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FOREWORD

The conference organised by the Air and Space Academy in November 2011: “Air 
transport pilots facing the unexpected”, revealed the importance of human operational 
behaviour in the management of unforeseen circumstances during flight. It particularly 
highlighted the world aviation community’s expectations in terms of finding solutions 
to this problem, seen as being “the greatest threat in aviation1“.

It is becoming clear that technology and psychology alone are now only capable of 
bringing gradual improvements in the safety level: technology is simply a tool in the 
hands of the humans who created it and psychology has so far failed to take into 
account the dynamic nature of the very low time constant involved in the multitude of 
elementary acts carried out under stress.

But most accidents are simply very rare, catastrophic manifestations of inappropriate 
behaviour caused by normal human cognitive reactions being pushed to their limits 
by circumstances, surprise, shortness of available time, imperfect perceptions and 
stress. To explain such situations one assumes there has been a breach in the 
necessary flight discipline, a gap in professional culture, but after closer analysis of 
the phenomena this explanation is shown to be unsatisfactory. The realisation that the 
unforeseen is a permanent feature of pilots’ missions means that one cannot deal 
only with cases leading to accidents but that one must, logically, consider all 
unforeseen situations, probably in different ways. It is necessary to analyse very short 
durations of operational behaviour and take into account the pilot’s real environment 
and normal mental limits, rather than expecting them to be super-pilots. One must 
also accept that they cannot be removed from the cockpit because humans have 
qualities that set them above automated systems for dealing with the unforeseen. 

This dossier, and this is important for its understanding, aims to address only 
unforeseen or unexpected situations; this clearly does not cover all operational 
aspects, but does include a high proportion of problem cases. It aims to suggest 

1. Dieter Harms, IATA Senior Advisor

Table of Contents



DEALING WITH UNFORESEEN SITUATIONS IN FLIGHT

Dossier 37 of AAE Air and Space Academy  - 2013 Page 6

possible ways to complement or enhance current practices, in which neuropsy-
chology in particular would play an essential role, in three directions:

•	 towards a new definition of the human-aircraft interface, in which a key ergono-
mics component would take account of human behavioural limits under stress;

•	 towards training pilots’ resistance to stress, and making it a criterion in their 
selection;

•	 and more generally, towards a rational knowledge of the operational limitations 
of the human mind.

The consequences are considerable, requiring a substantial modification in global 
habits and standards, and the incentive role of the regulatory authorities could be 
decisive.

This dossier was written with the active collaboration of many Academy members, 
especially from Section III2, following some heated discussions and on the basis of 
broad professional experience. The Academy adopted it in its general assembly of 
27 March 2013.

Chapter 1 sets out the problem. A summary of the conference is given in chapter 
2, with complementary outside information in chapter 3. Chapter 4 consists of 
suggestions and proposals, with recommendations presented in chapter 5. Finally 
seven appendices offer further information and examples to illustrate certain 
specific points presented.

 Jean Pinet and Jean-Claude Bück

Former presidents of the Air and Space Academy

2. Section III: Human presence and activities in air and space

6
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- 1 - 

PART PLAYED BY THE 

UNEXPECTED IN AIR SAFETY

Experience is a major asset in aviation in the pursuit of safety. It is exploited by the 
entire air transport community and diffused in the form of feedback from experience 
from air accidents and incidents, helping to forestall many of the potentially most 
dangerous operational cases. Design offices, operators and authorities can thus 
act upstream on aircraft and systems design, operational procedures, crew training 
and regulations, in order to reduce risks associated with these situations or 
minimise their consequences.

For 40 years, since Concorde, failures and their occurrence probability have been 
subject to classification, leading to the current adoption of a method classifying the 
acceptability of failures and critical situations according to their likelihood of 
occurrence; according to this system a frequent failure must have minimal impact 
on the flight whereas a failure with potentially catastrophic consequences must be 
unlikely or highly unlikely. Work is underway today on the CS EASA and FAR 
25.1309 regulations, which stipulate maximal occurrence probability per flight hour. 
For instance the goal of accepting a risk deemed major for passengers every 
hundred thousand flight hours (10-5) means that failures must be limited to every 
ten million flight hours (10-7) in order to leave room for safety problems “unconnected 
to failures”.

This analysis of failures and combinations of failures is limited to aircraft and their 
systems and should be extended to embrace all possible operational events during 
a mission. But despite painstaking analysis of a very large number of cases, it is 
impossible to define or quantify probabilities for the almost infinite number of cases 
operationally possible. Legal proceedings launched against those involved in the 
wake of an accident show that while it is usually possible to understand the 
probable causes after the event, it is not humanly possible to predict or estimate 
these causes prior to its occurrence.
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Regulations do not in fact include the analysis of all operational circumstances 
(and combinations of) that might lead to an accident. This aspect is obviously taken 
into account in procedures and training, on the basis of what has been learned 
through experience, and is conceivable within the set of accepted probabilities but, 
as already mentioned, the latter are quasi-infinite in number. 

Also, according to statistics, an accident is on average the result of a combination 
of four different factors, of highly varying natures, each with a low probability, which 
does not facilitate prediction.

The conference of November 2011 showed that an aviation situation is the result 
of many component aspects including: the state of the crew, the operations of the 
airline, the technical condition of the aircraft, the state of external control and 
navigation services, the weather situation on possible routes and airports, the 
commercial situation, the state of air traffic, general and local regulations, the 
political situation, the state of airports, etc. 

Each of these components, for each flight, can vary enormously, often randomly. 
Since any air situation is the consequence of a large number of often random 
components, it is impossible to predict with any accuracy. 

Clearly, the unpredictability of an air situation can result in a slight or major 
difference from what could be expected a priori. Most of the time, fortunately, this 
divergence is relatively small, but with a closer look, one realises that nothing ever 
happens exactly as one might have assumed in the first place. 

These observations together lead to a conclusion that seems to be at odds 

with what the public, the media and many people studying pilots’ behaviour 

might think.

Contrary to what is often assumed with regard to spectacular events such as the 
famous Baghdad, Sioux City, Hudson River, or Apollo 13 incidents, unforeseen 

events are the daily lot of pilots and not the exception. On the other hand, 
while the unforeseen is commonplace, the resulting malfunctions rarely have 
serious consequences, since pilots deal with them correctly in the vast majority of 
cases.

From this observation one can deduce that this is precisely why human beings, 
capable of intelligence and judgment, and possessing sufficient professional 
culture, will always be needed to direct (not necessarily fly) aircraft carrying 
passengers who have paid for a safe service.

Consequently, since the unforeseen is the norm, it is necessary and logical to 
focus on improving not only the machine, but also all that helps humans deal with 
it, whether this concerns the aircraft-pilot interface or the latter’s training. 

Record airline safety levels have been obtained thanks to a genuine safety culture 
that has been built up and reinforced over the years.
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THE UNEXPECTED IN AIR SAFETY

Graphs showing the evolution of the accident rate according to the date of first 
entry into service for each aircraft type show that 4th generation aircraft, those 
built from the mid-1980s on, today have a very low accident rate. Taking into 
account all fleets currently in service, the accident rate with loss of aircraft is 0.8 
per million (106) sectors3 with fewer than 5 human losses for 100 million (108) 
hours of flight. 

These very low average rates nonetheless include accidents occurring in airlines 
from developing regions where the rates are sometimes a worrying 10 times higher 
than the average.

Above all, the rate of improvement has been low if not asymptotic for many years.

For the entire industry, IATA identified 11 aircraft hull losses in 2011 as against 17 
in 2010, i.e. 0.37 hull losses per million stages in 2011 as against 0.61 in 2010. But 
looking at the past 10 years or more, results confirm the trend for a relatively low 
reduction in the number and rate of accidents. 

Strenuous efforts must be made to pursue improvement, on the one hand to 
preserve the level attained, in a context in which changing economic, technical, 
and human aspects require constant readjustments, and on the other, to learn to 
manage safety in an almost accident-free air transport environment. This last point 
can seem paradoxical but constitutes one of the major challenges for years to 
come for the following reasons: 

•	 an erosion in awareness and knowledge about accident risks on the part of all 
of the industry’s players;

3. A sector concerns flight between point of departure and point of arrival. The flight time is variable 

according to the mission but on the whole exceeds one hour.  As a result the values for accident rates 

referring to number of flight hours are lower than those referring to number of sectors.
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•	 increased difficulty correlating trends from infrequent accidents which, of 
doubtful scientific value because of their rarity, would nonetheless need to be 
analysed to find out the deeper human causes.

New avenues for progress will therefore have to be found.

In coming years we will be faced with atypical accidents that are more and more 
difficult to understand and exploit. Managing the unforeseen is therefore a crucial 
issue at all levels, from that of the crew carrying out the flight to the accident risk 
control policy of the entire air transport system and its stakeholders. 

This observation led the Air and Space Academy (AAE) to focus on potentially 

the most dangerous situations: unforeseen situations, i.e. those that were 

not envisaged at all, or were considered unlikely. One should also include 

situations of a similar type that are just as dangerous: those that are 

foreseeable but unexpected, and which cause surprise because they were 

overlooked. 

An analysis of the list of accidents clearly shows that the suddenness of the event 
triggering this kind of situation is the key cause of human malfunctions brought on 
by surprise and stress4.

Of course, the aviation community did not wait for the AAE conference in November 
2011 to concern itself with the risk of accidents in such unforeseen and unexpected 
situations. The conference helped take stock of actions taken or in progress. 
However a review of these initiatives indicated that this danger had not been taken 
into account explicitly. The only documents referring to the unexpected were 
issued by the Flight Safety Foundation and IFALPA. Above all the conference 
identified tendencies towards improved prevention, heralding significant future 
progress in dealing effectively with these situations on a human level. Human 
behaviour and adaptation to the immediate technical and operational context are 
at the centre of current studies.

It is important to note that military aviation and manned space flight are permanently 
confronted with the vital issue of the unexpected because of the fundamental 
structure of their missions in which the unforeseen and unexpected are 
commonplace, however much care goes into preparing missions and forecasting 
situations. However the organisations concerned employ significantly fewer 
personnel than in air transport, which enables them to better manage selection and 
training.

Another important point is that the growth rate in the number of airline pilots is 
higher than that of the general population, leading to a weakening in the barrier of 
selection and greater difficulties accepting the necessary changes and 
improvements to training, on the human side, and to the technological interface, on 

4. Pinet J. (2011). Thesis “Dealing with unexpected situations of extreme urgency”.
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THE UNEXPECTED IN AIR SAFETY

the aircraft side. Their necessity must thus be made clear even if it appears 
obvious to the experienced.

Another problem, the cost of training, leads to the almost systematic adoption of 
the minimum standards required by regulations, which shows how vital it is that 
programmes and standards be relevant globally.

This dossier then is dedicated to studying unforeseen, unexpected situations that 
arise with no warning, and to finding ways of addressing the ensuing safety related 
issues. 
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- 2 -  

CURRENT WAYS OF TACKLING 

THE PROBLEM

2.1 CURRENT TRENDS AND SOLUTIONS 

This chapter presents information and comments recorded during the conference 
and published in the proceedings. They are outlined objectively here without any 
value judgement on our part. The conference proceedings5 were published 
separately and will give the reader precise details about the current state of play. 
A reading of them is recommended, the following being only a very brief summary.

2.1.1 Main points

One of the speakers at the conference – Dieter Harms, IATA Senior Advisor – 
described the problem area well: 

“… I think it is clear for all of us that to be prepared for the unexpected is 

the biggest challenge, or let me call it ‘threat’ to stay in nomenclature, it’s 

the biggest threat in aviation, to human beings working in aviation”.

But it soon became clear that unforeseen, or unexpected, situations are 
commonplace in air missions, and therefore deserve special attention.

In general, the problem has been tackled in a restrictive way by adapting crews to 
situations (training) rather than seeking to modify the technical context in which the 
crew must act (interface in the cockpit). ICAO and IATA have been working for 

5. These proceedings are available on the AAE website: www.air-space-academy.org, online resources.
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CURRENT WAYS OF TACKLING THE PROBLEM

years on methods of training based on this imperative. It has also been included in 
programmes for military pilots and astronauts.

Problems connected to reactive and cognitive human behaviour in response to 
unexpected situations are well-known. There is a convergence between possible 
solutions as we shall see.

2.1.2 Main observations

A short list is given here in no particular order of classification or relative value.

•	 Automated systems will take over more and more of the tasks still carried out 
by pilots but the latter will remain essential in unforeseen situations, which 
automated systems are ill adapted to deal with through their logical structure 
and utilisation hypotheses. 

•	 Different generations of aircraft will co-exist for many decades and pilots are 
expected to remain present.

•	 When faced with an unexpected event, surprise is a key factor, causing a drop 
in cognitive abilities which may result in extreme cases in the “stun” pheno-
menon, often referred to as a “cognitive blank.”

•	 The directory of surprise events includes the accidental or unnoticed disconnec-
tion of automated systems.

•	 In an emergency situation, manual trajectory control skills are essential, for 
action either directly on the flight controls, or via appropriate, valid automated 
systems. These automated systems have been seen to be more efficient than 
pilots in cases in which it is possible to use them.

•	 A large range of human skills are needed to cope with the unexpected. They 
should be tested during pilots’ initial selection. Here is a non-exhaustive list:

 - speed of perception;

 - capacity for attention and for acquiring situation awareness;

 - capacity for analysis and synthesis;

 - capacity for decision;

 - self-control;

 - stress management;

 - co-operation.

•	 Reactions to the unforeseen can be trained. However this means adding an 
extra field of piloting skills to this list without abandoning the current register of 
required skills. They must be encouraged to embrace other decision-making 
skills and actions.
Checklists and do-lists are designed to deal only with “known” situations. Pilots 
must therefore be trained to be “surprised” by unexpected and unforeseen 
situations.
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•	 The concept of acceptable safety margin should be applied to ensure that the 
best possible corrective actions are selected. 
In fact the time available is a key element in success and is basically a question 
of luck. Three extreme but well managed cases highlight this: 

 - the Baghdad landing of the DHL A310, hit by a missile on 22 November 
2003;

 - the river landing on the Hudson by the US Airways A320 after loss of thrust 
of its two engines on 15 January 2009;

 - the recovery of the Qantas A380 in Singapore after one of its engines 
exploded on 4 November 2010.

•	 Technology enables additional information to be placed at pilots’ disposal to 
help them understand a new situation, although the serious side effect of such 
additions is to increase the number of parameters to be monitored.
However technology can also help solve this difficulty, for example by showing 
certain information only when really needed, either by merging displays or by 
trimming them down, e.g. the “declutter” function on some HUDs (Head-Up 
Displays) which removes non-essential information.

•	 The problem of dealing with the unexpected has begun to be tackled by the 
world aviation community, as witness initiatives such as ECCAIRS and ECAST 
in Europe, ASIAS in the U.S., ADREP in the case of ICAO and GSIC for IATA 
(see appendices for acronyms).
EASA is constantly working on improving FCL (Flight Crew Licencing) regula-
tions: ESSI, ECAST, EHEST and EGAST (see appendices).

•	 Managing the unforeseen requires:

 - basic knowledge, but also knowledge of the specific features of the aircraft 
used; 

 - reflection;

 - a capacity to grasp the overall picture rapidly;

 - the ability to ask the right questions and not get locked in certainties;

 - common sense – although this is difficult to define with any accuracy – 
enhanced by the notion of airmanship, which is equally tricky to pin down;

 - and above all great self-control.

More specifically, it is important to train the ability to stand back from a situation, 
analyse it and make decisions.

•	 It is essential that basic knowledge is learned thoroughly and not the object of 
superficial cramming tested only by inappropriate MCQs6. Since memory is 
essentially volatile, it is vital that this knowledge is kept up to date.

6. Multiple choice questions.
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CURRENT WAYS OF TACKLING THE PROBLEM

2.1.3 Methods listed

A summary is given. More information may be found in the appendices.

Military training (air forces)

•	 For military pilots, maintaining a tactical skills base is essential. These are 
permanently maintained by pooling experience. Pilots are selected on a daily 
basis, according to the mission, and the principle of seniority does not exist.

•	 From basic training on, a primary goal is to be prepared for missions.

•	 The principles of their training are:

 - continuity;

 - progressiveness;

 - permanent assessment.

•	 The keys to this training are:

 - learning (apprenticeship);

 - anticipation;

 - adaptation.

•	 The aim of the training is to build competence brick by brick, and not by the 
application of procedures.
As in civilian training centres programmes are built on an analysis of tasks and, 
recently, of mission requirements (Training needs analysis) in order to define 
training objectives. The principle of Competency based training (CBT, see 
appendices) is used.

•	 Critical thinking is developed, along with capacities of self-criticism and control 
of the situation, by encouraging creative, productive mental mechanisms with 
the use of scenario-based operational training.

•	 Stress management is dealt with in several ways:

 - error and threat management (ETM);

 - countermeasures: mission planning, briefings;

 - the management of mental, automatic and adaptive modes;

 - the TOP (technique for optimisation of potential) method used in high-level 
sport;

 - the obligation to stay simple.

