jones P. (2000) A 3.	
method for measuring team skills. Ergonomics, 43(8), 
1076-1094

Annett J. Duncan K.D. Stammers R.B. & Gray M.J. 4.	
(1971) Task Analysis. Training Information No. 6. HMSO

Annett J. & Stanton N.A. (2000) Task Analysis, Taylor & 5.	
Francis

Baber, C. & Stanton N.A. (1994) Task analysis for error 6.	
identification. Ergonomics 37, 1923-1941

Baber C. & Stanton N.A. (1996) Human error 7.	
identification techniques applied to public technology: 
predictions compared with observed use. Applied 
Ergonomics 27, 119-131

Johnson P. Diaper D. & Long J. (1984) Tasks, skills 8.	
and knowledge: Task analysis for knowledge-based 
descriptions. In B. Shackel (Ed.) Interact ‘84 - First 
IFIP Conference on Human-Computer Interaction. 
Amsterdam: Elsevier, 23-27

Kirwan B. & Ainsworth L.K. (1992) A Guide to Task 9.	
Analysis, Taylor & Francis

Lim, K.Y. & Long, J. (1994) The MUSE Method for 10.	
Usability Engineering. Cambridge University Press

MOD (2006), MAP-01-011 Human Factors Integration 11.	
Technical Guide (Annex 3), Sea Systems Group, TES-
SSG-ShipDes, Defence Procurement Agency, Bristol 

Ormerod, T.C. Richardson, J. & Shepherd, A. (1998) 12.	
Enhancing the usability of a task analysis method: 
A notation and environment for requirements. 
Ergonomics 41(11), 1642-1663. Reprinted in Annett & 
Stanton (2000) op.cit. 114-135

Patrick, J. Gregov, A. & Halliday, P. (2000) Analysing and 13.	
training task analysis. Instructional Science, 28(4), 51-79

Shepherd, A. (2002) Hierarchical Task Analysis, Taylor & 14.	
Francis

Stanton, N. A., Salmon, P. M., Walker, G. H., Baber, 15.	
C., Jenkins, D. P. (2005). Human Factors Methods: A 
Practical Guide for Engineering and Design. Ashgate, 
Aldershot. ISBN 0-7546-4660-2 (HBk), 0-7546-4661-0 
(PBk)
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Human Error Assessment and 
Reduction Technique

Why is it useful?
Many people on the railways fulfil safety-critical roles – 
drivers, signallers, track workers, crossing keepers, station 
staff, and others. Safety on the railways depends critically 
upon identifying the kinds of errors these staff (and 
sometimes other groups, such as passengers) can make. 
The Human Error and Assessment Technique (HEART) 
is a relatively simple technique that not only helps railway 
personnel identify types of error, but also to assess the 
probability of each type of error occurring. This analysis 
provides a basis for then looking at ways of reducing the 
risks these errors occurring. 

What does it do?
Human Error Assessment and Reduction Technique 
(HEART) is a technique for estimating the type and 
amount of human error likely to occur within a system, 
and helping to avert it.

What does it involve?
HEART is easy to understand and quick to apply. It 
requires the definition of representative task scenarios 
and then provides a straightforward process for assessing 
these scenarios with respect to the likelihood of human 
error. For example, a depot manager might examine all 
of the tasks that need to be undertaken by a fitter in 
carrying out a maintenance programme for a new train. 
The assessment process involves making judgements 
about human reliability in carrying out the main elements 
of the task by choosing between a number of pre-

defined factors such as “complex skill requiring high 
level of comprehension and skill” or “fairly simple task 
performed rapidly or given scant attention”. Each statement 
is associated with a pre-defined weighting score. At the 
end, all of the weighting scores are multiplied to produce 
an overall score, which helps inform the identification 
remedial measures. These might include interventions 
which involve re-designing the maintenance schedule 
or re-training for it; improving the fitter’s perception of 
risk; or assigning more experienced fitters etc. Helpfully, 
the remedial measures can themselves be calculated to 
determine their likely contribution to the reduction of the 
calculated probability of human error. The technique has 
been specially adapted for use in the railway industry.

Who can use it?
Anyone who can apply a logical, systematic approach: little 
training is required, although a human factors specialist 
is highly desirable as part of the training process, and a 
subject matter expert is needed to define the scenario(s) 
and assess the tasks within the scenario(s) against the 
HEART framework of statements.

Finding out more

Kirwan B. (1996) The validation of 3 Human Reliability 1.	
Quantification techniques – THERP, HEART and JHEDI: 
Part 1 – technique descriptions and validation issues, 
Applied Ergonomics, Vol 27, 6, 359-373

Kirwan B. (1997) The validation of 3 Human Reliability 2.	
Quantification techniques – THERP, HEART and 
JHEDI: Part 2 – Results of validation exercise, Applied 
Ergonomics, Vol 28, 1, 17-25

Kirwan B. (1997) The validation of 3 Human Reliability 3.	
Quantification techniques – THERP, HEART and 
JHEDI: Part 3 – Practical aspects of the usage of the 
techniques, Applied Ergonomics, Vol 28, 1, 27-39

MOD (2006), MAP-01-011 Human Factors Integration 4.	
Technical Guide (Annex 3), Sea Systems Group, TES-
SSG-ShipDes, Defence Procurement Agency, Bristol 

Stanton, N. A., Salmon, P. M., Walker, G. H., Baber, 5.	
C., Jenkins, D. P. (2005). Human Factors Methods: A 
Practical Guide for Engineering and Design. Ashgate, 
Aldershot. ISBN 0-7546-4660-2 (HBk), 0-7546-4661-0 
(PBk)

Williams J.C. (1986) HEART – a proposed method for 6.	
assessing and reducing human error. In 9th Advances in 
Reliability Technology Symposium, Uni of Bradford
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Human Error HAZOP

Why is it useful?
The concept of HAZOP (Hazard and Operability) has 
been widely used on the railways for some time. Human 
Error HAZOP is a particular form of HAZOP that 
focuses on the risks to safety posed by errors made by 
people. Human Error HAZOP thus has similarities to 
HEART but is more comprehensive and detailed, although 
also more demanding in time and effort. 

What does it do?
Human Error HAZOP (Hazard and Operability) is a 
comprehensive and well accepted technique for assessing 
the likelihood and nature of human errors arising from 
fairly complex plant or plant processes at an advanced 
stage of their design.

What does it involve?
The Human Error HAZOP procedure needs to be 
applied by a team of design, engineering, operational and 
human factors personnel, specially assembled for the 
purpose, and led by someone who has had experience 
with the technique. Such a team might be assembled to 
review the way a new maintenance delivery depot will be 
operated. The team agrees a set of guide words (such as 
‘sooner than’; ‘later than’, ‘not done’) that they then use to 
evaluate depot operations that have been systematically 
described beforehand – often as a hierarchical structure 
using a technique such as HTA. In our example, for 
each section of the depot or depot process, potential 
operational deviations are considered using the guide 
words to identify weak points and recommend ways of 
strengthening them.

The technique is apparently exhaustive, but it should be 
noted that even a team-based assessment will not be 
completely sensitive to the way in which the ‘holes in the 
Swiss cheese’ (as described in Why do accidents happen? 
on page 18) can suddenly line up.

Who can use it?
The Human Error HAZOP technique is resource-hungry. 
It requires a team of specially appointed disciplines 
to carry it out – including a human factors specialist. 
Crucially, the team leader needs to be experienced in the 
technique for it to be successfully applied in new situation. 
It is also time-intensive to carry out, typically requiring 
several weeks of team effort.

Finding out more

Kennedy R. & Kirwan B. (1998) Development of a 1.	
Hazard and Operability-based method for identifying 
safety management vulnerabilities in high risk systems, 
Safety Science, Vol. 30, 249-274

Kirwan B. & Ainsworth L.K. (1992) A guide to Task 2.	
Analysis, Taylor & Francis

Kirwan B. (1992) Human error identification in human 3.	
reliability assessment. Part 1: Overview of approaches. 
Applied Ergonomics Vol. 23(5), 299 – 318

MOD (2006), MAP-01-011 Human Factors Integration 4.	
Technical Guide (Annex 3), Sea Systems Group, TES-
SSG-ShipDes, Defence Procurement Agency, Bristol 

Stanton, N. A., Salmon, P. M., Walker, G. H., Baber, 5.	
C., Jenkins, D. P. (2005). Human Factors Methods: A 
Practical Guide for Engineering and Design. Ashgate, 
Aldershot. ISBN 0-7546-4660-2 (HBk), 0-7546-4661-0 
(PBk)

Swann C.D. & Preston M.L. (1995) Twenty-five years 6.	
of HAZOPs. Journal of Loss Prevention in the Process 
Industries, Vol. 8, Issue 6, 1995, 349-353

Whalley (1988) Minimising the cause of human error. 7.	
In B. Kirwan & L. K. Ainsworth (eds.) A Guide to Task 
Analysis. Taylor & Francis
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Human Reliability Analysis

Why is it useful?
Although automation is an increasing feature of railway 
operations (eg ATPS, ATWS, ARS), safety on the railways 
still depends heavily on the reliability of the people who 
work on the trains, in signal boxes, on platforms, and on 
the track. Any initiatives to improve current safety or to 
raise safety levels in the future must take account of how 
reliably staff can carry out the tasks for which they remain 
responsible. A variety of techniques – collectively known 
as Human Reliability Analysis – are now available to help 
human factors and safety specialists assess how reliably 
humans can operate in a given situation. 

What does it do?
Human reliability analysis (HRA) refers to a family of 
techniques, all of which are aimed at identifying the 
probability of different types of human error during 
system operation. Such information then forms the basis 
for system re-design and other error reduction measures.

What does it involve?
Several techniques are available for human reliability 
analysis. These techniques include Fault Trees, HEART and 
HE HAZOP. The techniques vary in terms of the skills 
and knowledge they require and the time they take to 
carry out. However, all of them require some form of task 
analysis (page 47) to be carried out first so that the tasks 
and their associated demands are clarified.

Generally speaking, HRA works by associating task 
inputs, actions and outputs to categories of error. The 
probability of errors occurring is calculated either by 

generating a fault tree or through the use of principles 
based on actual data, if available. The overall probability 
of error is calculated by multiplying the individual task 
results together. If the final result reveals a potential 
problem, then the design or training assumptions can be 
changed and the analysis re-run. If Tasks and system design 
components associated with unacceptable potential error 
rates may need to be subject to more detailed modelling.

Who can use it?
Varies with the specific technique, although human factors 
specialists should generally be involved in order to ensure 
the technique is used effectively and its results interpreted 
accurately. RSSB is currently developing a rail specific 
HRA technique. This is initially driver based, but will be 
extended to other operational groups in due course. 

Finding out more

Kirwan B. & Ainsworth, L.K. (1992) A Guide to Task 1.	
Analysis, Taylor & Francis 

Kirwan B. (1994) A Guide to Practical Human 2.	
Reliability Assessment, Taylor & Francis

MOD (2006), MAP-01-011 Human Factors Integration 3.	
Technical Guide (Annex 3), Sea Systems Group, TES-
SSG-ShipDes, Defence Procurement Agency, Bristol 

Stanton, N. A., Salmon, P. M., Walker, G. H., Baber, 4.	
C., Jenkins, D. P. (2005). Human Factors Methods: A 
Practical Guide for Engineering and Design. Ashgate, 
Aldershot. ISBN 0-7546-4660-2 (HBk), 0-7546-4661-0 
(PBk)

Instantaneous Self-Assessment 
(of workload)

Why is it useful?
There are many situations on the railways where it is 
necessary to assess the workload of a given member 
of staff. For example, as a result of re-signalling it may 
be proposed to move a two man team (signaller and 
crossing keeper) from a mechanical signal box to an area 
signalling centre, and as part of this move to integrate 
both old jobs into a single new job. The question then 
is can one person now perform the tasks previously 
carried out by two while maintaining safety levels? This 
is a problem for workload assessment. Instantaneous 
Self Assessment of Workload is one of a number of 
techniques that can be used to make an estimate of the 
level of workload associated with a particular job. 

What does it do?
Instantaneous self-assessment (ISA) of workload (page 
125) is a very cheap and reasonably effective way of 
estimating patterns of operator workload throughout a 
work shift on real-world, as well as simulated, tasks.

What does it involve?
ISA involves operators (eg signallers at an NX panel or 
control room operators) briefly pausing in their tasks 
every few minutes in order to rate their workload 
on a simple scale of 1 (low) to 5 (high). Very often, 
arrangements can be made for participants to rate 
themselves using a simple keypad that can be made to 
flash whenever it is time to provide a rating. More simply, 
the analyst can simply obtain ratings verbally. When the 
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shift is completed, the collected data can be graphically 
summarised to show the workload peaks and troughs.

Who can use it?
Anyone, although a human factors specialist is of benefit 
in order to ensure its correct use, and to assist in results 
interpretation and options for action.

