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Abstract:

An Alertness Management Training was developed for airline pilots in order to raise the awareness of fatigue and create more safety. The concept of the training and the training itself are described. The reaction of participants to the training is presented. Further, recommendations for a comprehensive Alertness Management including not only crew members but also airline management and scheduling are given. 
Introduction:

Increasingly, fatigue and sleep deprivation are being recognised as a safety issue in aviation of high priority (Goode, 2003). Fatigue is often accompanied by decreased performance and mental abilities, which can lead to human error and accidents. In aviation, fatigue, sleep loss, and circadian disruption created by flight operations can degrade performance, alertness, and safety (Rosekind, Neri, & Dinges, 1997). There may be a number of negative effects in the cockpit: increased reaction time, reduced attention, and greater tolerance for errors. Further risks are impaired communication, cooperation, and crew coordination. Crew members may become more withdrawn or irritable, less clear in their speech, and more prone to misunderstand messages.
Due to the inherent schedule requirements for irregular and unpredictable schedules, long duty days, early report times, night flights and reduced sleep opportunities, fatigue can not be eliminated from aviation operations. Therefore, there is a need to develop scientifically valid fatigue management approaches to mitigate sleep loss, enhance alertness during extended duty periods, and cope with circadian factors (Mallis, Bankes, & Dinges, 2010).

Raising the awareness of fatigue is the first stage in creating more safety. Alertness management strategies can be used to promote safety and performance in operational settings by minimizing the negative effect of sleep loss and circadian disruption (Rosekind et al., 1995). Further, an Alertness Management Training enhances and encourages a more professionally behaviour concerning these issues.

Thus, an Alertness Management Training has been developed for airline pilots by the German Aerospace Center (DLR) in collaboration with the German Pilots Association (“Vereinigung Cockpit”). 

Training Development and Training Modules:

Based on a trainings concept for truck drivers (Rönecke, Gundel & ten Thoren, 2005) a more aviation focused training was developed. The original training included basic knowledge of sleep, fatigue and shift work, causes and signs of fatigue, appropriate and inappropriate strategies. The aim was to create a more scientific focused and aviation specific training for pilots with the presentation of research findings on fatigue, sleep, and preventive strategies. Thereby, it was intended to find an adequate balance between scientific knowledge and practical exercises that helps to transfer the theory into practice.

Fatigue models are useful for educating people about fatigue in non-standard work situations (Gundel, Marsalek & ten Thoren, 2007). Therefore, one import basis of the training is the ‘Alert’ model by Gundel which predicts fatigue sleepiness and task performance by three different components: A Circadian component, a sleep-related component, and a task-related component (Fig.1). This model was used to demonstrate the background of alertness and is further the basis for the computer program ‘Alert’ that is used in the training.
[image: image1.emf]
Figure 1: Model Alert
Based on this model, different aspects in the training were included which educate participants in knowledge of sleep, circadian rhythm and strategies to prepare for and overcome task-related fatigue. Results from previous fatigue studies were used to suggest potential countermeasures to sleep and circadian issues that flight crews are facing. 

The training consists of eight different modules: 
1. Raising the awareness of fatigue
The module is used to introduce the participants to the subject. The terms of fatigue and sleepiness are clarified and different studies are shortly presented to demonstrate the risk of accidents because of fatigue.  
2. Basics of alertness management

In this module, participants work on individual fatigue signs, causes of fatigue, and strategies to deal with fatigue. The model ‘Alert’ and its components are presented. Finally, effects of different substances are discussed (e.g. caffeine, stimulants).
3. Basic knowledge on sleep 

The module gives some basic knowledge on sleep. Contents are sleep stages, average length of sleep, differences in the individual need for sleep, and sleep deprivation. Further, some research findings on the relationship between age and sleep, and gender and sleep are presented. Finally, scientific results are presented that show the effects of multi-sector duties, consecutive duty days, and hassles on fatigue. 
4. Computer program ‘Alert’

A computer program for fatigue prediction (‘Alert’; developed by the German Aerospace Center), is used to demonstrate the effects of flight times and individual behaviour on fatigue. This program is based on the alertness model ‘Alert’ described by Gundel et al. (2007). In the first step the computer program and its operation are presented.
Second, an Actiwatch was used to show another area of application: One of the participants was asked to wear the Actiwatch overnight within the training (or one day before in case it was a one day training session). With the help of ‘Alert’ the day activity and sleep pattern was looked at and discussed within the training.
In the third step, different aviation accidents in which human factors played an important role (especially fatigue) are used to demonstrate the possibilities of the program to predict critical periods of fatigue.  
5. Measures of fatigue 

