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Exceeding Limits of Authority

The Issue of Trains Passing Signals at Stop

T D B

Introduction

The requirements of safe railway operations include the separation of
one train from another, protection of obstructions including junction
points, and workers on the track. A breakdown or disregard for safe
railway operations may lead to a collision, derailment, and/or injury
that can be fatal.

A key component of safe railway operations is the adoption of
a safety management system incorporating a safeworking system
and signalling. While these systems have progressively developed in
sophistication over many years, their effectiveness still largely relies on
the human operator to observe procedural requirements, and respond
appropriately and exactly in a timely manner.

Incidents occur each year where a train passes beyond a signal
retained at ‘stop’ (limit of train movement authority), sometimes
protecting another train or an obstruction of the track ahead. Although
the majority of incidents do not result in damage or injury, for the rail
transport operator they do result in a loss of process, higher operations
costs, and may lead to regulatory attention. These incidents are also
precursors to more serious incidents and accidents.

The rail industry has expended much time on the problem of trains
passing signals at ‘stop’. Although contemporary signalling has evolved
to high levels of clarity of indications as well as improved track-side
positioning, much of this effort has focused on fixing the ‘stop’ signal
itself. The sequence of events ‘up-stream’ of an Exceeded Limit of
Authority (ELA) however are worthy of examination as much can be
learnt from the processes and train driving actions that failed and why."

While diverse human factors issues mainly comprise the problem,
the influence of the ‘signalling and operating environment’ on the train
driver may have more of an impact than commonly thought. There may
be a ‘contextual uniqueness’ to a signal in that a train driver is coerced by
the situation in which a signal exists as much as the indication it displays.

There is of course no support for the notion that train drivers
disregard signals. Such actions are deliberate violations and in the
previous 10 years there have been no reported incidents of this type.

This article will look briefly at the human factor elements and the
signalling environment that can combine to present a higher risk of a
train passing a Limit of Authority (LoA).
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The Elements Involved in ELA Occurrences
Signalling
The purpose of a railway signal and its function is relatively familiar.
In its fundamental form it indicates to a train driver whether to stop or
proceed. Effective communication of a requirement or instruction to a
train driver is essential to safe and efficient railway operations.

Whether the regulation of trains is achieved by track-side signalling,
token-based systems, or electronic in-cab screen-based displays, the
‘block section’” model is mainly used. The driver of a train is given an
authority to proceed into one or more block sections in succession,
with a limit to this authority being at the end of the last authorised
block section.”

On any railway, a fundamental attribute of rollingstock is its
low rolling resistance, and due to weight and speed, there will be a
comparatively longer distance required for it to come to a stop once
service braking has been initiated. An LoA is usually an unscheduled
stop and therefore requires a warning (or caution signal) in sufficient
time for the train driver to be able to bring the train to a stop.”!

Stopping at an LoA requires foresight and planning on the part of a
train driver and in many instances, the braking action to bring a train
to a stop at an LoA is required in the vicinity of its warning. There are
of course situations where the sighting distance of an LoA can equal
or exceed the braking distance but this is dependant on circumstances
such as train characteristics and maximum line speed.??'

The Signal to Driver Interface

Signals can be referred to as ‘interface points’ and it is here that human
error can be identified and controlled. The design of the signalling
system and the information presented therefore should take into account
the capabilities and attributes of train drivers if error is to be minimised."

Although signalling functionality has greatly improved over recent
years, itis not to say that a train driver cannot be influenced by signalling
related issues leading to an ELA occurrence.

For example, while signal indications are clearly displayed, they can
carry more than one meaning and depending on the context, may lead
a train driver into presupposing the indication of an up-coming signal
and applying a less than desirable approach methodology.'
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In other words, the simplicity and clarity of signal indications
can be undermined by the circumstance or situation in which they
are displayed. A lack of differentiation between a signal indication’s
meanings and the reason for its display can sometimes lead to train
driver deduction and continuing under a false misapprehension of
what is required.