Finding out more

Kirwan B. Evans A. Donohoe L. Kilner A. Lamoureux T. 1.	
Atkinson T. & MacKendrick H. (1997) Human Factors 
in the ATM System Design Life Cycle. FAA/Eurocontrol 
ATM R&D Seminar, Paris, France 
http://atm-seminar-97.eurocontrol.fr/ (as of May 2008)

MOD (2006), MAP-01-011 Human Factors Integration 2.	
Technical Guide (Annex 3), Sea Systems Group, TES-
SSG-ShipDes, Defence Procurement Agency, Bristol 

Stanton, N. A., Salmon, P. M., Walker, G. H., Baber, 3.	
C., Jenkins, D. P. (2005). Human Factors Methods: A 
Practical Guide for Engineering and Design. Ashgate, 
Aldershot. ISBN 0-7546-4660-2 (HBk), 0-7546-4661-0 
(PBk)

Integrated Performance 
Modelling Environment

Why is it useful?
In changing working arrangements or developing new 
systems it is often desirable to assess how well people 
can perform in a range of situations eg can they work 
quickly, reliably and safely enough? Human performance 
is influenced by many different factors. Factors such as 
time on shift, workload, and individual experience are 
just a few of the important factors affecting work on the 
railways. Taking all of these into account when making 
estimates can often be difficult. Increasingly, computer 
models are available which enable a range of factors 
to be represented and which can be used to explore 
human performance rapidly and reliably. The Integrated 
Performance Modelling Environment (IPME) was originally 
developed to assess human performance in highly 
demanding military situations, but is also relevant for use 
by railway system designers and others. 

What does it do?
IPME is a sophisticated software-based environment for 
modelling designs for prospective systems comprising 
teams of people and technology. It is a commercial 
product and probably the best of its class in terms of 
usability (page 28), validity and reliability.

What does it involve?
The Integrated Performance Modelling Environment 
(IPME) uses simulation of the operator(s), the task, the 
task environment and the prospective system design to 
answer questions about human performance in terms of 

speed, error rates and accuracy. In the railway industry, 
IPME might be used to model a new design for an 
operations control room, complete with human team, 
computers, displays and communications equipment. 
Notably, IPME can be made to connect with other 
simulations through industry standard protocols. This 
means that the new design for a control room could 
be connected to manned NX panel simulators in order 
to increase functionality and thereby, the scope of the 
evaluation.

When the simulation is run, the task network uses the 
underlying micro-models to determine what happens. 
The performance of the network is also influenced by 
the way the environment model, the team model and the 
performance shaping functions are set up. The simulation 
can be run thousands of times in a short time in order to 
build up a set of results for a whole simulated population 
of operators.

Who can use it?
Analysts need training in IPME before they can use it and 
the user team will need to include both a subject matter 
expert and a human factors specialist.

Finding out more

Micro Analysis & Design Inc, Boulder Colorado, www.1.	
maad.com/index.pl/ipme (as of May 2008)
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Interface Surveys

Why is it useful?
The usability of facilities provided to train drivers, 
signallers and other staff is a key factor – not only in 
safety, but also in job satisfaction, stress levels, amount of 
training needed, and so on. Assessing the quality of a new 
user interface or one under development can be a time 
consuming activity. Interface Surveys offer one reasonably 
quick and simple means of gaining a representative 
sample of data about user reactions to a system. 

What does it do?
Interface surveys are a straightforward approach to 
detecting a wide range of human-machine interface 
design flaws in existing systems or advanced prototypes. 

What does it involve?
The technique involves surveying one or more aspects 
of the human-machine design, which needs to exist as 
a working operational or prototype system. Examples 
include advanced prototypes for a new signalling panel or 
train cab design. The aspects to be reviewed might include 
areas such as controls and displays, coding conventions 
(eg colours and symbols, and environmental factors such 
as noise, illumination, temperature and humidity levels). A 
further, often fruitful, aspect for investigation includes an 
examination of what modifications operators have made 
to similar existing systems in order to overcome design 
flaws eg the use of notes stuck on displays and self-made 
aids. For each survey deemed relevant, the analyst needs 
to produce a survey data collection form, drawing upon 
available human factors criteria, guidelines and standards, 
as well as known sources of interface problems.

Who can use it?
Human factors specialists are needed to design the 
survey forms, which can then be used by a much wider 
range of personnel.

Finding out more

Kirwan B. & Ainsworth L.K. (1992) A guide to Task 1.	
Analysis, Taylor & Francis

MOD (2006), MAP-01-011 Human Factors Integration 2.	
Technical Guide (Annex 3), Sea Systems Group, TES-
SSG-ShipDes, Defence Procurement Agency, Bristol 

Stanton, N. A., Salmon, P. M., Walker, G. H., Baber, 3.	
C., Jenkins, D. P. (2005). Human Factors Methods: A 
Practical Guide for Engineering and Design. Ashgate, 
Aldershot. ISBN 0-7546-4660-2 (HBk), 0-7546-4661-0 
(PBk)

Interviews

Why is it useful?
Interviews are already used for many purposes on the 
railway, eg in recruitment, performance appraisal and 
incident investigation. Many interviews ‘just happen’. But 
to be truly effective an interview needs to be properly 
planned and structured. The objectives of the interview 
need to be clear and the questions need to be chosen 
to best achieve the objectives. The interviewer and the 
interviewee need to have prepared themselves for the 
interview. Good interviewing needs to be seen as a 
technique that must be learned. 

What does it do?
The interview is a well-used one-to-one technique for 
gathering, probing and confirming subjectively reported 
information in a very wide range of application areas. 

What does it involve?
Interviews need to be well structured, with considerable 
prior thought being given to their objectives and logic. 
Interviews may be qualitative – in which people are asked 
open-ended questions designed to get at their opinions, 
beliefs and values; or they may be quantitative – in which 
people are asked closed questions designed to elicit yes/
no or rating scale type responses.

In most cases, the interview design should be piloted 
and fine-tuned before being carried out for real. The 
interviewer should be clear about how they are going to 
record the information that will be generated. At the start 
of each interview, the interviewer should also clarify for 
the interviewee what use will be made of the information 
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and how far it will be attributable. When conducting 
an interview, it is a good idea to start on a particular 
topic with an open-ended question, and then once the 
interviewee has answered, use a probing question to 
gather further information. Closed questions should be 
used to confirm understanding and obtain agreement.

Generally speaking, a qualitative interview should last no 
more than an hour. A quantitative interview should last 
no more than 15 or 20 minutes.

Who can use it?
Interviews should be conducted by skilled individuals in 
order to avoid interviewer biases, to generate reliable 
information and to deduce trustworthy conclusions. 
Within human factors, the technique has many important 
uses including selection (page 79), appraisal, training needs 
analysis (page 55), system design, system usability (page 
28), attitudes, job analysis, task analysis (page 47), and 
error and incident investigation.

Finding out more

Network Rail, DSM Post-SPAD Interview Process – 1.	
Interview Technique and Checklist

Stanton, N. A., Salmon, P. M., Walker, G. H., Baber, 2.	
C., Jenkins, D. P. (2005). Human Factors Methods: A 
Practical Guide for Engineering and Design. Ashgate, 
Aldershot. ISBN 0-7546-4660-2 (HBk), 0-7546-4661-0 
(PBk)

Keystroke Level Model

Why is it useful?
More and more jobs on the railways involve the use of 
computers, and therefore also usually, keyboards and 
associated devices such as a mouse. One of the most 
prominent examples is the change in the signaller’s job 
from one of using levers, telephone and bell codes in 
a traditional mechanical box to one in which nearly all 
operations are carried out via a computer terminal in 
an IECC signalling centre. One can also point to the 
common use nowadays of laptop computers by PICOPs. 
Train drivers and other on-train staff will also increasingly 
become computer users as new systems such as ERTMS 
and GSM-R become operational. Where rail computer 
users are performing safety critical tasks it is often 
important to know how long the various operations they 
must carry out will take. The Keystroke Level Model is a 
way of doing this. 

What does it do?
The Keystroke Level Model (KLM) is an easy way of 
estimating times for serial keyboard-based user tasks.

What does it involve?
KLM provides data on the time it takes for a common 
range of individual keyboard operations to be carried out 
by users with differing levels of expertise. The technique 
also specifies a number of rules for applying the time data 
to the keyboard operations and a formula for combining 
the results into an overall performance time for the 
keyboard task.

Who can use it?
Anyone can learn to use this technique, which requires 
very little training.

Finding out more

Card S.K. Moran T.P. & Newell A. (1983) The 1.	
psychology of human computer interaction, Lawrence 
Erlbaum Associates, NJ

Salvendy G. (1997) Handbook of human factors and 2.	
ergonomics, 2nd edition, John Wiley, Canada

MOD (2006), MAP-01-011 Human Factors Integration 3.	
Technical Guide (Annex 3), Sea Systems Group, TES-
SSG-ShipDes, Defence Procurement Agency, Bristol 

Stanton, N. A., Salmon, P. M., Walker, G. H., Baber, 4.	
C., Jenkins, D. P. (2005). Human Factors Methods: A 
Practical Guide for Engineering and Design. Ashgate, 
Aldershot. ISBN 0-7546-4660-2 (HBk), 0-7546-4661-0 
(PBk)
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Layout Analysis

Why is it useful?
The layout of controls and equipment in traditional 
signal boxes and train cabs has been refined over many 
years of experience. The shift to totally new types of 
controls and equipment largely made possible through 
the introduction of computer-based systems has meant 
designers must now to rely on careful analysis to decide 
the best layout of controls and displays – especially since 
relevant operational experience is often lacking. Layout 
Analysis is one technique to support the work of the 
designer in this area. 

What does it do?
Layout Analysis is a technique for arranging the 
components of an interface for simple to moderately 
complex tasks in a way that is consistent with the 
operator’s mental model, so that the controls, displays 
and information are positioned where they are expected. 

What does it involve?  
The technique involves the analyst working with one or 
more representative operators through a number of re-
organisations of the interface components. In the first re-
organisation, the components are arranged into functional 
groups eg in an NX panel, all the points switches would 
be located on one place, while level crossing CCTV 
controls might be placed in another, relative to the CCTV 
display. In subsequent re-organisations, these groups are 
arranged in terms of their importance, followed by their 
sequence, and finally their frequency of access. The resulting 
final arrangement is likely to be the one that best fits 

the mental model of the user involved in the analysis. It 
follows that other operators may differ, and that different 
results might also arise for operations during abnormal, 
degraded, or emergency conditions, or indeed any 
conditions that are not considered during the analysis.

Who can use it?
Anyone with access to a representative (group of) expert 
users. Little training is required. However, it will usually be 
of benefit to check on the interpretation of the results 
with a human factors specialist.

Finding out more

Easterby R. (1984) Tasks, processes and display design. 1.	
In R. Easterby & H. Zwaga (Eds.), Information Design 
(pp. 19-36). John Wiley

MOD (2006), MAP-01-011 Human Factors Integration 2.	
Technical Guide (Annex 3), Sea Systems Group, TES-
SSG-ShipDes, Defence Procurement Agency, Bristol 

Stanton, N. A., Salmon, P. M., Walker, G. H., Baber, 3.	
C., Jenkins, D. P. (2005). Human Factors Methods: A 
Practical Guide for Engineering and Design. Ashgate, 
Aldershot. ISBN 0-7546-4660-2 (HBk), 0-7546-4661-0 
(PBk)

Link Analysis

Why is it useful?
Train drivers and signallers have constantly to shift their 
attention from one aspect of their work to another. For 
example, a driver has to monitor his various instruments 
while maintaining continuous awareness of signals and 
what is happening on the track. Designers of new systems 
must ensure that the components are organised in a 
way that enables the driver or signaller to allocate his 
attention in the most appropriate and efficient manner at 
any moment in time. This is what Link Analysis can help to 
accomplish. 

What does it do?
Link Analysis is an easy-to-use and systematic technique 
for interface design (page 33). It reveals the actual 
relationships for the user between components in 
operational or prototype systems. This information can 
be used to create a user interface that is simpler to learn 
and use.

What does it involve?
Links are movements of the human operator’s focus 
of attention eg a driver’s gaze that moves between the 
train speed gauge, the AWS sunflower display and a 
signal on the route ahead. A link analysis systematically 
records these movements as an operator performs their 
task eg driving with a new cab design. Data capture can 
be achieved by a walk-through or observation analysis. 
Where rapid or fine attentional shifts are used by the 
operator, data capture may require more specialist eye or 
head movement recording apparatus.
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The results of the analysis are usually captured in a 
diagram or table of the system components, annotated to 
show their importance, frequency, function and sequence 
of use. This table can then be studied to suggest more 
effective workstation layouts.

Who can use it?
Link analysis is primarily aimed at helping system and 
training designers to analyse the layout of panel displays 
for eg cab driving, control rooms, signal boxes etc. No 
special skills are required, although rehearsal in the 
technique is beneficial before its use to collect important 
data.