•	 The instructor’s role is paramount. They must be qualified to teach CRM (Crew 
Resource Management).

•	 Standards required by the military are generally more stringent than those 
stipulated in FCL (Flight Crew Licence) standards. This pursuit of excellence is 
facilitated by the fact that military command keeps direct control of mission 
assignment.
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Civil training (ICAO, IATA)

•	 IATA began looking into this problem some time ago because it is considered to 
be the greatest threat to aviation and 4 years ago organised a conference on 
the subject: “Training qualification initiative”. The reform advocated is a general 
one; it does not only pertain to dealing with the unexpected, but seeks the best 
possible return on training in terms of efficiency and cost. Whilst the main prin-
ciples and research are the responsibility of ICAO and IATA, training can only 
be carried out in accordance with the regulations issued and implemented by 
civil aviation authorities, in practice the FAA and EASA.
As a result cost-efficiency is important and the method tends to comprise what 
by experience is deemed necessary and sufficient for air transport crews in a 
constantly evolving context.

•	 Adoption of the MPL (Multi-crew Pilot Licence) concept provides a partial 
solution to the problem (c.f. appendices 1 and 2). In fact by definition, crews 
cannot be trained for any unexpected event that is not known, but they can be 
prepared to manage such events by practising accident scenarios.
The methods currently in use are moving towards Competency based training 
(CBT) and no longer the performing of selected or required tasks.

•	 Competency based training consists of following training goals based on all 
known tasks pilots must perform. These goals are analysed by the latter for 
each task and put into 3 categories: necessary knowledge (Knowledge K) – 
necessary skills (Skills S) – suitable behaviour (Attitude A), known as KSA.
This training requires permanent assessment of competency evolution by 
grading 9 key KSA elements for each operational phase throughout the duration 
of the course.
This type of training should be carried out as early as the ab initio stage.

•	 Five areas of improvement are defined:

 - pre-selection according to appropriate criteria;

 - ab initio training using CBT;

 - maintaining qualification (recurrent training, RT) by use of Evidence Based 
Training (EBT) mentioned below;

 - appropriate qualification of instructors who remain the key to training;

 - appropriate simulation equipment.

•	 Another concept can be added to the ones already mentioned – Evidence 
Based Training (EBT) – in which crews are trained as far as possible on realistic 
situations and cases based on operational experience. However these are not 
necessarily unforeseen situations.
The primary objective of this training is to educate the crew’s resilience and not 
its ability to deal with a specific case.

Table of Contents



Dossier 37 of AAE Air and Space Academy  - 2013 Page 17

CURRENT WAYS OF TACKLING THE PROBLEM

•	 The need to tailor training to individual competency levels is recognised, espe-
cially with beginners and experienced pilots, but we are far from full customisa-
tion. However the military are much closer to this goal.

•	 Instructors are regarded as key agents in the training. However, while the 
human side is now considered important in all stages of crew training, attention 
is drawn to the fact that no CRM qualification is required in FCL and OPS 
(Operations) regulations for instructors, unlike in military training.

•	 The monitoring function must be trained so that the crew learns to detect errors 
and potential threats (Error and threat management). This could be trained in 
Full Flight Simulator (FFS)7 sessions, with the aid of appropriate scenarios.
Application of the LOSA (Line Operational Safety Audit) method, monitoring 
individual crew members during operation, aims to assess crews’ ability to 
manage errors and threats. 

•	 Capacity to adapt to three dimensional movement, recovery from spatial diso-
rientation and airmanship are considered essential in the light of incidents and 
accidents. Two cases are evoked:

 - in the French air force pilots of all specialities have to follow an aerobatics 
course and receive training on recovery from unusual positions in zero visi-
bility flight;

 - In France, ENAC has long since added to their cadet training syllabus a 
CAP 10 module including unusual positions and aerobatics elements, with 
some solo flying. Recently Air France has included gliding in this training, 
which is good for acquiring airmanship.  

•	 With regard specifically to behaviour when faced with the unexpected, desired 
core competencies are:

 - crew workload management, with an important monitoring component;

 - decision making, with the use of the FOR-DEC method (Facts, Options, 
Risks and benefits – Decision, Execution, Check) elaborated by Lufthansa.

•	 The MCQ (Multiple Choice Questions) method for checking knowledge acquisi-
tion is severely criticised in its present form since it enables students to pass 
examinations simply by cramming. Computer science can free testing from 
exercises set in advance, and so likely to be known by the candidates, or written 
in an ambiguous way. This obligation to acquire knowledge and to keep it in 
memory is vital for pilots. So as to remain in the memory, this learning should 
be obtained by practicing theoretical exercises based on concrete cases or 
through simulation.

7. FFS, “Full Flight Simulators”, are training means with as realistic simulation as possible of the 

internal context (cockpit, systems, instrumentation, and flight physics) and external environment 

(visualisation of the external environment, movements perceived in the cockpit, communications).
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Astronaut training

•	 Astronaut training is based on preparation for all known and predictable situa-
tions by intensive use of the most realistic simulations as possible. However 
functioning in a hostile environment with difficult conditions means that the 
unexpected must be considered as likely and unavoidable. It is a question of 
survival.

•	 Stress is thus considered to be a normal factor that must be managed, with the 
added characteristic of occurring in a confined space and within a given team. 
Causes of stress are varied and can include physiological, psychological, 
sociological and other factors.
One of the key aspects of training is preparation to overcome panic. 

•	 The increased length of space flights called for the concept of behavioural skills 
(Human behaviour and performance, HBP), including CRM, to be taken into 
account.

•	 Because of the necessity to cope with the unexpected, training programmes 
evolved from task training to skill training.

•	 The selection process is long and demanding.
The keys to an astronaut’s work are:

 - training;

 - humility.

2.2 LIMITATIONS OBSERVED

These are given in no particular order.

•	 Situations subject to time constraints require simplicity of treatment. However 
the application of procedures increases complexity.

•	 Cognitive limitations are frequently overlooked in recommendations resulting 
from accident inquiries.

•	 Technology and automation are often seen as the solution to problems, even as 
regards the unexpected. But technology alone cannot solve them; it is a tool, 
not a cure.

•	 The presenting of relevant information to pilots directly affects situational 
awareness and the ability to solve related problems.
Issues raised include angle of attack8, rapid variations in parameters (upsets) 
and therefore information to improve awareness of the abnormal situation and 
recovery of flight situations beyond the peripheral flight envelope. Appropriate 
training is essential. Recommendations are currently being issued (ICATEE, 
RAeS, BEA).

8. C.f. Appendix 5.
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Current FFS simulators are not suitable (inertial sensations, flight envelope 
overruns) and training on aircraft is dangerous. It is therefore necessary to 
update the FFS to include new training requirements.
The possible change in flight references (for example the use of angle of attack) 
is mentioned to illustrate the complexity of making them accessible to the world 
piloting population.

•	 The teaching of the different forces governing flight, which are abstract concepts 
that must be linked to physical realities, requires special attention because 
these form the basis of flight physics as practised daily by pilots.
The latter need to understand the physical models hidden behind the equations 
and calculations. Operating limits must be assimilated by correlating them with 
the physical forces controlling the aircraft.

•	 By definition pilots cannot be trained in the unexpected, so they must be 
prepared to face it through the education of appropriate behaviour.

•	 Changes are made to training today by adding elements according to the require-
ments and recommendations of the moment, with no concern for overall consistency.

•	 In the case of track recovery, pilots should immediately be able to see, in a 
clear, unambiguous way, the essential elements required for simple basic flying.

•	 The current procedure for pilot selection does not involve placing them in a 
dangerous situation. They are simply placed in complex situations with problems 
to solve. It is hoped that flight experience will help reinforce their stress mana-
gement capabilities, or at least detect the propensity to stress.

•	 Cost-effectiveness of training is a decisive factor in how training evolves in the 
civil sector.

2.3 PROGRESS IN KNOWLEDGE ON BEHAVIOUR

•	 In an operating situation, a surprise event causes mental saturation due to the 
sudden explosion of parameters in a conventional environment.

•	 How we deal with the unexpected is subject to the presence, or absence, of the 
“chance” factor. The time available is the key “chance factor”.

•	 Automation does not only concern functions. Automatic systems are also used 
for processing information.

•	 Placed in identical situations crews react in a similar way. However a learning 
element comes into play if the situation recurs.

•	 Traditional training does not enable a pilot to make an accurate situation 
awareness diagnosis in the event of unexpected combinations of perceptions.

•	 It is important to know the exact state of the aircraft.

•	 In dealing with the unexpected 3 elements are paramount:

 - the unusual nature of the event;

 - the time available for its processing;

 - its reversibility.
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•	 In order to solve a problem it has to be identified and dealt with in situ/ in 
context.

•	 Correct management of complex situations would seem to require:

 - their anticipation;

 - hypotheses strong enough to lead to satisfactory results;

 - automating actions around the 3 categories SRK (skills, rules, knowledge), 
with the knowledge category requiring the most mental resources.

•	 The following 3 levels play an important role in understanding a situation:

 - perceptions;

 - the meaning given to perceptions;

 - the ability to project perceived elements into their future state.

•	 The relative unforeseen (unexpected, likely situation) could be dealt with by 
procedures, time permitting.

The ‘absolute’ unforeseen requires practical intelligence.

•	 New generations of pilots are more at ease using computing tools.

2.4 PROGRESS IN KNOWLEDGE ON COGNITIVE 

FUNCTIONING

•	 Stress simultaneously initiates the existence of a specific cognitive function and 
determined physiological phenomena. This cognitive function manages percep-
tion, decision-making and action-taking.

•	 There exist commonplace cognitive limits (sequential conscious processing, 
limited duration and capacity of short-term memory) which, when reached, can 
cause errors, oversights and excessive localised focusing of attention. 
Accurately gauging these limits should help simplify human factors.

•	 Situational awareness under stress is greatly improved by simplified processing 
of perceptions. This problem of perceptions involves both the transmitter – the 
cockpit interface – and the receiver – the pilot’s cognitive ability.
To only act on the receiver – the immutable human – for example by training 
pilots, without acting on the transmitter – the parameters placed at their disposal 
(for example by simplifying the number and nature of the flight parameters and 
procedures), would not properly solve problems raised by the unexpected.

•	 The brain is better able to make decisions in open and changing environments 
than to perform complicated tasks such as performing flight physics equations 
mentally with the dozen (or more) parameters immediately available in order to 
resolve an unexpected situation.

•	 The decision making function is to be found in the brain’s prefrontal cortex. The 
general structure of the decision-making process and its limits is now known.
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CURRENT WAYS OF TACKLING THE PROBLEM

•	 Three main constraints limit this function:

 - the actual choice of the appropriate response to stimuli is serial: the latter 
are processed one after the other;

 - a maximum of 2 to 3 “routines” (tasks) can be assessed simultaneously; 

 - the choice of the routine is binary (choice between 2 routines only) and is 
based on their estimated reliability.

•	 The decision is made on the basis of the consequences of estimated results.
The volatility and changing nature of the external environmental is taken into 
account. If the brain perceives an anomaly as the parameter evolves, it 
“switches” to a new routine (task).

•	 There is a fundamental tendency to overestimate the likelihood of unlikely 
events and to underestimate that of likely events. This phenomenon must be 
borne in mind when validating intuition in situation diagnosis.

•	 The role of contextual clues and perceptions is predominant in long-term 
memory when searching for routines and procedures to be adopted.

•	 There are individual differences in decision making, with two categories of indi-
viduals:

 - the explorers, preferring to explore deep memory to cope with a new 
situation;

 - the exploiters, preferring to make use of strategies and routines.
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COMPLEMENTARY INFORMATION

The conference brought to light a great deal of valuable information. However after 
further reflection, some extra information appeared necessary and this chapter will 
endeavour to present it.

3.1 TRAINING METHODS – A BRIEF HISTORY

We will aim to restrict ourselves here to the area covered by this dossier, not an 
easy task since pilot training is the combination of many essential factors.

It is important not to be led astray by the use of specific three-letter designations 
(MPL, CBT, EBT, SBT, CRM, etc.). These acronyms highlight the slow evolution in 
training methods over time. A touch of history might be advisable, mainly 
concerning commercial air transport, since military and astronaut training, involving 
fewer people and subject to greater controls, is already highly efficient.

Pilots undergo chronologically three main categories of training. Over the years, 
various international standards have burgeoned introducing minimum regulations 
in terms of training time and flight/simulator hours and have either been adopted 
or at least closely followed by airlines, manufacturers and training centres. They 
then determine training costs and constitute stringent competition references.

The first is basic training (ab initio training) at the end of which pilots obtain the 
licences they need to become commercial and air transport pilots. This part of 
training is crucial because they acquire the basic skills from which to derive the 
operational behaviour they will need in order to pursue their careers. In practice 
this stage represents their basic professional training. This education/training is 
anchored in individual experience and leaves indelible traces in the memory.

The second category is type rating (TR) on each new type of aircraft flown. It entails 
operational adaptation to the aircraft to which a pilot is assigned. Normally TR is a 
supplement to basic training. However if the type of aircraft is significantly different 
from previously used ones, TR must provide all necessary complementary training 
for trouble-free use.
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Finally the third category, Recurrent training (RT), needed to retain the proper 
proficiency, proceeds roughly every 6 months throughout an airline career. 

Type rating and recurrent training are the responsibility of the employer – the 
airline – but may be delegated to an authorised TRTO (Type rating training 
organisation).

Training on second generation airliners (747, DC-10, Concorde, A300) ushered in 
a form of task analysis used during World War II by the US Air Force – Specific 
Behavioural Objectives, SBO – aimed at including in TR only what was necessary 
and sufficient. The intensive use of checklists also made its appearance at this 
time and the use of simulation – mostly Full Flight Simulators, FFS – became 
essential.

Crucial technical innovations were introduced into this second generation training 
and the role of manufacturers (Boeing, McDonnell Douglas, Aerospatiale, Airbus 
Industrie) became essential in helping define TR programmes and train instructors 
and the first crews of each customer.

These programmes related to the technical tasks of flying an aircraft. However in 
the late 1970s and early 1980s, airlines began to look more closely into crew 
behaviour because of its impact on safety, and the concept of Cockpit and Crew 
Resource Management (CRM) was thus born.

The advent of computer engineering with the introduction of glass cockpits and 
increased flight path automation, particularly the 3rd and 4th generation fly-by-wire 
(FBW) technology, made it important to adapt methods. Analyses still pertain to the 
tasks that need to be performed but add a third requirement concerning the 
behaviour (Attitude – A) to the two requirements already taken into account 
(Knowledge – K, Skill – S) for each basic task. Which led to the definition of a new 
concept of technical-operational analysis: “KSA”. But whereas the first two 
requirements were easy to determine, the third was problematic: how could 
appropriate behaviour be defined? For want of a better approach, attention was 
focused on the distribution and coordination of tasks in the cockpit.

At this time another concept emerged, designed to train crews in the use of CRM: 
existing crews received training in resolving operational problems (not 
communicated in advance to students) occurring during a real flight simulated on 
the FFS. These sessions are called Line-Oriented Flight Training, LOFT9.

However there was a major problem at the time: few ab initio training centres had 
kept pace with the technological and operational evolution of these last generations. 
It was therefore up to TR to provide the add-ins to basic training necessary for 
proper use of the aircraft.

9. ICAO Circular 217 AN/132 ‘Human Factors Digest No 2’ in 1989.
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3.2 TRAINING METHODS – CURRENT STATE OF PLAY 

Training methods evolved very rapidly between 1970 and 1985 but then the pace 
slowed down somewhat, with MPL, CBT, EBT, SBT consisting mainly of 
improvements, albeit important ones, on what existed 25 years previously. No 
major new concept has radically modified the basic learning situation. Technological 
refinements in cockpits and teaching methods have been presented as large-scale, 
but in reality are not, whilst clearly remaining worthwhile. A little like current 
subsonic aircraft for which aerodynamics refinements come up against the sound 
barrier at around Mach 0.8.

The training methods outlined in the conference were not specifically aimed at 
dealing with unforeseen situations. They covered all aspects relating to acquiring 
the necessary set of piloting skills, although presentations aimed to bring out ways 
of including and dealing with this specific problem.

There has, however, been a key improvement in basic training. It took 20 years for 
the analytical methods used in TR to reach ab initio training. The use of the KSA 
concept as presented by IATA, with a grading of behaviour when performing 
exercises, represents valuable progress. Its extension to ab initio training is a 
major step forward.

An important point must be made here. It is not enough to define in detail what 
must be taught; how it is taught is at least as important. Practise, in all its guises, 
is the most effective experimental means to fix know-how in memory. It is a method 
that has been used since time immemorial.

3.3 SUMMARY OF SCIENTIFIC KNOWLEDGE ON 

OPERATIONAL BEHAVIOUR

3.3.1 Presentation

It is not within the scope of this dossier to provide references to all papers dealing 
with the unexpected. We will simply give a few examples of work directly relating 
to this dossier dealing with problems raised by unforeseen or unexpected 
situations, without going any further.