Location and signal indication relevance form a basis on which
a train driver may predict possible outcomes. This information, of
course, needs to be reliable and consistent. As a train continues over
the route and signals come into view, confirmation of the train driver’s
‘plan” is made. While an inaccurate prediction can lead to a review of
the situation and recovery, the inability to recover may lead to an ELA
event.®

Finally, the requirement for a train driver to see a signal and that
its conspicuity is optimised can be based on the assumption that train
drivers keep a close and consistent watch. Train drivers however can
spend only a portion of their time looking at a signal and once the
information has been gleaned, move onto other visual inputs.?

Train Driver Cognition

The train driving task can be described as routine, and with a ‘lack of
novelty’, which promotes an ‘automatic response’ where the everyday
driving methodologies are used without too much conscious effort.
As an example, train drivers do not read line-side speed boards as
there is not normally a need to once they are learnt and become part
of the routine.

The issue of boredom in such a routine task as train driving is
understandable and while this may contribute to lower levels of
concentration by a train driver, preoccupation with other tasks,
however legitimate, may take precedence over a response to a warning.
The task of train driving is also a ‘dynamic’ and ‘decision making task’
and a train driver needs to plan ahead in preparation of likely events.””-%

The structure of human knowledge is organised as ‘memory units’
called schemas. When particular conditions are satisfied or events
occur, a hierarchy of schemas in the mind are brought into play.
Humans are ‘compulsive pattern matchers’ where a reaction to a
problem is from their ‘stock of stored routines’.” *

When assimilating inputs from the driving environment and the
requirements of a situation, a train driver will ‘explain’ a situation based
on previous understanding and anticipation. The train driver will hold
a subconscious ‘model of the world’ or mental representation of the
current state and immediate history affecting the train driving tasks
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in progress. Upon this mental representation are based immediate
and expectant actions that are constantly being revised as the train
advances and new information arrives.'

This degree of automation when driving a train suggests that
attention to signals can be overridden by other stimuli. Interruption
and preoccupation in the driving task resulting in habit intrusion is
likely to lead to a train driver’s mental model becoming erroneous and
in actions that come into conflict with actual requirements.

The burden of inappropriate, or an unbalanced amount, of stimuli
in train drivers may also lead to a decline in performance. The working
memory is limited and recollections of the actions required from a
train driver at a warning signal may diminish, leading to vulnerability
to distraction and a selection of inappropriate driving strategies in the
lead up to the LoA.

Factors of an ELA Occurrence

Detecting the Warning

Unless a train is travelling at a speed where braking distance is equal
to, or less than sighting distance of the LoA, there is theoretically no
chance of it stopping if braking has not commenced by the minimum
braking distance point. The warning of an LoA is therefore of foremost
importance and requires a train driver to recognise it and respond
appropriately.?’ #*

By and large, sustained concentration can be difficult and the
integrity of a train driver’s detection of a warning can be countered in
a number of ways leading to error. There are also a number of human
factors conditions where train driver error is likely to be associated with
the detection of a warning: * ' 3% 40.42

1. Impression of the indication;

2. Inattentive blindness; and

3. Missing the signal.

Train drivers may not routinely fixate on individual signals. The
reality is somewhat different as only approximately three seconds will
be spent on the task at each location, dependant on conditions. Once
the information has been gleaned and an interpretation acquired,
the attention of a train driver may move to other things with perhaps

an occasional confirmation of the signal by a further glance if this

is possible. A generous signal sighting distance for a warning may
therefore be superfluous although the greater the sighting distance, the
longer the opportunity to take these ‘three-second” and ‘confirmatory’
glances. Once a train driver is satisfied that a warning exists, itis then a
matter of responding.”*
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Platform departure signals at Armadale, Western Australia, November 2006. Phillip Barker

As the nature of train driving is a highly routine task, ‘looked but
failed to see’ error can also occur. In this situation, so called ‘inattentive
blindness’ is a factor in train drivers missing cues; and depending
on the cognitive work load of the train driver on the approach to a
warning, the necessity to alter a routine may go unnoticed.*®

The missing of a warning may come about where a train driver has
removed all attention to other tasks away or has become disorientated
as to location and would not be expecting to see it.

