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An air traffic management operational centre in Europe was suffering from a recurrent incident pattern. This pattern involved controllers overlooking an aircraft that they had dealt with and handed over to the next sector, but it was still within their own sector of airspace. Over a period of around a year, more than a dozen incidents occurred where minimum separation was lost between such aircraft and other sector aircraft as a result of this omission. The situation was analysed from a Human Factors perspective and found to be caused by a working memory failure, where recent information was ‘discarded’ to make room for new aircraft information. The solution involved a change to the HMI to highlight that the aircraft were still relevant and must not be overlooked by the controller. After the change, the incident pattern disappeared for approximately two years. However, a new and more complex incident development has now occurred, and is also being analysed from a Human Factors perspective. This time there appears to be no simple remedy, and a more systemic approach is being used. The case study is presented, and the approaches of searching for ‘magic bullet’ solutions versus ‘systemic’ packages of recommendations are contrasted, and implications for ergonomists discussed.
Introduction

Although fatal accidents involving commercial airliners are rare, incidents entailing a loss of safe separation between aircraft are relatively more frequent. Whilst undesirable, it is such incidents that enable risk and safety specialists to detect unsafe trends and to forestall accident potential. Losses of standard minimum separation between aircraft (standard minimum separation for en route air traffic is 1,000 feet vertical separation or five nautical miles lateral separation) may be reported by air traffic controllers, or by pilots, or by both, or even recorded automatically where there is such radar-based technology installed. Such incidents, unless very minor, will be investigated to understand their causes and to see if countermeasures are warranted. Most commonly, incident analysis may lead to some re-training or a procedural amendment, or (less usual) a change to airspace design or the controller’s human-machine interface. Sometimes however, a more complex and systemic picture emerges, particularly if an incident pattern i.e. a set of incidents with common characteristics, arises. A contemporary human error classification system used by a number of European States in such investigations is for example the HERA system (Isaac, Shorrock and Kirwan, et al, 2002).  


The nature of the air traffic controller’s task is notably perceptual, with the En Route controller for example having to focus on a radar screen with various symbols representing aircraft and their vectors and states within a three-dimensional system, which every few seconds ‘moves’ as it is updated. Whilst there are procedures, air traffic control is highly dynamic, and so most procedures are memorised, and practiced sufficiently frequently that controllers can handle most traffic smoothly. The intensity of the job makes significant demands on vigilance, and so typically a controller works for between ninety minutes and  two hours, although longer periods (up to three hours) are possible. Although future ATM systems intend to make more use of electronic and automation support, most controllers today still use radiotelephony for communications with pilots onboard the aircraft, for issuing instructions and receiving requests. 

Several years ago in a European Air Traffic (En Route) Control Centre, an incident pattern was detected where controllers from one sector were handing over aircraft to the next sector early, i.e. whilst such aircraft were still in the first sector. Although there were a number of factors involved, the one common factor was that such aircraft would then be ‘low-lighted’ (i.e. the brightness of the aircraft label and associated information, called the track data block, was reduced) on the radar display. This led (albeit in rare cases) to some controllers then over-looking these aircraft, and thus to losses of separation between such aircraft and other aircraft still under ‘active’ control in that sector. A Human Factors investigation ensued and a recommendation was made to change the interface characteristics via a special radar display partial colour coding of such ‘handed-over’ aircraft. The incidents stopped and the problem disappeared. 

Two years later however, another incident pattern emerged. This time aircraft that were still under ‘active’ control were overlooked and involved in losses of separation incidents. Five of these incidents were therefore again reviewed in detail and discussed with the controllers who experienced them. The incident interviews were held on two separate half-days, with three and two controllers respectively, and with the incident investigator present. All five incidents were ‘replayed’ via a recording system that captured the radar picture evolving at the time of the incident, including voice messages between controller and pilot, and discussed at both sessions. This meant that controllers saw not only their incident, but the others as well. Each controller was asked about their particular incident, and then the incidents as a whole were discussed in terms of both specific and systemic causal and contributory factors, and potential remedies. What became clear was that this was a more complex and multi-causal phenomenon, and that a single (so-called ‘magic bullet’ solution) would not suffice this time. The remainder of the paper gives an appreciation of some of the types of factors, and discusses the implications for ergonomists working with the safety of such complex systems and phenomena.
Analysis
The analysis approach utilised an information processing model approach, and some of the key causal and contributory factors are represented in Figure 1, which is a ‘Swiss Cheese’ representation of the characteristics of the incident pattern as it is currently understood, showing causal factors (without which the incident would not have happened) on the right side, and 
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contributory factors (which increase the likelihood of the incident) on the left. 