By perusing them one can draw up a rough picture of scientific contributions that, 
albeit simplistic, remains valid in view of the objectives of this dossier.

Psychological studies in the past 30 years have furnished a good description of 
human operational phenomena, their failures and causes. Hundreds of publications 
now exist. Useful recommendations can be drawn from them, mostly qualitative 
and “kinematic”, although they are still incapable of defining the human parameters 
involved in a dynamic way (according to time and chronology). The main 
investigative tool used in psychology is that of statistical results. But unforeseen 
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situations are considered to be exceptional and therefore difficult to deal with 
statistically. The impact of the time parameter in reality, in both quantitative and 
chronological terms, is not taken into account.

Neuropsychology is in its infancy. It has the advantage of hooking up behaviour to 
tangible realities of the brain’s functioning. Its methods provide the quantitative 
timebase that is lacking in psychology. However much work must go into defining 
the mechanisms behind the basic components of operational behaviour and their 
combinations, so as to ascertain the strengths and limitations of this behaviour in 
the cockpit. In fact these quantitative results must be combined with the qualitative 
results achieved in psychology. 

Two specific areas of psychological research, cited below, deserve mentioning 
because, using different approaches, they link behaviour to reality and time 
constraints. They provide a link between the “macroscopic” phenomena described 
by psychology and the “microscopic temporal” phenomena (of the order of a 
second or less) observed in components of operational behaviour. One of them, 
moreover, uses expertise as a means of internal investigation, a highly effective 
method.

Neither regards unforeseen or unexpected situations as being exceptional.

3.3.2 Psychology

Reference is made here to Christopher Wickens’ work10 on the psychology of 
aviation surprise in studies for the NextGen future air transportation system 
involving air traffic controllers and pilots. A brief summary is given.

His work looks into behaviour induced by surprise (psychology of surprise) caused 
by unexpected operational events qualified as black swans11.

A distinction is made between two types of unexpected: known events occurring by 
surprise and totally unforeseen events, which take pilots truly by surprise and are 
the most serious in terms of safety.

These problem events underlie all operational conditions and are difficult to deal 
with because of their rarity. The response time of the actors involved is the key 
element and depends on their attention level, particularly visual. 

10. Wickens, C.D. (2001). Keynote address: Attention to safety and the psychology of surprise. Proceedings 

of the 11th International Symposium on Aviation Psychology, Columbus, OH: Dept. of Aerospace 

Engineering, Applied Mechanics, and Aviation, Ohio State University.

 Wickens, C.D. (2009). 15th International conference ISAP Keynote address: The psychology of 

aviation surprise: an 8 year update regarding the noticing of black swans. 

11. “Black swan” refers to the unexpected discovery in Australia 3 centuries ago of black swans, that were 

not believed to be swans because they were black. Theory of N.N. Taleb, The Black Swan, Penguin, 

2007
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It has a direct impact on situation awareness and failures can be identified in the 
three cognitive stages:

•	 perceiving (75% of failures);

•	 diagnosing;

•	 selecting, executing.

The study focuses on phenomena involving failure to notice changes in circums-
tances (change blindness), where the absence of perception is not intentional 
(inattentional blindness).

In a complex visual environment, attention is attracted by:

•	 the contrasting nature of an event;

•	 the degree to which such an event was anticipated;

•	 its link with the current situation;

•	 the effort required to move the attention from one point to another.

The execution of multiple tasks increases the rate of failures.

Automation can assist players to process information in four ways:

•	 filtered, ranked display;

•	 pertinent diagnoses and deductions;

•	 recommended actions;

•	 automatic actions.

However certain problems can arise, for example when:

•	 the apparent functioning of the automated system is not what the pilot was 
expecting,

•	 the pilot has a drop in vigilance and omits to double-check with the basic infor-
mation available.

An interesting remark is made on the FMA, Flight Mode Annunciator, located on the 
primary flight display. It is consulted in visual scanning only 2% of the time, and the 
mode changes it displays are seen in only 60% of cases and after a delay of 5-10 
seconds.

Recommendations are given on cockpit design and pilot training. Particular 
emphasis must be made of a facility to change between visual interest points, for 
example swapping between interior and exterior vision.

The training must include attention management.

The observed failures are rare, but this very scarcity negatively impacts attention 
and alertness, thereby increasing the potential danger.

A computer model called N-SEEV has been designed to predict the behaviour of 
pilots subjected to an unexpected event.

N, Noticing, is the component predicting the time needed to take in a visual event, 
or the likelihood that it goes unnoticed.
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SEEV describes the four components behind visual scanning in the cockpit: 
Salience (contrast), Effort (effort to change the focal point), Expectancy (anticipating 
the event), Value (value attached to the observed item). 

However the system cannot predict when the event will go unnoticed, or what form 
it will take. It can simply define the circumstances in which the failure occurrence 
rate can evolve, insofar as the type of event can be foreseen.

3.3.3 Neuropsychology

An example here is that of the cerebral mechanism involved in decision-making, an 
essential function in dealing with unexpected situations, whether foreseen or not. 
Further development on this theme, based on a presentation made by Etienne 
Koechlin12 at the AAE conference, is provided in appendix 6.

Research in neurology and experimental psychology only dates back a few years. 
It deals with deep-seated cerebral and psychological mechanisms, including 
decision-making in uncertain, variable and open environments, such as flight.

But they are commonly found in everyday life too. Our brain is more suited to 
making decisions in such situations rather than when carrying out complicated, 
well-defined tasks such as for example flying a plane according to flight parameters. 
It then has to call on its flexibility and its capacity to adapt.

The decision function takes up a third of the human brain, the prefrontal cortex.

Several levels of task and memory processing are thus interconnected. These 
levels of control form the main structural organisation for the selection of actions 
in the lateral prefrontal cortex.

It is here that one finds the limitations observed and described by psychology; the 
simple expression of the constraints imposed by the architecture of the brain. They 
can thus be quantified, and their occurrence rationalised.

Psychology has also helped ascertain where the motivation function in decision-
making is found, how one assesses the changing character of the external 
environment or compensates for the lack of reliable reference in a given situation. 
It paves the way to a much better understanding of observed behaviour aberrations.

3.3.4 The theory of “Threaded cognition”

This theory follows on from John Anderson and Christian Lebiere’s research 15 
years ago into “The atomic components of thought”13. Unlike traditional theories of 
psychology, essentially descriptive and kinematic, this theory addresses the 
dynamics of cognition by analysing chronologically basic steps of short duration.

12. Director of the cognitive neurosciences laboratory of Ecole Normale Supérieure.

13. Anderson, J.R.,& Lebiere, C. (1998). The atomic components of thought. Mahwah, NJ: Lawrence 

Erlbaum Associates, Publishers.
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Dario Salvucci and Niels Taatgen, in their theory of “Threaded cognition”14, use the 
former theory as a basis which they then adapt to the dynamics of multiple tasks. 
They put forward an integrated theory of concurrent multitasking by which streams 
of thought are represented as threads for processing tasks coordinated by a serial 
procedural resource and executed by means of other available resources (e.g., 
perceptual and motor resources). The theory specifies a meticulous “mechanism” 
that allows for concurrent execution of tasks and resolution of conflicts between 
the different resources managing the tasks.

It calls on different memories and their mechanisms.

3.3.5 Dealing with unexpected situations of extreme 

urgency

The thesis in question15 adopts a dynamic approach to the operational behaviour 
of pilots when faced with situations of extreme urgency, in which time is taken as 
reference factor.

By combining three concepts in an original way (J. Rasmussen’s sequential 
processor, P. Lecomte and J-C. Wanner’s mental models, and G. Boy’s agents and 
cognitive functions) this research produced some interesting results from a 
detailed analysis of aviation accidents. These mainly pertain to cognitive behaviour 
when under stress and the human limitations that arise from it. They lead to 
concrete recommendations on the concrete aspect of aircraft-pilot interface in the 
cockpit, the need for simple, intuitive procedures and improvements to pilot 
training. 

It is interesting to note that, although this research was carried out in a different, 
independent way and with the use of different concepts, the results are close to 
those of the “Threaded cognition” theory, although with a direct operational use.

Another originality of the study is the extensive use of expertise in the detailed 
analyses of tasks and actions.

14. Salvucci, D.D. & Taatgen, N.A. (2011). The multitasking mind. New-York: Oxford University Press.

15. Pinet J. (2011). Thesis “Dealing with unexpected situations of extreme urgency” 

www.air-space-academy.org; online resources.
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SUGGESTIONS AND PROPOSALS

4.1 PRESENTATION

The aviation community has always been well aware of the danger of unforeseen 
and unexpected situations and actively engaged in seeking ways to combat them. 
This danger has existed from the very beginnings of aeronautics, and indeed many 
other activities, as a common, major, unavoidable risk. 

One of the most important, surprising aspects for non-flyers was presented by a 
pilot speaking at the conference:

“… since multiple, complex factors are involved in flying an aircraft, the unfore-

seen is permanently present. Of course this conference will be looking at some 

spectacular unforeseen situations (Apollo13, Sioux City, Baghdad, Hudson River, 

etc.), but in reality the unforeseen is an everyday occurrence. The pilot’s 

permanent presence is therefore vital in order to deal with it.”

The most important element to emerge then, and one that the public are relatively 
unaware of, is that unforeseen or unexpected operational situations are routine, 
even commonplace in air transportation missions. Fortunately they are dealt with 
very well on the whole and the low accident rate indicates that the system is 
working satisfactorily, that pilots are adequately trained. But the rarity of these 
accidents and the intense media coverage surrounding them automatically draw 
attention to their main causes that are human, therefore banal, thus preventing 
them from being consigned to the inevitable statistics. 

However the fact that accidents are so rare means it is tricky making links from the 
situations giving rise to them to convincing causes, since there is no chance of 
statistical processing. When one tries to do so one comes up against a variety of 
apparent, specific causes attached to each accident. What is probably required 
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therefore is a change of investigative field and method, or paradigm, which is what 
is proposed in this dossier.

Accidents in recent years have strengthened the desire or need to improve on existing 
solutions. We might refer to the BEA report on the AF447 crash involving an unexpected, 
although foreseeable event, which was however unforeseen in the flight in question. 
Released after the AAE conference, some of its recommendations overlap those 
contained in this dossier. An extract of these recommendations is given in appendix 3.

This dossier thus endeavours to put forward some avenues for progress to 
enhance methods already in use today or in preparation in design offices. In this 
regard an observation made at the beginning of the document can be reiterated. 
Safety has gradually improved thanks to the introduction of successful innovations, 
mainly pragmatic and operational, by experienced operators, engineers and 
ergonomists equipped with a solid dose of common sense, assisted in the past 
three decades by psychologists. The use of the ever greater possibilities of 
advancing technology has led to modern, high performance cockpits. 

This major achievement is constantly put into question by each new accident with 
the now classic accusation of insufficient anticipation of the unforeseen. Accordingly, 
even though the accident rate is low, it is vital to continue to seek improvements in 
safety, to push beyond our current knowledge.

The problem lies in this low accident rate which it is very difficult to decrease 
significantly whilst at the same time the numbers of aircraft in service and 
passengers on board are tending to increase.

Two possibilities can be envisaged:

•	 improving on what already exists;

•	 exploring new avenues.

We will deal with these in the following chapters. 

However we would first like to warn against any extreme, erroneous or biased 
interpretation of what follows. Current cockpits and their systems benefit from the 
latest technological, ergonomic and industrial advances that are both usable and 
certified, therefore from application of the latest knowledge on safety. Improvements 
presented here are in no way critical of what exists but put forward solutions 
considered to be possible or desirable.

4.2 MUST THERE BE A PILOT ON BOARD?

Going beyond the usual accusations of lack of discipline, presented as the basic 
source of accidents, unforeseen and/or unexpected situations can induce human 
dysfunctions putting them, despite their rarity, among the most frequent causes of 
accident. They are also the most alarming because of their high danger factor. 
Breaking their causal chain would thus ensure a major breakthrough in safety.
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As to the somewhat hasty assumption of flight indiscipline, although sometimes a 

real issue, as in the Habsheim A320 crash in 198816, it is wise to recall a report 

commissioned by the DGAC in 1998  into the problem of non-use of checklists on 

board. At the time indiscipline was suspected to be the main cause of this lapse. 

A comprehensive survey showed that only 12% of pilots interviewed (207, from 

several airlines) affirmed that they had never skipped a check-list with the 

remainder admitting to having interrupted, overlooked or abandoned checklists 

due to routine “operational interferences” and “time pressures”.

Might the issue of unforeseen events be best resolved by leaving automated 
systems to deal with them? Free from pilots’ emotional responses, they are more 
reliable than the former since they are not subject to their physiological and mental 
limitations. The conference clearly showed that automated systems can solve very 
complex problems provided that they have been foreseen. However, even if we 
systematically take into account all lessons learned from accidents, as is the case 
today, flying will still remain unpredictable because of the possibility of an infinite 
number of unforeseeable situations and combinations of situations; humans then 
remain our best bet to find a solution to this type of problem, particularly if they 
have the support of automated information and on condition that they have been 
properly prepared and trained.

Let us see what Etienne Koechlin has to say:

“We often see the human factor as a limitation. It is true that there are strong 

cognitive constraints... But nature has also developed a highly sophisticated 

architecture within the brain to deal with a very complex problem, namely 

decision-making in open, uncertain and changing environments that, if truth be 

told, is often encountered in everyday life. Our brain is better suited to making 

decisions in such situations than to carrying out complicated, well-defined tasks 

such as for example setting flight parameters. Indeed, we can programme 

computer systems optimally to take much more sophisticated decisions than 

humans in given, clearly defined situations. On the other hand, no programme 

has yet been elaborated that is capable of making decisions in open and 

changing environments where any event, however unthinkable, can happen, with 

human beings’ flexibility and capacity for adaptation. I think that work underway 

in cognitive neurosciences can also help you with this issue... »

16. De Brito, G., Pinet, J., Boy, G. (1998). L’utilisation des checklists dans un cockpit d’avion de nouvelle 

génération, Technical report EURISCO, Toulouse.
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There will always be an unforeseen combination of situations requiring the 
judgment of a human “manager-driver” who should be in the same environment as 
the passengers in order to take their safety into account in the final analysis. We 
adopt this hypothesis.

The global fleet of transport aircraft anyway consists, and will consist for decades, 
of models intended to be directed and managed by pilots. Before such a time as 
the sky is crowded with drones carrying hundreds of passengers it is therefore 
necessary to do our utmost to ensure that pilots can take action in critical 
situations, which include most unforeseen and unexpected ones. But this requires 
them to first have a clear idea of the situation or, if that were impossible, to be able 
to reconfigure the aircraft to find a manageable situation, and then have the 
opportunity and the ability to act properly.

The conference tended to address training features designed to improve pilots’ 
ability to cope with dangerous situations, little was said however as regards 
improving presentation of a critical situation or providing the opportunity to correct 
it. Technology has become a powerful tool that could be usefully targeted in this 
direction, possibly not for all cases, but for many of them. Unforeseen circumstances 
would thus become known, therefore foreseeable, although perhaps remaining 
unexpected with the negative effect of surprise, and therefore potentially 
dangerous...

4.3 DIFFICULTY OF RECOMMENDATIONS

Any recommendation inevitably implies changes to existing procedures, resources 
and habits. These changes have a cost, both financial and human. Acceptance of 
this cost depends on the level of risk accepted both by society – the general public 
and passengers – and by the aviation community – operators, manufacturers and 
insurances. A pragmatic approach is thus essential in assessing the success of 
such recommendations that are not enforced by any formal constraint. 

Today, for instance, the very low accident rate is implicitly accepted by the aviation 
community. However coverage of recent accidents has stirred up public opinion, 
sparking a search for preventive action and highlighting the decisive influence of 
the media. Some issues that are difficult to resolve end up gaining acceptance:

•	 The adoption of new equipment, and therefore new regulations and standards 
in a competitive environment, is a protracted process (except in the case of an 
immediate safety requirement). Always expensive, it is especially drawn out 
because of the great variety of aircraft generations, each of which has an 
average operational life expectancy of over 20 years.

•	 Making sure such changes are endorsed by half a million air transport pilots is 
also a real problem. It can be difficult for them to change habits and references 
after having taken care to respect them throughout their working life. The 
passive resistance to progress sometimes adopted by certain professional 
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organisations whose goal is to defend the privileges of career can delay the 
adoption of necessary changes. 

•	 Finally, as the air traffic management system becomes more and more global, 
the ensuing technological and procedural changes will require efforts of adjust-
ment from pilots behind the controls.

To sum up pragmatically, it is not a question here of selecting and training “super-
pilots”, but of doing as good a job as possible by adjusting developments to 
potential human and technological possibilities, according to the level of accep-
table risk and its cost... and media pressure.