Interpretation of a Warning

Train driving visual strategies reveal that there is an expectation of a
signal indication by a train driver that coexists with looking at a signal.
A series of green signals may be seen as requiring little attention from a
train driver. The appearance of a warning may also not elicit the desired
action from a train driver as there may be an ‘attempt to formulate an
explanation for it’. This explanation can be influenced by the context
the train is currently operating under — for example following another
train or the train driver expecting to get a clear run through a location.
This means that an action may be in opposition to a desired action
based on train driver expectation of the upcoming situation.'”

Although train drivers have a usual and planned approach to train
operation that is rationalised to suit a requirement, constant and
recurring information handling can become automatic and routine.
This approach usually means a requirement to shift from a current
routine and to accurately interpret a warning to provide a good chance
of a successful outcome — a stop at an LoA."" "

This inattention can lead to a poor perception of what is required,
leading to an incorrect action from the train driver. In the absence of
additional information to the contrary, a train driver may not be aware
that intentions are in variance to the conditions and continue to a point
where stopping before the LoA is no longer possible.*

A lack of effective interpretation and ultimately action can be influenced
by a warning signal that does not posses a full range of indications
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allowing a train driver to determine precisely what the next signal requires.
Ordinarily, a warning is an indication to a train driver of an LoA ahead.
Variations exist however where the warning is used to signify other
things including the next signal displaying a junction or siding indication.
Similarly, a series of cleared shunt signals may lead a train driver into
developing an impression of a likely destination rather than the next signal
being at stop. While a train driver is required by operating procedures to
treat all warnings as an indication of an LoA ahead, human factor issues
can lead to a less desirable interpretation of required outcomes.'®

Other possibilities for misinterpretation by a train driver exist where
a signal is capable of providing a warning as it’s least restrictive or
sole indication. This means that usual aspect sequencing may not be
provided between signals, for example, a warning leading up to a clear
signal. A warning that shows only the one indication may also tend
to be overlooked or can lead a train driver into assuming an outcome
based on a limited number of options including anticipation of a likely
or more favourable signal indication ahead.*

The ‘stepping-up’ of aspects in a junction signal goes some way to
alleviating the extent of this double meaning, however, stepping-up
functionality may not have full coverage on a railway network. Train
drivers of course may then not be cognisant of the locations where
stepping-up is available and those that are not. Therefore, a junction
signal that does not step-up from a warning to clear may not appear to
be any different from a junction signal displaying a warning not fitted
with stepping-up functionality.

While the train driving task is a routine one, train drivers can
anticipate conditions ahead based on an interpretation of the
current situation. The actions applied by a train driver in response
are continually checked and confirmed as the anticipated conditions
unfold. In a majority of cases, this cognitive schema of a train driver
provides appropriate outcomes, although in situations of poor
rendition of the stimulus, wrong schema may be applied or triggered
at a wrong time.?% %

RAILWAY DIGEST

Unconscious selection of the wrong ‘pre-program’ routine can
occur. When there is a change in established routine or when similar
but changed conditions exist, leading to absent-minded slips of action
by a train driver. This may be especially true when conditions are not
clear and complete. Exercising conscious intervention may therefore be
mislaid by a train driver if preoccupied or distracted especially during
habitual tasks in a well-known environment.*

The usual consequence of mistaken detection and interpretation is
a train driver adopting a less than optimal response, which ultimately
lowers the chance of being able to stop at an LoA when it comes into
view. As this human error can be a consequence of the influences of
signalling it therefore suggests that a train driver can be led to act
outside the intent of signalling system requirements and not realise it.®