Finding out more

Drury C.G. (1990) Methods for direct observation of 1.	
performance, In Wilson, J. And Corlett, E. N. Evaluation 
of Human Work: A practical Ergonomics Methodology, 
2nd Edition, Taylor & Francis, 45–68

Kirwan B. (1994) A guide to practical human reliability 2.	
Assessment, Taylor & Francis

Stanton, N. A., Salmon, P. M., Walker, G. H., Baber, 3.	
C., Jenkins, D. P. (2005). Human Factors Methods: A 
Practical Guide for Engineering and Design. Ashgate, 
Aldershot. ISBN 0-7546-4660-2 (HBk), 0-7546-4661-0 
(PBk)

Murphy Diagrams

Why is it useful?
It is common on the railways to have to find out why 
something has gone wrong or why someone made an 
error. Simply blaming the culprit may be satisfying but 
rarely brings about any underlying improvement. What 
is needed is a means for going deeper, to identify the 
underlying or root cause. This basic cause may be hard to 
find, perhaps originating some time before the problem 
becomes visible. The Ladbroke Grove accident provides a 
clear example. One of the train drivers did not see a red 
signal. Was this just carelessness? Was it simply a result of 
his inexperience and lack of training? Examination of the 
records showed that a number of other drivers had
also passed this signal at danger. Were they all careless 
and badly trained? Or was there some problem with this 
particular signal and its sighting? Murphy Diagrams are 
one of several ways of analysing incidents to get to the 
real cause rather than just the immediately obvious one. 

What does it do?
Murphy diagrams is used for analysing human error – for 
individual operators or teams. It was developed to analyse 
past errors, although it can also be used predictively.

What does it involve?
Murphy diagrams get their name from the common 
saying that ‘if anything can go wrong, it will’. Starting with 
a comprehensive description of the task, the analyst 
classifies each task step into one of a number of decision 
making categories. For example, the analyst might assign 
the signaller’s step of looking at their NX panel as 
“Identification of system state” and then calling a driver 

on the cab radio for information as “Interpretation of 
situation”. The analyst then breaks each task step down 
into successes and failures. As in the Fault Trees technique, 
each of the failures are analysed further to identify the 
sources of error eg ‘wrong train driver called’ or ‘wrong 
code used’. In turn, these errors can be further analysed 
into problems that could be addressed eg ‘train code data 
unavailable’ or ‘lack of training in train code information’. 

Who can use it?
Anyone faced with the task of analysing the causes of 
incidents. The technique requires little training. However, it 
is not practicable for large and complex tasks.

Finding out more

Kirwan B. & Ainsworth L.K (1992) A guide to Task 1.	
Analysis, Taylor & Francis

Kirwan B. (1992a) Human error identification in 2.	
human reliability assessment. Part 1: Overview of 
approaches. Applied Ergonomics Vol. 23(5), 299 – 318

Kirwan B. (1992b) Human error identification 3.	
in human reliability assessment. Part 2: detailed 
comparison of techniques. App. Erg, 23, 371-381

MOD (2006), MAP-01-011 Human Factors Integration 4.	
Technical Guide (Annex 3), Sea Systems Group, TES-
SSG-ShipDes, Defence Procurement Agency, Bristol 

Stanton, N. A., Salmon, P. M., Walker, G. H., Baber, 5.	
C., Jenkins, D. P. (2005). Human Factors Methods: A 
Practical Guide for Engineering and Design. Ashgate, 
Aldershot. ISBN 0-7546-4660-2 (HBk), 0-7546-4661-0 
(PBk)
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NASA-Task Load Index

Why is it useful?
For some workers on the railways, workload can be a 
real problem. A signaller responsible for a busy section of 
track with a complicated layout (a number of junctions 
and cross-overs) may find they are stretched to their 
limit when also required to deal with two or more gangs 
of workers wanting to work on the line. Such a person 
is suffering from overload. In contrast, a lookout on a 
quiet stretch of track may suffer from the problems of 
underload. With little to do and nothing much happening 
his level of vigilance may drop, so that his attention has 
wandered when a train finally appears and he must warn 
the gang of workers on the line. The more accurately 
one can characterise and measure workload, the more 
appropriate measures can be taken to ensure levels of 
workload remain within the optimal range. The NASA  
Task Load Index is one of the more sophisticated 
techniques for measuring workload. 

What does it do?
The NASA Task Load Index (TLX) is one of the best 
known, best performing and best respected mental 
workload assessment techniques.

What does it involve?
The NASA TLX technique involves observing operators 
at work – often via an experimental trial – and then 
asking them to rate their experience using six workload 
scales. For example, signallers could be observed at 
their panels during busy and off-peak periods, or during 
simulator sessions at one of the Signalling Training 
Centres at Watford or Leeds. The six workload scales are 

concerned with different kinds of workload and include 
mental demand, physical demand, time pressure, effort, 
performance effectiveness and level of frustration. The six 
scales are then combined to produce an overall workload 
rating score. The technique can be used in both software 
and paper forms. 

Who can use it?
Human factors specialists are required – both to design 
or confirm the adequacy of the experimental trial and 
to administer the technique. The mental workload 
measurement methods developed for use by the UK 
railway industry have been largely based on NASA-TLX.

Finding out more

Hart S.G. & Staveland L.E. (1988) Development of 1.	
a multi-dimensional workload rating scale: Results of 
empirical and theoretical research. In P. A. Hancock & 
N. Meshkati (Eds.), Human Mental Workload. Elsevier, 
Amsterdam

MOD (2006), MAP-01-011 Human Factors Integration 2.	
Technical Guide (Annex 3), Sea Systems Group, TES-
SSG-ShipDes, Defence Procurement Agency, Bristol 

Stanton, N. A., Salmon, P. M., Walker, G. H., Baber, 3.	
C., Jenkins, D. P. (2005). Human Factors Methods: A 
Practical Guide for Engineering and Design. Ashgate, 
Aldershot. ISBN 0-7546-4660-2 (HBk), 0-7546-4661-0 
(PBk)

Vidulich, M. A. & Tsang, P. S. (1986) Technique of 4.	
subjective workload assessment: A comparison of 
SWAT and the NASA bipolar method. Ergonomics, 29 
(11), 1385-1398

Observational Analysis

Why is it useful?
Like interviewing, a lot of observation is carried out on the 
railways and for a similar variety of purposes. Managers 
observe train drivers and signallers to check on their 
competence; LOMs monitor voice recordings to see that 
proper communication procedures are being followed; 
and many more besides. Again as with interviewing, good 
observation requires careful planning and preparation. 
Who is to be observed? Doing what? Who should be the 
observer? What should the observer be looking for? How 
will the observational data be captured? And analysed? 
Sound guidance is available for all these questions. 

What does it do?
Observational analysis is a technique for the systematic 
collection of behavioural information generated during 
task performance. It is already in wide use across the 
railway industry eg through competence assessment 
programmes. Observational analysis is useful in many of 
the human factors areas covered by this Guide, especially 
design, training and staffing. Very often, observational data 
constitutes the groundwork for other human factors 
analyses, such as task analysis (page 47), error analysis and 
communications (page 106) analysis.

What does it involve? 
Observation can take place directly through co-location 
with the operators or remotely, via one-way glass or 
video. Note, however, that the perceived presence of 
observers (whether direct or remote) often changes 
the performance that would have otherwise taken 
place. Successful application of this technique depends 
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principally on adequately structuring the observation 
(eg via a checklist or other form); the familiarity of the 
observers with what is being observed; and awareness of 
observer biases (see sections on selection (page 79) and 
risk (page 15)). It should also be noted that the technique 
often needs considerable amounts of time to analyse 
recorded data – up to a day to process an hour’s worth 
of video, for example.

Who can use it?
Anyone who can apply a logical, systematic approach. 
However, human factors specialists can be of great 
benefit in assisting with structuring the observation so 
as to guard against observer bias, as well as in helping to 
analyse and interpret the results.

Finding out more

Baber C. & Stanton N.A. (1996) Observation as a 1.	
technique for Usability Evaluations. In P. Jordan et al 
(eds.), Usability in Industry, pp 85-94, Taylor & Francis

Kirwan B. & Ainsworth L.K. (1992) A Guide to Task 2.	
Analysis, Taylor & Francis

MOD (2006), MAP-01-011 Human Factors Integration 3.	
Technical Guide (Annex 3), Sea Systems Group, TES-
SSG-ShipDes, Defence Procurement Agency, Bristol 

Stanton, N. A., Salmon, P. M., Walker, G. H., Baber, 4.	
C., Jenkins, D. P. (2005). Human Factors Methods: A 
Practical Guide for Engineering and Design. Ashgate, 
Aldershot. ISBN 0-7546-4660-2 (HBk), 0-7546-4661-0 
(PBk)

Questionnaire

Why is it useful?
Passengers on trains are frequently asked to fill in a 
questionnaire, and many companies use questionnaires to 
obtain a variety of types of information from their staff. As 
well as gathering factual information, questionnaires are 
especially useful in finding out opinions and attitudes. Rail 
organisations increasingly realise that staff attitudes are an 
important element in both safety and performance. Staff 
and public attitudes need particularly to be taken into 
account when the organisation is seeking to introduce 
change. As with interviews and observation, the familiarity 
of questionnaires often means they are used without 
sufficient forethought. Clarity of objectives, care in 
formulating questions, proper definition of the sample 
to receive the questionnaire, choice of appropriate 
forms of analysis are all factors that must be considered 
if the results obtained are to be trustworthy. Several 
questionnaires that have been developed for specific 
purposes are described in this Part of the Guide. 

What does it do?
Questionnaires are a very powerful and cost-effective 
technique for measuring the attitudes and feelings 
of a large number of people in a very wide range of 
application areas. 

What does it involve? 
Designing an effective questionnaire – eg to support a 
staff feedback process – requires a wide ranging set of 
skills. It involves being very clear about the purpose of 
the questionnaire, being realistic about the scope and 
type of information that can be collected; being clear 

about the way the information will be analysed – and the 
type of conclusions that can be drawn; and designing and 
promoting the questionnaire in a way which maximises 
the response rate from its target audience. Piloting the 
design – sometimes through several versions – is often 
an important component of effective design. One of the 
most important considerations is that questionnaires 
reflect what people say, which is by no means what 
they do. For some applications, analysts may be able to 
use pre-defined questionnaires such as SUS (System 
Usability Scale), QUIS (Questionnaire for User Interface 
Satisfaction) and SUMI (Software Usability Measurement 
Inventory). It is often best to check out the results 
and apparent implications of questionnaire results by 
reflecting them back to representatives of the target 
groups, eg via focus groups or workshops. 

Who can use it?
While anyone can apparently utilise this technique, 
effective questionnaire design, followed by fair analysis 
and reporting of resulting data requires a range of skills. 
People in most organisations’ HR Departments or human 
factors specialists will be able to provide good advice.

Finding out more

MOD (2006), MAP-01-011 Human Factors Integration 1.	
Technical Guide (Annex 3), Sea Systems Group, TES-
SSG-ShipDes, Defence Procurement Agency, Bristol 

Stanton, N. A., Salmon, P. M., Walker, G. H., Baber, 2.	
C., Jenkins, D. P. (2005). Human Factors Methods: A 
Practical Guide for Engineering and Design. Ashgate, 
Aldershot. ISBN 0-7546-4660-2 (HBk), 0-7546-4661-0 
(PBk)
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Questionnaires for Distributed 
Assessment of Team Mutual 
Awareness

Why is it useful?
Teamwork is a factor that is increasingly recognised as 
an essential ingredient of safe work on the railways. 
Train drivers, signallers, station staff, track workers and 
others all depend on each other to ensure accidents 
do not happen. A feature of teamwork that has been 
receiving increasing attention is team awareness. Different 
individuals working collaboratively together can only 
do this effectively and safely if they share a common 
appreciation of the overall situation. Without such a 
shared awareness, the right actions cannot be chosen, 
and the actions of different participants cannot be 
coordinated with each other. This questionnaire has been 
designed to help team leaders, trainers and others assess 
how well their teams perform in terms of building up a 
shared awareness of each other and the situation they 
are all working within. 

What does it do?
The Questionnaires for Distributed Assessment of Team 
Mutual Awareness is a technique for eliciting information 
from team members about their degree of mutual 
awareness during performance of the team task.

What does it involve?
The technique involves administering three pre-defined 
questionnaires covering different aspects of the mutual 
awareness of team members. The first questionnaire 

is concerned with team task awareness; the second is 
concerned with team workload awareness; and the third 
is concerned with teamwork awareness.The results of 
each questionnaire are combined to provide an overall 
measure of team mutual awareness.

The questionnaires need to be administered immediately 
after a team task session - either operational or simulated. 
For example, a training manager might wish to assess the 
degree of team mutual awareness within a control room 
under different operational conditions. The results could 
be used to modify training programme content for new 
trainees. Alternatively, a systems design manager might use 
the technique in the same setting in order to inform a 
new control room design.

Who can use it?
This is an easy technique for almost any analyst to use 
with few training requirements.

