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Man's contribution towards system safety

1. Why human factors?

Like most large railway systems, the European railways have achieved high standards of performance, particularly when it comes to operating safety. What role do humans play in attaining these performance standards?

Most European railways share a number of features that distinguish them from certain other railways:

· different types of traffic run on the same installations, particularly in the many urban areas, where traffic demand is high and extremely varied and available space is rare,

· different signalling systems can be encountered in the course of a single journey. Performance requirements (speed, throughput, etc.) and the safety constraints imposed vary widely from one point to another,

· financial constraints lie heavily on the railway, effectively preventing it from adopting the optimum solution meeting either the most stringent requirements across the network or others as well. The level of equipment (technical and staff) must be finely adjusted to the level of requirement, the alternative being to abandon the operation of lines whose poor profitability will not accommodate a level of equipment that would be perfectly justified elsewhere,

· most European railway infrastructure is the result of a succession of network developments that began over a century ago and which reached their maximum extent less than 50 years ago. Even new infrastructure is required to fit in to these existing installations, more or less old, and interact with them.

The upshot is a high degree of complexity that has particular consequences for the role that is entrusted to staff:

· actions must be adapted to the equipment locally present on the line (automatic or manual, reflex or considered action),

· communications must be adapted to context: more or less modern systems, for example, with or without the ability to identify the correspondent and, increasingly, problems linked to different languages and cultures, already encountered in certain countries and becoming more frequent as a result of interoperability.

· …

As a result, the European rail system is complex (any attempt at an exhaustive description is doomed to failure: there is always a level of detail that is significant but impervious to prediction). It is also constantly changing (rapid fluctuation of demand, technical developments, changing mentalities of customers, the public, staff, etc.) and must seek the optimum performance – including safety – at all times and in all places (seizing "opportunities", reacting to downgraded situations, assaults).

The ability and the willingness to run a multitude of different configurations to match a wide range of situations have in the past (and still today) allowed trains to run on old installations where upgrading to the standard of modern installations is not economically viable.

Today we are seeing a multiplication of these problems as a result of increased through-working between the countries of Europe. And this means that an ever greater proportion of staff are being confronted with situations of this type, requiring solutions that escape the framework of standard regulatory and technical practice.

These characteristics are typical of systems that rely strongly on the human ability to manage complexity, accommodate the unexpected, detect change and adapt to it, imagine new solutions and make use of all the possibilities offered by a situation. To keep safety under control in a system like this, it is vital for these human beings to confine the exercise of their margin of initiative to the area of operation that has been determined as safe. Their ability to keep the system within the confines of its area of safety whilst steering it with initiative, responsiveness and finesse to cope with a range of highly varied situations will depend on the individuals themselves, the conditions in which they carry out their duties and the means at their disposal (training, documentation, tools, support, etc.).

These complex systems are based on an approach to safety that can be summed up as follows:

· description (ideally exhaustive) of procedures, culture of "best practice",

· selection of staff,

· training in procedures and "best practice",

· introduction to automatic control or substitution options when possible,

· need to maintain a certain discipline (reward / punishment).

This approach is characterised by a low level of confidence in the human element as a front-line operator. People are equated more with "obedient machines" and sources of error than intelligent beings that can make a positive contribution to achieving a result.

But the same approach reveals a high level of confidence in humans as prescriptors, relying as it does unreservedly on the regulatory provisions that are supposed to offer an adequate response to all possible scenarios.

This approach, that can be termed normative, has proven its worth. It has been instrumental in guaranteeing and improving the safety of processes in all high-risk industries over the past fifty years. Whilst it can help to maintain this high standard of safety in a wide variety of cases, it must be said that it reaches its limits in certain circumstances, especially today when the pace of change is so much faster and when economic pressures dictate that margins (and even safety margins) must be reduced.

In fact, the desire to describe absolutely everything through procedures leads to over-specification or sometimes even contradictions in the texts. Then it is the operators that must handle the corresponding ambiguities in the real-life situations they are faced with. And this thrusts them into a role of arbitrator that the system is not designed to recognise, with the result that work is not structured to accommodate it.