Responding to a Warning
The interpretation of a signal by a train driver, especially a warning,
isimportant as it provides a prediction of an outcome and requires a
modification to the usual train driving routine.*
A wrong action can result from a mistaken context and meaning
of a warning where the intentions of a driver are not appropriate for
the approach. A train driver continually predicts possible outcomes
based on the requirements of the line and the train. As new inputs are
received confirmation of this plan is made.®
Modification to a routine is generally a response such as reducing
train speed and committing to braking. Of course, in some cases an
immediate response is not made, but nor is there a requirement for one.?
Three conditions can be associated with a train driver not
immediately responding to a warning (i.e. forestalling):
1. Overestimating train braking performance and/or distance-to-go;
2. Anticipation and expectation of a more favourable signal indication
ahead; and
3. The requirement to accelerate from a warning, thus delaying the
requirement to brake.

Forestalling

The reasons for forestalling by a train driver are intentional and based on an
interpretation of the warning or how the train is to be managed beyond the
warning, or a combination of both. ‘Holding a warning’ can be susceptible
to instances of attentional factors including distraction, preoccupation,
habit intrusion and inattention that predominate train driver error.’

The reasons for this apparent poor train driver behaviour may not
be as illogical as it seems as there are a number of situations where a
train driver may not take immediate action at a warning, in particular,
braking, i.e.:?!

* Low train speed;

* Generous distance-to-go to the LoA; and

* Superior braking capabilities of the train.

The outcomes arising from this train driver behaviour are not benign.
There is an increased likelihood of forgetting about the requirement
of a warning as a train proceeds further towards the LoA and a greater
chance of preoccupation with other tasks and routines that may obscure
the requirements to stop. By the time the braking point is reached a
train driver may have a diminished recollection of the warning.*'

Once the ‘three-second’ and ‘confirmatory glance’ is complete, the
‘wind down’ of the short-term memory may commence even though a
train driver may still be within sight of the warning.?

In addition to a requirement to reduce speed and otherwise proceed
with caution in preparation for a stop at the LoA, operational conditions
may have a train accelerating — the opposite to what is usually required
it a warning. For example, from a station stop, ascending grade or
speed restriction.

The dilemma for a train driver in accelerating a train from a warning
signal is a greater period of time before its conditions are exercised
and a diminishing memory. There will of course usually be no further
warning reminding the train driver that action should commence to
stop at the LoA. Therefore, the difficulty for a train driver is to mentally
‘hold’ this obligation against all other train driving requirements and
distractions until the appropriate time.'* 3

SEPTEMBER 2013

Acting on Assumption
Three situations can lead to train driver assumption:

1. Expectation of LoA clearing before arriving;

2. Mistaken context of a warning; or

3. Mistaken distance-to-go or train braking characteristics.

In the first situation, a train driver may expect an LoA to be more
favourable when the train arrives based on an assumption that a previous
train has continued into the next signal section or an approach cleared
signal will change, as it usually does, on the train’s approach.'® %

The second cause of anticipation can lead a train driver to expect
something less restrictive than an LoA ahead. For example, if a train
driver proceeds on the assumption that the next signal will be giving a
junction indication, the train will be managed in preparation for a lower
speed suitable for the junction rather than a stop at an LoA.***

Mistaken distance-to-go or train braking characteristics can be the
result of other factors. This is likely to be the case where a train driver
expects a more favourable indication ahead and will hold off braking
until confirmation can be made, at the same time presuming that
adequate braking distance or braking performance will still allow a stop
before the LoA.

The formulation of an assumption by a train driver can be based on
a number of conditions that are present and the context in which they
exist; influencing the interpretation of the warning in these situations.
The reading of a clear signal on another line may also reinforce a train
driver’s belief and lead to reversion towards a well-practiced train
driving routine." *

Forgetting about the Warning

The nature of line-side signalling requires a train driver to commit to
memory each signal until the next comes into view. As a train proceeds
along a line and between signals, a train driver can be subject to many
distractions including preoccupation. While these diversions can be
tolerated when travelling on green signals, they may not be without
risk following a warning.'®

The short-term or working memory is volatile and unless a train
driver repeats or rehearses the requirements of a warning well into
the approach it may dissipate, increasing the risk of susceptibility of
distraction.”