Finding out more

MOD (2006), MAP-01-011 Human Factors Integration 1.	
Technical Guide (Annex 3), Sea Systems Group, TES-
SSG-ShipDes, Defence Procurement Agency, Bristol 

Stanton, N. A., Salmon, P. M., Walker, G. H., Baber, 2.	
C., Jenkins, D. P. (2005). Human Factors Methods: A 
Practical Guide for Engineering and Design. Ashgate, 
Aldershot. ISBN 0-7546-4660-2 (HBk), 0-7546-4661-0 
(PBk)

Questionnaire for User Interface 
Satisfaction

Why is it useful?
As computer-based systems become ever more 
widespread on the railways, it becomes important not 
only to assess their ease of use, but also how satisfactory 
these systems are for their users. A system that is easy 
to use does not necessarily lead to user satisfaction. For 
example, a system that requires its users to complete 
many small steps to carry out a given transaction, may 
lead to frustration if there is no way for the more 
experienced user to make short-cuts. This questionnaire 
provides a standard means for assessing user satisfaction. 

What does it do?
The Questionnaire for User Interface Satisfaction (QUIS) 
is an inexpensive and easy-to-use technique for assessing 
the acceptability of interfaces. The technique compares 
well with SUS, which is even simpler – see Usability testing, 
page 28.

What does it involve?
Using QUIS involves asking operators to carry out a 
computer-based task and then provide ratings on around 
30 separate aspects of their satisfaction with the interface. 
These aspects include such items as the confusability of 
the information on the screen; the difficulty with which 
the interface can be operated; and the frequency with 
which the computer provides information about what it 
is doing. The technique might be very useful, for example, 
in assessing the user acceptability of advanced prototypes 
for internal railway information systems such as TRUST or 
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the RIMINI planning system; or else external systems such 
as passenger ticket machines.

Who can use it?
This is an easy technique for almost any analyst to use 
with few training requirements.

Finding out more

Chin J.P. Diehl V.A. & Norman K.L. (1988) Development 1.	
of an instrument Measuring User Satisfaction of the 
Human-Computer Interface. CHI’88

MOD (2006), MAP-01-011 Human Factors Integration 2.	
Technical Guide (Annex 3), Sea Systems Group, TES-
SSG-ShipDes, Defence Procurement Agency, Bristol 

Stanton, N. A., Salmon, P. M., Walker, G. H., Baber, 3.	
C., Jenkins, D. P. (2005). Human Factors Methods: A 
Practical Guide for Engineering and Design. Ashgate, 
Aldershot. ISBN 0-7546-4660-2 (HBk), 0-7546-4661-0 
(PBk)

Sequentially Timed Events 
Plotting

Why is it useful?
Many hundreds of incidents occur on the railways 
each year that require a formal investigation. Many 
managers find themselves involved in carrying out these 
investigations. Even apparently simple incidents often 
turn out to be much more complex than expected on 
closer inspection. Large volumes of data need to be 
gathered and scrutinised. These typically include interview 
reports, statements, voice recordings, forms, logs, and 
so on. Organising all these data into a form where the 
all-important question ‘why did this incident happen?’ can 
be a daunting challenge. This technique is one means of 
arranging and presenting a large volume of data in forms 
that aid interpretation and diagnosis. 

What does it do?
STEP addresses the problem of how to focus on relevant 
information within the high volumes of data generated by 
accident or incident investigation. STEP develops a visual 
representation of the event, allowing the investigator to 
identify what happened and why.

What does it involve?
Using STEP involves creating a diagram of the main 
actors, events and relationships plotted against time. 
The resulting matrix can answer ‘where’, ‘what’, ‘when’ 
and ‘how’ questions involved in an accident or incident 
investigation. The information from the analysis of 
safety problems can be used to identify appropriate 
recommendations and actions, which if carried out would 

prevent the incident occurring again.

The technique lends itself well to both simple and more 
complex investigations. If the incident or accident is 
complex, it is useful to split the analysis into sections, for 
example, design of equipment, planning of the work, and 
the work carried out before the incident.

Who can use it?
The STEP technique can be readily used by rail accident 
investigators with little training, although it can be quite 
time consuming to complete since it may require a 
number of iterations to correctly identify the sequence of 
events, and the safety problems or failures.

Finding out more

Hendrick, K. & Benner, L. (1987) Investigating accidents 1.	
with STEP. New York: Marcel Decker

Johnson, S. O., Herrera, I. A., Jersin, E., Rosness, R., Vatn, J., 2.	
Veiseth, M., Tungland, M., Bergersen, C. E. B. (2004) The 
Track to Safety Culture (SafeCulture) – a toolkit for 
operability analysis of cross border rail traffic, focusing 
on safety culture. SINTEF for the UIC
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Situation Awareness for SHAPE

Why is it useful?
Compared to earlier times, today’s railway worker has 
to keep a lot more in mind at any one time. Think, for 
example, of signallers in a modern power box. The 
length of the section for which they are responsible may 
be many times longer than that of their predecessors 
working in a mechanical box. They are also likely to be 
monitoring the movements of many more trains. Panel 
or IECC technology helps them to do this, but they 
must also build up and maintain a mental picture of 
the situation. This mental picture or model is essential 
to be able to project how the situation will develop 
into the future, thus enabling timely action to ensure a 
smooth service without unnecessary disruption or other 
problems. Train drivers also need to maintain awareness 
of complex and rapidly changing situations, and the 
demands on them will increase as new communication 
and information systems provide them with much more 
information than they have had historically. 

Designers, trainers, managers and others have an 
increasing need to assess the demands for situation 
awareness of new or changed jobs. The two techniques 
described here were developed in the field of air 
traffic management to help analyse and assess situation 
awareness aspects of tasks.

What does it do?
The Situation Awareness for SHAPE (SASHA) 
methodology consists of two complementary techniques 
for assessing an operator’s situational awareness (SA) 

(page 33). The methodology was developed for air traffic 
control but could be developed for use with real-time 
display-based railway tasks quite well, eg signalling, control 
room operation, cab driving.

What does it involve?
The first of the two SASHA techniques is SASHA_L. 
This generates probes to the operator during the task, 
which can be either operational or simulated. These 
probes are issued either by the analyst or (if the task is 
simulated) possibly by computer. In either case, there is 
no requirement for the task to be stopped. The idea is 
to measures both accuracy and response times to the 
probes to help infer the operator’s situation awareness. 
For example, SASHA_L probes to a signaller might 
include questions such as: “Which train needs to be 
attended to next?”; “Which train is moving faster?”; or 
“Which train would benefit from a direct route?”.

The second technique is SASHA_Q. This is a short 
questionnaire that is presented to the operator 
immediately after task performance. The questions are 
answered using 5-point scales from ‘Never’ to ‘Always’ or 
‘Often’. For example, SASHA_Q questions to a signaller 
might include: “Did you have the feeling that you were able 
to plan and organise your work as you wanted?”; and “Were 
you surprised by a call that you were not expecting?”

Who can use it?
While the SASHA techniques are simple to apply, the 
training time could be high for the non-computerised 
version. This reflects the time taken for the analyst (who 
should be a subject matter expert) to become proficient 
at generating relevant SA probes during the task.

Finding out more

Jeannot, E. Kelly, C. & Thompson, D. (2003) The 1.	
development of Situation Awareness measures in ATM 
systems. EATMP report. HRS/HSP-005-REP-01

Stanton, N. A., Salmon, P. M., Walker, G. H., Baber, 2.	
C., Jenkins, D. P. (2005). Human Factors Methods: A 
Practical Guide for Engineering and Design. Ashgate, 
Aldershot. ISBN 0-7546-4660-2 (HBk), 0-7546-4661-0 
(PBk)



Understanding Human Factors/June 08Page 164

Techniques
Part 3: Reference

Situation Awareness Rating 
Technique

Why is it useful?
Most safety critical jobs on the railways require the 
person doing the job to maintain a high level of 
awareness of the situation that not only provides a 
picture of the present situation but also how the situation 
will develop in the future. Where two or more people 
need to collaborate on a task in a dynamic situation, 
they can only do this as long as they share a common 
awareness of the aspects that affect them both. This 
technique is designed to help designers and others assess 
the shared situation awareness requirements of a task. 

What does it do?
The Situation Awareness Rating Technique (SART) 
is a technique for assessing team members’ situation 
awareness (page 33). It can provide useful input to team 
workstation design and training.

What does it involve?
SART involves the analyst eliciting ratings on ten aspects 
of situational awareness from team members immediately 
after they have completed a task. The ten aspects include 
factors such as the perceived familiarity, complexity and 
instability of the situation, and quantity and quality of 
information.

There is also a quicker version of the technique which 
collapses the ten SART factors into just three. These 
three groupings are concerned with demands on the 
operator’s attention; the attentional resources available 

to the operator; and the ability of the operator to 
understand the situation.

Who can use it?
SART is quick and easy to use with few training 
requirements.

Finding out more

Selcon S.J. & Taylor R.M. (1989) Evaluation of the 1.	
Situation Awareness Rating Technique (SART) as a 
tool for aircrew system design, Proceedings of AGARD 
Symposium on Situational Awareness in Aerospace 
operation, Copenhagen

MOD (2006), MAP-01-011 Human Factors Integration 2.	
Technical Guide (Annex 3), Sea Systems Group, TES-
SSG-ShipDes, Defence Procurement Agency, Bristol 

Stanton, N. A., Salmon, P. M., Walker, G. H., Baber, 3.	
C., Jenkins, D. P. (2005). Human Factors Methods: A 
Practical Guide for Engineering and Design. Ashgate, 
Aldershot. ISBN 0-7546-4660-2 (HBk), 0-7546-4661-0 
(PBk)

Taylor R.M. (1990) Situational Awareness Rating 4.	
Technique (SART): The development of a tool for 
aircrew systems design. In Situational Awareness in 
Aerospace Operations (AGARD-CP-478) pp3/1 
–3/17, Neuilly Sur Seine, France: NATO-AGARD

Soft Systems Methodology

Why is it useful?
Recent history in the railway industry (and in many 
other industries) shows that it is exceedingly difficult to 
design and introduce complex systems. Of course, under 
the impact of new technologies, systems have become 
much more complex in recent years and are destined to 
become still more complex. The most common cause of 
failure in developing complex systems lies in the definition 
of the system requirements. People across an organisation 
often do not agree what the system is for or how it 
should work. Often, they are never all consulted. The 
Soft Systems Methodology is a well-worked out process 
by which stakeholders in a new system work together 
to build up an agreed conceptual model of the system: 
what it should be and what it should do. This conceptual 
model then provides a more reliable foundation for the 
subsequent detailed specification of the system. 

What does it do?
Soft Systems Methodology (SSM) is an approach to 
general problem solving that emphasises interpretation 
and meaning rather than hard measurement and 
quantitative analysis. It is based on systems thinking and is 
especially useful for user requirements analysis, but it has 
also been used to support organisational restructuring 
and performance indicator development.

What does it involve?
The SSM analyst starts with a stakeholder analysis and 
then creates conceptual models of system activities 
based on root definitions of key system elements. A 
cornerstone of SSM is its emphasis on taking a number 
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SUMI’s output includes a global usability score, several 
more specialised usability scores for aspects such as 
the software’s helpfulness, control and learnability, and a 
benchmark score that allows the analyst to know if any 
aspects of the software under test are very different from 
expected norms.

This technique would be very useful as part of the testing 
suite of anyone responsible for the design, usability or 
acceptability of any new software system proposed for 
deployment within the railways. 

Who can use it?
Anyone - requires very little training. SUMI is a 
commercial product that requires a licence fee of over 
€1,000.

Finding out more

Kirakowski J. (1996) The Software usability 1.	
measurement inventory: background and usage. In P. 
Jordan, B. Thomas, & B. Weerdmeester (eds) Usability 
Evaluation in Industry. Taylor & Francis

MOD (2006), MAP-01-011 Human Factors Integration 2.	
Technical Guide (Annex 3), Sea Systems Group, TES-
SSG-ShipDes, Defence Procurement Agency, Bristol 

Stanton, N. A., Salmon, P. M., Walker, G. H., Baber, 3.	
C., Jenkins, D. P. (2005). Human Factors Methods: A 
Practical Guide for Engineering and Design. Ashgate, 
Aldershot. ISBN 0-7546-4660-2 (HBk), 0-7546-4661-0 
(PBk)

SUMI website (as of May 2008) 4.	
www.ucc.ie/hfrg/questionnaires/sumi/index.html

of different viewpoints of the system. The stakeholders 
provide two such viewpoints – users and beneficiaries. 
Other viewpoints include the system function, its context 
and its environmental constraints. When the models 
have been developed, they are compared with reality 
in order to determine how any gaps between the two 
can be reduced. SSM underlines the view that systems 
arises out of an organisational need and must fit into 
an organisation and its culture by servicing multiple 
perspectives. In the railways, the technique would be 
suited to the development of a wide range of processes 
for which user requirements needed to be defined in a 
multi-stakeholder context eg the Rule Book or possession 
management.

Who can use it?
SSM analysts do not need to be trained in any particular 
discipline in order to use the technique, although an 
affinity for systems thinking helps a lot. However, the 
technique itself requires significant training time and 
a complex application may take several months to 
complete. 

