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Abstract: Safety performance measurement requires the input of data.  Traditionally ‘after the event’ or ‘lag’ data has been used to measure safety performance – the ‘event’ being some kind of undesirable happening.  Typically such events would be accidents of one kind or another, or failures that have a negative impact.  Collisions, derailments, broken rails, train partings, bearing failures, staff assault etc, etc.

Sometimes the type of event used as the measure of performance can have a catastrophic result – the low probability, high consequence happening that any enlightened organisation will want to avoid at all costs.  Equally, significant numbers of lesser events occurring to any rail organisation can be almost as debilitating as the single catastrophic event.  The best defence against this is to be forewarned – the tell-tale signs that are the precursors or the alarm bells – allowing for proactive rather than reactive responses.

The tell-tale signs are not always recognised for what they are and, more likely not reported, not analysed, not trended and therefore not acted upon.  This is the realm of the ‘lead’ indicator - prognosticators of doom and gloom if you like.  Like the tsunami sensor, or the wild weather indicators they allow for preparation and defence.  The enlightened organisation will make sure that it is well supplied with this data.

This paper will consider the nature of lead indicators, the range and variety that are available in the rail industry, and how to use them to forecast approaching bad weather.  They are physical, such as an increase in rail flaws.  They are procedural, such as an increase in breaches of safe work practice.  They are systemic, such as failure to achieve completion of an audit programme or failure to close out corrective actions on time.

The lead indicator should be used at all levels of a rail organisation, from the Board to the front line.  Effective safety governance depends absolutely on knowing what is going on, and for senior management in particular, there is no excuse for not knowing what is going on.  Being a senior manager, one would want to have that knowledge.  This paper will give the organisation the means of providing that knowledge, ahead of the ‘oh shit’ event.

Based on many years of experience in this sort of thing Alan Ross will show that it is quite simple to set up the kind of weather forecasting environment that should avoid most, if not all, of the bad news – where the embarrassed manager or PR person ends up trying to explain to the media why the organisation failed.  The media training never fully prepares you for that.

Introduction

In order to understand something you must first measure it. Anon
Performance indicators play an important part in the effective management of any activity.  We all use leading performance indicators in our daily lives.  Common examples can be found in a car: the fuel gauge, temperature gauge and oil pressure indicator all provide information that can be used to anticipate an approaching potential problem, so that pre-emptive action can be taken to prevent or mitigate that problem – such as filling up the fuel tank before the fuel runs out.  Simple.

Generally though, we are most interested in lagging performance indicators, that measure final outcomes resulting from an activity, but these lagging indicators may not provide enough information to guide actions and ensure success.

Reasons why lagging performance indicators may not be sufficient

Accidents are rarely accidental.  Byron
· There is a time delay between actions taken and the outcomes that result – the lagging indicator may provide information too late for any response to prevent an undesired outcome.  For example by the time problems from smoking cigarettes become apparent it may be too late to avoid ill health.

· The outcomes are the result of many factors.  The lagging indicators may show how well an activity is going but may not provide information as to why it is happening and where to focus any corrective actions that may be necessary to improve performance.

· The outcome rates being measured are low (for example number of derailments) and may not be sufficient to provide feedback for effective management of the process – they provide more ‘noise’ than ‘signal’.

· The outcome is so severe that it is not sensible to wait for it to happen to find out that something is wrong with the process.  Where there is potential for disastrous outcome but with low likelihood, the absence of such events may not be a sufficient indicator of good management.

· Lagging indicators may fail to reveal latent hazards that have a significant potential to cause serious undesired outcome.

By measuring the inputs to a process, leading performance indicators complement the use of lagging indicators and compensate for some of their shortcomings.  Leading indicators can be used to measure the effectiveness of control measures and give advanced warning of any developing weaknesses.

Leading performance indicators can also be used to measure the inputs that people are making to the activity and can be used to promote a positive culture towards improving performance.

Leading performance indicators provide information that allows a response to a changing circumstance and to take action to achieve a desired outcome or avoid an unwanted outcome.  To help improve future performance by promoting action to correct potential weaknesses without waiting for demonstrated failure.  At this point it should be pointed out that some leading indicators cannot simply be used as a metric of the current situation.  They should be seen as part of a guidance and improvement process.

Potential problems in using leading performance indicators

There is good evidence that when leading performance indicators are used correctly, they are effective for helping to improve performance.  They can also be misused.

For leading performance indicators to be effective in the improvement process, there must be an association between the inputs being measured and the desired lagging outputs.  There needs to be a reasonable belief that the actions taken to improve the leading indicator will be followed by an improvement in the associated lagging output indicator.

