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Dangers and problems
of the train driver system:
the proposals of the TRAIN project
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The level of safety in the train driver system can be raised
by making improvements to the train driver’s work and in-
formation environments. One of the proposals put forward
by the TRAIN project researchers is that the ATC system
be designed in the future with the capacity to co-ordinate
and present succinctly more of the information needed by
the drivers while operating the train. The system must also
provide better support for the driver’s natural way to drive
and think ahead. Drivers should have a good idea at all
times of what awaits them beyond the next signal.
Although train drivers handle reams of paper, they actually
suffer from a lack of information. The ATC system is often
seen as puzzling and not always able to provide the sup-
port needed for the drivers to do their job. This problem
can lead to dangerous situations, especially when the ATC
system, for whatever reason, breaks down.

Acute fatigue during early morning shifts, poor sleep
quality during stopovers and short periods of rest between
work shifts are other problems that can seriously compro-
mise safety. Many drivers also find inadequate train main-
tenance a problem.

400 train drivers studied
TRAIN stands for TRAffic safety and INformation
environment for train drivers. The research project was
launched by the Swedish National Rail Administration in
1998 after it emerged from certain accidents and incidents
that there could be problems with the location of boards
and signals and the drivers’ understanding of how the ATC
system works.

The purpose of the TRAIN project was to describe and
analyse the train drivers’ information environment and
working hours, work situation and work environment and
how they affect the drivers’ behaviour and train driver sys-
tem safety. The purpose was also to produce background
data and proposals for safety enhancing measures and to
improve understanding of the interplay between Man-
Technology-Organisation (MTO) in the train driver system.

The TRAIN project involved research into the work and

information environments of 400 train drivers in the
Stockholm region. The drivers studied drive passenger
trains, mainly commuter trains and the X2000 high-
speed train.

The project included a number of sub-studies that
were conducted by independent researchers from the
National Institute for Psychosocial Factors and Health,
Stockholm, Sweden, the Department of Information
Technology at Uppsala University, the Department of
Behavioural Sciences at Linköping University and the In-
stitute for Energy Technology, Halden, Norway.

Influencing traffic safety
The results of the TRAIN project indicate several
problems of significance to railway safety, which have
been grouped into three main areas:
• Organisational support functions and conditions for
traffic safety
• The information environment, cognitive ergonomics
and ATC
• Working hours, work situation and work environment
A number of recommendations are presented in all three
areas. The following section presents a brief discussion of
the researchers’ conclusions.

The TRAIN project
in brief

Most of the Swedish rail system is equipped with ATC (Automatic Train Control), a Swedish invention and one of the world’s
most reliable train control safety systems. Information regarding signal aspects and speed restrictions is sent to the train
using transmitting devices in the track, called balises. The information is analysed by an on-board computer and presented to
the driver as numerical indications on the information panel (ATC-panel) in the cab. The ATC-system is supervising maximum
allowed speed and braking towards a restrictive target point. If the driver fails to take action in time (manual braking), the train
will be braked automatically by the ATC-system if the speed is too high.

The ATC system
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The problems that were identified in the
organisational support functions are:
• Inadequate train maintenance
• An inadequate system for reporting errors and

incidents which can also be related to the
company’s safety culture

• Impenetrable traffic safety regulations

Safety work in the rail industry is affected by the many
decisions and actions taken by different public offices
and bodies and by departments within the train opera-
ting companies themselves. For the safety work to be
effective there must be good communication and co-
operation between the players on a societal level, some of
whom must possess an overall, holistic view of the situa-
tion. Moreover, the should be clear requirements placed
on the train operating companies concerning how they
conduct their work environment activities in order to
prevent a reduction in the quality of safety work be-
coming a means of keeping costs down and conferring
competitive advantages.

Conclusions and recommendations:
1. It is important to establish co-operative procedures

and clear areas of responsibility between the different
bodies and companies at the societal and train operating
company levels whose behaviour impacts on traffic
safety.

2. There must be co-operation and consensus on
railway safety issues among different authorities.

3. There should be clear rules for the purchasing of
railway traffic with established demands in the work
environment area.

4. The safety culture in the companies must be im-
proved, since a good safety culture is necessary for crea-
ting an efficient incident and accident reporting system.