Finding out more

Checkland P. (1989) Soft systems methodology, in 1.	
Rosenhead J. (Ed.), Rational analysis for a problematic 
world, 71-120, John Wiley

Checkland P. & Scholes J. (1990) Soft systems 2.	
methodology in action, John Wiley

Checkland P. (1981, 1998) Systems Thinking, Systems 3.	
Practice, John Wiley

Software Usability Measurement 
Inventory

Why is it useful?
Increasingly, railway workers are users of software 
systems, even though they may not always be aware of 
software embedded in a piece of equipment that is not 
obviously a computer. In very many situations safety may 
depend on the usability of the software. This technique 
is designed to assess the usability of software measured 
against a set of attitude statements. 

What does it do?
The Software Usability Measurement Inventory (SUMI) 
is a commercial, comprehensive and quick usability 
testing (page 28) technique that provides a much more 
fine-grained analysis than its even quicker (and free) 
stablemate, SUS (System Usability Scale). 

What does it involve?
SUMI involves people using a software application and 
then rating their experience in terms of 50 attitude 
statements. Each statements requires one of three 
responses: ‘agree’, ‘don’t know’ or ‘disagree’. Examples of 
SUMI statements are: 

This software responds slowly to inputs.•	

The instructions and prompts are helpful.•	

The way that system information is presented is clear and •	
understandable.

I would not like to use this software every day.•	
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Subjective Workload Assessment 
Technique

Why is it useful?
Safety can be affected by workload that is too low as well 
as too high. Workload is essentially the experience of the 
person doing the work. What might be high workload 
for one person may be perfectly tolerable to another. 
This workload assessment technique relies upon asking 
workers to assess their own workload using rating scales 
that they are first helped to develop specially for their 
specific task. 

What does it do?
Subjective Workload Assessment Technique (SWAT) 
is a commonly used alternative to NASA TLX, offering 
greater insight into the reasons for high workload (page 
125). However, it is not very sensitive to mental workload.

What does it involve?
SWAT involves measuring three aspects of operator 
workload: time load is concerned with time limits and 
the extent to which tasks must be carried out together; 
mental effort load is concerned with attention and 
mental processing; and stress load is concerned with 
operator characteristics that are known to affect task 
performance, (eg training, fatigue).

The process by which these three measures are taken 
lends considerable power to the results, but is a little 
involved. In particular, the scale to be used must be 
customised for each task of interest by the operators, 
who then perform the task and use the scale to rate the 

workload they experience.

Who can use it?
The technique is time-consuming to set up, and 
preferably requires an analyst with previous experience 
with it. A human factors specialist is of benefit to assist 
with technique administration and interpretation.

Finding out more

Cha D.W. (2001) Comparative study of subjective 1.	
workload assessment techniques for the evaluation 
of ITS-orientated human-machine interface systems. 
Journal of Korean Society of Transportation. Vol 19 (3), 
45-58

Dean T.F. (1997) Directory of Design support 2.	
methods, Defence Technical Information Centre, 
DTIC-AM. MATRIS Office, ADA 328 375, September

Hart S.G. & Staveland L.E. (1988) Development of 3.	
a multi-dimensional workload rating scale: Results of 
empirical and theoretical research. In P. A. Hancock & 
N. Meshkati (Eds.), Human Mental Workload, Elsevier, 
Amsterdam

MOD (2006), MAP-01-011 Human Factors Integration 4.	
Technical Guide (Annex 3), Sea Systems Group, TES-
SSG-ShipDes, Defence Procurement Agency, Bristol 

Reid G.B. & Nygren T.E. (1988) The subjective 5.	
workload assessment technique: A scaling procedure 
for measuring mental workload. In P. S. Hancock & N. 
Meshkati (Eds.), Human Mental Workload, Elsevier, 
Amsterdam

Stanton, N. A., Salmon, P. M., Walker, G. H., Baber, 6.	

C., Jenkins, D. P. (2005). Human Factors Methods: A 
Practical Guide for Engineering and Design. Ashgate, 
Aldershot. ISBN 0-7546-4660-2 (HBk), 0-7546-4661-0 
(PBk)

Vidulich M.A. & Tsang P.S. (1986) Collecting NASA 7.	
Workload Ratings. Moffett Field, CA. NASA Ames 
Research Center

Vidulich M.A. & Tsang P.S. (1986) Technique of 8.	
subjective workload assessment: A comparison of 
SWAT and the NASA bipolar method. Ergonomics, 29 
(11), 1385-1398



Understanding Human Factors/June 08 Page 167

Techniques
Part 3: Reference

System Usability Scale

Why is it useful?
System usability is central to safety. This is true whether 
the system in question is a trackman with the right tools 
for changing a fishplate, the operator and their road-rail 
machine, a signaller with an IECC workstation, a driver of 
a Voyager train, a train crew operating the refreshments 
trolley, or passengers trying to find their way in and out 
of Pendolino toilets. Techniques for assessing usability vary 
greatly in the detail they provide and the effort required 
for their use. This is perhaps the simplest usability 
assessment technique currently available. 

What does it do?
The System Usability Scale (SUS) is a simple 
questionnaire, used to rate the usability (page 28) of an 
existing system or advanced prototype product. 

What does it involve?
SUS consists of ten usability statements with which 
participants are asked to indicate the extent of their 
agreement after completing a task using the system under 
test. Answers are coded according to a simple procedure 
and a total score is calculated for overall usability. 

Who can use it?
Anyone - requires very little training and very little time 
to apply. It is the simplest and quickest means of assessing 
the overall usability of a product or device.

Finding out more

MOD (2006), MAP-01-011 Human Factors Integration 1.	
Technical Guide (Annex 3), Sea Systems Group, TES-
SSG-ShipDes, Defence Procurement Agency, Bristol 

Stanton, N. A., Salmon, P. M., Walker, G. H., Baber, 2.	
C., Jenkins, D. P. (2005). Human Factors Methods: A 
Practical Guide for Engineering and Design. Ashgate, 
Aldershot. ISBN 0-7546-4660-2 (HBk), 0-7546-4661-0 
(PBk)

Systematic Human Error 
Reduction and Prediction 
Approach

Why is it useful?
People working on the railways perform many different 
types of task. As with all human acts, errors can occur. In 
many situations it is desirable to know in what ways the 
task can go wrong, how probable it is it will go wrong, 
and how much it matters if it goes wrong. For example, 
many human errors on the railway are related to 
communication. Communications can go wrong in many 
ways: you can forget to tell somebody something they 
need to know, you can mix up numbers, you can speak 
unclearly, the person you are talking to may interpret 
what you say in a way other than what you intended, and 
so on. If you are talking to a colleague about next week’s 
roster, little harm may result from the error. If you are 
an IWA reporting your position to a signaller, then any 
misunderstanding might put you in serious danger. This 
technique allows potential errors to be identified and 
described in a way that allows measures to be taken to 
reduce the risk of this error actually occurring. 

What does it do?
Systematic Human Error Reduction and Prediction 
(SHERPA) is one of the best techniques that has been 
produced for human error analysis, prediction and 
reduction. 
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What does it involve?
SHERPA starts with a task analysis (page 47) and, 
commencing with the lowest level, classifies operations 
into one of several types of human activity, including 
action, retrieval, checking, selection or communication. 
For each classification made, the analyst decides the likely 
errors, their potential consequences, the recovery path, 
and the probability and criticality of their occurrence. 
Finally, the analyst considers how the identified errors 
could be best avoided eg by equipment re-design, training, 
new procedures, or organisational changes. 

Who can use it?
Human factors specialists working in conjunction with 
subject matter experts.

Finding out more

Bass A. Aspinal J. Walter G. & Stanton N.A. (1995) A 1.	
software toolkit for hierarchical task analysis. Applied 
Ergonomics. 26 (2) 147-151

Embrey D.E. (1986) SHERPA: A systematic human 2.	
error reduction and prediction approach. Paper 
presented at the International Meeting on Advances in 
Nuclear Power Systems, Knoxville, Tennessee

Embrey D.E. (1993) Quantitative and qualitative 3.	
prediction of human error in safety assessments. 
Institute of Chemical Engineers Symposium Series, 130, 
329-350

Hollnagel E. (1993) Human Reliability Analysis: context 4.	
and control, Academic Press

Kirwan B. (1990) Human reliability assessment. In J. R. 5.	
Wilson & E. N. Corlett (eds.), Evaluation of human 
work: a practical ergonomics methodology (2nd ed. pp. 
921-968), Taylor & Francis

Kirwan B. (1992) Human error identification in human 6.	
reliability assessment. Part 2: detailed comparison of 
techniques. Applied Ergonomics, 23, 371-381

MOD (2006), MAP-01-011 Human Factors Integration 7.	
Technical Guide (Annex 3), Sea Systems Group, TES-
SSG-ShipDes, Defence Procurement Agency, Bristol 

Stanton N.A. (1995) Analysing worker activity: a 8.	
new approach to risk assessment? Health and Safety 
Bulletin, 240, (December), 9-11

Stanton N.A. (2002) Human error identification in 9.	
human computer interaction. In: J. Jacko and A. Sears 
(eds) The Human-Computer Interaction Handbook. 
Lawrence Erlbaum Associates, NJ

Stanton N.A. & Baber C. (2002) Error by design: 10.	
methods to predict device usability. Design Studies, 23 
(4), 363-384

Stanton, N. A., Salmon, P. M., Walker, G. H., Baber, 11.	
C., Jenkins, D. P. (2005). Human Factors Methods: A 
Practical Guide for Engineering and Design. Ashgate, 
Aldershot. ISBN 0-7546-4660-2 (HBk), 0-7546-4661-0 
(PBk) 

Stanton N.A. & Young M. (1998) Is utility in the mind 12.	
of the beholder? A review of ergonomics methods. 
Applied Ergonomics. 29 (1) 41-54

Task and Training Requirements 
Methodology

Why is it useful?
One of the main means of helping to ensure that railway 
staff can do their jobs reliably is training. Tasks vary in 
terms of what type, and how much, training they require. 
There are many forms of training, and finding the right 
form to develop the knowledge and skills required needs 
careful analysis. Once learned, tasks also vary in whether 
they need to be re-learned at intervals. Proverbially, once 
you have learned to ride a bike you never forget how. But 
other tasks, for example, those requiring the application 
of complex rules, can get ‘rusty’ if not regularly practiced. 
This methodology is one of a number designed to analyse 
training requirements, but has particular features that 
make it valuable in the identification of training solutions 
in a team context.

What does it do? 
The Task and Training Requirements Methodology 
(TTRAM) is a kind of training needs analysis (TNA) (page 
55) and is oriented towards TNA for teams. It is very 
useful for identifying tasks prone to skill fade (page 64) 
as well as training gaps. It identifies the underlying skills 
associated with each task and helps with the identification 
of training solutions. Finally, it rates the level of teamwork 
required for each task step.

What does it involve?
TTRAM requires an analyst to apply two pre-defined 
scales for skill fade and skill practice to task information 
gained from interviews with subject matter experts. 
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The skill fade score addresses task difficulty, degree of 
prior learning and frequency of task performance. The 
practice score addresses the amount, frequency and 
quality of practice. The results are two scores which are 
compared to identify training gaps. For example, the 
technique could help to determine refresher intervals for 
different signalling panels in a signal box, or for different 
maintenance tasks for train fitters in a depot. TTRAM 
provides further tools to help identify how training gaps 
can be filled with suitable training technologies and media.

Who can use it?
TTRAM requires considerable access to subject matter 
experts and greatly benefits from human factors or 
training specialists. It is also very time-consuming to use.

Finding out more

MOD (2006), MAP-01-011 Human Factors Integration 1.	
Technical Guide (Annex 3), Sea Systems Group, TES-
SSG-ShipDes, Defence Procurement Agency, Bristol 

Stanton, N. A., Salmon, P. M., Walker, G. H., Baber, 2.	
C., Jenkins, D. P. (2005). Human Factors Methods: A 
Practical Guide for Engineering and Design. Ashgate, 
Aldershot. ISBN 0-7546-4660-2 (HBk), 0-7546-4661-0 
(PBk)

Swezey R.W. Owens J.M. Bergondy M.L. & Salas 3.	
E. (2000) Task and training requirements analysis 
methodology (TTRAM): An analytic methodology for 
identifying potential training uses of simulator networks 
in teamwork-intensive task environments. In J. Annett 
& N. Stanton (eds) Task Analysis, pp150 – 169, Taylor & 
Francis

Task-Centred System Design

Why is it useful?
As work systems in trains, signalling, stations, and 
track work become ever more complex, it becomes 
increasingly difficult to ensure that the system will 
do what it is supposed to do, safely and reliably. This 
methodology is more than a technique, but is a whole 
design approach that enables a thorough assessment to 
be made of an emerging system design. 

What does it do?
Task-Centred System Design (TCSD) is a methodology 
for evaluating new system design that incorporates the 
principles of user-centred design (page 25) from the start.

What does it involve?
TCSD involves a multi-disciplinary design team going 
through a number of analytic phases.The team first uses 
interviews and workshops to identify user groups and 
example tasks for the proposed new system. Next the 
team develops a number of representative task scenarios. 
One by one, these are used to test the design until the 
team is satisfied. The team collectively walks-through the 
scenarios, using role-play and imagination to ‘experience’ 
the system from the point of view of the identified users. 
The output of the technique is a refined system design 
which can also contribute to job design as well as training 
requirements specification.