Memory failure is one of the most common errors and the failure
is more to do with forgetting to undertake a future action rather than
anything to do with the past. These slips can occur when a task has
been interrupted. For example, a train driver taking a radio call or
having to apply an out-of-course operation such as a speed restriction
when preparing for a stop between a warning and an LoA. A slip of this
nature may lead to a resumption of clear signal running by a train driver
once an out-of-course operation has been dealt with."

In any phase of a train driver’s task, distraction can lead to
forgetting an original intent, such as the stopping at an LoA. Once a
train driver loses the place in the approach to an LoA, another routine
may be invoked on an appropriate trigger. When similar but changed
conditions exist, an established routine may be reverted to if the
train driver becomes preoccupied or burdened with other tasks or is
otherwise interrupted.”

Any extension of the time taken to the point where an action is to
be exercised increases the possibility of short-term memory dissipation
and distraction which may increase the likelihood of habit intrusion of a
train driver, and the chances of an ELA occurrence. Conditions where a
train driver may be at risk of forgetting include:’

* Train is travelling at a slower speed and is taking excessive time to

move up to an LoA;

« Train is stopped and restarted between the warning and the LoA;

* High task demand placed on a train driver.

The volatility of the short-term memory is therefore determined by
the period of time an action is to be remembered as well as the number
of actions that are to be remembered.?

Distraction is likely to be generic rather than specific and appears
to be occurring all of the time, to which a train driver may or may not
be susceptible to. In the case of a train driver acting on an assumption,
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however, a train is more likely to be managed in compliance with
assumed conditions developed at a warning or just beyond it rather
than by the missing of a step in the process through distraction.' "%

Conspicuity of Signals

The fail-safe character and other safeguards built into a signalling
system exist in comparison to a train driver who may be seen as a weak
link. While automatic train protection systems can be applied to ensure
a train is brought to a stop at an LoA, it is still a matter of a signal clearly
displaying an indication and a train driver correctly acting on it.}

A common mitigation for ELA occurrences is to improve upon the LoA
that has been passed. This often involves signal sighting commitment to
ensure there is as near to optimum sighting by a train driver as possible."®

The effectiveness of a signalling interface and its detection by a
train driver can be considered in terms of its signal sighting attributes.
Although clarity and luminance of a signal can certainly be enhanced
by the provision of Light Emitting Diode (LED) inserts, their practical
sighting distance in places can be not much more than incandescent
types when curves and obstructions are present.”

The argument for improved signal conspicuity at these ‘high risk” or
‘black spot’ locations seems to rely on the impression that train drivers
will be able to observe and react to a red signal in enough time to bring
the train to a stop. While the greater the sighting distance of a red signal
is, the greater the chances are of it being detected by a train driver, the
provision of remedial measures on offending LoAs are only part of the
suite of risk control measures. The roots of an ELA event can be located
well before an LoA even comes into the train driver’s view.' 2% 30.42

It has already been seen that the context in which a signal exists has
as much to do with a train driver’s interpretation of it as there is ability
to sight it.?* 30-42

Many ELA events have occurred in the seemingly illogical circumstances
where a train has been stopped in front of an otherwise conspicuous
LoA and then starting off and passing it. In these situations, a train driver
may not always be watching a signal as intently as may be presumed.

Preoccupation and other distraction may or may not permit a train
driver to notice any change in an LoA’s indication, for example clearing
to a proceed indication. It is therefore less likely that a train driver may
review the stop indication of an LoA when standing at it, as this usually
only needs to occur once the train is ready to depart.”’

