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Abstract. In this paper we present the Ghost project, an Airbus research 
program that aims at preventing aircrews from the perseveration syndrome. 
This particular behavior is known to summon up all the pilots’ mental efforts 
toward a unique objective even if the latter is dangerous in terms of safety. The 
unification of cognitive psychology and neuropsychology theories tends to 
prove that such a behavior comes from an impairment in attention shifting 
mechanisms induced by stressing situations. Such an approach paves the way to 
design cognitive countermeasures dedicated to enhance the pilot’s attention 
shifting capabilities. Two preliminary experiments are presented to test these 
hypotheses and concepts.  
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1   Introduction 

Since 2004 Airbus France has been funding a 4-year research program called the 
“Ghost project” in cooperation with Isae (Institut Superieur de l’Aéronautique et de 
l’Espace) and Onera (Office National d’Etudes et de Recherches Aérospatiales). This 
research program deals with the perseveration syndrome in civilian aviation. This 
particular behavior [1] is known to summon up all the pilot’s mental efforts toward a 
unique objective (excessive focus on a single item of a display or excessive focus of 
the pilot’s reasoning on a single task). Once entangled in perseveration, the pilots do 
everything to succeed in their objective (ex: landing) even if it is dangerous in terms 
of safety. Worst, their reasoning capabilities suffers from the confirmation bias [2] 
that leads them to neglect any environmental clues that could question their reasoning 
(i.e. audio and visual alarms). Social capacities are also degraded with aggressiveness 
or loss of communication within the aircrew. Therefore, the Ghost project aims at: 

• understanding the underlying mechanisms of perseveration; 
• identifying situations that create perseveration and their precursors in 

civilian aviation; 
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• designing cognitive countermeasures to help the pilots to recover from these 
situations; 

• developing an experimental environment and “perseverogenic” scenarios to 
test the different hypotheses and the cognitive countermeasures; 

• implementing formal tools [3] to automatically detect perseveration 
behaviors and send accurate cognitive countermeasures thanks to on-line 
flight parameters analyses. 

In this paper, we firstly discuss some possible explanations of the underlying 
mechanisms of perseveration based on psychosociology, cognitive psychology, and 
neurosciences theories and accident analyses.  Such an approach paves the way to 
propose guidelines to design cognitive countermeasures based on a neuroergonomics 
approach [4, 5, 6]. Then, the very first experiments of the Ghost project are 
presented. Eventually the final discussion focuses on the Airbus methodology to 
design cognitive countermeasures.  

2   Perseveration: Guidelines 

2.1   Related Work 

Classical psychosociology theories [7, 8, 9] demonstrate that the higher and longer the 
level of commitment to achieve a goal the harder it is to drop the goal even if it is not 
relevant anymore. This can be illustrated by an accident (MD82, Little Rock, 1999) 
where an aircrew after a very long flight has persevered in a wrong landing decision 
despite a particular combination of bad conditions at the final destination 
(thunderstorm, heavy rain, strong cross wind and then windshear). Unfortunately, this 
case is not unique, and a study conducted by the MIT [10] demonstrates that in 2000 
cases of approaches under thunderstorm conditions, two aircrews out of three keep on 
landing especially if their flight has been delayed, or if they follow another airplane or 
if it is a night flight. These psycho-social theories may also provide explanations to a 
recently published report of the BEA (the French national institute for air accident 
analysis) revealing that pilots’ erroneous perseveration behaviors (the “get-home-itis 
syndrome”) have been responsible for more than 41,5 percent of casualties in light 
aircrafts [11]. Eventually an interesting report written by the French military safety 
board [12] shows that if the loss of control of a fighter aircraft is the consequence of 
the pilot’s fault then the decision to eject the aircraft is much harder to take for the 
pilot than if the loss of control is independent of his will (ex: system failure): most of 
the time, the pilot’s objective is to stay in his cockpit to fix his error, being unaware of 
the proximity of the ground.  

Research in cognitive psychology also brings interesting contributions to 
understand perseveration. As mentioned in the first section, such a behavior may 
impair decision making capabilities with  a trend to confirmation bias [2] as long as 
the pilots search for or interpret new information in a way that confirms their 
preconceptions, which makes them irrationally avoid any decision that would 
contradict their beliefs. In the Little Rock accident and despite a heavy rain and a 
strong crosswind, the captain faced such a confirmation bias, as he “voluntary” 
confounded dry runway crosswind limitation with wet runway crosswind limitation, 
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which led him to keep on landing. Eventually in their last try to land, dangerous 
windshear alerts did not even incite them to go around, but to choose another more 
favorable runway! Many experiments have addressed this difficulty for pilots to 
revise their flight plan [13, 14, 15, 16] in particular during the stressing landing flight 
phase [17]. 