5. Long-term commitment and quality in the train
drivers’ basic training programmes must be ensured. The
supplementary training available in different areas must
be reviewed in order to attain a uniform level of compe-
tence amongst all driver personnel.

6. The review of the operational safety rules must be
completed. This must then be followed by their con-
tinuous improvement.

7. Vehicle and locomotive maintenance and the tech-
nical status of the vehicles and locomotives must be
improved.

8. Methods of reporting and investigation of near
accidents and accidents must be improved. The possibility
must also be investigated of producing a common system
for the industry. A systematic and clearly-described
method of analysing accidents with an accompanying
check-list should be produced, and investigators trained
accordingly.

9. Accident investigations should always gather details
about the information and work environments, and place
greater weight on the aspects that affect the MTO inter-
action. The material should include the time immediately
prior to the incident as well as a somewhat longer time
perspective so that the long-term effects of stress, work
hours and any inadequacies in work procedures and the
handling of information can be properly assessed.

Organisational resources, safety culture,
training and accident investigations

Societal level

The Swedish National Rail Administration:
Infrastructure, Train traffic control/management, Information (route
books, statistics), R&D, safety regulations, rule book

The Swedish Railway Inspectorate:
Regulations, Supervision, Licences, Accident investigations

Other organisational bodies: The Swedish National Board of Accident
Investigation, The Labour Inspectorate, The Swedish Work
Environment Authority, The Swedish Rescue Services Agency, The
National Electrical Safety Board, The police, The County Transport
Authorities

Train operator level

Train design & construction
Train maintenance/repairs
Supplementary training
Occupational health
Information/order-giving
Internal corporate rules
Train production management
Reporting procedures
Work environment
Safety officer organisation
Safety organisation/culture
Timetable planning
Management
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The main weakness of the information environment is
that the drivers find it difficult to obtain relevant infor-
mation. There are also problems with how the infor-
mation is presented and updated.

The driver has to assimilate information from a number
of different sources such as boards and signals, the ATC
equipment, written safety messages, route books, opera-
tional safety instructions and internal company
documents, which can create a conflict of attention. The
study also shows that mistakes and errors arise when
using the ATC equipment to extract and input data. Sign-
als and boards are sometimes dirty and hard to read.
Many drivers would like to have the distance to target
point presented in the cab. They also lack updated infor-
mation supporting the planning of the driving task in any
longer time-perspective. As can be seen, the driver needs
access to more information than he or she has today, in-
formation from different sources that has to be co-
ordinated. Many drivers also feel that the ”supervision of
the 10 kph point” function of the ATC system disturbs the
driving process, especially in commuter trains.

All in all, this indicates a need for a new interface for
presenting information in the cab. The following princip-
les should serve as guidelines in the design of a new in-
formation environment:

More information
The drivers should have access to far more information
when driving the train than is currently the case. The
train is often driven in an informational vacuum, a con-
dition that many drivers have grown accustomed to but

which prevents train driving from becoming a more active
job. More information is not the same as more informa-
tion channels. Instead, available information and any new
information must be co-ordinated and presented in a
more uniform format.

Ultimately, this is also a question of how active the
driver’s role is to be and in what way the different
functions are to be automated. It is, however, important
not to overload the driver with unnecessary information.

According to the questionnaire, the drivers want access
in the cab to timetables, written safety messages, details
about trains ahead on the track, the target point and the
distance to target point (Olsson et al., 2001).

Support the drivers’ natural way of working
HOW information is presented and WHAT the informa-
tion contains must support the driver’s natural way of
working (i.e. his or her natural understanding of the
driving situation and natural ways of handling informa-
tion in the cab). The driver’s understanding of the work in
terms of mental models is an important point of departure
in this context. It can be hard to identify and define such a
mental model, but the strategies that drivers use in their
work probably give a good indication of where they need
support. If information can be presented in a form that the
drivers can easily integrate in their existing models, this
would be the best solution.

Several of the strategies identified are spatially orien-
ted, especially those for supervision, driving ability and
planning, which shows that the drivers’ knowledge of the
line is important. Consequently, it is important to provide
a graphic representation in the cab of the track, for
example, and what is happening along it.