Different measures of fatigue (questionnaires and tests) are presented. Handhelds are used to give the participants the opportunity to try some of the measures by themselves. Finally scientific results are shown to illustrate the relationship between fatigue and performance.
6. Basic knowledge on circadian rhythms

This module deals with the circadian clock. Its physiological basis is presented and different possibilities to influence the circadian clock are discussed (e.g. melatonin and light). Jet lag and strategies to deal with jet lag are illustrated. Finally the effects of early starts on fatigue are shown based on research results. 
7. Sleep quality 
This module starts with some basic knowledge on sleep disorders. Further, causes for poor sleep and strategies for a better sleep are presented and discussed.
8. Alertness management strategies

Different preventive (used prior to duty) and operational (used during duty) strategies to deal with fatigue were presented. These strategies reflect all aspects that were already discussed and presented within the training.
Beside these modules one important aim of the training was to give participants the opportunity to share experience, discuss difficult situations due to job requirements and to help each other by giving individual tips and aviation specific strategies to deal with fatigue. For this reason all modules included time for exchange of information between participants.
In advance of the training a sleeping diary is handed out to the participants. Participants are asked to fill in the sleeping diary for two weeks. The diary offers enough space to assess their own fatigue before, within, and after every flight duty as well as their fatigue before every sleeping period and the sleeping quality after every sleeping period. Each participant gets an individual feedback on his sleeping behaviour and individual tips are given to improve his sleeping quality. This diary raises the awareness of fatigue before starting the training.
Implementation of the training:

The training concept was tested with three groups of participants (pilots of three different airlines). The training was organised by the German Pilots Association. For the first three training sessions three moderators guided through the modules: One captain as a representative of the German Pilots Association and two DLR psychologist. The captain focused on the program ‘Alert’, the presentation of aviation accidents and flight specific exercises, while the psychologist were in charge of the other training contents. 
The training modules were either divided into a two days-training or held on one day. The number of participants varied between 8 and 13 participants. 
Participants were asked for a detailed feedback after the training. Reasonable suggestions for improvement were included in the training concept and the slightly modified training was tested in the second as well as in the third training. 
Finally, a shortened version was accomplished which is currently used for a one day training session.
Reaction of participants:

The training was promoted as a preliminary trainings concept and participants were asked for honest feedback and suggestions for improvement. 

Feedback of participants was all in all positive. The overall satisfaction with the training improved within the three training sessions (Fig. 2). Further, all participants answered that they would recommend the training to others.
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Figure 2:  Participant’s overall satisfaction
A second block of questions was about satisfaction with the content. Participants’ satisfaction concerning this issue increased within the three training sessions (Fig. 3).
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Figure 3: Participant’s satisfaction with content
Further, we asked for the satisfaction with the methods and the usefulness for practical application. Whereas two participants in the first training group have not been satisfied with the use of methods and the usefulness of practical applications (rating = 4) only one person choose the middle category in the following groups.
There are two reasonable explanations for the increasing satisfaction with the training: First the moderators got more routines with the trainings concept and second the trainings feedback helped to improve the concept. A combination of both is most likely.
Finally, we included two open questions in the feedback questionnaire concerning the main focuses of the training and concerning the distribution of scientific and practical contents. Participants’ suggestions and ideas were discussed between the trainings and were used to improve the next training sessions. 
Conclusions and Recommendations:

Education of aircraft crew is an important step in dealing with fatigue. Teaching about fatigue and different countermeasures is a crucial element of training as each individual crew member will benefit from these countermeasures differently. The purpose of the training is to educate and help pilots as individuals in dealing with the problem of fatigue. Furthermore, the question of alertness management overlaps with the strategy and crew scheduling of airlines. In an ideal setting, alertness management is integrated in a global company strategy and individual and business strategies are adapted to each other. 
A complex fatigue risk management is part of the safety management of airlines, which means that not only crew members are trained in alertness management but also airline management and scheduling. Their education is necessary to understand the background and problems of fatigue to better integrate this knowledge in decisions concerning strategies and scheduling. Furthermore, an integration of alertness management strategies into modern crew-resource management trainings as an additionally refresher could help for a lasting effect of an alertness management training. 

Taken together, these practices will facilitate the establishment of optimal crew routines and the implementation of valid aviation fatigue countermeasures.
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