There are several reasons why an apparent improvement in a selected leading performance indicator may fail to deliver an improvement in the associated lagging output performance measure:

· Targeting the wrong issues, through a lack of understanding of the inputs that really affect output performance.

· Selection of leading performance measures that are not sufficiently demanding.

· Leading performance indicators seen simply as a metric, with actions taken to gain a good ‘score’ rather than being used to guide actions that will correct weaknesses.

· Subjectivity in evaluating the leading performance indicator that allows a degree of self-deception

Thus setting a leading performance indicator and gaining a good score does not automatically improve performance.  It is not the numbers that are important but the quality of the information gathered and what is then done with the information that will make the difference.

So, in the rail industry what is a leading performance indicator?  Take an obvious example of an undesired outcome, such as a broken rail.  This is actually a very complex subject because the ways in which rail can fail, or be ‘broken’ are many and varied, but as very definitely an undesired outcome there are plenty of warning signs.  Any track asset owner would clearly be foolish not to utilise the full suite.  That is the obvious example, but what about the less obvious?

Leading performance indicators as a measure of cultural maturity

Though the Life Force supplies us with its own purpose, it has no other brains to work with than those it has painfully and imperfectly evolved in our heads.  Shaw
Whilst leading performance indicators can be used as part of a control process – such as in rail flaw detection – they may also be used as part of a continuous improvement process associated with what may loosely be termed ‘safety culture’.  Whilst some may object to the term as meaningless twaddle, there is no doubt that different organizations have a different approach to safety that affects there whole modus operandi – otherwise known as ‘culture’.

Characteristics of good indicators

For any performance to be effective, it is important that it is:

(a) Objective and easy to measure.

(b) Relevant to the organization or workgroup whose performance is being measured.

(c) Providing immediate and reliable indications of the level of performance.

(d) Cost efficient in terms of the equipment, personnel and additional technology required to gather the information.

(e) Understood and owned by the workgroup whose performance is being measured.

In addition there are some additional characteristics that leading performance indicators must have if they are to be useful:

(a) There must be a connection between the leading indicator information and the outcomes that are of interest.

(b) The reasons behind the indicators must be understood by both the line management and the affected workforce.

(c) The indicators must provide information that can guide future actions to either improve desired outcomes, or provide warning of potential weaknesses and allow action to avoid undesirable outcomes.

What is safety?

Safety can be defined as absence of danger.  This makes actual safety difficult to measure.  Measures to indicate the level of safety are therefore usually the level of failures that have resulted in unwanted incidents.  Acceptably low numbers of such failures are taken to infer that the activities are acceptably safe.  This is not always the case – often the difference between a near miss and a disaster is LUCK!

Leading performance indicators are particularly useful for safety as they can help take the luck out of managing safety by giving more recognition to the actions that are necessary to reduce risks and improve performance.  The process of effective use of leading performance indicators can be summarised as one of:

1. Identify where there are potential weaknesses or opportunities for improvement.

2. Identify what can be done to counter weaknesses or deliver improvement.

3. Set performance standards for the actions identified.

4. Monitor performance against the standards.

5. Take corrective action to improve performance.

6. Repeat the process, using the continual improvement model.

Classic PLAN – DO – CHECK – ACT.

When accident rates are low, there is a problem collecting the necessary ‘safety intelligence’ in order to make continuing improvements in safety.  Accidents and incidents may well be thoroughly investigated and area for reform and initiative identified from the subsequent analysis.  However, when these occurrences are rare it becomes increasingly difficult to identify areas for improvement.  There is also the danger that a lack of adverse events can lead to a feeling of complacency.
Leading performance indicators play an important role in motivating a continuous improvement process, by focussing on areas that have the potential to cause an accident, before the accident itself is realised.  In this way they can be used as a form of ‘safety condition monitoring’ in much the same way as engineers carry out ‘machine conditioning monitoring’.

Leading performance indicators for safety

Leading performance indicators for safety are based on the inputs and actions that should be taken to manage risk and improve performance.  In the case of managing rail safety risk, therefore, we are talking about the control measures.  It is therefore essential that the organisation’s risk profile is known and fully understood.  The risk profile will also identify the existing control measures and it is from these that the leading performance indicators can be developed, along with the precursors or ‘warning signs’ that are frequently present.  Of course some are more ‘leading’ than others, some might be considered lagging indicators by certain people.

Example 1
Looking at a specific example of an undesirable event: a train derailment due to a broken rail.  The number or rate of train derailments is the lagging indicator, and as the consequences of this type of event are often disastrous (as in the case of Hatfield, UK), it is something to be avoided at all costs.  The secondary lagging indicator is the actual number of broken rails.  A tertiary lagging indicator might the rate of occurrence of broken rails and whether the trend is up or down.