One application of TCSD on the railways might be in the 
design of a new control room that can cope with normal, 
abnormal, degraded and emergency conditions. Another 
example is the design of a new multi-section signal box.

Who can use it?
The power of the technique depends on the quality 
of the design team members and their ability to select 
and utilise the right scenarios to test the evolving 
design. It also depends on their imagination when they 
walk-through the scenarios. For the most accurate and 
reliable conclusions, the team needs to include subject 
matter experts, designers, human factors specialists and 
operators.

Finding out more

Greenberg S. (2003) Working through Task-Centred 1.	
System Design. In D. Diaper & N. Stanton (Eds) The 
Handbook of Task Analysis for Human Computer 
Interaction. Lawrence Erlbaum Associates

Lewis C. & Reiman J. (1993) Task centred user interface 2.	
design: A practical introduction. Boulder, CO: University 
of Colorado. Shareware book available from ftp.
cs.colorado.edu/pub/cs/distribs/clewis/HCI-Design-
Book

MOD (2006), MAP-01-011 Human Factors Integration 3.	
Technical Guide (Annex 3), Sea Systems Group, TES-
SSG-ShipDes, Defence Procurement Agency, Bristol 

Stanton, N. A., Salmon, P. M., Walker, G. H., Baber, 4.	
C., Jenkins, D. P. (2005). Human Factors Methods: A 
Practical Guide for Engineering and Design. Ashgate, 
Aldershot. ISBN 0-7546-4660-2 (HBk), 0-7546-4661-0 
(PBk)
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Team Cognitive Task Analysis

Why is it useful?
Two trends are noticeable on the railways. One is that 
work is becoming more cognitive (ie mental) rather 
than physical. The other is that the numbers of groups 
of railway workers that can be considered as teams is 
increasing as new technologies let different occupations 
work together in a more direct and responsive manner. 
For example, a train driver and a signaller can already be 
considered as a team while the driver’s train is passing 
through the signaller’s section. As new technologies 
such as ERTMS enter service, this working relationship 
will become even closer and more dynamic. The form 
of analysis described here integrates several techniques 
to enable the tasks carried out by teams rather than 
individuals to be examined to support design and training 
initiatives. 

What does it do?
Team Cognitive Task Analysis (TCTA) adapts and 
combines cognitive task analysis (page 49), Critical Decision 
Method (CDM) and Team Decision Requirements Exercise 
(TDRE) to improve understanding of how a team makes 
decisions as they work together on a team task. It is 
particularly useful in understanding teamworking (page 
107) and in helping to design team workflows and 
diagnose team training needs.

What does it involve?
 TCTA should be carried out for some defined purpose, 
such as error reduction, improving performance efficiency 
or making changes to team numbers or quality. A TCTA 
analysis involves observing performance of an existing 

team task and interviewing team members. Observed 
incidents and decisions made by team members are 
classified in terms of several factors that underpin team 
task performance such as shared situation awareness and 
planning skills. For each incident classified in this way, the 
analyst documents the information and resources used by 
the team member(s) in making their decisions. The analyst 
also records any difficulties experienced by the decision 
makers eg failures in communication or technology. The 
output of the technique is a decision requirements table 
which sets out how more effective decisions can be made 
in similar team tasks and environments in the future.

TCTA could be profitably employed in the many areas 
of the railway industry that rely on teamwork, eg railway 
control rooms, signal boxes, trackwork. The outcome 
would be improvements to the training of teams, and/
or changes to the team structure or procedures that 
support the teamwork.

Who can use it?
TCTA requires analysts who are well trained and 
experienced in the technique and its related techniques 
(CDM and TDRE). Such people are likely to be human 
factors specialists.

Finding out more

Klein G. (2000) Cognitive Task Analysis of Teams. 1.	
In J. M. Schraagen, S. F. Chipman, V. L. Shalin (Eds) 
Cognitive Task Analysis. pp417-431, Lawrence Erlbaum 
Associates

Klein G. & Armstrong, A.A. (In Press) Critical Decision 2.	
Method. In Stanton et al (Eds) Handbook of Human 
Factors and Ergonomics methods, Taylor & Francis

Klein G.A. Calderwood R. & MacGregor D. (1989) 3.	
Critical Decision Method for Eliciting Knowledge. IEEE 
Transactions on Systems, Man and Cybernetics, 19(3), 
462-472

MOD (2006), MAP-01-011 Human Factors Integration 4.	
Technical Guide (Annex 3), Sea Systems Group, TES-
SSG-ShipDes, Defence Procurement Agency, Bristol 

Stanton, N. A., Salmon, P. M., Walker, G. H., Baber, 5.	
C., Jenkins, D. P. (2005). Human Factors Methods: A 
Practical Guide for Engineering and Design. Ashgate, 
Aldershot. ISBN 0-7546-4660-2 (HBk), 0-7546-4661-0 
(PBk)
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Team Decision Requirements 
Exercise

Why is it useful?
In some important situations, especially such as after 
a major incident, decisions are not made not just by 
individuals but by groups of people working together as 
a team. In preparing for such instances it is important 
to have worked out how the team should operate 
together to make the decision, what information they 
will require, how and when they should communicate, 
and so on. This technique is one way of gaining a 
necessary understanding of these team decision making 
requirements. 

What does it do?
The Team Decision Requirements Exercise (TDRE) is 
a relatively powerful, easy-to-use structured interview 
technique for revealing how critical decisions are made 
by a team during task performance. It is useful for 
understanding task requirements for both system and 
training design. TDRE is a variation of Critical Decision 
Method (CDM) (itself a development of Critical Incidents 
Technique CIT). The technique is also a component of 
Team Cognitive Task Analysis.

What does it involve?
TDRE involves carrying out one or more group 
interviews with the team under analysis. The team is 
probed with questions aimed at eliciting their approach 
to decision making and its associated information sources, 
difficulties, errors and potential improvements. The output 
of the technique is a decision requirements table which 

sets out how more effective decisions can be made in 
similar team tasks and environments in the future.

As for Team Cognitive Task Analysis, TDRE could be 
profitably employed in the many areas of the railway 
industry that rely on teamwork, eg railway control 
rooms, signal boxes, trackwork. The outcome would 
be improvements to the training of teams, based on a 
better understanding of the objectives, roles, procedures, 
difficulties, communications and expertise of existing 
team members.

Who can use it?
TDRE requires two analysts who are skilled in the 
technique – and particularly interviewing – in order to 
get the most out of it. Other than prior experience with 
the technique, it is of some benefit if the analysts are also 
subject matter experts.

Finding out more

Klinger D.W. & Hahn B.B. (In Press) Team Decision 1.	
Requirement Exercise: Making Team Decision 
Requirements Explicit

MOD (2006), MAP-01-011 Human Factors Integration 2.	
Technical Guide (Annex 3), Sea Systems Group, TES-
SSG-ShipDes, Defence Procurement Agency, Bristol 

Stanton, N. A., Salmon, P. M., Walker, G. H., Baber, 3.	
C., Jenkins, D. P. (2005). Human Factors Methods: A 
Practical Guide for Engineering and Design. Ashgate, 
Aldershot. ISBN 0-7546-4660-2 (HBk), 0-7546-4661-0 
(PBk)

Team Workload Assessment

Why is it useful?
The workload of an individual worker on the railways 
is obviously important in planning jobs, systems, and so 
on. One reason why teamwork can be so effective is 
that workload can be shared amongst members of the 
team, helping to ensure that no one person is either 
over-loaded or under-loaded. In setting up working 
arrangements and system support to teams it is valuable 
to be able to estimate the workload on the entire team 
under varying working conditions. This technique helps 
designers and planners estimate team workload, as well 
as individual workload. 

 What does it do?
Team Workload Assessment (TWA) is a technique that 
extends the respected NASA-TLX workload assessment 
instrument for use in team settings. 

What does it involve?
In addition to the standard NASA-TLX procedure, the 
TWA extension requires team members to make 
two assessments: one is of their own workload while 
the second is of the workload of the whole team. The 
assessments from each are team member are then 
combined, using a prescribed formula, to create a team 
task workload score.

The mental workload measurement methods developed 
for use by the UK railway industry have been largely 
based on NASA-TLX. The TWA is capable of providing 
a highly relevant extension, increasing its utility for 
railway environments – not only control rooms and 
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signal boxes where team members are co-located, but 
also for distributed teams such as drivers, signallers 
and trackworkers who must work together eg for the 
duration of an incident.

Who can use it?
Human factors specialists are required – to design or 
confirm the adequacy of the experimental trial and to 
administer the technique. 

Finding out more

MOD (2006), MAP-01-011 Human Factors Integration 1.	
Technical Guide (Annex 3), Sea Systems Group, TES-
SSG-ShipDes, Defence Procurement Agency, Bristol 

Stanton, N. A., Salmon, P. M., Walker, G. H., Baber, 2.	
C., Jenkins, D. P. (2005). Human Factors Methods: A 
Practical Guide for Engineering and Design. Ashgate, 
Aldershot. ISBN 0-7546-4660-2 (HBk), 0-7546-4661-0 
(PBk)

Teamworking Improvement 
Process

Why is it useful?
Many safety critical tasks on the railways depend on 
good quality teamwork. For example, the COSS, lookout 
and site warden must work closely together to ensure 
the safety of a gang of track workers. Good teamwork 
depends on many factors: training, motivation, willingness 
to communicate, openness to learning, and so on. There 
is almost always scope for improving teamwork. This 
methodology takes a company in the railway industry 
through assessment and diagnosis activities, which lay the 
foundations for choosing the most cost-effective method 
for improving teamwork. 

 What does it do?
The Teamworking Improvement Process (TIP) was 
developed specifically for the railway industry from an 
analysis of best practice in teamworking (page 103). It is a 
highly practical process that requires a small project team 
drawn from the organisation under analysis. 

What does it involve?
TIP involves a three phase process that takes place 
over 12 months or so. The technique provides survey, 
spreadsheet and workshop tools to perform a diagnosis 
of the organisation’s teamworking proficiency, to analyse 
the best improvement route, and then to measure the 
benefits following implementation of the teamworking 
interventions selected.

Who can use it?
The technique can be implemented by a small team 
of railway line managers, a training or HR manager 
and front-line staff. While the technique requires little 
resource or training to implement, the teamworking 
interventions generated by the process may require 
significant organisational resource to implement should 
the organisation decide to do so.

Finding out more

Gregory D. & Shanahan P. (2004) Teamworking best 1.	
practice in the railway industry: The Journey Guide, 
Gregory Harland Ltd, for RSSB, Euston



Understanding Human Factors/June 08 Page 173

Techniques
Part 3: Reference

User Trial

Why is it useful?
Any change or innovation on the railways always entails 
an element of risk. The railways comprise a complex 
system of people, rules, infrastructure, technology, rolling 
stock, procedures and working practices. How well 
any change will work is often hard to predict. Changes 
often have unexpected and unwelcome side effects. 
The introduction of any new or changed feature of 
work which is safety critical must be properly evaluated 
through a carefully controlled user trial. 

 What does it do?
A user trial is structured session in which a new system, 
process or procedure is tested with its intended users for 
the purpose of generating feedback to its designers. Types 
of feedback may include usability (page 28), workload 
(page 125) and situation awareness (page 33). 

What does it involve?
Conducting an effective user trial involves setting clear 
trial objectives, defining representative trial tasks, choosing 
representative users, selecting and applying appropriate 
within-trial techniques (eg SUMI, ISA, SASHA), interviewing 
participants (if necessary), analysing and summarising the 
trial data, and making clear, practicable recommendations. 

Who can use it?
Designing and running a user trial requires a wide range 
of skills. Statisticians may be needed to design balanced 
trials that can simultaneously examine several different 
factors of interest. Subject matter experts may be needed 
to design representative tasks. Human factors specialists 

may be needed to identify some of the factors for study 
and/or control for human biases within the user trial, 
specialists may be needed to administer the selected 
technique(s), and designers will be needed to configure 
the trial system and consider the trial’s conclusions.

Finding out more

Salvendy G. (1997) Handbook of human factors and 1.	
ergonomics, 2nd edition, John Wiley, Canada

MOD (2006), MAP-01-011 Human Factors Integration 2.	
Technical Guide (Annex 3), Sea Systems Group, TES-
SSG-ShipDes, Defence Procurement Agency, Bristol 

Stanton, N. A., Salmon, P. M., Walker, G. H., Baber, 3.	
C., Jenkins, D. P. (2005). Human Factors Methods: A 
Practical Guide for Engineering and Design. Ashgate, 
Aldershot. ISBN 0-7546-4660-2 (HBk), 0-7546-4661-0 
(PBk)

Walk-through Analysis

Why is it useful?
Developing new systems for the railways requires major 
investment in time, effort and money. The later the need 
for any change to a developing system, the greater the 
cost entailed in going back and doing things differently. 
The earlier any potential problems with, say, usability or 
maintainability, are identified, the better. This technique has 
been created to assist designers and developers pick up 
any problems at the earliest opportunity when the costs 
of remedial action are lowest. 