In the causal reconstruction, TCAS (Traffic Alert and Collision Avoidance System) in these cases did prevent further erosion of separation or collision. Short-Term Conflict Alert (STCA), an alerting feature for the controller, which usually gives one to two minutes warning, was not an effective barrier in preventing loss of separation in these situations, and the air traffic controller (ATCO) also did not prevent the loss of separation. The Air traffic Control Centre (ACC) design and capacity envelope, by which is meant the traffic patterns assigned for this region of airspace, also allowed ‘conflicts’ to emerge (a conflict is when two [or more] aircraft encounter each other in such a configuration that if nothing is done loss of separation will occur), and the density of traffic required high degrees of concentration. This fourth barrier related to airspace design and traffic throughput is technically a cause but is more often thought of as an enabler – but it is highlighted as a cause here because perhaps future design of traffic flows will be better at reducing the number of conflicts in the first place, so reliance on ‘downstream’ safety barriers is reduced. 
It should be noted however that most of the incidents did not occur at peak (busy) times; rather they occurred after a busy period. This is noted on the contributory factors side of the diagram as the ‘gear-shift’ factor – as controllers ‘shift down’ to a lower rate of traffic, they tend to relax, and that is when the incidents occur. Fatigue may also contribute to this aspect, as a function of normal duty and shift periods. [As an important aside, it may be hard to persuade management to put new controllers on duty when the current duty period is not officially finished, and there is very little traffic, particularly when there may be a general shortage of controllers]. Another related aspect is that when traffic is intense, the two controllers working on a sector are both very involved in the traffic and act as a recovery mechanism for each other – but when traffic levels drop, there may be a tendency for the second, less tactical controller, to no longer be so involved in the traffic. This is referred to in the diagram as ‘No longer two pairs of eyes’, using the vernacular of the controllers. A further contributory factor is the desire by controllers in this and many sectors to give a good level of service to pilots flying through their sector of airspace. Thus, a pilot that requests a higher flight level (generally speaking, flying at higher flight levels require less fuel), or a route change, will generally be accommodated wherever possible by controllers, irrespective of what was filed in the original flight plan for the aircraft. This is not a problem per se, but it means that the controllers may give priority to such aircraft, and these aircraft therefore gain the controller’s situation awareness or focus, at the expense of other aircraft that are making no such requests. It is therefore the latter aircraft that are tending to be overlooked. This may be seen as a form of ‘layered situation awareness’.  
Resolution

There was no single ‘magic bullet solution for this set of incidents. Instead a range of measures were suggested, categorised into three areas of human, technical and organisational. The ‘human-level’ recommendations included consideration of training for low workload and ‘gear-shift’ type situations over a full duty period (e.g. two hours), as well as refresher training without STCA, and development of ‘defensive control’ strategies for situations where controllers recognised their own vigilance resources were decreased. The technical level recommendations include improvement of STCA parameterisation to give increased warning time (this is being implemented), and in the longer term developing an additional tool that will react prior to STCA’s operating envelope. The organisational level recommendations included development of a suite of low vigilance countermeasures and possible use of ‘threat and error management’ approaches as used in aviation as part of the LOSA (Line Oriented Safety Audit) approach (Helmreich, 2006). As yet, aside from the STCA improvement and a focused awareness campaign at the Centre, it is not clear which other recommendations may be implemented.

Discussion

In Perrow’s (1984) terms, we live with a number of industries that are tightly coupled and highly interactive. When these are ‘optimised’ for productivity, it can mean that the safety margins are narrow. Such systems may also be considered to be like pressure cookers – if a leak develops and is then ‘plugged’, another leak may arise somewhere else – this is also called ‘risk migration’. The implications for the ergonomist or safety specialist are first that
the days of finding nice, clean, single solutions are fewer ahead than behind. Second, it behoves people working in these areas to always take a systemic approach, at the least using frameworks such as SHELL (Software, Hardware, Environment, Liveware, and teams [Liveware ‘squared’] or MTO (man-technology-organisation). Third, these different attributes of the composite system (e.g. MTO) cannot be considered to be independent – there may be emergent effects that cause dependence between several aspects (e.g. in the incident pattern reviewed here: traffic patterns leading to gear-shift, leading to vigilance decrement and no longer two pairs of eyes, etc.). Fourth, this phenomenon of inter-dependence in such systems means that recommendations and mitigations must reflect such dependencies and counter or mitigate such dependencies. So, rather than a list or ‘cocktail’ of recommendations, there must be at least a ‘strategic cocktail’, rather than a ‘pick-and-mix’ strategy depending on what management believes in and can afford. The ergonomist must therefore present information in a way that clarifies essential partnerships and synergies between different recommendations. The so-called Swiss cheese metaphor, perhaps supplemented by mind-map diagrams or other link diagrams, may be useful visual representations to make such complex inter-relationships clear to all. 
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Figure 1: Characterization of the Incident Pattern