4.4 INTERFACE WITH THE COCKPIT

As already indicated, it is far too restrictive to envisage only the adaptation of pilots 
to situations by means of training. Improved management of unforeseen situations 
above all involves enhancing the information made available to pilots, mainly in the 
cockpit. Accurate awareness and proper management of a situation rely on 
relevant perceptions and appropriate decisions. In other words the corresponding 
information should be perfectly adapted and harmonised between the transmitter – 
the cockpit – and the receiver – the pilot. The adequacy of the receiver to the task 
should naturally be enhanced via pilot selection and training, but to consider only 
this aspect would be a huge mistake for two reasons:

•	 The human being, the receiver, is not easily adaptable to the breakneck speed 
of technological change, even if more and more is known about their psycholo-
gical, physiological and cognitive (neurological) limitations, which will remain 
unchanged for centuries.

•	 On the other hand, progress must still be made in terms of the material interface 
of the cockpit, the transmitter, despite improvements ushered in by cognitive 
ergonomics, in order to better adapt it to the psychological, physiological and 
cognitive demands of pilots. Flexible use of technology in the choice and 
presentation of relevant parameters could lead to improved awareness of the 
situation and enable appropriate treatment. 

AAE believes that the problem must be approached from the point of view of 
adapting technology to humans and not the other way round as one is sometimes 
led to believe when technology is falsely presented as being the sole remedy for an 
observed failure. Technology is simply a tool humans have fashioned for them-
selves. To think that humans can adapt to it indefinitely would be unrealistic and 
dangerous. The reality is that today efforts are made to correct or minimise the 
known effects of human failures whenever they occur, but without yet really unders-
tanding their roots. It is important to evolve towards this knowledge on how to 
tackle the problem without necessarily abandoning current methods when they 
give good results. 
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4.4.1 Transmitters and receivers

One observation must be made when examining brain mechanisms. At the origin 
of the mental, cerebral processes in charge of solving problems and dealing with 
sudden, unforeseen situations are perceptions. These involve both the transmitters – 
the information provided by the material interfaces in the cockpit – and the 
receivers – the crew exploiting the perceived sensations resulting from this 
information. It is on the basis of these perceptions that the corrective action is built. 
Is it not possible to improve the interfaces for the exchange of information and 
commands? Should we really accept them as untouchable? Obviously not: it would 
be paradoxical to focus on improving the (unalterable) human receiver and not the 
(alterable) material transmitter rendered much more malleable and modifiable by 
the rapid evolution in technology. 

4.4.2 Functions and parameters

For unforeseen and/or unexpected situations, technological adaptation of the 
interface is probably the most effective way forward (c.f. the example in Appendix 
4 on short-term piloting).

One of the essential elements which must be taken into account in such 

events is the dynamic aspect of their resolution in which speed and available 

time play the primary role.

One can sum up possible improvements on the aircraft side into 3 categories:

•	 Rational knowledge of mental, cognitive and human limitations in order to 
introduce margins of error within operational limits, perhaps akin to the defini-
tion of the aircraft’s normal and peripheral flight envelopes.
Many such margins already exist in practice, for example visual and auditory 
alarms when the aircraft is about to reach operational limitations. But an 
analysis of incidents and accidents shows that these are disregarded due to 
saturation of the pilots’ cognitive mental capacities under stress. 

This involuntary neglect of sounding alarms due to task overload is a good 

example of a limitation one is obliged “to accept” and which can only be dealt 

with pragmatically, in an approximate way,  and with the help of experience. 

Another is the negative influence of a strong aural alarm on concentration, 

indeed many other examples exist for which knowledge of the neuropsycholo-

gical functioning of the brain would help provide concrete answers to identified, 

familiar problems. Can we study how these limitations could be taken into 

account in the cockpit?
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This is to introduce a new component into the ergonomic study of cockpits: 
consideration of how ‘normal’ pilots behave when subject to rapid multitasking 
in limited time and under stress. This aspect is already taken into account in a 
pragmatic way, based on experience, but it is assumed that a procedure, 
possibly tackled during training, will do the trick. Although this is fortunately true 
in the majority of cases, it is unfortunately not always the case. Progress is 
therefore needed to further reduce this “not always”.

One sticking point: cockpit ergonomics is defined at the development stage of a 
plane, and for a given aircraft then only evolves marginally. This definition is 
carried out using flight test teams assisted by airline pilots for normal, abnormal 
and emergency  situations, in the most comprehensive manner possible. But for 
one thing these teams, and even the airline pilots assisting them, are pretty well 
trained for the unforeseen, very familiar with the aircraft, and perhaps not quite 
representative of the typical commercial airline pilot who has only a limited 
knowledge of the aircraft acquired during a minimum type rating. And for 
another thing, the cockpit can only be defined for what is predictable in a 
situation, leaving an almost infinite number of unpredictable areas in the 
shadows.

What is needed then is to broaden cockpit philosophy to take into account new 
aspects of ergonomics, the dynamics of evolution of the rapid succession of 
perceptions, diagnosis, decision, actions and their monitoring, as well as limi-

tations brought on by time constraints and/or stress of perceptions, their 
treatment and the actions of normal pilots.

•	 Compressing the relevant information to be presented to pilots, even 
restricting it temporarily by eliminating non-essential information and selecting 
the simplest, most appropriate parameters and combinations of parameters for 
rapid cognitive treatment of the situation, with an incitement to consult them if 
necessary. 

The combination of parameters relating to aerodynamics with those concerning 
flight path management, in terms of both position and energy, should be drasti-
cally simplified, possibly abandoning their traditional displays completely. 

For example, for short-term immediate flying, would it not be possible to find a 

new form of display based on a condensed, ergonomic combination of the classic 

parameters of angle of attack, speed, altitude, vertical speed, attitude, thrust, 

velocity vector and total energy, maybe even recalculated from different data to 

those commonly used? Flight physics equations, technology capture of the 

necessary parameters and systems, experience as regards crew station ergono-

mics…: all this now exists and is functional.
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The problem of angle of attack (AOA) was raised in the conference, with the 
remark that its introduction as a flight parameter would be difficult for technical 
reasons and because of the need to train the many different pilot groups. But in 
fact the question here is rather one of completely reappraising the entire set of 
flight parameters, of which AOA is only one component, however essential17. 

During fast, multiple actions, knowledge of the state of the aircraft can be a 
crucial element. However the requirement to monitor the FMA would seem to 
need refining since it can interfere with other, possibly vital actions, even if this 
knowledge itself can be vital. When reacting to a sudden event, the reading of 
texts and acronyms, or rather mentally perceiving their meaning in order to take 
appropriate action, takes up valuable time in rapid and sequential actions.

A study conducted in the early 1980s by Aeroformation on teaching FMA modes 

showed that trainees experienced mental difficulties dealing with quantitative 

flight control parameters and qualitative systems’ status parameters on the same 

instrument. Appropriate teaching solved the educational problem but the basic 

mental phenomenon is still present.

The problem of permanent attention focus, or tunnel effect, should also be dealt 
with. One possible solution might be to completely remove the information the 
pilot is focused on, deduced from neuropsychological research.

•	 Searching for automated systems that make the most of operational 

human qualities and the normal capacity of pilots for accurate, rapid reactions, 
particularly in the realm of recovery assistance from abnormal situations, 
without seeking to make them into super-virtuosi.

As an example of a function that has become inadequate in the course of the 
evolution of automated systems, one might cite the flight director. It was origi-
nally intended to provide the manual pilot with trajectory tracking information 
drawn from the autopilot, to relieve them from having to mentally solve flight 
mechanics equations, calculations better performed by the autopilot. When 
following “orders” from the flight director, the pilot becomes a less efficient 
substitute for the autopilot, but the process is so demanding that it is at the 
expense of monitoring the primary flight parameters. On automatic pilot on the 
other hand, i.e. most of the time, the flight director helps check the autopilot 
operation if necessary. 

To remove it entirely though remains problematic. If a guided rapid reaction is 
required in the case of an event for which one knows the appropriate recovery 
manoeuvre, then it can be useful, but on condition that it becomes the obliga-
tory, unique reference element, which is far from being the case. Automation 

17. Appendix 5 gives an overview of the use of incidence on transport aircraft
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has a role to play here, if used “intelligently”: it’s up to automated systems to do 
what they can do effectively and without difficulty: solve flight physics equations, 
and it’s up to pilots to select the appropriate trajectory solution without being 
overloaded by complicated calculations, whilst retaining control over execution 
of the tasks required. An example is given in appendix 4 for visual flight. 

4.4.3 Procedures

Procedures have made an enormous contribution to safety. They are essential for 
efficient, safe air operations.

However dealing with unforeseen events requires simple, intuitive procedures, or 
rather rules. The case of the Qantas A380 incident, on 4 November 2010 near 
Singapore, raises the problem of the time needed to carry out multiple, interrelated, 
cascading procedures. Processing this unforeseen event – an engine explosion – 
took 50 minutes; fortunately for those involved this necessary time was available, 
which was one of the “luck” factors of the incident.

In such emergency cases, over-detailed procedures can often be effectively 
replaced by more general rules. 

The Airbus Training ‘Golden rules’ can be cited as an example of attitude 
towards automation :

1. The aircraft can be flown like any other aircraft.

2. Fly, navigate, communicate-in that order.

3. One head up at all times.

4. Cross check the accuracy of the FMS.

5. Know your FMA at all times.

6. When things don’t go as expected – TAKE OVER.

7. Use the proper level of automation for the task.

8. Practice task sharing and back-up each other.

Another problem with procedures is their multiplication. When an aircraft enters 
into service, great care has been taken to define the best operating procedures, 
but with experience it becomes necessary to take previously unforeseen operational 
cases into account. This tends to be done by adding procedures, or new 
instructions which comes to the same thing. On the other hand removal or 
simplification of procedures is very rare indeed.

4.4.4 Recovery from unusual positions

These situations are, in general, unexpected; although perhaps foreseeable, the 
uncertainty factor lies in the circumstance and moment of their occurrence. 
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One might assume that automatic recovery would be the appropriate solution, 
provided such situations had been foreseen (in which case they would no longer 
be unforeseen). The Americans have pushed ahead in this area with automatic 
recovery of combat aircraft. The U.S. Air Force apparently wishes to equip its 
fly-by-wire aircraft, especially the F-22 and F-35, with an automatic control system 
for cases when the pilot approaches an irretrievable situation. Automated obstacle 
avoidance – terrain or planes – is now envisaged in civil transport.

However there are, and will continue to be, cases where automated systems work 
properly but where their logic is inadequate to the unforeseen situation. This then 
calls for manual takeover, aggravated by lack of knowledge as to the negative 
contribution of the automation. This is the case for example of a badly executed 
high-incidence go-around in approach with automatic trim making manual recovery 
difficult, or an autopilot disconnection for which the alarm has gone unnoticed 
since other tasks were being performed that required sustained attention.

Since automatic recoveries can only be envisaged in anticipated situations and by 
means of automated systems that remain reliable in all circumstances, the 
inevitable manual overrides in unforeseen cases must be immediately assessed 
and decided on with the aid of a parameter and control displays that are at once 
accurate, unmissable and intuitive. This is also part of a cockpit stress philosophy. 

The previously mentioned role and reliability of the flight director should be 
considered, probably in a new light.

4.4.5 Actions on controls

In accordance with what has been outlined above, movements to be carried out 
when taking action for situation recovery must be straightforward and in harmony 
with the incitement to act contained in the information presented.

One might quote as an example the actions of the PNF, Pilot Not Flying, when 

performing a go-around of a twin-engine aircraft with both engines operating. 

They must handle in quick succession flaps, landing gear, heading and altitude 

displays and automation mode changes in evolving sequences of 10-20 

seconds, by means of controls in a variety of locations. They must do so while 

maintaining radio communication, monitoring the PFD parameters including the 

FMA and engine thrust, at the same time announcing all changes seen on the 

instruments.

4.4.6 Onboard computer systems

A tricky aspect should be mentioned here. Information technology has permanently 
colonised cockpits in a form more or less derived from office computers. Its use is 
suited to forecast missions and cases, in normal, abnormal and emergency 
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situations, and seems to work fine. However, one can only wonder about its use 
under constraints of time and stress when one sees the errors of all kinds that are 
provoked when it is used in calm conditions. In complex situations the virtuosity 
required is perhaps not within the reach of everyone, even for generations of pilots 
brought up on iPads.

4.4.7 The PFD

As the instrument of reference in short-term piloting it is in the first line of 
improvements mentioned above, both as regards its roles as well as in its structure 
and its way of presenting information. For example must the basic T of the flight 
instruments be retained? If so, how can changes be made in the way parameters are 
displayed? What parameters are we talking about: classic ones or combinations? Etc.

Perhaps this instrument ought to be replaced by a more appropriate one, and for 
example form a back-up system for the latter?

4.4.8 What should be done?

If launched, these actions will necessarily bring about important changes in habits, 
equipment and procedures (as well as in training, as discussed below), with 
considerable financial implications. But they probably have the greatest potential 
for progress.

We believe that industry, carriers and the Authorities should look into this. First by 
deciding whether resolving dangerous unexpected cases during flight, including 
those that can already be anticipated, merits such an expensive alteration in flying 
techniques, and then by launching studies into new, appropriate standards.

4.5 TRAINING AND SELECTION/MANAGEMENT

4.5.1 Training

The unforeseen as the norm?

If the unforeseen were the norm, crew training should be fundamentally oriented to 
deal with it particularly stimulating pilots’ capacities for judgment and creativity, 
essential qualities for this purpose.

But we must face reality. Currently pilots are selected and trained for missions 
carried out under foreseeable conditions – whether normal, abnormal or emergency 
– and in the strict application of procedures. Their current training and above all their 
professional qualities allow them to react, usually correctly, to the unforeseen. Since 
such unexpected events are everyday occurrences when performing a mission, 
experience gradually makes up for possible deficiencies. However it is also clear that 
sometimes qualities and experience are not sufficient to handle a given situation in 
which the available time is too limited. What can be done to ensure that ordinary 
pilots are better equipped to face the unforeseen, so as to reduce the risk of failures?
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An overview of the problem is given by an experienced instructor pilot:

“Given a somewhat (but not highly) complex failure combined with a given 

weather situation and area overflown, when I suggest behaviour which seems to 

me to be simple, appropriate and commonsensical, I get the following answer 

from the airline pilot: ‘Where is that written down?’

Another example. During a demonstration flight, after having explained in great 

detail to an airline pilot during cruise how we will perform a series of ‘‘touch and 

go18’ landings on our destination airstrip, just before descending I hear the same 

pilot giving me the ‘descent briefing’. What he says has absolutely nothing to do 

with what I just explained to him moments earlier! He simply delivers the same 

sacrosanct ‘descent briefing’ that he serves up every day, which proves that he 

is mechanically reciting words empty of meaning.

These two personal examples, among many others, show that airline pilots are 

formatted to perform tasks learned by heart, or to apply existing procedures, but 

they are often unable to adapt to what is not strictly foreseen or written down in 

advance. If pilots were no more than that, it would be very easy to replace them 

with machines. We could do so right now. And yet what we need from pilots, both 

today and tomorrow, but especially tomorrow, is precisely the opposite of a 

machine...”

18

These examples summarise the main current training deadlocks: procedures are 
widely used as a basis for training and the definition method of this training focuses 
on what is necessary and sufficient, in which “sufficient”, due to financial 
considerations and competition, is taken to mean minimum conditions for carrying 
out the mission. 

Costs

Little mention was made of costs during the conference. In fact of course they 
govern most aspects including training programmes. The principle adopted is that 
of ensuring what is necessary and sufficient, although sometimes this means 
meeting only what is necessary, leaving the sufficient to be dealt with according to 
well-defined normal missions without unforeseen aspects. Frequently the licence, 
setting basic minimum skills, is even taken as unique reference point, with 
experience then supposed to fill in any gaps. This concept of minimum training, 
associated with the cost-cutting battles waged between training centres, means 

18. Landing limited to wheel touch immediately followed by go-around on the runway.

Table of Contents



Dossier 37 of AAE Air and Space Academy  - 2013 Page 41

SUGGESTIONS AND PROPOSALS

that responsibility for safety is very much down to, on the one hand, the regulatory 
authorities and, on the other, the operators. 

ICAO and IATA studies and proposals are not aimed at lowering training costs nor 
reducing the number of flight hours. While they are concerned by these aspects, 
they are not primary or priority objectives.

The Authorities have a difficult task. They regulate on the basis of evolving 
technologies, knowledge, and experience. They are therefore always downstream 
of developments with the responsibility of defining sensible rules and standards to 
constitute a permanent reference for all in a changing world. However in the wake 
of accidents or serious incidents, rapid action can often be necessary. The 
technical procedure for airworthiness is known, fast and efficient. This airworthiness 
model should be extended to the human part of the equation, in particular to 
training.

Operators, subject to competition, must seek an optimal compromise between 
efficiency and safety, on the one hand, and training expenses which even include 
the temporary loss of the crews. They have to make choices in programmes based 
on priority.

The percentage of these costs is known to each airline and also to manufacturers 
who share a large share of responsibility in customers’ initial training due to the 
specific technical and operational aspects of their aircraft.