The situational awareness of a train driver during a station stop may
wane or attention shift towards other activities at that time. The routine of
stopping at a platform is followed by a departure, a course of action that
a train driver will expect. The departure of a train can be associated with
a lull in platform activity as passengers have either boarded or left the

Signals and safeworking requirements
may confront a train driver with
conflicting requirements. A
safeworking authority for the Block
Limit Board may be at odds with a
signal opposite, and vice a versa.

Up Home signal near the Bungil
Trucking Yards at Roma, Queensland,
September 2008. Phillip Barker
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platform, the dwell time at the platform, and finally an associated trigger
event for the train driver to depart. As similarities with a ‘clear signal
departure’ exist, the confirmatory evidence that this provides can prompt
a train driver into a departure routine despite the presence of an LoA.** *

Acting on a Wrong Signal

The presence of red and cleared signals on either the left or right

of the line requires train driver interpretation in the selection of the
correct one. A train driver anticipating proceeding beyond a location,
may misread or read the wrong signals because these are the signals
expected and wanted. This early understanding of signal information
can also remain unchanged as a train driver continues, leading to
serious error.'

For a stationary train, the clearing of a wrong signal on an adjacent
line may activate an inappropriate driving response such as starting a
train in reaction to specific triggering conditions.'

As train driving is mainly a routine task where usual routines can be
initiated without too much conscious effort, similarities in a situation
may summon an inappropriate action. This action may be acceptable
to a train driver because it matches the conditions according to the
information, even though the interpretation is flawed. Although the
environment can be well known to a train driver, changed conditions
such as the operation of a train on an opposite bi-directional line can
also lead to habitual but less intentional actions. #1732 3%.37

Automatic Train Protection
The inclusion of an Automatic Train Protection (ATP) system is a feature
that would minimise the consequences of an ELA event by proactively
braking the train to a stop should the train driver fail to do so. The
reality is that the high cost of an ATP system limits its addition to only
commercially viable or the busiest rail corridors where driver-only
operation is required. This of course leaves many kilometres of railway
network without ATP and where its benefits will not be available to
prevent ELAs and to mitigate the effects of human factor related errors. **
It should also be remembered that the use of ATP is not a complete
solution to ELA occurrence as ubiquitous human behaviour has led to a
number of collisions having occurred despite functioning ATP systems.*
From time to time an ATP system may not be operational or fully
functional because of maintenance or failure. This situation invariably
leads to a degraded mode of operation where a train driver must
operate the train without the benefit that an ATP system would have
otherwise provided. In circumstances of degraded mode of operation,
the risk of an ELA occurrence is likely to increase if the train driver has
become reliant over years of use on the safeguards ATP provides.**
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Conclusion

The signalling system provides the necessary safeguards on a railway
network and for the regulation of rail traffic. While the signalling system
provides these defences, it may also be a source of train driver error.

The interface between signals and train drivers represents the
greatest area of human factors risk. A number of references indicate that
‘contextual uniqueness’ or the situation in which a signal is presented
to a train driver prevails over mere signal conspicuity.

Improved conspicuity of a ‘bad performing’ LoA may provide benefits
but any gain may be marginal unless the ‘up-stream’ issues are determined
and considered. With improvements to signal conspicuity it would seem that
any further optimisation may do little to promote train driver compliance.

The degree of train driving automation suggests that attention
to signals can be overridden by other stimuli. Interruption and
preoccupation in the driving task resulting in habit intrusion is likely
to lead to a train driver’s mental model becoming erroneous and in
actions that come into conflict with actual requirements.

The burden of inappropriate or unbalanced amount, of stimuliin
train drivers may also lead to a decline in performance. The working
memory is limited and recollections of the actions required from a train
driver at a warning signal may diminish, leading to vulnerability to
distraction and a selection of inappropriate driving strategies. A train
driver of a train may continue an approach to an LoA believing the
action to be correct until the LoA is eventually sighted.
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