Staff selection is a means of weeding out those who make too many mistakes or lack self-control under unusual circumstances, but it cannot overcome the fact that all individuals are fallible. We can all make mistakes at one time or another: that's what makes us human! In most individuals, this fact is largely offset by other qualities that make men and women into reliable employees. The problem is that they are also fallible and that the errors they make cannot be assimilated to random phenomena like mechanical or electrical failures. The conditions in which they carry out their tasks condition them strongly.

Training in procedures does not prepare staff to face the real-life situations they will encounter. Classroom descriptions, even those on advanced school training systems, are often a far cry from what actually happens in the field. Trade-based learning, with no link to other protagonists, can lead to differing representations of the same situation. Admittedly, this is an area in which tangible progress has been made in recent years through the introduction of the simulator, in particular. But the road ahead is still a long one.

We must also remember that an individual at work is doing more than just applying procedures: he is pursuing a goal. And this underlying meaning to his work leads him to integrate information that is related to the circumstances in which he is immersed but not acknowledged by procedures (cf. the act of arbitration referred to above). Controlling risk and performance is at the heart of individual action. This control does not assign priority to avoidance of error but to achieving the objective in conditions that are acceptable for company and individual alike. Hence the importance to be assigned to detection, recovery or monitoring.

The introduction of automatic reactions is often designed in response to a specific problem, without taking a "systemic view". And this can lead to secondary effect that can turn out to be even more problematic than the initial problem, especially since these effects tend to emerge at a later point in time and often in unexpected areas.

Finally, the system of reward and punishment will more often encourage individuals to keep quiet about the problems they encounter than to strive actually to comply with the rules.

The development of automatic reactions, or the strictly normative approach to operators, both contribute to controlling performance (and safety performance in particular) in anticipated situations that recur in an identical manner and can be recognised unambiguously before being dealt with.

This progress in automatic reaction will tend to concentrate human activity in fields where people's abilities (decisions in an uncertain environment, assessment of situations, adaptability, flair, intuition, creativeness, inventiveness, etc.) are useful or even indispensable. These abilities are increasingly in demand to deliver flexibility in customer service and economic constraints. The normative approach – which performs better as the situations encountered become more predictable, programmed, classified, etc. – will tend to lose efficiency and find itself in conflict with the new responsibility invested in protagonists who are being asked to achieve objectives whilst observing certain constraints (of which safety regulations are the prime example).

Whilst we cannot afford to abandon the lessons learnt from this approach, we must identify the areas in which it reaches its limits.

If we manage to pinpoint the areas where this normative approach has reached its limits, this at least would be something. But even through feedback, we are not fully able to do so. This is because feedback systems look for non-compliance precisely where we expect to find it, i.e. in relation to the rules, and not in relation to the actual conditions in which an activity is exercised!

A further difficulty stems from the fact that we are permanently making changes to our systems (reorganisation, new technologies, etc.), and this shifts the balance and makes monitoring and comparison difficult over time.

Since the results of this normative approach are well established but the approach itself is reaching its limits, how can we go further in guaranteeing the continuity of the standard achieved and even improve on it, especially given the stringent demands of our customers and supervisory authorities?

The answer is, by supplementing the normative paradigm with a systemic approach to safety, taking better account of the contributions made by men and women to the (effective) running of our systems (cf. research by Jens Rasmussen, James Reason, Erik Holnagel, Jacques Leplat, René Amalberti …).

Some key ideas:

· the root cause of accidents lies in characteristics common to all individuals,

· variations in performance, either by a single individual or from one person to another, are of lesser significance than the overall influences exerted on the performance of all individuals,

· safety strategies must be focused on these systemic influences,

· an accident should be seen as the failure of an organisation rather than the single consequence of one human error,

· systems should be designed and structured to enable individuals to detect errors and take remedial action.

In other words, by taking account of human factors …

In our understanding, "taking account of human factors" does not mean "finding an excuse for accidents in the inevitability of human weakness" but involves "making use of the levers available to ensure that the variability of human action – inevitable but also useful, necessary and indeed desirable – keeps the system within the confines of safe and efficient performance".

2. Human factors – how?


21.  Principles:

As we have seen above, to go beyond the level reached today, we will need to take on board a number of aspects that tend to be neglected at present.

For example, we have seen that controlling risk and performance is at the heart of a protagonist's action. This means we must recognise the possibility for protagonists to arbitrate at certain levels rather than stubbornly considering them as "button pushers" that can do no more than simply follow the rules. There are many factors behind a given action and we should be making allowance for different possible actions rather than prescribing one single "best" path that will resolve the problems imagined by the theoretician but will often be caught out in real working conditions and damage the credibility of the rules themselves among operators.