Adequacy of current training

The MPL concept for basic licences applies the principle of what is necessary and 
sufficient, introducing crew training from the beginning of the course. It is clearly 
reasonable in economic terms, but only on condition that the training imparted 
does not compromise behaviour when situations demand an appropriate individual 
response. Immediate behaviour in a surprise situation is essentially individual and 
if the situation calls for crew action, then this requires appropriate, properly trained 
reactions from two individuals. In addition, there exists a real possibility that a 
young, relatively inexperienced co-pilot will be confronted with a situation in which 
the captain is incapacitated. Crew work on its own, therefore, is not enough. It is 
important for the trainee also to have practice on real solo flights (not accompanied, 
with a passive onboard instructor as is often the case) in order to build up 
self-confidence and self-control. Gliding can usefully play this role.

The introduction of aerobatics sessions into basic training is a definite asset in 
building up the necessary self-control for recovery from unforeseen situations. 
Training in recovery from unusual positions, such as practiced by the military, 
brings a major improvement.

Testing basic knowledge by means of multiple choices, as is most often the case, 
is considered insufficient and dangerous by the Academy because it does not 
guarantee proper understanding of this professionally vital knowledge. Inappropriate 
multiple choice questions encourage cramming and get in the way of proper 
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learning. This practice would appear to highlight a lack of innovation in knowledge 
acquisition, or even the scant importance attached to the latter, given that pilots 
are in fact permanently required to resolve flight physics equations in their actions 
on flight controls and automated systems. We’re not talking here about book 
knowledge but about creating mental models in their memory, which is obviously 
more difficult than cramming. Current technological advances, greater experience 
of computer assisted training and new knowledge on the neurological functioning 
of the different memories should pave the way for in-depth reflection on the best 
way of teaching the knowledge necessary for pilots.

Real efforts are clearly being put into defining and implementing training in order 
to encourage correct responses to unexpected and unforeseen situations. 
However, the conference brought to light that faced with this danger, this threat, 
training is not sufficient, what is required is nothing less than behaviour education.

CRM training, with its emphasis on reciprocal control of actions and unrestricted 
communication within the crew, lowers the risk of attention tunnel effect. Realistic 
scenarios on the FFS, of the LOFT type, build up capacities for self control and 
situation awareness diagnosis.

NB: for training to be valid, these scenarios must be varied, realistic and unknown 
to trainees; this is often far from being the case for practical reasons linked to the 
recording, collecting and processing of information, its introduction into defined 
training programmes or, worse still, due to regulations. And yet computers today 
can generate an almost random selection of unforeseen situations during a 
simulated flight, but few centres make use of this very real, existing possibility. 
Examples here include the system elaborated by the UCF, University of Central 
Florida, the RRLOE19.

Another dangerous source of risk is that of overstepping the aircraft’s operational 
limits or straying outside its peripheral flight envelope. Great care is taken to 
ensure that these incursions outside these limits are impossible, with different 
methods being used on Boeing and Airbus aircraft for example. But in practice, this 
ambition is constantly foiled by unforeseen events. Technology obviously enables 
many gaps in protections to be closed, reinforcing them wherever deficiencies are 
detected. But can one continue to give credence to the idea that pilots have no 
need to know what lies beyond supposedly impassable, artificial limits, that they 
have no need for concrete knowledge of the dangers awaiting them? Current 
practices have until now denied this need. We believe this knowledge of physical 
hazards to be necessary, but that any measure would have to achieve global 
consensus and implementation to be effective. 

The main impediment to dealing with these problems during training is the 
inadequacy of the FFS to the task, dealt with below. 

19. Rapidly Reconfigurable Event-Set Based Line-Oriented Evaluations Generator.
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We have also seen that current programmes only implicitly include handling of 
unforeseen situations, submerged as they are in the other regulatory requirements. 
Whereas, on the contrary, the qualifications required to effectively handle such 
tricky situations more than cover those today considered necessary for properly 
performing the transport mission entrusted to airline pilots.

In this sense military pilot and astronaut training is significantly ahead of that of 
airline pilots and it is tempting to say that it would be enough to copy them in order 
to improve matters. It should be noted that individual follow-up of military pilots and 
astronauts and their skills is the key to this success. 

Things are slightly more complicated than this, however, because air transport 
personnel are much more numerous and regimented by international rules 
establishing not only minimum safety conditions but also, indirectly, conditions 
governing training costs, and therefore financial competition between operators 
and between training centres.

Key points of training

Consequently several key points must be tackled simultaneously which, for 
economic reasons, means completely overhauling pilot and crews’ training/
education to produce a consistent, effective and economical whole.

Educating students’ reactions to the unforeseen and capacities of self-control

Self control is the essential quality in stress management.

For maximum efficiency this process of educating reactions must be based on 
predispositions detected in basic selection. It must begin with basic training and be 
pursued throughout the career.

The main tool, if possible, in ab initio training is the aircraft itself, and especially an 
FFS type Flight Simulator, which optimally reproduces the actual operational 
environment of a mission. It must be used to play out an appropriate scenario 
including a tricky, surprise situation. The choice of the event must be at once 
random, unknown to the crew and never the same. Crews are not trained with 
regard to the event but vis-à-vis their reactions to the event, particularly in terms 
of decision-making.

The FFS software must therefore enable random choices from a very extensive 
repertoire.

Student reactions are graded so as to highlight any deficiencies and also to 
indicate progress made during training.

Basic ab initio training 

Initial training is often seen as a sum of knowledge and know-how pilots must be 
taught. This widespread concept is unfortunately overly restrictive and the real 
objective does include but also goes well beyond this concept: students must have 
a true aeronautics culture instilled in them based on skill and safety. 
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Insufficient basic training would remain a permanent handicap for a pilot, who 
would then represent a permanent potential threat to air transport. The quality of 
this course is important because there is evidence that vital manoeuvres learned 
during this initial phase remain printed indelibly in pilots’ memory, and may 
reappear spontaneously in their initial state in situations requiring this type of 
manoeuvre, regardless of changes to procedures in the meantime.

We have seen that teamwork is introduced at this stage. However it is also during 
this period that individual qualities will be forged, in addition to the self-control 
mentioned above, that are necessary for managing unforeseen and unexpected 
situations under stress, mainly:

•	 Learning and assimilating good basic knowledge. A list of what has to be 
taught is not sufficient; it is also – and above all – vital to make use of methods 
and programmes that facilitate proper understanding and memory storage, thus 
enabling such knowledge to be reused correctly according to situations20. 
Modern computer tools make it possible to teach theoretical training through 
the use of the simulation. The same simulation tools test the knowledge thus 
acquired by means of multiple choice questions which, since answers are not 
given in advance, are free from problems linked to cramming.

•	 Self-confidence and airmanship. Solo flights (real ones, not accompanied by 
an instructor) are a very effective way of reinforcing this quality. Glider flight is 
a good way of teaching it.

•	 Recovery from unusual positions. There is no need to reinvent this, it is 
enough to copy air force techniques, adapting them to civilian missions and 
their feedback from experience. Glider flight is not sufficient for this.

•	 “Division of attention” refers to the faculty to process multiple concurrent 
tasks despite the human limitation of being able to handle these tasks 
consciously only in sequences. This technique is a bulwark against the 
dangerous syndrome of permanent focussing, or tunnelling, of attention21.

•	 Anticipation, to reduce reaction time in rapidly unfolding situations.

•	 Error recognition and management. This can be dealt with during crew 
training by reinforcing surveillance and vigilance functions.

Programmes must be defined according to rational CBT type methods in which 
behaviour is taken into account at every step of analysis.

With the increasing complexity of air resources at their disposal – automated 
systems in particular – it is essential that students retain a simple idea of their use. 
However, if operational procedures are to be used, simple, common-sense rules 
must be elaborated and taught to deal with unforeseen, complex, rapidly developing 

20. Cf appendix 7: Teaching flight mechanics?

21. Tunnel effect. Phenomenon in which attention is monopolised by certain elements to the detriment of 

perception of evolution in the environment.
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situations in which execution of procedures is problematic. This case has already 
been dealt with previously.

The role of the instructor is essential in this phase of training. Great care must be 
given to their own training, particularly as regards their ability to track the individual 
progress of trainees with different behaviour profiles.

Type rating and recurrent training

It is not a question here of altering what is performed very well today, but of 
reorientating it.

The accent must be placed on events in which the time constraint is the strongest, 
not necessarily on those considered technically the most dangerous. Thus, in the 
case of twin-engine aircraft, a go-around with both engines in operation is 
potentially more hazardous than one with a failed engine, due to the very rapid 
changes in flight conditions and the consequent need for rapid corrective action. 
Single-engine go-arounds are “calmer”, making it easier to process the actions 
required, despite the stress induced by the failure. Indeed, operational limitations 
resulting from lack of available time would seem to be more significant than those 
caused by stress due to perception of the failure, which could justify specific 
research in itself.

It is necessary to take stock of such foreseeable cases and constitute a training 
base for the unpredictable. Which does not free the various programmes from the 
obligation to maintain qualities learned in initial training.

Lessons on the limits of the flight envelope should include practical demonstrations 
of borderline states, the physical phenomena that are specific to them and how 
these limits evolve. Theoretical knowledge alone is not enough to fix the concept 
of danger in the memory. Relying without demonstration on the action of protective 
systems is just as inadequate.

Qualities involved in self-control must be periodically monitored in the same way 
as knowledge and know-how.

Flight simulators

Current FFSs are very efficient, but in terms of the issues raised in this dossier 
there are three various different problems. 

Programming

It would seem wise, in order to introduce an element of unforeseen into training, to 
programme random sessions into the LOFT and also the practical ATPL exam. For 
example, without claiming to be exhaustive, the random variables of such sessions 
could be the airfields used, the nature of landing aids, weather conditions, 
obstacles, special ATC instructions, the state of the aircraft and its systems and a 
certain number of failures or unforeseen events, with each assigned a coefficient 
of processing difficulty and duration. Given the small number of scenarios currently 
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available, this would prevent candidates knowing, from the first failure on, what 
was awaiting them. As already mentioned, a system such as the RRLOE “Rapidly 
Reconfigurable Event-Set Based Line-Oriented Evaluations Generator” should be 
used.

Cockpit movement 

Fast-moving unforeseen situations are often linked to rapid changes in aircraft 
movements. Poor simulation of these movements in the FFS can cause misleading 
physiological perceptions and give rise to inappropriate judgments and reactions.

Forty years ago, in-depth studies went into fixing current simulator settings for 
cockpit movements which aimed to emulate as closely as possible sensations of 
inertia and rotation in flight phases from a classic mission, on the basis of human 
physiological characteristics. It is now clear, however, that certain manoeuvres on the 
simulator do not exactly replicate the sensations of real flight, for example in 
go-around.

Although exact reproduction of reality is of course impossible, these settings must 
be reworked to find acceptable compromises, once again, between technical 
possibilities and the physiological realities of problem situations.

The flight envelope

The issue here is linked to going beyond the normal flight envelope, especially for 
demonstrations of dangerous situations. We have seen that knowledge of the 
performance of an aircraft and its equipment could be a factor in certain, admittedly 
extreme, but very real, cases of departure from the flight envelope, for example in 
the case of wide angles of attack.

The current data package transmitted to simulator manufacturers usually includes 
only the operating envelope, sometimes the peripheral envelope, but no area 
outside the two.

It would therefore be sensible to envisage certain compromises in terms of data so 
as to mark out these dangerous areas without seeking total accuracy which would 
be both prohibitively expensive and potentially risky. 

One exercise for instance from the Concorde type rating involved deliberately 

exceeding transonic flight limits, with the failure of a flight servoactuator, going 

as far as loss of control. It was an excellent, effective educational demonstration 

of the danger of going outside the centre of gravity corridor which was new to 

trainee pilots. 

In addition there was a demonstration on the FFS of the limits of the whole 

flight envelope and its protections.
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4.5.2 Pilot selection and management

Selection

The number of aircraft in operational service is increasing, as is the number of 
pilots. In such conditions recruitment can be dictated by the urgent need to meet 
this constantly increasing demand, leading to less rigorous selection and resulting 
in the regulatory minimum level of training becoming the accepted standard. 

Without calling into question current pilot selection criteria, one can but notice that 
in most listed incidents and accidents, human dysfunctions have a common cause: 
lack of self-control and the corresponding propensity to permanently focus 
attention.

With the experience of thousands of pilots trained in type rating it is reasonable to 
imagine that a large proportion of current pilots would have serious problems 
dealing with combinations of truly dangerous, stressful unforeseen situations, 
fortunately rare in the career of a pilot working as part of a crew.

To detect this self-control, a largely innate quality, it is necessary to place the 
individual in a really stressful operational situation, and simulators do not provide 
situations in which actions are life-threatening. And yet this detection is of prime 
importance in becoming a pilot, present or future. We believe that neuropsycho-
logical-based studies should be conducted to address this deficiency.

The existing comparison of initial selection results with observed behaviour during 
training should be extended to encompass the pilot’s entire career, something 
which is rarely done. The feedback from experience thus obtained might throw new 
light on certain tests used.

Management

Pilot selection and training do not suffice to guarantee enduring skills when faced 
with the unforeseen. The conference demonstrated the great importance of 
managing pilots according to the mission, its operating conditions and individual 
skills. Military aviation is considerably in advance of civilian transport in this 
respect. Close monitoring and management of individuals is the rule, ensuring 
optimal efficiency and good flight safety.

Airlines have great difficulties controlling this aspect due to the large number of 
pilots and their different profiles. They do so to the best of their relevant regulations, 
circumstances, flight safety management, financial and other problems.

The rule of seniority, which does not exist in the military, represents an obstacle to 
proper safety management, whatever one might say. That seniority in the airline, 
and therefore operational experience, is considered to be an asset for efficiency is 
right and proper. But that this seniority, by misappropriation of the rule, has the 
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single aim of maintaining pilots’ privileges is unacceptable in terms of safety and 
efficiency.

We believe that this seniority rule should be accompanied by objective 
considerations on individuals’ technical and behavioural skills, which implies strict 
monitoring of these skills, paying attention to any discrepancy in professional daily 
acts. During in-flight audits and checks, particular attention is supposed to be paid 
to behaviour in any unexpected situation, even  minor. Is this taken into account 
effectively in the individual handling of pilots? Is it given sufficient weight as 
compared with seniority?

Maintaining vigilance

However well-trained and experienced they might be, pilots cannot cope with the 
unforeseen if they are not vigilant, which is not always easy, particularly during 
cruise flight during which they have to monitor automated systems that work very 
well and a control panel on which nothing ever happens. No information surfaces 
to stimulate their brain. On top of that, they are in an inauspicious environment:  
high noise level, low humidity, drop of oxygen levels in the blood due to cabin 
altitude, possible jet lag and, often, night flight.

In addition to that, pilots, like all human beings, are subject to circadian rhythm 
cycles lasting about an hour and a half, which are particularly strong at night (sleep 
cycles). The beginning of each cycle, even during the day, is conducive to 
involuntarily dropping off to sleep. This unconscious urge to sleep is responsible 
for thousands of deaths on the road each year when it occurs behind the wheel, 
and there are many examples of pilots involuntarily falling asleep in cockpits. The 
most dangerous period in terms of loss of vigilance is between 5 am and 7 am 
(adjusted to time zones) during which some physiological parameters such as body 
temperature are at a minimum level. This period corresponds to a peak in accidents 
among truck drivers.

To combat loss of vigilance and, a fortiori, sleepiness, several strategies are 
possible, according to circumstances:

•	 making up for lack of information in the cockpit by performing activities involving 
the pilot’s attention only partially: reading (in instalments), revision of operating 
manual, or conversation which has the advantage of informing each pilot on the 
other’s state of vigilance, etc.;

•	 fighting evil with evil, i.e. allowing oneself a brief sleep when one becomes 
aware of impaired vigilance. This nap, which should not last more than 20 
minutes so as to avoid falling into a deep sleep phase, is known in the U.S. as 
a “NASA” nap and in France, as a parking break. It must be taken when the 
need arises, circumstances permitting, and should not be scheduled in advance. 
The same goes for the slot allocated to each pilot for sleep on very long flights 
requiring more than two pilots;
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•	 It is also important to take into account the fact that a pilot awoken urgently 
from a deep sleep phase requires several minutes before being capable of 
forming a proper situation analysis and, a fortiori, making a decision.

Pilot management must factor in this essential problem of fatigue and alertness 
control.

4.6 FUNDAMENTAL RESEARCH: KNOWLEDGE OF 

COGNITIVE MECHANISMS

The pragmatism that has always been the main force behind improvements to the 
human interface, shaped by thousands of years of practical observations and 
common sense and backed up by powerful technology, is now losing steam in the 
face of dangerous, unforeseen dynamic situations.

In order to tackle behaviour in unforeseen or unexpected situations, we have to 
improve our knowledge of the elementary, dynamic, fundamental mental 
mechanisms underpinning it, and especially their limits. These constitute the basic 
data for human operational behaviour, equally applicable to all operational 
situations of a mission, and as such pave the way for a unification and simplification 
of human factors used in aviation. Progress in neuro-psycho-cognitive knowledge 
is necessary in order to rationalise practical use of such knowledge on behaviour.