Information environment, cognitive ergonomics and ATC

Signals are normally placed in such a way that
the distance between the signal and the
danger point (e.g. a switchable point) is long
enough for all trains to be able to stop before
the danger point. At these locations, the ATC
system allows driving at a maximum speed of
40 km/h towards a signal that is showing, or
has been showing, a stop aspect – this is
called ”release speed 40 km/h”. At certain
stations, this distance is shorter and ”release
speed 10 km/h” is applied, in which case the
signal cannot be approached at a higher
speed than 10 km/h.

Supervision of the 10 kph point

The results of the TRAIN study suggest that there are two different
driving styles in terms of how the drivers interact with the ATC
system. The one group of drivers adopt a feed-back style, waiting
until they receive an indication or an alarm from the ATC system
before acting. The other group adopts a more feed-forward driving
style, and try to plan their driving in order to keep one step ahead of
the ATC system. Researchers say that more work needs to be done
before the consequences for train driver system safety of these two
styles can be properly assessed, but maintain that today’s ATC
system supports the feed-back style since this gives optimal driving.
When there is some sort of disruption to the ATC system a more
active driving style is required, something which could be difficult to
switch over to for drivers that are used to the feed-back style.

Different driving styles
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Early driver involvement in system design
The third principle concerns involving the drivers at an
early stage of the development process. Design pro-
posals in the form of prototypes that the drivers can
evaluate are probably the best and most accessible
route to an improved information environment.

Integrate information – and information sources
The information that currently exists in different kinds
of document, and which the driver often has with him
or her, should be presented in the cab. The information
should be gathered in a single presentation to save
time and to make it easier for the driver to assimilate,
integrate and mentally process it. One of the things
requested by the drivers is a new way to present infor-
mation on how well they are adhering to the timetable.

Support learning with dynamic information
Information should be presented in a dynamic format
- i.e. kept continually updated. This would probably
lead to a more active way of driving and a greater
situational awareness amongst the drivers. It might also
help to improve the ability to manage a risk situation in
which the last safety barrier is the driver him or
herself.

Provide new ways to present information
A certain amount of the information presented could
be shown in such a way that the driver has it in front of
his or her eyes when observing the immediate
environment. New information should be given in a
way that activates both eyes and ears.

Distinguish between planning and execution
The final principle recommended that as clear a
distinction as possible be made between the planning
and execution of action. Technology is often superior
to humans in terms of making pure, routine computa-
tions, while it is important that the train driver retains
active control over the actions taken. It should, for
example, be possible to automate the setting of ATC
values to make sure that the correct values are always
given with the help of information about the train.
However, information about the train needs to be
communicated in a way that does not rely on the
driver’s memory only. From the TRAIN question-
naires, we know that there is a high incidence of input
errors. However, it is important that drivers are in-
volved in any decision concerning alterations (e.g. a
new ATC setting) by having them perform an acknow-
ledgement action, for instance.

Proposals for improvements to the information
environment and cognitive ergonomics that require
further investigation

The final report of the TRAIN project makes additional concrete
proposals, which are itemised briefly below:
•  Create a graphic interface, part of which reproduces the

spatial structure of the line (i.e. the traffic environment from a
cab perspective).

•  Create a special user-profile that provides the driver, when
preparing the train, with information on any changes that have
occurred since he or she last drove on that particular stretch.

•  Develop techniques for the presentation of information in the
driver’s field of vision. Several different options are available,
such as via the windscreen.

•  Activate multiple senses (e.g. use acoustic alarms to
complement visual information).

•  Provide more information on other trains, such as those ahead
on the track.

•  Provide general calls to the drivers, in the form of visually
presented information on the overall traffic situation, more
often.

•  Provide dynamic, at-a-glance information on the current status
of the ATC settings.

•  Replace certain documents (e.g. written safety messages)
with a system that presents and updates the information in
the cab in an entirely new format.

•  Present written messages in text format rather than in code.
•  Improve the driver’s understanding of the system. Improve the

interface and operational safety rules and provide
supplementary training to improve the driver’s understanding
of the relationship between the ATC system and the rest of
the signalling system and the operational safety rules.

•  Eliminate or simplify the procedures for computing values and
handling conversion tables, as this is a potential source of
error.