We have also seen the importance of structuring the work, building in feedback loops to enable the protagonists to detect and recover errors and more generally system failure of whatever origin or, consequently, giving them the means of monitoring or inspecting the processes they are responsible for carrying out.

It is by incorporating – and therefore acknowledging – the ability of employees to innovate, adapt or even improvise and control that we have the best chance of building systems that are robust, in other words error-resistant.

We want our employees to be in control of the situation, and that means:

· understanding what they are doing and what they can do through an accurate representation of the system (no need for exhaustive knowledge, just a schematic representation that offers a framework for deductions – "if I do this, therefore …, if  that will happen, therefore…" – that are consistently accurate),

· having properly-understood rules that indicate the limits that must not be overstepped by the process they are operating, so as not to create problems for the overall system,

· having procedures and training in their implementation that allow them to attain the objectives that result from the above two points with certainty,

· being aware of how an error could occur and of what remedies are at their disposal, so that they make use of them and avoid placing themselves at the mercy of a weakness accepted as inevitable.


22.  Method:

To put these principles into practice, we embarked on an awareness campaign targeted at the management, to call their attention to the limits of the normative approach and offer them the possibility of acting by opening up the field of study: going beyond the simple conclusion of human error when a problem occurs and looking to know "why", establishing the specific circumstances of the situation under analysis.

Similarly, we want the management to turn their attention to the cases where a result was obtained. There is a tendency to consider that the operators had only to follow the rules in order to obtain this result. In fact, it can be instructive to look at how the operators really went about their job. A method of this kind can help to identify discrepancies, including under "normal conditions", and therefore approach problems with other references than just the rulebook.

We also put the management in a position to discuss the situation and work with specialists in the human and social sciences.

This approach goes hand in hand with the direct involvement of these specialists in study and project work, to enable them to contribute their skills, another kind of vision and interrogation and thereby help the management in the decisions it takes by revealing alternative levers for action.

This approach is necessarily of a more systemic nature. We are looking in particular to resituate the solutions obtained for specific problems in an overall system context, not hesitating to look for interactions to avoid secondary obstacles.

At this level, the means employed are:

· specialists: mostly ergonomists, sometimes psychologists or doctors,

· researchers for the other disciplines like sociology or management, for example,

· some managers that have developed human factors skills, such as in-house consultants but also engineers,

above and beyond individuals, other means include:

· in-house and outside training,

· simulation (specific tools have been developed, particularly in areas like driving, signalling or IT systems).

Example: regular checks on the ability of staff carrying out safety-critical duties to perform these tasks may shift from a traditional review of knowledge (ability to recite or express in words the text of the regulations) to a verification of the existence of:

· a relevant representation of the process by which situations can be reliably diagnosed and the right questions posed in relation thereto,

· knowledge and understanding of the rules enabling the right response to be given to the questions posed by the situation,

· habits and reflexes that are suited to detecting the information necessary to trigger the right action or diagnosis.

When typing a text, knowing how to write the words is clearly not enough to avoid making mistakes.

3. Integration

As we have mentioned, major projects or changes are flanked by specialists and follow structured approaches with regular checks to ensure the coherency of the technical developments on the one hand and the human and social adaptations on the other, as well as their consistency with the objectives set.

Feedback is organised with the following goals in mind:

· getting to know the phenomena involved (obtaining information on problems that have occurred but also, if possible, on "normal situations"),

· understanding situations and the way our systems really work in practice and above all, where possible, understanding aspects that do not conform to the rules or the theory but which go unnoticed because they lead to results that are apparently satisfactory, but at what risk?

· making use of this knowledge (above and beyond its simple statistical dimension) to appraise the suitability of the means deployed for the desired results and, if necessary, devising improvements.

This approach is still essentially focused on an analysis of what went wrong and on discrepancies in relation to the rules.


Audits are also conducted in order to:

· verify the conformity of organisations and actions with the rules,

· verify the relevance of the rules to the objectives pursued.

The company's management system – including safety management – also draws on this policy decision to take account of human factors.