For decades, psychology endeavoured to find causes for dysfunctional behaviour 
and to provide solutions. Limited by its qualitative, kinematic discourse, it has now 
been succeeded by neuropsychology.

We believe that the key to deficiencies in operational behaviour in unforeseen, 
stressful circumstances can be found in this knowledge of the underlying mental 
mechanisms, to which the contributions of psychology and neuropsychology have 
been outlined above.

The conference clearly showed that it is difficult to make significant progress on 
pilot training, education and even selection, but that this is no reason to disregard 
the proposed improvements: only by putting them into practice today, however 
complex that may be, will we be able to improve the situation in the future. 
However innovation in this sector tends to consist essentially of generalising 
methods already tested successfully on a relatively limited number of users. They 
do not pave the way for significant improvements in the selection and training of 
the 500,000 or so pilots in global commercial aviation, since this training is usually 
subject to financial and regulatory considerations which will persist whether one 
likes it or not. In fact the methods we use are age-old, as old as the human brain, 
with refinements coming only from technological progress and rational analysis of 
what is necessary for the exercise of the profession.

Nonetheless, scientific contributions to knowledge on behaviour in rapidly changing 
situations – especially the mental limitations induced by surprise and stress – open 
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the way to some realistic, ergonomic solutions in cockpits, procedures and training. 
This should bring the desired innovation. 

This opening towards real innovative concepts requires coordination between 
many actors: universities and research scientists (today divided into rigid scientific 
subject areas), operators from airlines and manufacturers, systems and aircraft 
manufacturers with their own interests and confidentiality issues and regulatory 
authorities. 

We have shown the direct impact on pilots’ behaviour of overloading normal, 
unavoidable mental (cognitive) limits. When these limits are overstepped they 
influence how a problem situation is perceived, diagnosed and dealt with under the 
ensuing stress. These limits depend on parameters specific to each individual but 
the manner in which a situation is presented also has a direct influence on the 
margin remaining before these limits are overstepped. When combined with normal 
attention focus due to surprise, the transgressing of these limits inevitably causes 
aberrations (errors, omissions) that can lead to the rapid onset of attention tunnel 
effect.

While individuals have different behaviour patterns, the brain has a modus 
operandi that is common to all. Precise knowledge and rational management of 
cognitive limits, mainly to prevent them being exceeded, will directly impact 
evolving interfaces and human-systems integration, especially aircraft automation 
where technology, although an extraordinary support, must be properly harnessed 
in order to be helpful and not constricting.

To achieve this, we must gain a better understanding of the dynamic cognitive 
behaviour involved, in terms of both (1) time functions (chronology and duration) 
and (2) operational multitasking. This behaviour is triggered and directed mainly by 
stress and is inherent in the situation’s structure. 

Neuropsychology is the best path to knowledge, combining the results of 
psychology with studies on the inner workings of the brain, and producing a 
synthesis applicable to the operation of piloted (or guided) aircraft.

The research objectives involved could for instance include:

1- The nature and respective roles of mental models and cognitive functions in 
dynamic operational functioning with a low time constant (between 1/10 and 10 
seconds). Links between them.

2- Connections, specific ways of functioning and limitations of short-term, working, 
declarative and procedural types of memory in operational activities of short 
duration. Links between cognitive functions and different types of memory.

3- Links and coordination between conscious actions, memorisation and uncons-
cious automatic actions when executing rapid multiple tasks. Identification and 
role of objectives. Mechanism of choices. Connections between the different 
action levels and links.
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4- Stress-induced alteration of the capacities of perception, analysis and action in 
the execution of multiple tasks. Limitations and tunnel effect.

The involvement of the Authorities in orienting and applying these basic research 
avenues would directly influence the evolution of safety criteria.
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RECOMMENDATIONS

The Air and Space Academy takes note of the great danger represented by 
unforeseen situations during flight in the eyes of the aviation community.

Unforeseen events are commonplace occurrences in air transport missions, and 
the safety culture permeating aeronautics endeavours to minimise the risk they 
represent by strengthening barriers designed to prevent human dysfunctions 
whenever a risky situation is already known or anticipated. This reduces but does 
not eliminate risks because unforeseen events in flight are inevitable.

A summary analysis of the problems encountered when seeking to reduce the 
dangerous impact of unforeseen events in flight was given in Chapter 4. It shows 
the need for significant investment, particularly financial, in the cockpit interface 
and in pilot selection, management and training. However since the current 
accident rate is very low, it is questionable as to whether all players in the 
aeronautics community are willing to make this effort.

1

The Academy recommends that all stakeholders – Authorities, industrial partners 
and operators – define a common strategy for effective action to counter the risk 
presented by unforeseen situations which cause behaviour dysfunctions in pilots.

Insofar as a global consensus exists, and even if it were impossible to obtain, the 
Academy recommends action in three areas:

•	 the pilot-aircraft interface in the cockpit;

•	 pilot selection, training and management;

•	 fundamental research into behaviour under stress.

The Academy believes that a common strategy would simplify implementation of 
the necessary measures. But it is aware that specific actions can either have a 
negative impact on their initiators, for example financial, or on the contrary a 
positive impact to their image in terms of improved safety culture.
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2

As regards cockpit interface, the Academy recommends the following actions:

•	 Normal mental limits under stress should be taken into account in cockpit 

ergonomics by simplifying flight parameter management in order to speed up 
situation diagnosis, and by giving vital indications to the pilot on the nature and 
sense of immediate recovery actions; these actions have to be carried out as 
simply and as rapidly as possible, since available time is the key, although often 
unknown, parameter.

•	 Optimal task distribution should be sought between pilots and automa-

tisms so that the best possible use is made of the capabilities of each: 
automated systems should look after the physical handling of the flight path or 
systems with pilots selecting the appropriate decision and ordering the 
automated systems to perform it.

•	 The use of simple, where possible intuitive, procedures. If the unforeseen 
situation excludes the possibility of following procedures, then simple, general 
rules should be provided that are easy to recall and apply.

•	 In the case of task distribution between a crew of two, in flight phases where 
there is a strong time constraint, the pilot not at the controls must be able to 

properly carry out their essential function of monitoring the situation.

3

As regards selection, the Academy recommends the following actions:

•	 Since self-control is essential in dealing with dangerous, unforeseen situa-
tions it is important to accurately detect this personal characteristic by 
means of appropriate, possibly better defined, selection tests.

•	 The evolution of pilots’ skills throughout their career should be compared 
with the results of their selection tests.

4

As regards training, the Academy recommends the following actions:

•	 Integrate true solo and aerobatics flights into pilots’ basic training to 
educate essential personal qualities as well as flight simulator demonstra-

tion of the dangers of going beyond the limits of the authorised flight 

envelope, and teach recovery operations from such borderline incursions, 
whatever the type of protection available later in operation.
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•	 Teach flight physics and its limitations in operational use properly, without 
relying on cramming but through the use of suitable exercises. Use tests to 
check real level of knowledge, once again excluding learning by rote. On this 
subject the concept and use of multiple choice questions should be fundamen-
tally re-examined, without doing away with them completely.

•	 Educate self-control and vigilance in the permanent monitoring of situations 
in flight through flight simulator sessions in which problematic unforeseen situa-
tions are randomly introduced without students’ prior knowledge. 

The use of flight simulators is essential and some adaptations are necessary.

5

As regards full flight simulators (FFS) the Academy recommends that:

•	 In order to train reactions to unforeseen situations, the software used should 

enable the selection of combinations of unforeseen situations, unknown 
beforehand to students.

•	 For demonstrating the dangers of flying beyond the flight envelope, the infor-
mation available should extend the traditional data-packages, not necessa-
rily strictly reflecting a reality difficult or impossible to measure.

•	 Since cabin movements are physically limited, scenarios involving fast, 

dynamic flight changes should be individually adapted to prevent inappro-
priate sensations disturbing perceptions, or on the contrary to give as close an 
impression as possible to sensations perceived in flight.

6

As regards pilot management, the Academy recommends the following actions:

•	 Monitor and check the capacity for self-control throughout a pilot’s career.

•	 Monitor and check knowledge and basic know-how throughout a pilot’s 
career.

•	 When required for reasons of safety, put the priority on individual skill rather 
than seniority issues.

•	 Make sure that vigilance is taught.

What precedes is based on a precise knowledge of the mental mechanisms 
involved in time-constrained and stressful situations and their limitations, because 
the dynamic operation of mental processes with a very low time-constant, less than 
a second sometimes, governs behaviour in such situations. 
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7

For the above-mentioned actions to be effective, they must be grounded in 
additional scientific data, in order to improve our understanding of the dynamic 
operation of mental processes and their limitations, particularly, but not only, the 
tunnel effect. The Academy recommends recourse to neuropsychology for 

studying these phenomena. 

However this research should not block the immediate practical application of the 
preceding recommendations wherever this is possible.
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INTRODUCTION OF THE NEW FLIGHT CREW LICENCE

Source EASA

The Multi-crew Pilot License (MPL) is a licensing scheme widely implemented, 
including in Europe. MPL is defined in Part-FCL, Subpart  E, and relative 
Acceptable Means of Compliance (AMC) and Guidance Material  (GM), and in 
Appendix 5, published in 20121.

MPL is not a new licensing programme in Europe, however: it was already 
mentioned  in JAR FCL 1, Subpart K2. 

Part-FCL states that the privileges of the holder of an MPL are to act as co-pilot in 
an aeroplane required to be operated with a co-pilot. The holder of an MPL may 
obtain the extra privileges of the holder of a PPL(A), provided that the requirements 
for the PPL(A) specified in Subpart C are met; and of a CPL(A), provided that the 
requirements specified in FCL.325.A are met.

Getting an MPL licence is one way to apply for an Air Transport Pilot Licence 
(ATPL) (A): FCL.510.A ATPL(A) states that applicants for an ATPL(A) shall hold an 
MPL or a CPL(A) and a multi-engine IR for aeroplanes. In this case, the applicant 
shall also have received instruction in Multi Crew Cooperation (MCC). 

MPL is designed on a competency-based framework of learning objectives: 
combining the skills, knowledge and attitude required to perform any given task to 
the prescribed level of skills. Competency Based Training (CBT) and assessment 
are characterised by a performance orientation, emphasis on standards of 
performance and their measurement, and the development of training to the 
specific performance standards  embedded in a continuous assessment against a 
predefined objective. 

In the MPL licensing scheme, the training organisation (ATO) works in close 
relation with the airline in which the pilot will then start operating: ORA.ATO.350 
General states that the privileges to conduct MPL integrated training courses and 
MPL instructor courses shall only be given to the ATO if it also has the privilege to 
conduct commercial air transport operations or a specific arrangement with a 
commercial air transport operator.

EASA is chairing the “EASA - European MPL Advisory Board”, where implementation 
experiences and possible improvements are discussed with the training community, 
the operators and operator associations like IATA.

1 http://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=OJ:L:2011:311:0001:0193:EN:PDF

2 http://www.jaa.nl/publications/jars/607069.pdf

Table of Contents

http://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=OJ:L:2011:311:0001:0193:EN:PDF
http://www.jaa.nl/publications/jars/607069.pdf


Dossier 37 of AAE Air and Space Academy  - 2013 Page 57

APPENDICES

Source Wikipedia

Highlights of MPL

The Multi-Crew Pilot License programme can produce co-pilot in 240 hours, of which 210 
hours is in simulators.

This training programme can be completed in 45 weeks as compared to 18 months to 2 
years in the current existing system.

Introduced in late 2006, Multi-Crew Pilot License, has been driven to success by the cost 
and speed effectiveness.
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EVIDENCE-BASED TRAINING (EBT)

Source IATA3

What?

Evidence Based Training applies the principles of competency-based training for 
safe, effective and efficient airline operations while addressing relevant threats. 
ICAO has defined competency as the combination of Knowledge, Skills and 
Attitudes (KSAs) required to perform a task to a prescribed standard under a 
certain condition. EBT prioritizes the development and assessment of a relevant 
global competency framework and aligns training content with the actual 
competencies necessary, in context. 

EBT is part of the IATA Training and Qualification Initiative (ITQI) comprising: EBT, 
Multi-Crew Pilot License (MPL), Pilot Aptitude Testing (PAT),  Instructor Qualification 
(IQ), Flight Simulation Training Devices (FSTD), and Engineering & Maintenance 
(E&M).

Phase one of the EBT project addresses recurrent training and phase two will 
address type-rating training.

Why?

The Evidence Based Training (EBT) project arose from an industry-wide consensus 
that, in order to reduce the aircraft hull loss and fatal accident rates, a strategic 
review of recurrent and type-rating training for airline pilots was necessary. 

Over time, aircraft design and reliability has improved significantly, yet accidents 
still occur, even though the aircraft and systems are operating without malfunction. 
Controlled Flight into Terrain (CFIT) is one example of this principle, where 
inadequate situational awareness on the part of the crew is almost always a 
contributing factor.

It is impossible to foresee all plausible accident scenarios in today’s complex yet 
highly reliable aviation system and the circumstances of the next accident are 
difficult to predict. EBT addresses this by prioritizing the development and 
assessment of key competencies. Scenario-based training is recommended within 
an EBT program but the scenarios are simply a vehicle and means to develop and 
evaluate competence. 

Mastering a finite number of key competencies will allow pilots to manage an 
unlimited number of potentially dangerous situations in flight operations.

3 http://www.iata.org/whatwedo/ops-infra/Documents/ebt.pdf.
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Evidence? 

The availability of data covering both flight operations and training activity has 
improved substantially over the last 20 years. Sources such as flight data analysis, 
flight observation (e.g. Line Operational Safety Audit (LOSA)) and air safety 
reports give a detailed insight into the threats, errors and undesired aircraft states 
encountered in modern airline flight operations as well as their relationship to 
unwanted consequences.

A comprehensive analysis of training results has demonstrated important differences 
in training needs between different maneuvers and different aircraft generations. 
Availability of such data has both established the need for the EBT effort and 
supported the definition of the resulting training concept and curriculum.

How?

The aim of an EBT program is to identify, develop and evaluate the key 
competencies required by pilots to operate safely, effectively and efficiently in a 
commercial air transport environment, by managing the most relevant threats and 
errors, based on evidence collected in operations and training. 

An ICAO manual of Evidence Based Training planned for publication in 2011 
moved to 20134 and this, together with updates to ICAO Procedures for Air 
Navigation Services - Training (PANS-TRG) Doc 9868 and comprehensive 
guidance material, will allow airlines to develop an EBT program. 

Implementation of EBT will enable airlines and corporate operators to develop 
more effective training programs and improve operational safety. Guidance 
material will encourage the large, better resourced airlines to build their own EBT 
programs. Sufficient detail will also be provided for smaller operators to use “off the 
shelf” EBT material.

Instructors

In recognition of the criticality of competent instructors in any training program, the 
EBT project provides specific additional guidance on the required competencies 
and qualifications of instructors delivering EBT.

4 Submitted to the ICAO ANC in Oct 2012 for final review, the EBT manual is expected to be published 

in 2013. See for instance: http://halldale.com/files/halldale/attachments/Murray%20Final.pdf.
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APPENDIX 3: 

EXTRACTS OF RECOMMENDATIONS FROM THE BEA 

FINAL REPORT ON THE AF447 ACCIDENT OF 01/06/2009

Only recommendations dealing with human problems are reproduced here. 

“… Consequently, the BEA recommends that: 

•	 EASA review the content of check and training programmes and make 
mandatory, in particular, the setting up of specific and regular exercises 
dedicated to manual aircraft handling of approach to stall and stall recovery, 
including at high altitude.

•	 EASA define additional criteria for access to the role of relief Captain so as to 
ensure better task-sharing in case of augmented crews; 

 - and that, provisionally, the DGAC define additional criteria for access to the 
role of relief Captain so as to ensure better task-sharing in case of 
augmented crews;

•	 EASA and the FAA evaluate the relevance of requiring the presence of an angle 
of attack indicator directly accessible to pilots on board aeroplanes.

•	 ICAO require that aircraft undertaking public transport flights with passengers 
be equipped with an image recorder that makes it possible to observe the whole 
of the instrument panel; 

 - And that at the same time, ICAO establish very strict rules for the readout of 
such recordings in order to guarantee the confidentiality of the recordings.

•	 EASA and the FAA make mandatory the recording: 

 - of the position of the flight director crossbars, 

 - of the parameters relating to the conduct of the flight displayed on the right 
side, in addition to those displayed on the left side; 

 - and that EASA and the FAA evaluate the relevance of making mandatory the 
recording of the air data and inertial parameters of all of the sources used 
by the systems.
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•	 EASA and ICAO make mandatory as quickly as possible, for aeroplanes making 
public transport flights with passengers over maritime or remote areas, trigge-
ring of data transmission to facilitate localisation as soon as an emergency 
situation is detected on board; 
 - and that EASA and ICAO study the possibility of making mandatory, for 

aeroplanes making public transport flights with passengers over maritime or 
remote areas, the activation of the emergency locator transmitter (ELT), as 
soon as an emergency situation is detected on board.