 What does it do?
Walk-through Analysis is a technique in which qualified 
personnel ‘walk-through’ a representative task using a 
prototype system or process. It is a powerful, cheap and 
re-usable technique for evaluating a new design. It is 
limited only by the imagination and creativity of its users.

What does it involve?
A walk-through involves someone stepping through a 
task, facilitated by a system or process, explaining their 
reactions, decisions and actions as they go. The technique 
is useful to explain practice with systems or to examine 
likely practice in future ones. Importantly, the technique 
can be used effectively (subject to the participants’ 
imagination) even with no actual task or system present, 
which makes it very useful at very early stages of design.
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Who can use it?
Design teams, including subject matter experts and/
or experienced operators of existing or prospective 
replacement systems.

Finding out more

Kirwan B. & Ainsworth L.K. (Eds) (1992) A guide to 1.	
Task Analysis, Taylor & Francis

MOD (2006), MAP-01-011 Human Factors Integration 2.	
Technical Guide (Annex 3), Sea Systems Group, TES-
SSG-ShipDes, Defence Procurement Agency, Bristol 

Stanton, N. A., Salmon, P. M., Walker, G. H., Baber, 3.	
C., Jenkins, D. P. (2005). Human Factors Methods: A 
Practical Guide for Engineering and Design. Ashgate, 
Aldershot. ISBN 0-7546-4660-2 (HBk), 0-7546-4661-0 
(PBk)

Why-Because Analysis

Why is it useful?
Investigators of incidents on the railways are required to 
follow laid down procedures. In particular, investigators 
are required to go beneath the obvious causes and 
attempt to unearth the root cause – the fundamental 
reason why something went wrong. For example, as soon 
as it becomes apparent that a railway worker made an 
error, investigations in the past were happy to stop at that 
point, labelling the cause of the incident as ‘human error’. 
To simply label a cause as human error gives no indication 
as to what measures are needed to prevent the error 
(and the resulting incident) from happening again. The 
conclusion ‘human error’ should be the beginning of 
an investigative process, not the end. The interesting 
question is ‘why did this person make this error at this 
time?’ Further digging may reveal deficiencies in, say, the 
training process, the process for assessing competency, or 
source of stress in the worker’s private life. This technique 
is a simple means of going beyond the obvious to find a 
cause which can be the subject of remedial action. 

 What does it do?
Why-Because Analysis is an easy-to-use form of root 
cause analysis that was developed specifically for line 
managers in the railway industry to investigate past near 
misses. The technique also allows the development of 
countermeasures, and tracks their implementation status.

What does it involve?
Why-Because Analysis involves creating a diagram that 
represents the factors involved in a past incident eg 
a near miss. The diagrams are a little like Fault Trees. 

For each problem (eg trackworker’s late escape from 
the path of a train), they capture the direct causes (eg 
lookout at wrong sighting distance + train horn masked 
lookout’s warning ), the external causes (eg trackwork 
task running late + insufficient trackwork resource to do 
the job); and countermeasures – ie those interventions 
which would, if made, prevent recurrence of the incident 
(eg implementation of prohibited red zone).

For complex incidents where a simple Why-Because 
diagram is not enough, a simple documentation scheme 
can be used. This scheme makes extensive use of the 
hyperlink facility in MS Office™ tools to connect the 
elements of the diagram with supporting reports and 
recommendations. This also makes it very easy to track 
progress against any recommended countermeasures 
which have been accepted for action.

Who can use it?
This technique was developed specifically for line 
managers in the railway industry and is easy to 
understand and use. However, the technique requires 
reasonable proficiency with MS Office™ tools.

Finding out more

Braband J. & Brehmke B. (2002) Human factors 1.	
application area of Why-Because Graphs to Railway 
Near-Misses, In Workshop on the Investigation and 
Reporting of Accidents 2002, (IRIA 2002) Ed C. W. 
Johnson. GIST Technical Report F2002-2, Dept Of 
Computing Science, University Of Glasgow, Scotland

Ladkin P. (2001) Causal System Analysis – Formal 2.	
Reasoning About Safety and Failure, Uni. of Bielefeld
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Workshops

Why is it useful?
In many areas of change and development in the railways 
the views of a wide range of stakeholders need to be 
taken into account. Meetings are the usual means for 
bringing together the various interested parties. But 
meetings tend to be very time-consuming and can 
sometimes lack focus. Often meetings finish without the 
desired objectives having been reached. The workshop 
can be considered as a much more structured meeting. 
It should have been carefully planned, its objectives 
defined properly and the steps required to achieve these 
objectives designed in detail. The required outputs from 
the workshop will have been specified and a trained 
facilitator will take responsibility for the conduct of the 
workshop. 

 What does it do?
A workshop is a structured discussion that can be 
used for a very wide range of applications. When it 
is composed of the right stakeholders and run by 
experienced facilitators, a workshop is one of the 
most powerful tools available for eliciting, refining and 
prioritising information. The technique is also invaluable 
for securing agreement and building trust between 
project stakeholders.

What does it involve?
A workshop involves the design and execution of 
a process by which a group of stakeholders share 
information about a set of topics. The process should 
always have a clear aim and a series of logical stages 
through which the facilitators move the participants. 

Workshops tend to take place of longer periods of time 
than Focus Groups and can run from a half-day through 
to several days duration. They may also involve more 
participants – typically 8 to 20 or so.

The longer durations and more people mean that 
workshops can profitably use combinations of plenary 
groups (everyone) and syndicates (sub-groups) for 
different kinds of activity. Often, syndicates are used to 
work on different aspects of a complex problem. At 
other times, they can be used to work on the same 
problem so that the group as a whole ends up with more 
options. Either way, syndicate work is usually shared and 
discussed in the plenary group, which can also be used 
for brainstorming and keynote presentations.

Who can use it?
Anyone can use this technique. However, workshops 
benefit greatly from careful design so that a clear 
process is put in place that will lead to a clearly defined 
objective. This helps identify the exact requirements for 
the participants. Experienced facilitators make a huge 
difference to the value, enjoyment and ultimate success of 
workshops.

Finding out more

Stanton, N. A., Salmon, P. M., Walker, G. H., Baber, 1.	
C., Jenkins, D. P. (2005). Human Factors Methods: A 
Practical Guide for Engineering and Design. Ashgate, 
Aldershot. ISBN 0-7546-4660-2 (HBk), 0-7546-4661-0 
(PBk)
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Jargon buster
Ability
‘Ability’ is used loosely both in the literature and everyday 
life either to refer to actual performance, or else (more 
commonly) to a capability for performance. In the former 
case, ‘ability’ can be replaced with ‘skill’; in the latter case, 
‘ability’ can be replaced with ‘aptitude’.

Abnormal operating conditions
State of continuing railway operations with specific planned 
changes to its configuration or equipment (such as special 
events, engineering works in traffic hours or within station 
public areas).

Accident
An unintended event, often resulting in injury and/or loss. 
Accidents usually have several antecedents, many of which 
may have originated some considerable time before the 
accident, and whose combination was never anticipated.

ACTA
Applied Cognitive Task Analysis - see Techniques.

Anthropometry
The measurement of human body dimensions.

Aptitude
The natural propensity of an individual to acquire and utilise 
specific knowledge, skills and attitudes.

Arousal
A state of body and mind that sensitises an individual to the 
search for, and receipt and processing of, information, and 
which prepares an individual for action. Too much arousal 
can result in stress, which can overload the individual and 

render them increasingly unable to deal with, or act on, 
information.

Attitude
A manner of acting, conduct or interactional style which is 
representative of feelings, opinions or beliefs.

Behaviour modification
The replacement of undesirable behaviour with desirable 
responses using programmes that redirect existing behaviour 
via various kinds of conditioning. The conditioning that works 
best is based on reward for desired responses, rather than 
punishment for undesired responses. Behaviour modification 
focuses only on behaviour rather than the thinking that lies 
behind the behaviour. The success of behaviour modification 
programmes can be considerably enhanced by taking the 
thinking side into account as well. In a clinical setting, this 
multiple approach is called cognitive behaviour therapy.

Brainstorming
Brainstorming – see Techniques.

Brightness 
The subjective response to luminance in the field of view, 
dependent upon the adaptation of the eye.

CDM
Critical Decision Method - see Techniques.

Checklist
Checklist – see Techniques.

CIE
Commission International de l’Eclairage, (International 
Commission on Illumination). An international organisation 
responsible for colour and light measurement standards. 

CIT
Critical Incident Technique - see Techniques.

Cognitive mapping
Cognitive mapping – see Techniques.

Cognitive task analysis
The elicitation and representation of the conscious thought 
processes that underlie the performance of tasks and 
thinking skills needed to respond to complex situations. (See 
Applied Cognitive Task Analysis in Techniques).

Cognitive walk-through
Cognitive walk-through – see Techniques.

Contrast 
Subjectively used, contrast describes the perceived difference 
in appearance between two parts of a visual field seen 
simultaneously or successively. The difference may be one 
of brightness or colour or both. Objectively used, the term 
expresses the measurable difference in luminance between 
two parts of the visual field (eg target and background).

Colour coding
Colour coding is a process by which different colours are 
used to represent different categories of information. For 
example, a red signal means ‘Stop’ while a green signal means 
‘Proceed’. If colour provides a completely unique source of 
information, the coding is called non-redundant. Colour can 
also be combined with other coding dimensions such that 
two or more codes correlate with one another, eg hand 
signalling arrangements. This is referred to as redundant 
coding.
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Competence
The orchestration of the knowledge, skills and attitudes 
required to perform a specific range of tasks, job or role to a 
prescribed standard.

Competence assessment
A management process designed to ensure that staff have 
the knowledge, skills and attitudes necessary to perform 
their work to the standard expected.

Concentrator
A telephonic device used on the railways (eg in signal boxes) 
that ensures only one phone call from potentially many 
sources (land-line, SPT, mobile) can be received at one time 
– thus reducing attentional demand.

Context-Sensitive Help 
Help in which the help text or range of help users is derived 
from the contextual information associated with the user’s 
last input, selected object, or the current location within the 
system or application.

CRM
Crew Resource Management – an aviation industry 
programme designed to assure the quality of teamworking 
amongst all the crew of an aircraft.

CUD
Communications Usage Diagram - see Techniques.

Culture
The set of values and norms that govern how people 
understand – and what they expect from – each other 
within an organisation. Culture is both an input and output 
of behaviour. It determines and facilitates it as well as 
emerging from, and changing (albeit slowly) as a result of it.

Degraded operating conditions
State of continuing railway operations with significant 
equipment failures (such as track related failures or 
communication system failures).

Design scenario analysis 
Design scenario analysis – see Techniques

Dialogue
An interaction between a user and an interface to achieve a 
particular goal.

Diffuse lighting
Lighting which comes from many directions, none of which 
predominates.

Disability
Any restriction or lack (resulting from an impairment) of 
ability to perform an activity in the manner or within the 
range considered normal for a human being.

Disability glare
Glare produced directly or by reflection that impairs the 
vision of objects without necessarily causing discomfort.

Discrimination
The detection of a just noticeable difference between stimuli 
(eg colour differences between visual stimuli).

Display resolution
The number of separately addressable pixels on a display 
screen.

Economy
The relationship between cost and resources: it is the cost 
by which a resource produces a required output.

Effectiveness
The relationship between the output produced and 
the outcome intended: it is a measure of how far a pre-
existing situation is improved by the product of a resource. 
Alternatively, it is a measure of how far the product of the 
resource has achieved a pre-specified goal.

Efficiency
The relationship between resources and output: it is a 
measure either of how fast the resource produces a 
required output, or how little resource is required.

Emergency operating conditions
State of the railway in response to a major safety or 
security-related event. Introduction of contingency plans at a 
moment’s notice.

Ergonomics 
The study of human capabilities and limitations, human 
interaction with technologies and environments, and the 
application of this knowledge to products, processes and 
environments.

Error
A mismatch between the user’s goal and the response of 
the system or environment of which the user is part. Errors 
can include navigation errors, syntax errors, and conceptual 
errors.

Fault trees
Fault trees – See Techniques.

Feedback
Output presented by the interface in reaction to the user’s 
input. 
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Fitness for purpose
The capability of a product to serve the purpose for which it 
was designed, in the way it was designed to be used.

FOC
Freight Operating Company.

Focus groups 
Focus groups – see Techniques.

Front-end analysis 
Collective term for those analyses conducted at the earliest 
stages of system design and concerned with a system’s 
personnel, training and logistics requirements.

Function allocation 
The process of deciding how system functions should be 
assigned to the human and machine elements of a system. 
Fixed function allocation means that these decisions are 
made at design time and remain fixed for the system’s life. 
In this case, function allocation is the most basic of system 
design decisions since it establishes the framework within 
which the design of the system (equipment, workspace, 
training, etc) is developed. Dynamic function allocation takes 
place during the task. Between people and machines, it is 
known as adaptive automation; between people it is known 
as teamworking.