We make sure that staff are involved in the drafting of rules and organisations that affect them, as well as in the analysis of the problems they are or might have been confronted with. Admittedly, these points meet with a certain resistance, as they tend to alter the respective roles of those concerned and shift the dividing lines between responsibilities. This method puts particular pressure on the local management, which is required to lead the process whilst at the same time being to a large extent challenged by it. We are working to remedy this.

All projects and changes must be evaluated from a human and social sciences angle in order to emphasise the benefits to be had from the flanking role of the specialist.

4. The example of preparations for the "Eurostar" service
Just as every railway company has its own system, it has also developed its own approach to the corresponding human and social aspects. This approach will be closely linked to the principal concerns that have led each of them to look more closely at this field of research, at the experience already obtained in associated fields (redeployment of staff, analysis of specific accidents, introduction of new technologies or locomotives, etc.) and to the history and also the culture of the corporate and national environment in particular.

When the three companies British Railways for Great Britain, SNCB for Belgium and SNCF for France began work on this service to link their three capital cities, at least the latter two already had some experience with crossing borders, albeit relatively limited. In many cases it was no more than working a handful of trains through to a handover point a few kilometres the other side of the border under specific operating conditions and with a very small number of drivers. For historical reasons, SNCB and SNCF had quite extensive experience of running for some distance into the territory of the neighbouring country. Practically since the earliest beginnings, Paris–Brussels and Paris–Liège services had been operated jointly, not to mention traffic in the Lille area. However, these operations were based on mutual trust arrangements and were free from any real linguistic problems.

In the case of Eurostar, a whole series of aspects had to be accommodated:

· driving a new type of train,

· three and then four different systems (the tunnel being a system in its own right) with different signalling systems and rulebooks,

· very different electrical power supply systems,

· communications in three possible languages: English, French and Flemish,

· new safety requirements imposed as a result of the tunnel crossing (dealing with incidents, evacuation, etc.).

Very rapidly it became apparent that it was humanly impossible to ask drivers to learn and master:

· all the rules and regulations of the neighbouring countries, plus the tunnel,

· the different languages, both in natural mode and free conversation,

· the safety measures based on a solely theoretical approach.

It was therefore important to make the best possible use of employees' skills to accommodate the sheer diversity and considerable variability of situations encountered. At the same time, it was necessary to provide driver assistance that would guarantee the desired result and enable those involved to keep control over the process they were steering. Action focused on how driving was conceived in the neighbouring country, its approach to learning and simulation, the operational documentation used and automatic support functions. The latter will not be dealt with here.

Consequently, we decided to look only at the regulatory aspects in relation to the services to be worked on the lines that were actually used, which made it possible to reduce quite substantially the volume of reference material. Similarly, we agreed to translate these texts and validate the translations, thereby enabling the departments and staff concerned to approach them and work with them in their own language, a major facilitator of appropriation and understanding. Finally, the approach to these documents and the associated working environment was based on differences and not treated in the absolute: all aspects that were basically similar were taken as such, with differences in presentation (signalling, formulation, etc.) being considered as simple differences in aspect. This may seem obvious today, but back at the start of the 1990s it was far from the case!

Where the languages were concerned, we rapidly came to realise that communications were very little used when the situation was normal, which meant it was not possible to rely on a regular practice of language as a guarantee for safe communications at the right time. The choice of a single language was not really an option, but the matter was given some thought nonetheless, particularly in view of the approach adopted in the aviation sector, where English is used exclusively. However, this choice was made very early on at a time when international aviation was just beginning to boom.

In the rail sector, systems are in place already and there is a need to build not something new but something in common, in continuity with what exists. And what exists draws heavily on the subtleties of the different languages used. Many European railways who have developed quite extensive through-working between their respective countries have rapidly come to this conclusion, even though their initial approach took them down a different path, perhaps by analogy with aviation and a relatively widespread use of English in their everyday life – I refer to the Scandinavian countries. Use of national languages, though, will unconsciously lead individuals to make efforts to understand their neighbour in the execution of his trade and will contribute to better understanding between former nations rather than attempting to use a third language, their poor command of which will prevent them from expressing certain subtleties. Having said that, it was important to develop standard messages for situations and procedures that we wanted to have completely under control. These were formalised and collected to form a "book of procedural forms", which includes a total of 62 ground-to-train and 15 train-to-ground messages. For each message, the right-hand page is the "business" page with all the necessary formality: order, selected words, etc. in the language of the ground-based team. The left-hand page contains comments and explanations in the different languages used.