•	 EASA ensure the integration, in type rating and recurrent training programmes, 
of exercises that take into account all of the reconfiguration laws. The objective 
sought is to make its recognition and understanding easier for crews especially 
when dealing with the level of protection available and the possible differences 
in handling characteristics, including at the limits of the flight envelope; 
[Recommendation FRAN-2012-039] 

•	 More generally, EASA ensure that type rating and recurrent training programmes 
take into account the specificities of the aircraft for which they are designed.  
[Recommendation FRAN-2012-040]

•	 EASA define recurrent training programme requirements to make sure, through 
practical exercises, that the theoretical knowledge, particularly on flight 
mechanics, is well understood.  [Recommendation FRAN-2012-041]

•	 EASA review the requirements for initial, recurrent and type rating training for 
pilots in order to develop and maintain a capacity to manage crew resources 
when faced wi th the surpr ise generated by unexpected s i tuat ions; 
[Recommendation FRAN-2012-042] 

•	 EASA ensure that operators reinforce CRM training to enable acquisition and 
maintenance of adequate behavioural automatic responses in unexpected and 
unusual situations with a highly charged emotional factor.  [Recommendation 
FRAN-2012-043]

•	 EASA define criteria for selection and recurrent training among instructors that 
would allow a high and standardized level of instruction to be reached.  
[Recommendation FRAN-2012-044]

•	 EASA modify the basis of the regulations in order to ensure better fidelity for 
simulators in reproducing real ist ic scenarios of abnormal si tuat ions. 
[Recommendation FRAN-2012-045]

•	 EASA ensure the introduction into the training scenarios of the effects of 
surprise in order to train pilots to face these phenomena and to work in situa-
tions with a highly charged emotional factor.  [Recommendation FRAN-2012-
046]
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•	 EASA require a review of the re-display and reconnection logic of the flight 
directors after their disappearance, in particular to review the conditions in 
which an action by the crew would be necessary to re-engage them;  
[Recommendation FRAN-2012-047]

•	 EASA require a review of the functional or display logic of the flight director so 
that it disappears or presents appropriate orders when the stall warning is 
triggered. [Recommendation FRAN-2012-048]

•	 EASA study the relevance of having a dedicated warning provided to the crew 
when specific monitoring is triggered, in order to facilitate comprehension of the 
situation. [Recommendation FRAN-2012-049]

•	 EASA determine the conditions in which, on approach to stall, the presence of 
dedicated visual indications, combined with an aural warning should be made 
mandatory. [Recommendation FRAN-2012-050]

•	 EASA require a review of the conditions for the functioning of the stall warning 
in flight when speed measurements are very low.  [Recommendation FRAN-
2012-051]

•	 EASA improve the feedback process by making mandatory the operational and 
human factors analysis of in-service events in order to improve procedures and 
the content of training programmes; [Recommendation FRAN-2012-052]

•	 the DGAC take steps aimed at improving the relevance and the quality of 
incident reports written by flight crews and their distribution, in particular to 
manufacturers.  [Recommendation FRAN-2012-053]

•	 the DGAC  review the organisation of its oversight so as to improve its cohesion 
and effectiveness; [Recommendation FRAN-2012-054]

•	 the DGAC ensure the adequacy of the conditions of recruitment and training so 
that all of its inspectors have the skills required to exercise their functions.  
[Recommendation FRAN-2012-055]
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APPENDIX 4: 

SIMPLIFYING HUMAN ACTION AND IMPROVING 

SITUATIONAL PERCEPTION

All presentations at the conference, whether operational or scientific, concurred 
that the cognitive processing of sudden unforeseen and unexpected events must 
be simplified, to take into account unavoidable human limitations. This applies as 
early as the initial processing of perceptions, since this is at the heart of situational 
awareness, diagnosis and decisions on action to be taken. We will endeavour to 
analyse this point through the example of basic piloting, often one of the keys to 
success or failure.

The pilot-computer

Basic piloting is simply management by the pilot of the aircraft’s immediate flight 
path. In order to do this, pilots use all information at their disposal, mainly visual, 
and act on the aircraft’s velocity vector, in terms of magnitude and direction, with 
the aid of flight and thrust controls. They draw on knowledge and skills stored in 
their memory to solve the theoretical equations of flight physics in a practical and 
dynamic way. Their functioning could thus be compared to that of a “living” 
computer, programmed with training and experience. In fact the action of the pilot 
today comes under the “intelligent” part of flight path management amid the 
numerous automated systems designed to help them. It may be noted that for any 
flight path that can be foreseen and managed by automated systems, the latter are 
more accurate and more reliable than pilots.

We restrict ourselves here to short-term piloting, the only type that is concerned by 
unforeseen situations and unexpected situations arising suddenly.

Perceptions 

Today pilots draw on their perceptions (the brain’s interpretation of their sensations) 
in order to manage the flight path by means of flight and thrust controls. This 
management is performed in a closed-loop control system, permanently checking 
anticipated results against perceptions.

The perceptions in question are at present essentially visual, although some are 
aural, for example alarms and communication between pilots. Inertial sensations 
often induce mistaken perceptions as to position and basic instrument flight 
training stipulates deliberately disregarding them, which is not necessarily easy in 
some cases of tricky situational awareness. In terms of visual displays, the pilot 
has access via their PFD (Primary Flight Display) - the instrument dedicated to 
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short-term flying - to the following parameters (the number of parameters 
associated with each variable is a minimum estimate):

•	 Airspeed, with its limitations, trends and objectives (4 parameters on the same 
scale)

•	 Pressure altitude, Z, with its objectives (2 parameters)

•	 Vertical speed

•	 Heading and course, with their objectives (3 parameters)

•	 Pitch attitude, with its limitations (2 parameters)

•	 Roll attitude, with its limitations (2 parameters)

•	 Sideslip

•	 Flight director in pitch and roll (2 parameters)

•	 Velocity vector symbol

•	 Deviations from stipulated flight path, longitudinal and lateral (2 settings)

•	 Radio altimeter height

•	 On the FMA: state of automated, flight and guidance systems, thrust (5 para-
meters).

Moreover, and this is essential, the pilot registers and takes into account dynamic 
changes in these parameters and therefore in their derivatives.

To simplify, 26 complex parameters (at a minimum) and their derivatives, all of 
which are subject to rapid change, have to be sorted, selected, interpreted, 
combined and put to use by the pilot in order to manage the plane’s flight path 
effectively. This number can be considered a valid approximation.

At least two others should be added to these from a related instrument, the 
navigation display (ND), together with thrust indications displayed on the central 
ECAM screen:

•	 Ground speed

•	 Wind speed and direction

•	 Engine RPM or EPR (Engine Pressure Ratio).

It should be noted that one important parameter - the direct indication of energy 
output of engines - is placed outside the PFD.

Manual aircraft handling and automation

Flight path management can be performed (1) entirely by automated systems, and 
in this case the role of the pilot is to make sure that results are in keeping with 
orders, or (2) manually by a sidestick controlling movements around the aircraft’s 
centre of gravity and by means of levers to control engine thrust.

Today support for manual aircraft handling is provided by intermediate automated 
systems. In the absence of any failure, fortunately by far the most common case, 
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on Airbus planes the pilot directly controls curvature of the flight path (load factor) 
and roll rate by means of the sidestick, and uses automated systems to adjust 
engine thrust so as to obtain the selected speed. Pilots also have the possibility of 
directly regulating attitudes and thrust controls.

Thanks to their training and experience, pilots have registered and memorised a 
set of mental networks enabling them to solve flight physics, aerodynamics, flight 
mechanics and total energy equations in a practical and concrete way. In the case 
of normal use of the aircraft, or abnormal use with failure for example, in other 
words in all cases where the ‘available time’ parameter is as forecast, pilots’ 
training and flight practice enable them to deal properly with all available flight 
parameters (although in general, in the absence of failure, automated systems are 
more effective at processing flight equations: they have permanent access to all 
parameters and can thus process them simultaneously, reliably and accurately, 
with no hesitation).

This operating of memorised skills can be compared to the virtuosity of musical 
performers playing pieces they have entirely memorised. The key to pilots’ 
virtuosity is the execution of planned or anticipated actions. As with musicians, out 
of half a million pilots, only a small percentage is capable of the extreme virtuosity 
needed to deal competently with the unforeseen. 

Dynamic limitations when faced with the unexpected

Flying an aircraft, in particular manually, involves the dynamic, mental processing 
of flight path, so the fundamental equation is that of evolution in time, especially 
when the time available for action is limited. Thus when any unforeseen, 
foreseeable but unexpected, or unusually tricky case arises with limited available 
processing time, perceptions need to be sorted through rapidly in order to resolve 
it, form a correct diagnosis and initiate immediate corrective actions. This is where 
human limitations, commonplace but unavoidable, intervene:

•	 Requirement to treat all conscious actions sequentially;

•	 Limits of short-term memory;

•	 Limits on mental (cognitive) capacity induced by stress;

•	 Necessary recourse to simple actions;

•	 Focusing of attention that can lead to “tunnelling” effect.

An experimental result concerning perceptions shows that the close proximity of 
parameters on the small surface of approximately 2.5 dm2 of the PFD does not 
prevent focusing on one parameter to the exclusion of those situated 2 cm away, 
due in particular to visual focus under stress being restricted to a 3° aperture cone.

Rapid, simultaneous processing of the 26 listed parameters is not possible, nor is 
the use of complex mental models. The score is too complicated to be performed 
with the required tempo.
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Transmitter - Receiver

The way perceptions are processed - the entire cockpit-pilot interface - can be 
assimilated to a transmitter-receiver system. 

The most effective solution is clearly to tackle the transmitter, which benefits from 
constant technological advances and can therefore be suitably adapted, within the 
limits only of evolving technology. Cockpits - their internal environment, equipment, 
displays and controls - have so far evolved in the right direction, as have automated 
aides. However these improvements have been introduced mainly in the area of 
physiological ergonomics, since displays and controls have now reached a state of 
remarkable efficiency. The only minor downside is that the computer based 
practice that has taken over in the cockpit, which is effective in controlled situations 
in which the time factor is mastered, does not simplify actions requiring rapid 
execution in an unforeseen situation.

The appropriate, rapid use under stress of the (26) cited parameters has been the 
object of no known study. These parameters date far back to the beginnings of 
aviation and are considered indispensable for manual aircraft handling and flight 
control. The tendency is to enhance displays and add yet more information, still 
with the idea that the pilot must be able to sort, select, and make use of all the 
information placed at their disposal so intelligently and generously. Thus angle of 
attack, a critical aerodynamic parameter surprisingly overlooked today, could be 
added to this panoply, becoming yet one more parameter to treat.

Industrially speaking, modifying parameter display standards is more and more of an 
issue because of the 20 to 30 year life expectancy of whole fleets of thousands of 
aircraft, and it is easy to understand the reluctance of all players to even consider 
changing them while no standard or serious pressure forces them to do so.

Adapt the transmission

The emission of vital, relevant information must be simplified for enhanced 
perception on the part of the pilot.

The role of the 26 parameters – and the pilot’s dynamic mental processing of them 
- certainly needs to be rethought. In the case of flight path management, it would be 
sufficient to provide a condensed presentation of these parameters, thus simplifying 
pilots’ mental models for rapid resolution of flight dynamics equations. A neuro-psycho-
technico-operational analysis, of the SKA (Skill-Knowledge-Attitude) type used in 
training, could certainly be applied to immediate flight path management.

One must break the habit of considering current displays of parameters as optimal, 
which does not of course mean that they are unnecessary; on the contrary, they must 
be thoroughly mastered by pilots. The question is how to present them in a condensed, 
intuitive and reliable form for almost instantaneous use in flight path management. As 
already mentioned, such a modification in standards, although necessary, cannot be 
implemented without encountering industrial and human difficulties.
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Modify the role of the pilot

But the role of the pilot can also be reconsidered. Instead of expecting pilots to 
resolve complicated flight physics equations, which they are likely to botch due to 
stress, technology could be called on to do this task reliably, leaving pilots to carry 
out tasks they are much better at than automated systems, i.e. making choices and 
deciding which flight path to adopt.

For example: At present the flight director communicates to the pilot actions that 
automated systems have defined as necessary on the basis of data provided by 
the pilot. By following these indications the pilot is being used as a mere substitute 
for automation in the flight path chain of command, a thankless role which naturally 
gives rise to the idea that their removal from the aircraft is possible. 

However if in manual flying the pilot has direct control over a target to be attained, 
visually selecting and designating it, for example the point on the runway and the 
axis to which the aircraft speed vector must be headed, leaving automation to 
adjust the plane’s velocity vector to the path selected by the pilot, then roles are 
reversed and allocated to those with the best skill.  This «Flight Target Controller» 
does not do away with manual flying, which will remain mandatory while there are 
passengers on board, but makes it simple, more effective and more secure.

One might recall that this guided control is a similar, ultra-precise procedure to that 
used so successfully by the military for guided missiles and air-to-ground bombs.
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INFORMATION ON ANGLE OF ATTACK ON THE 

CONTROL PANEL

Information on angle of attack is paramount to conduct of the flight, although the 
reliability of airspeed indications consigned it to the background for a while, until 
its comeback in the shape of the velocity vector. It is a fundamental element for 
safety in cases where no airspeed indications are available and/or when the nature 
of operations requires the pilot to fly at angles of attack approaching stall (aerial 
combat, carrier landing, landing on short airfields, etc.), which explains why air 
forces the world over employ it.

On commercial airliners it is absent for the moment probably because manufacturers 
were reluctant to add yet another instrument to the instrument panel and above all 
because airlines saw no need for it in spite of demands from professional 
organisations, the NTSB and the Flight Safety Foundation. It is now offered 
however as an option by manufacturers Boeing and Airbus. Concorde put it to good 
use. The Dassault Mercure had already included this information and all Falcon 
planes are equipped with it.

The real, verified possibility of temporary or permanent loss and even impaired 
quality of airspeed information cannot be overlooked, due to various possible 
causes: icing of the anemometric probes, impact of birds on the probes, loss of 
radome due to lightning, etc.

If the failure occurs when the plane’s flight path is stabilised, the immediate safety 
of the aircraft should be ensured by maintaining the attitude and engine speed at 
the moment of the breakdown, corresponding to a position of the throttle levers and 
a value on the EPR indicator.

If the failure occurs under more difficult conditions, particularly during strong 
turbulence, after failure of certain automated systems or the accidental placing of 
the plane in an unusual position, it can be trickier to decide which attitude to set. 
Determining engine speed can also be rather hit and miss when turbulence makes 
it difficult to read a small dial and the position of the throttle lever does not 
correspond directly to actual engine speed. An indication of angle of attack then 
makes it possible not to fly outside the safe envelope.

There is however no question of asking the pilot to fly in an emergency situation 
according to angle of attack. Presenting angle of attack on a dial graduated in 
degrees similar to that of the stand-by horizon and including three sectors - red, 
yellow and green - like on the first Mirage and the Mercure, would make it possible 
to grasp one’s position at a glance and would provide instructions for simple action 
if one entered the yellow and, a fortiori, the red zone. However the difficulty arises 
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of using a new parameter in a simple, immediate way in the midst of the other flight 
parameters.

If airspeed indication is definitively lost and there is no additional instrument, one 
can land the plane perfectly well if not pushed for time as long as one knows the 
angle of attack corresponding to the various configurations used in the runway 
circuit, which could be given in a very simple table. This procedure used to be 
taught and practised and pilots were able to carry out a runway circuit without 
airspeed indicator with a very high degree of accuracy: on level flight it was enough 
to adjust the corresponding attitude to the required angle of attack and, by 
decreasing this attitude by 3°, the recommended approach slope of 5% was 
achieved. It is even easier if angle of attack is shown on a dedicated instrument as 
was the case with Concorde.

It is thus advisable to take into account - without prejudging how it should be 
applied - the following recommendation figuring in the French Bureau d’Enquête et 
d’Analyses’ final report into the AF447 accident (Appendix 3, item n° 3):

“That EASA and the FAA should evaluate the grounds for integrating an angle 

of attack indicator directly accessible to pilots aboard the planes”.
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APPENDIX 6: 

THE DECISION-MAKING FUNCTION

Because of the innovative material he introduced at the AAE conference, we will 
take a closer look at Etienne Koechlin’s presentation on decision-making, a 
function of primary importance when dealing with unforeseen situations.

Overview

The decision-making function takes up a third of the human brain, an area known 
as the prefrontal cortex. Just behind the prefrontal cortex, the motor cortex is 
dedicated to formulating and managing motor commands. This arrangement makes 
good sense: the prefrontal cortex decides while the motor cortex performs what 
has been decided.

The overall decision-making structure in the lateral prefrontal cortex has now been 
identified:

•	 the premotor cortex is involved in carrying out task-sets , procedures or tasks 
for which responses are associated with specific stimuli. This is a critical area 
since the human brain creates and uses default task-sets for taking action;

•	 the rear part of the prefrontal cortex deals with “contextual control”, selecting 
task-sets on the basis of immediate contextual cues - for example the cockpit 
environment;

•	 further forward, an intermediate region dedicated to “episodic control”, namely 
choice of task-sets based on prior events or instructions received;

•	 the frontopolar cortex looks after “branching control”, essentially multitasking. 
This region is capable of maintaining task-sets in a pending state in order to 
manage an unforeseen event and select another task-set before returning if 
necessary to the interrupted strategy. 