There are a number of control measures that can prevent or mitigate the occurrence of broken rails, which may include:

1. Quality control of newly manufactured rail (detecting flaws at that stage)

2. Accurate database of installed rail, type, year of manufacture etc

3. Predictive failure based on traffic volumes, axle loads, types of train, speed.

4. Rail flaw detection programmes (typically ultrasonic) and results

5. Effectiveness of the rail flaw detection programme

6. Competent analysis of data and initiation of intervention when required.

7. Independent validation of the test procedures used

8. Competence of the persons undertaking the ultrasonic work

9. Track maintenance regime

10. Regular visual inspection to support the ultrasonics

11. Competence of those carrying out the visual inspections

12. Depth of knowledge on the subject in the organisation

13. Managing rolling stock wheel flats to a Standard

14. Managing track formation integrity to a Standard

15. Managing rail joint condition to a Standard

16. Identified higher risk locations, eg high curve rail more prone to defects

17. Defined intervention levels (eg replace rail, grinding) contained in a Standard

18. Required interventions monitored for compliance

19. Non-compliance reports provided to line management

20. Regular review of the Standard to maintain alignment with technology

21. Independent auditing of the overall process

22. Follow up and close out of corrective actions from audits

23. Safety culture – for example existence of production pressures

24. Senior management governance

The list is meant to be indicative, not exhaustive.  The control measures are in no particular order and clearly some are more critical than others but it is from a list of such controls that we can start to construct leading performance indicators to provide the advanced notice and warning required for assertive action.

A railways use rails but there will be many variations on the usage that may impact on the ultimately best way to develop leading performance indicators.

It pays to remember that we are talking about measuring and managing performance within this area of the overall activity.  Quite simply leading performance indicators lead performance while lagging indicators lag performance.  In other words one tells you where the performance of your asset is going to, allowing a proactive approach; the other tells you where it has been, allowing only reactive responses.

First glance says this is counter-intuitive.  How can we measure things that have already happened and think that we can predict future performance levels?  The trick is to fully understand the processes that are in place.

In the case of broken rails, there are a number of causes and they are well documented.  Rail flaws are one crucial cause of rail flaws and there are effective ways of detecting and monitoring rail flaws.  The control measures listed earlier represent the opportunity to establish leading performance indicators.  How do they figure in the rail operation in question, in what logical order should they flow?  Which of them provides the best early warning against the occurrence of broken rails?

Example 2

The first example was largely a technical risk issue, now let’s look at another example of an undesirable event that is much more human factors related: a track worker(s) or a rail maintenance worker is killed when struck by a train or track plant.  The lagging indicator is the incidence of fatalities as a result of this risk.  However, the numbers are generally quite low so a more useful lagging indicator might be the incidence of safe working irregularities that had the potential for a fatal accident.

There are a number of control measures that can prevent or mitigate the occurrence of track worker or rail maintenance worker fatalities, which may include:

1. Absolute occupation of the track – no trains running – often not possible

2. Safe work protection systems – effectiveness, currency, benchmarked

3. Network Rules – effectiveness, currency, benchmarked

4. Warning devices – best use of technology

5. Training and qualifications/competence, including supervision

6. Safety Bulletins – read and understood

7. Clear definition of roles – no gaps

8. Work planning – effectiveness, or just a paper exercise

9. Visibility of workers

10. Visibility/audibility of trains

11. Communications

12. Drug and alcohol management

13. Local knowledge – train movements, track layout etc

14. Pre-work safety/risk assessment – usually documented

15. Presence of safety personnel and competencies

16. Auditing (internal) of the process and levels of compliance

17. Extent of auditing in relation to activity and/or risk levels

18. Data from audits indicating levels of non-compliance

19. Follow up of audit corrective actions

20. Regulatory activity and legislative requirements

21. Fatigue management

22. Safety culture – for example existence of production pressures

23. Senior management governance

The control measures listed here represent the opportunity to establish leading performance indicators.  How do they figure in the rail operation in question, in what logical order should they flow?  Which of them provides the best early warning against the occurrence of track worker deaths due to being struck by a train (or a track machine)?  It is probably more difficult to achieve a result with Example 2 but by considering how they fit together, in what order and which offer the best protection against the risk, the leading performance indicators can be developed.

Although the two examples are distinctly different they share two control measures – the last two, and the last one – senior management governance – has been the subject of a paper I presented at an earlier International Rail Safety Conference.  Senior management governance – up to and including the Board, has an overall responsibility to ensure that risks such as these given in the two examples are effectively managed.  There should be no surprises.  In this earlier paper I also focussed on leading performance indicators – that will allow a Board or senior management team to exercise that responsibility.
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