A number of basic rules are scrupulously adhered to:

· the language spoken is that of the ground-based team (except in the tunnel which is bilingual),

· ban on all local terms or expressions (dialect, etc.),

· words with potentially misleading pronunciation are banned, as are "false friends",

· identification of "caller – person called",

· rule of alternance: wait for the other person to clear the line by saying "over",

· use of the Nato alphabet for spelling words (alpha, bravo, charlie, etc.),

· use of individual digits when reading out numbers (135 = one – three – five)

· keywords: over, out, etc.,

· the form is read back for confirmation and if the result is correct the authorisation to move on to the corresponding action is given using an authorisation number.

The task of updating this material, in the light of both changes to the regulations and feedback, is shared between the three operators. The same applies to route documentation, trouble-shooting guides and the driver's handbook.

On the driver's desk, the speed indicator switches automatically from miles per hour to km/h, as does the time on the clock and the language of the incoming messages on the radio display.

The different equipment on the driver's desk is identified using pictograms to avoid the need for text in different languages. The layout was designed on the basis of ergonomic considerations. An innovation was made for the emergency brake control, which was added at the end of the brake control stroke. This resulted from observation of the many cases when drivers having to make an emergency brake application pulled this control so hard that they twisted it instead of hitting the emergency push control.

Training was carried out for the very first time entirely on an operations simulator, even before the tunnel opened and the trains entered service. Some of the functions were taught on appropriate simulators. Some of the learning phases took place in a foreign language for the sake of realism. The safety procedures were also enacted by simulation.

However, what was possible for Eurostar cannot be applied more widely without precaution. This example shows what can be done by taking a closed, homogeneous and simplified system in isolation (simplified in that the foreign drivers are not supposed to be familiar with all the situations that might arise in the approach to Paris Nord or Waterloo stations: the routes are allocated and there are conditions attached to any change of route). It is based on a highly normative approach, in spite of the avowed objective, that goes so far as to replace meaningful communications by codes. Experience has confirmed that this solution allows a system of this kind to be controlled in conjunction with widely differing personnel. But more or less unrestricted operations in an open system or control over safety in the functions of infrastructure are perhaps not suited to a similar treatment.

5. Conclusion

This concern, on which SNCF as a company began to focus a little over ten years ago following a spate of accidents in the late 1980s, continues to grow. It has, however, led to the whole conception of safety, of responsibility and even the role of management and employees being called into question and as such has met with its share of reticence and resistance.

Despite this, the approach has been the basis for headway in a number of areas:

· building on the approaches adopted to improve the efficiency of organisations to take better account of human and social aspects (human factors),

· dissemination of the practices or rather the methods adopted,

· widespread application not of the results or of the solutions found locally, but of the working methods developed to achieve them.

In this spirit, the Safety Directors of the main European railways have set up a Human Factors working party putting together reference material as part of a drive for quality:

· not off-the-shelf solutions for universal use

· but approaches drawing on a network of competencies

· not a search for a "European" definition of human factors but a progressive, common approach around specific cases.

This whole process, finally, also draws on benchmarking in the research field, essentially by means of the involvement in "research / business" networks on possible developments in risk management and also the monitoring of specific research initiatives, to develop our own knowledge in the fields where the traditional solutions are proving totally inadequate but also to "keep in touch".

At European level, work has just begun involving researchers from two countries looking at train operations across several national boundaries from a new angle: that of human factors.

The goal is to go beyond the standard regulatory and technical approach to develop a way of organising work that tends to homogenise practices. This aims to put operators in the right conditions to execute their work successfully. Rules that sought to encompass all the differences that exist between the wide range of systems developed in Europe to this day, the different languages to be mastered (often in the context of an incident) and even the different cultural approaches would in all likelihood bring more pitfalls than the operators would otherwise have to avoid and to which some of them would without doubt fall victim.

The approach seeks as much to deal with the specific train services on which the study is based as it does to develop a method for handling future train operations and contributing to the harmonisation of European rules. The aim is to avoid starting from scratch in each case with the approaches used for the different driving operations in neighbouring countries, as has been the case up until now. Implementation will coincide with the symbolic date of the opening up of the European freight network in March 2003.
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