These control levels form the main structural organisation for action selection in 
the lateral prefrontal cortex. 

Constraints

Major cognitive constraints exist within this decision-making system. 

The first one is that of the serial principle. 

Many processes can be performed in the brain in parallel, but prefrontal action and 
decision control cannot. When two stimuli occur at the same time, their perceptual 
steps occur in parallel as do the development steps of the connected motor 
commands. The process of selecting the appropriate response to a stimulus, on 
the other hand, is serial: the prefrontal cortex must already have taken the decision 
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on the first stimulus for any decision to be taken on the second stimulus. This is an 
extremely strong constraint in our cognitive and cerebral system and one that 
cannot be reduced by training. 

There are of course purely automatic tasks, such as walking, that escape this 
constraint (at least when they are not under prefrontal control) and can run 
independently of other tasks. 

The prefrontal cortex cannot thus monitor conscious execution of several task-sets 
at the same time. Instead on-going task-sets are maintained as “pending” while 
new task-sets are engaged, a function that is assumed by the frontopolar cortex, 
as indicated above.

The latter plays a monitoring role, checking for alternative task-sets/tasks to that 
underway to determine whether they would be more appropriate than the presently 
selected one. 

The second constraint involves the number of alternative task-sets that can 

be monitored  simultaneously. 

Recent research would imply that this number is no more than two or three, with 
no significant difference between individuals. 

What is this “monitoring” and how does the prefrontal system evaluate task-sets 
and tasks? The system assesses the capacity and reliability of task-sets in 
predicting events and the outcomes of its own actions. These task-sets in fact 
consist of both selective representations that determine actions to be taken, and 
predictive representations that postulate the expected outcomes of the proposed 
behaviour patterns. When an expected result does not transpire, the level of 
reliability of the strategy decreases. If it does occur, reliability increases.

In this way, the middle part of the anterior pre-frontal regions assesses the 
reliability of the on-going strategy or task, while the frontopolar cortex evaluates 
the reliability of the two or three alternative task-sets and tasks. 

This assessment is crucial because the choice of task-sets, the arbitration between 
modifying a strategy, switching strategy or creating new task-sets is based on their 
demonstrated reliability. Task-sets are modified, though, in such a way as to 
maximise their utility and not their reliability.

The third constraint is that task-sets are selected, based on their reliability, 

according to a binary process.

The human decision-making system is particularly effective and flexible when it 
comes to deciding between two task-sets or tasks. But it can falter when it comes 
to deciding between three or more task-sets, at which point the system favours 
exploratory processes.

It should be noted that these three constraints are rigid and inherent to the functioning 
of the human decision-making system. They cannot be improved by training. 
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For a given situation, the only way to break away from this is to learn a new 
strategy for a specific situation, regardless of its complexity, so that actions are 
selected from within the strategy, rather than from several task-sets. This process 
can become very effective after considerable training. However the strategy or 
procedure thus learned becomes highly inflexible and situation-specific.

Conversely, rapidly changing circumstances may cause subjects to feel the full 
force of these constraints, resulting in loss of control of the situation and increased 
stress. This in turn decreases the effectiveness of the decision monitoring system, 
aggravating the feeling of stress and setting up a vicious circle that can lead to an 
advanced state of stress - a state of shock or on the contrary of panic - that in turn 
can trigger inconsistent, dangerous actions. 

Motivation

Motivation in decision-making brings the medial prefrontal cortex into play. A 
primary function of this region is to assess what is at stake behind action outcomes 
and, via a reward assessment mechanism, modulate the selection processes 
occurring in the lateral part of the prefrontal cortex. A higher stake increases the 
reward, thereby improving the signal/noise ratio, and thus enhances the 
effectiveness of prefrontal behaviour monitoring. A stake that is too low leads to 
decreased monitoring while conversely a stake perceived as too high can lead to 
an exaggerated reward, rendering the monitoring system non-selective and thus 
inoperative for making choices.

Volatility

A second function of this medial area is to evaluate external volatility, i.e. the 
changing (not uncertain) nature of the external environment. The medial prefrontal 
system has a very specific role associated with motivation, aimed at judging to 
what extent external occurrences arise from the same situation or are the result of 
a change in circumstances and therefore require a change of task-set. Correct 
assessment of volatility enables the system to abandon the on-going pattern more 
easily, since the medial system notices that something is no longer working as it 
should and that it should switch strategy. This concept of switching is very 
important. The switch is effected by the lateral pre-frontal regions but is partly 
based on an assessment of environment volatility by the medial pre-frontal regions.

An appropriate assessment of volatility is clearly required in order to abandon 
task-sets judiciously. The problem is that switching continuously from one pattern 
to another makes it difficult to focus on a task-set or task, in order adapt it and 
perform it properly. 

There is also a known tendency to overestimate the odds of very unlikely events 
and, on the contrary, underestimate the odds of likely events. Similarly, 
environmental uncertainty is often overestimated, in other words the environment 
is judged to be more “noisy” than it is in reality: if choices lead to unexpected 
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results, this is then not perceived as being due to a wrong choice or a change in 
the situation, but because the environment is more “noisy”. These different biases 
mean that perceived volatility is often lower than actual volatility, causing people to 
persevere in inappropriate patterns and procedures. 

Absence of any task-set judged to be reliable 

The frontopolar cortex can simultaneously monitor the reliability of two or three 
task-sets or strategies in addition to those actually used in current strategies. What 
happens though when none of these task-sets appears reliable in a given situation?

The frontal, and more specifically the frontopolar, function appears designed to 
deal with this kind of event by setting in motion an exploration of long-term or deep 
memory.

In this process, the context of the action plays an essential role. It is contextual 
cues that enable this process to find a procedure or task-set appropriate to the 
situation. Learning task-sets and procedures “in context” would therefore seem to 
be an important factor in being able to find appropriate task-sets and strategies at 
the back of one’s memory. 

The second major factor is the frequency with which the learned task-sets and 
strategies are brought to mind and used. The exploration process is skewed toward 
frequently used task-sets and strategies, which can have beneficial but also 
detrimental effects. Finally this process of recovery from deep memory is 
particularly noisy, favouring beneficial or dangerous exploratory behaviour leading 
to the formulating of new strategies.  

Individual differences

In terms of decision-making, it is during changeable, uncertain and open-ended 
situations that differences between individuals become clear. A first axis of 
differentiation exists between so-called “explorers” and “exploiters”. 

Explorers favour exploration of deep memory rather than monitoring of strategies 
and task-sets to deal with a new situation. Explorers thus tend to make less 
informed choices (without monitoring) but over a wide range of options.

Exploiters, on the other hand, favour monitoring. They tend to make more informed 
choices, but on a more limited set of options. 

A second axis of differentiation is sensitivity to context. For some people decisions 
depend more on context than others. This sensitivity to context is favourable when 
the context is familiar but unfavourable when it is unknown. 

It is possible, but as yet the evidence is lacking, that these characteristics depend 
on individual genotype.    
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APPENDIX 7: 

TEACHING FLIGHT MECHANICS?

Discussions during the conference highlighted the fact that an inadequate grasp of 
flight mechanics can place pilots in situations they have not anticipated, causing 
them to make inappropriate decisions.

The BEA (French civil aviation safety investigation authority), in its final report on 
the accident of the AF 447 Rio de Janeiro-Paris flight on 1 June 2009, recommends 
that EASA (European Aviation Safety Agency) define recurrent training programme 
requirements to make sure, through practical exercises, that the theoretical 
knowledge, particularly on flight mechanics, is well understood. [Recommendation 
FRAN-2012-041] (BEA final report of July 2012, page 215)

Many people think that teaching flight mechanics means covering the blackboard 
with equations, preferably differential ones since they are more impressive, and 
that to understand the subject one has to be able to solve these equations.

Nothing of the kind. In the words of French mathematician Évariste Galois: “it is 
necessary to replace calculations with ideas”.

Mathematics is useful for design engineers to forecast future performances of 
aircraft still on the drawing board, or for test engineers, to analyse the results of a 
flight. 

But for pilots, an understanding of flight mechanics enables them to explain 
qualitatively, by means of strict models, the conduct of the aircraft after their action 
on the controls and automated systems, or following changes in the atmosphere.

Movement of the aircraft’s centre of inertia is that of a material point with the weight 
of the aircraft, submitted to the resultant of all applied forces. This does not mean 
that the aircraft is reduced to a point and that all forces exerted on it are applied 
to this point! It is a strict theorem, not a vague approximation. And yet there are 
some students who are willing to accept that the centre of inertia theorem applies 
in the case of a fly, conceivably for a small aircraft, but who find it highly dubious 
in the case of an airliner, which is much too big to be reduced to a point!

It is important to show that the forces acting on the aircraft can only be modelled 
in an approximate way and are therefore only valid in a designated area. It must 
also be emphasised that this modelling is simply a convenient way of explaining 
the conduct of the aircraft. It is as if the aircraft were reduced to a point, the 
aerodynamic forces were reduced to their lift and drag resultant, the propulsive 
forces were reduced to thrust, the forces of mass were reduced to weight, but all 
of these forces are simply models with no physical reality.
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This notion of the modelling of forces is not easy to convey. Students have been 
seen to observe that in certain cases aerodynamic forces are represented by a 
single force, in other cases by its two components - speed and its perpendicular -, 
sometimes by three forces – the resultant aerodynamic forces on the wing, the 
fuselage and the empennage - or even by a force independent of angle of attack 
situated at the centre of inertia and a force dependent on angle of attack situated 
in the aerodynamic centre of the aircraft.  They wondered which was closest to 
reality! They clearly hadn’t understood that all these expressions are useful in 
understanding the conduct of the aircraft in different conditions, but that each one 
is valid in a specified area: speed, angle of attack, altitude …

In their first hours of training, young pilots are shown how, by pushing on the left 
rudder pedal, the aircraft tips to the left and turns left. This seems fair enough; it is 
after all the steering rudder, but they have no idea why it works.  It is vital that the 
phenomenon is explained to them in detail: 

•	 sideslip produced by aerodynamic forces on the vertical stabiliser (theorem of 
angular momentum);

•	 imbalance in the aerodynamic forces acting on the two wing panels subjected 
to different airflows due to sideslip (dihedral effect due to the difference between 
local angle of attack);

•	 roll movement caused by this imbalance (theorem of angular momentum);

•	 left bank leading to a horizontal left component of the resultant aerodynamic 
forces;

•	 left turn (movement of centre of inertia) because of curvature of flight path 
under the effect of the force component perpendicular to the flight path.

It is vital that pilots understand that it is not the direct effect of the rudder that 
causes the aircraft to turn but the result of slip due to dihedral effect. Indeed the 
same result, a turning, can be obtained by an imbalance in thrust between the 
engines of a twinjet, which explains why it is necessary, in the event of engine 
failure, to laterally tilt the aircraft in order to bring lift back into the vertical plane 
and maintain straight flight.  It might be enough to obey the familiar rule: “tilt the 
aircraft towards the ‘good’ engine side”. But this rule has on occasion been badly 
understood, and therefore wrongly applied, in the case of flight with a missile under 
one wing, in the form “tilt towards the ‘good’ missile side”!

These explanations would be made clearer by computer presentations of 
(preferably animated) diagrams, where the student has the possibility of repeating 
experiments with changed parameters.

Another example of incorrect interpretation of mathematical transposition of 
models involves a student questioned on accelerated level flight, who explained 
that angle of attack diminishes when speed increases since the Cz coefficient has 
to decrease when V increases, as indicated in the equation mg = ½ ρ S V2 Cz. He 
was incapable though of explaining that it is the pilot (or automatic pilot) who 
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modifies angle of attack by means of pitch control in order to maintain level flight, 
presuming that the aircraft, in its infinite wisdom, itself decreases angle of attack 
out of respect for the lift equation. 

Courses on classic flight mechanics must be enhanced by instruction on the 
functioning of automated systems. This is not a question of using transfer functions 
but of showing that automatic systems act on flight controls as a human pilot 
would, but that they can do so more rapidly, with less fatigue and can handle 
several parameters simultaneously (which the human operator cannot).

One pilot was amazed to see the automatic pilot reducing thrust progressively 
during a level-off after climb. He was then asked to reduce the slope manually so 
as to level off, and the co-pilot was asked to maintain speed via engine thrust. In 
this way he was able to see that the automatic pilot performs simultaneously what 
it takes two pilots, or one with great difficulty, to carry out. 

Mode reversions on the part of the automatic pilot are the plague of trainee pilots, 
probably because they have been explained by systems specialists and not by 
operators. 

During a flight with constant climb, at a given conventional speed, the thrust 
necessary to maintain the slope is practically constant.  However thrust at fixed 
engine speed diminishes noticeably with air density. The AP must therefore 
increase engine RPM as altitude increases in order to maintain the required/
provided thrust balance.  There is thus an altitude at which maximum available 
thrust is reached. The automatic pilot can no longer carry out its function of 
simultaneously maintaining slope and speed. It is thus obliged to switch mode 
(reversion) to Open Climb, maintaining only constant conventional speed. 

A small computer programme could monitor changes in engine RPM and provided 
thrust during climb and register the need to change mode in a natural way (by 
choosing different slope and speed values for instance).

During Open Climb at a given conventional speed, the Mach number rises, as is 
easy to note by reading CAS, Mach, altitude calculator.  One arrives at an altitude 
at which the maximum authorised Mach number is reached, thus requiring a 
change of mode to Open Climb, at constant Mach.  There again a computer 
programme would make it possible to monitor Mach evolution with altitude on the 
calculator and note the need to change mode.

Other examples could be given concerning the comprehension of propulsion 
systems. 

Many misguided ideas circulate in this area. For example: “thrust increases 
because RPM increases”. But when one pushes on the lever, it is the rise in the 
flow of fuel burned that increases thrust and RPM. These two are consequences, 
neither is the cause of the other.

The first principle of thermodynamics should be given as “any increase in fuel flow 
translates into a roughly proportional increase in thrust”.
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APPENDICES

To teach flight mechanics is to implant strict, simple but not simplistic models in the 
minds of future pilots which explain aircraft conduct in a physical way whilst 
alerting students as to possible limitations in terms of their validity.

To monitor students’ knowledge in this area is to check that they are using the 
correct models and that they have not simply learned answers to multiple choice 
questions by heart.
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ACRONYMES ET ABREVIATIONS 

ACRONYMS AND ABBREVIATIONS

AAE Académie de l’Air et de l’Espace,  Air and Space Academy

ADREP Accident/incident Data Reporting System

AESA Agence Européenne de Sécurité Aérienne (EASA)

AOA Angle of attack

ASIAS Aviation Safety Information, Analysis and Sharing System (FAA)

BEA Bureau d’Enquêtes et d’Analyses

CBT Competency Based Training

CCQ	 Cross	Crew	Qualification
CRM Crew Resources Management

DGAC Direction Générale de l’Aviation Civile  (France)

EASA European Aviation Safety Agency (see AESA)

EBT Evidence Based Training

ECAST European Commercial Aviation Safety Team

ECCAIRS European Coordination Center for Accident and Incident Reporting   

System

EGAST European General Aviation Safety Team

EHEST European Helicopter Safety Team

EPR Engine Pressure Ratio

ESSI European Strategic Safety Initiative

FAA Federal Aviation Administration

FAR Federal Aviation Regulations

FCL Flight Crew Licence

FD Flight Director

FFS Full Flight Simulator

FMA Flight Management Annunciator

FOR-DEC	 Facts,	Options,	Risks	and	benefits	–	Decision,	Execution,	Check
HUD Head-Up Display

IATA International Air Transport Association

ICAO International Civil Aviation Organization (see OACI)

KSA Knowledge-Skill-Attitude

LOFT Line Oriented Flight Training

LOSA Line Operational Safety Audit

MPL Multi-crew Pilot Licence

ND Navigation Display

N-SEEV Noticing-Salience, Effort, Expectancy, Value  

NTSB National Transportation Safety Bureau

OACI Organisation de l’Aviation Civile Internationale (voir ICAO)
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PF	 Pilot	flying,	Pilote	en	function
PFD Primary Flight Display

PNF	 Pilot	not	flying	(Pilot	monitoring),	Pilote	non	en	fonction
QCM Questions à Choix Multiples

QT	 Qualification	de	Type	(voir	TR)
RRLOE	 Rapidly	Reconfigurable	Event-Set	Based	Line-Oriented	 

Evaluations 

RT Recurrent Training

SBT Scenario Based Training

SRK Skill-Rules-Knowledge

TOP Technique d’Optimisation du Potentiel

TR Type Rating (see QT)

TRTO Type Rating Training Organization

VC Vitesse conventionnelle, Conventional airspeed

ACRONYMS AND ABBREVIATIONS
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