•  Investigate the possibilities of augmenting the exchange of
information between the train driver and the traffic controllers.

•  Improve the maintenance of indicators and displays in the cab.
•  Look over the general positioning of  distance/marker boards

and their location in relation to the balises.
•  Look over the ”supervision of 10 kph point” function so as not

to create a conflict between train driver system safety and
punctuality.

The European proposal for a standardised interface for informa-
tion presentation in the cab (ETCS) incorporates some of these
recommendations. However, for the majority of the items above
additional measures will be needed for them to be implemented
in the ETCS interface or added as complements to it.

An RC train
control panel
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The highly irregular working hours of drivers consti-
tute their single most serious work environment pro-
blem. A large proportion of shifts consists of early
morning and night-time shifts, which results in greatly
diminished sleep and a high level of fatigue.

It is important to point out that the very nature of the
work situation involves irregular working hours. The
working hours will always be relatively difficult for train
drivers and a total absence of fatigue and sleepiness is not
a realistic goal. Yet it is possible to minimise the amount
of really serious fatigue and loss of sleep. Below are our
recommendations for how drivers’ working hours can be
improved with respect to safety and driving performance.

Reduce the length of the working week
Fatigue must be compensated for with rest and recupera-
tion, not with bonuses.

The main problem associated with a train driver’s
working hours is their obvious irregularity, which is
incompatible with people’s biological need for sleep and
rest. The working hours seriously limit the drivers’ ability
to satisfy their need for sleep, relaxation and rest between
shifts. The most obvious remedy is to reduce the total
number of working hours per week. A reduction of 3-5
hours in the working week (from today’s 38-40 hour
week) would probably reduce the lack of sleep and
feelings of fatigue and make it easier for the drivers to
tolerate the irregularity of their schedules.

Greater rest between shifts
Introduce at least 12 hours’ rest between the shifts to
avoid a serious lack of sleep and fatigue.

If the period of rest between two working days is less
than 12 hours, the driver is less able to recuperate
sufficiently. This is particularly true in the case of early
morning shifts. The combination of evening shifts with
early morning shifts the following day should definitely
be avoided. For the same reason, following a night-time
shift immediately with an afternoon or evening shift the
next day should also be avoided.

Avoid compressed work periods
One problem with having insufficient recuperation (e.g.
lack of sleep) is that if it is allowed to continue for several
consecutive days, fatigue will accumulate and the driver’s
ability to perform will gradually deteriorate. Drivers
should therefore not work for more than five days in a
row. If the driver’s schedule includes a number of taxing
shifts (e.g. early morning or night-time shifts), the limit
should be four shifts in a row. Working many days in suc-

cession (i.e. compressing shifts) provides social advan-
tages as the driver also get long consecutive periods of
free time, although often at the price of reduced safety
and stress-related health problems.

One possible exception is that of drivers who have
long commuting distances to travel. Research into the
working hours of this category of driver has shown that
they tolerate compressed working hours slightly more
successfully, as they seem to find it easier to prioritise
sleep and rest during their short periods of free time.

Early morning shifts require short shifts
The combination of long shifts with early morning shifts
must be avoided.

For the drivers studied in the TRAIN project, early
morning shifts were often the shortest. This is a good
scheduling solution, reducing as it does the risk of serious
fatigue. However, as it cannot be assumed that this solu-
tion can be applied to the entire industry, it is advisable
to point out that taxing shifts (early morning and night-
time) should not exceed eight hours.

Proper rest is important
Stopovers must be minimised or access to proper rest,
including during stopovers, improved.

The TRAIN project showed that there are a large
number of stopovers away from home. The results reveal
that these stopovers clearly affect the quality of sleep and
reduced its recuperation value. One recommendation is
therefore to eliminate as many stopovers as possible. If a
stopover is absolutely unavoidable, it is important to
ensure that the period of rest is not overly short.

Train the drivers in how to handle their schedules.
Drivers should be given training in how to handle their
schedules.

Even if there are ”good” schedules, one cannot avoid
the fact that the driver also has a personal responsibility

Working hours, work situation and work environment

The anxiety about running over a person is a constant
feature of the driver’s working life. The risk of this
occurring is high – 25 percent of the drivers in the
study had at one time had such an experience. The
study shows that post-accident crisis management is
extremely important for avoiding long-term negative
effects; the driver is taken off the job, receives peer-
support and is offered a medical check-up and other
such support before returning to work.