Function analysis
The analysis of system functions. Functions describe activities 
which may be implemented by personnel alone (control a 
signalling section), by equipment alone (self-test/equipment 
circuitry), or, as in most cases, by some combination of both 
(pre-flight checks). Functions can be instantaneous (set 
route) or prolonged (monitor panel), simple (accelerate) or 
complex (assess emergency situation).

Glare
The discomfort or impairment of vision experienced when 
parts of the visual field are excessively bright in relation to 
the general surroundings.

Groupware Task Analysis 
See Techniques.

HE HAZOP
Human Error HAZard Operability - see Techniques.

HEART
Human Error Assessment and Reduction Technique - see 
Techniques.

HEP
Human Error Probability.

Heuristic analysis
Heuristic analysis – see Techniques.

Hertz (Hz)
SI unit of frequency, indicating the number of cycles per 
second (c/s).

Hexagons
Hexagons – see Techniques.

HFACS
Human Factors Analysis and Classification System. A 
comprehensive method of root cause analysis used to 
identify and classify the human causes of incidents.

HFIP
Human Factors Integration Plan. A plan that defines the 
integration of human factors into system development and 
appropriate assurance procedures to ensure that these 
activities are completed.

HRA
Human Reliability Analysis - see Techniques.

HRO
High Reliability Organisation. This is a safety-critical 
organisation which has far fewer safety incidents than might 
be expected due to its staff having learned to manage the 
unexpected – mainly though sensitivity to error and decision 
making that depends on expertise rather than hierarchy.

HSE
Health and Safety Executive.

HTA
Hierarchical Task Analysis - see Techniques.

Hue
The term that most closely resembles our notion of ‘colour’, 
for example, red, green and blue. It is that quality of a colour 
that cannot be accounted for by brightness or saturation 
differences. An objective measure of hue is provided by 
the dominant wavelength of that colour’s spectral power 
distribution.

Human factors
All of the ‘people’ issues that must be considered to 
assure the lifelong safety and effectiveness of a system or 
organisation.
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Human interface
The controls, devices and displays which an operator uses to 
control, monitor, or otherwise interact with, the rest of the 
system. Also known as the Man-Machine Interface (MMI).

Icon
A pictorial representation consisting of an image, with or 
without a label, presented on a display screen, designed to 
provide a visual reminder of the name, structure, appearance 
or purpose of the entity that it represents.

IECC
Integrated Electronic Control Centre. A computer 
workstation equipped with a series of software-animated 
vdu-based diagrams used by signallers to track the progress 
and status of trains in a specified geographical area under 
their control.

Interface surveys 
Interface surveys – see Techniques.

Interview
Interview – see Techniques.

IPME
Integrated Performance Modelling Environment - see 
Techniques.

ISA
Instantaneous Self-Assessment (of workload ) – see 
Techniques.

Job
The grouping of tasks, roles and responsibilities constituting 
the principal work assignment of one person.

KLM
Keystroke Level Model - see Techniques

Knowledge
Knowledge constitutes a representation of something 
in a way that the knower can utilise for some purpose. 
This representation may or may not be articulable and 
the purpose for which it is used may or may not be 
predetermined. This allows for the fact that knowledge can 
be used innovatively and inductively (re-purposed).

KSA
Knowledge, skills and attitudes.

Layout Analysis
Layout analysis – see Techniques.

Lifecycle 
The development, operation and maintenance of a system, 
spanning its life from the definition of its requirements to its 
disposal following the termination of its use.

Link analysis
Link analysis – see Techniques.

Methodology
An integrated set of tools, techniques and procedures, 
collectively aimed at a specified goal.

Maintainability
The ability to carry out rapid and reliable system restoration, 
using people trained to a specified level, and specified 
support facilities to maintain the equipment at a specified 
level of performance.

Maintenance 
All activities necessary to keep materiel in, or restore it to, a 
specified condition.

Morale
A state of mind that at one extreme can allow a group of 
people to commit to a shared objective with complete 
disregard for the potential cost to themselves. At the other 
extreme it can account for little or no effective or organised 
action in the face of clear situational demands.

Motivation
A state of mind that releases the necessary emotional 
energy for an individual to commit themselves to act 
effectively towards a declared objective.

Murphy Diagrams
Murphy diagrams – see Techniques.

NASA – TLX 
NASA Task Load Index – see Techniques.

Normal operating conditions
State of continuing railway operations according to normal 
timetables, incorporating minor disturbances and delays to 
the service in traffic hours and operations in non-traffic 
hours.

NX panel
eNtry eXit panel. A type of electrically operated display 
panel set out as a diagram and used by signallers to track 
the progress and status of trains and set their routes in a 
specified geographical area under their control. NX panels 
are equipped with push-pull switches for route setting 
and other switches to control point settings, level crossing 
cameras etc.
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Observational analysis
Observational analysis – see Techniques.

Performance appraisal
A management process designed to ensure that staff are 
motivated in their jobs and are developed to their full 
potential.

Pixel
The smallest addressable display element that is capable of 
generating the full colour and/or luminance ranges of the 
display.

Product
Any equipment, process, procedure, rule or instruction that 
has been designed to serve some pre-defined purpose.

Prototype
Any artefact created for the purpose of demonstration to 
users in order to elicit or test user feedback. This includes 
demonstrators, mock-ups, paper prototypes, simulations, 
role-plays, dummy systems or documents, and scenarios.

Psychometric test
A test of a specific mental ability or process, eg spatial ability, 
numerical reasoning, critical thinking.

Questionnaire
Questionnaire – see Techniques.

QUIS
Questionnaire for User Interface Satisfaction - see Techniques.

Responsibility
A set of tasks and duties for which an individual is 
accountable in terms of their conduct, performance and 
management.

Risk
An estimate of the propensity for an otherwise stable 
situation to suddenly fail. The estimate may be a formal 
one, based on a risk assessment methodology, or it may be 
entirely intuitive, based on subjective feelings. The presence 
of perceived risk in a situation is often fundamental to its 
interest for humans. Without it, people become bored 
and/or indulge in behaviour to increase the risk level. The 
perceived level of risk in a situation can be affected by a 
large range of different factors.

Role
A set of expectations placed upon an individual by an 
organisation and realised by that individual through the 
execution of their job.

RSSB
Rail Safety and Standards Board.

SA
Situation awareness. The ability to know what is going on 
around you, and to use this information to project accurately 
into the future, resulting in successful plans for predicted 
events and their contingencies.

Safety culture
The set of values and priorities placed on all aspects of 
safety by everyone at every level of an organisation.

SAGAT
Situation Awareness Global Assessment Technique. A 
simulation-based technique in which the task is stopped 
periodically so that the user can be asked about their 
perception of the situation at that instant.

SART
Situation Awareness Rating Technique - see Techniques.

SASHA
Situational Awareness for SHAPE – see Techniques.

Saturation
The quality that distinguishes a hue from white. Pastel shades 
are de-saturated, vivid colours are saturated. An objective 
measure of saturation is purity.

SHAPE
Solutions for Human-Automation Partnerships in 
European (Air Traffic Management Systems).

SHERPA
Systematic Human Error Reduction and Prediction Approach 
- see Techniques.

Skill
An organised and co-ordinated pattern of mental and/or 
physical activity, which becomes more accomplished with 
training or other experience.

Skill fade
The tendency of learned skills to degrade without sufficient 
practice. Different skills fade at different rates and are 
affected by multiple factors.
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SME
Subject Matter Expert. A person with task knowledge, skills 
and accepted qualification in a specific domain.

SPAD Hazard Checklist
A tool developed by RSSB to identify working practices and 
communications procedures that should be adopted by both 
signallers and drivers to help prevent SPADs occurring.

Staffing 
A continuous process by which an organisation arranges 
for appropriate numbers of people with the appropriate 
qualities to be available, so that it may operate its business 
safely and effectively.

Stakeholder 
Any individual who is affected by the output from, provides 
the input to, develops, maintains, uses or manages the use of 
a system or product.

Stress
An adverse reaction people have to excessive arousal or 
pressure. Stress is not a disease, but if it goes on unchecked, 
it can lead to mental and physical ill-health.

Stressor 
An impelling force which produces a demand upon physical 
or mental energy.

SSM
Soft Systems Methodology - see Techniques.

Style guide
A document which sets out the design principles, rules and 
conventions agreed by all of the stakeholders.

SUMI
Software Usability Measurement Inventory – see Techniques.

SUS
System Usability Scale - see Techniques.

SWAT
Subjective Workload Assessment Technique - see Techniques.

System 
Any set of elements, including physical equipment, computer 
software, human users and procedures, interacting and 
organised in relation to a goal.

Systems analysis
A generic term for the various analytic techniques applied 
before or during the system design stage, eg requirements 
analysis, function analysis, front end analysis etc.

Systems engineering
The processes by which system requirements are developed 
into a system performance, design, and production 
specification; and by which that specification is then 
transformed into a fabricated, prototyped, integrated and 
tested product.

TAD
Target Audience Description. A descriptive profile of the 
characteristics, skills and abilities of the ‘end-user’ of a 
designed system.

Task 
The set of physical and mental interactions that are required 
within a work environment in order to achieve a prescribed 
goal.

Task analysis 
The elicitation and representation of a set of tasks in order 
to understand the relationships between their constituent 
activities, performance criteria and objectives.

Task synthesis
The process of specifying and putting together the tasks of 
which a system function consists.

TCSD
Task-Centred System Design - see Techniques.

TCTA
Team Cognitive Task Analysis - see Techniques.

TDRE
Team Decision Requirements Exercise - see Techniques.

Teamworking
A team is a set of two or more individuals who interact 
adaptively with each other to achieve specified, shared and 
valued objectives. The period of interaction may be anything 
from a few seconds (eg a driver and signaller) to many years 
(eg a large infrastructure project team). Teamwork refers to 
the activities performed by team members in response to 
each other’s needs and expectations, to enable the team to 
achieve its shared objectives.

TIP
Teamworking Improvement Process - see Techniques.

TNA
Training Needs Analysis.

TOC
Train Operating Company.
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Training
A continuous process by which an organisation arranges for 
appropriate knowledge, skills and attitudes to be available to 
its workforce, so that it may operate its business safely and 
effectively.

TRUST
Train Running System TOPS. Network Rail’s system 
for monitoring the punctuality of trains, mainly fed by 
automatic inputs from signalling systems. 

TTRAM
Task and training requirements methodology - see 
Techniques.

TWA
Team Workload Assessment - see Techniques.

Usability
The ability of a product to be understood and operated 
efficiently, safely and effectively by its intended users. 
Usability also includes how well the use of the product fits 
with related products and their users within and across 
organisations.

User 
Anyone who employs an artefact to carry out a task.

User-centred 
Approaches (generally to design) which have as their 
primary focus the consideration of the interests of the 
individuals who will work with, or use the output from, a 
piece of equipment.

User trial
User trial – see Techniques.

Validation (internal)
The ability of a test, rule, procedure or system to achieve the 
objectives set for it. For example, a selection test is internally 
valid if it successfully discriminates between the people it 
sets out to discriminate between; a system is internally valid 
if it successfully implements all of the specifications drawn up 
for it.

Validation (external)
The ability of a test, rule, procedure or design to achieve 
operational objectives. For example, a selection test is 
externally valid if the people it predicts will do well actually 
do so; a system is externally valid if it allows the organisation 
to achieve the operational objectives set out for it. It is 
possible for something to be highly internally valid (ie it does 
exactly what it is supposed to) but of low external validity 
(ie what it does has little value in an operational setting).

VDU
Visual Display Unit (typically, a computer screen).

Verification
The process of ascertaining that a test, rule, procedure or 
system does what its designers intended. Verification is the 
process needed to demonstrate internal validity.

Virtual environment
An artificial environment generated by an immersive display 
(eg goggles) which presents information in such a way 
as is appropriate to give the operator the perception of 
viewing and interacting with objects in three-dimensional 
surroundings.

Visual acuity
The capacity for discriminating between objects which are 
very close together. The expression more commonly used 
for an individual’s visual acuity is the ratio of the distance at 
which the individual can read a line on a standard optician’s 
chart to the standard distance at which a person of normal 
sight can read that line (eg 6/12 means that the individual 
can just read at 6 m the line which a normally sighted 
person can just read at 12 m).

Visual impairment
Any loss or abnormality of psychological, physiological or 
anatomical structure or function relating to vision.

Visual field 
The full extent in space of what can be seen when looking in 
a given direction.

Walk-through Analysis 

Walk-through analysis – see Techniques.

Why-because Analysis
Why-because analysis – see Techniques.

Workload
The effort demanded from people by the tasks they have to 
do. It can be the effort demanded at a single point in time, 
or over a whole shift. Workload can be physical or mental. 
It can be the physical demands created by working in a 
particular posture, manual labour or working in particular 
environmental conditions; or it can be the mental demands 
created by the need to attend to sources of information and 
then process the information – often against time pressure.
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Workplace 

The complete working environment within which the 
operator(s) and equipment(s) are arranged to function as a 
unit.

Workshop
Workshop – see Techniques.
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