One in four drivers has hit someone
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for organising his or her sleep and leisure activities. The
TRAIN study shows us that many train drivers actually
prioritise recuperation when not working by, for
example, taking a nap after an early morning shift. We
believe, however, that further training can raise the driv-
ers’ awareness of the relationship between sleep and
safety. Another important aspect of the training is to look
at how working hours affect long-term health. The key
areas of such training should be sleep, recuperation,
fatigue and stress management. Other groups, such as
schedulers and human resources managers, should also
be given training in such matters.

Plan the rehabilitation of risk groups.
We were able to identify a relatively large group of driv-
ers (somewhere between 20 and 30 %) who seemed to be
suffering from chronic insomnia and work-related
exhaustion. There is a serious risk that many of these
drivers will develop symptoms like the ”burn out
syndrome”  that is likely to lead to their taking long-term
sick leave. As can be expected, the serious fatigue and
insomnia problems are also associated with impaired
performance and possibly impaired driving. The cause of
the exhaustion and the insomnia can be traced to the
taxing working hours. The high average age of the train
drivers can also be one of the factors behind the way
these problems sometimes develop a chronic nature.

Bearing in mind the current shortage of drivers, which
we can expect to worsen over the coming 5 to 10 years, it
is important to take preventive measures for the risk
group to ensure that these drivers are able to continue
working. The most seriously affected individuals in this
group probably also need a personalised rehabilitation
programme.

Clockwise rotating schedules
The general view is that the clockwise rotation of work
schedules (i.e. moving working hours forward by app-
lying a morning-day-evening shift pattern, for example)
is preferable. The TRAIN sub-studies, however, showed
that counter-clockwise shifts were considerably more
frequently applied. Although they normally provide
certain social advantages, with many drivers appreciating
having an evening shift on the first day of the working
week and an early morning shift at the end, the counter-
clockwise rotation of schedules often involves short
periods of rest with disturbed sleep and a greater risk of
suffering accumulated fatigue while working.

The survey presented the drivers with eight different
schedules towards which they were asked to assess their
attitude. The clockwise rotating schedule proved the most
popular even though it provided no social advantages.

Other recommendations concerning the train
driver’s work situation and work environment

Other work environment problems with a conceivable
impact on safety were identified in addition to those
related to scheduling. The final report of the TRAIN
project put forward the following proposals:

•  Improve job satisfaction and make the job more
stimulating as a means of increasing commitment
and motivation at work.

•  The survey results showed that the drivers had lower
job satisfaction and less influence at work compared
with what was revealed by surveys of other shift
workers. The demands of the job exceeded their
degree of control and abilities to make decisions,
which indicates that the work situation is relatively
unstimulating. Virtually all drivers said that they
lacked any positive feedback on their performance.
These results suggest that train drivers are exposed
to negative stress, which can in the long run have an
adverse effect not only on their health but also on
safety as a result of the drivers feeling unmotivated
and unengaged in their work. Job satisfaction can be
improved by creating better driver-company
relations, greater scope for drivers to make
decisions and influence their work, more varied
tasks and greater, visible appreciation from the
company level of the drivers’ vital input to the train
production.

•  Integrate work environment activities with safety
activities to minimise the risk of rail accidents and
errors.
Monitoring and recording how changes in the work
situation/environment affect different safety
indicators makes possible the early identification of
shortcomings and allows counter-measures to be
planned.

•  Improve the physical work environment.
The survey revealed a number of problems with the
physical work environment, such as noise, draughts/
damp, vibrations etc.

•  Reward train operating companies that invest in the
work environment.

•  Investigate the work environment and working hours
more thoroughly in accident and incident
investigations.

Clockwise rotating schedules
are to be preferred. By
allowing at least 12 hours of
rest between shifts, a severe
lack of sleep and serious
fatigue can be avoided.
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This is an abridged and reworked version of the conclusions and recommendations of the TRAIN project. The
researchers’ final report can be ordered from the Swedish National Rail Administration website at www.banverket.se

781 85 Borlänge
Phone: +46 243 44 50 00
www.banverket.se