Another associated concept is known as fixation errors. The typology shows that 
parallels can be drawn between fixation errors and perseveration [18]:  

• type 1: the human operator is unable to make his mind to achieve his current 
goal; 

• type 2: the human operator keeps on doing the sequence without any control; 
• type 3: the operator has overconfidence  in his strategy and neglects or does 

not trust any external  data (ex : alarms). 

Hypovigilance, high level of stress, high workload are suspected to be the causes of 
this attentional impairment.  

One may say that this approach is essentially descriptive and does not provide 
explanations of the underlying mechanisms, in particular as long as fuzzy concepts 
like workload are not measurable. Nevertheless it is worth noticing that the same 
kinds of erroneous behaviors are observed both in stressed operators (e.g.: a pilot 
facing a major breakdown) and in brain-injured patients (i.e. dysexecutive syndrome) 
performing a complex cognitive task: in this sense Pastor [19] suggests the existence 
of a cognitive continuum between pathology and normal but stressed persons. 
Experiments conducted with these two populations of subjects in a microworld 
environment show trends to perseveration and fixation behaviors for all subjects. 
Interestingly enough, a review of the dysexecutive syndrome shows strong similarities 
with the fixation error typology [18, 20]: 

• abulia: the patient is unable to make up his mind for simple choices; 
• perseveration on psychomotor response;  
• incapacity to adapt to environmental changes.  

Research in neuropsychology suggests that these behaviors result from an incapacity 
to inhibit a current task to shift to another one: the perseveration syndrome is an 
inhibition impairment that may be caused by the irremediable loss of an associated 
neural network (i.e. cerebral lesion) [21] or a temporary loss of a cognitive function 
induced by stress and emotions [22, 23]. 

Therefore we propose to define the perseveration syndrome as an incapacity for an 
agent to shift from a goal to a new one in order to react adequately to the evolution of 
the environment. 

2.2   Cognitive Countermeasures 

One must consider that the perseveration syndrome leads the user interface designers 
to face a paradox: how can it be expected to “cure” the pilots of perseveration if the 
alarms/systems designed to warn them are not perceived? Therefore an objective is to 
design cognitive countermeasures that we define as a means to mitigate a cognitive 
bias [1]. As mentioned in the previous section, an interesting approach is to consider 
the recent explanatory models from neurosciences and neuropsychology to find out 
solutions to this paradox. In this sense Posner [24] suggests that the attentional 
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processes are based on a three-step mechanism: shifting, orienting, focusing. This 
means that to gaze at an item, one must first shift his/her attention to the current item, 
to reorient and then to focus on the new selected item. These mechanisms have been 
described thanks to the study of brain-injured patients with specific attentional 
impairment.  In addition, Camus [25] postulates the existence of a functional coupling 
between a posterior system dedicated to gaze orientation and an anterior (prefrontal) 
system responsible for the voluntary control of attention. Therefore considering the 
paradigm of a continuum between brain-injured patients and stressed operators [18], it 
then may be assumed that operators who face a perseveration syndrome suffer from 
an attention shifting impairment.  

This gives us clues to understand the pilot’s not noticing audio nor visual alarms 
while persevering: the latter are based on information adding for orienting and 
focusing attention (e.g. by prioritizing the level of alarms), but not for shifting 
attention. 

The idea is then to let the user interface proceeds attention shifting by providing an 
accurate stimulus into his visual field. Therefore the principle of cognitive 
countermeasures relies on: 

• a subtle modification of information presentation on which the pilot focuses; 
• its replacement by an accurate visual stimulus to change the pilot’s focus. 

In order to test this hypothesis, two exploratory experiments are described in the next 
sections.  

3   Preliminary Experiments 

3.1   Material and Methods 

3.1.1   Participants and Flight Simulator 
21 pilots participated in the experiments. The pilots’ flying experience ranged from 
novice (5 hours, small aircraft) to very experienced (3500 hours, military aircraft).  A 
PC-based flight simulator (Cessna 310 flight model – Flight Gear simulator) equipped 
with a stick, a rudder and a thrust is used for the purpose of the experiment. A wizard 
of Oz is also implemented in order to let a human operator trigger the cognitive 
countermeasures.  

3.1.2   Scenarios and Procedure 
For the purpose of the experiments, three “perseverogenic” scenarios are designed. 
All of them rely on the principle of a progressive  weather change close to the final 
goal (i.e. landing ground): as long as it is difficult for the pilots to detect a progressive 
weather change [13, 14, 15, 16] especially when close to final destination [11], it is 
expected to provoke a “perseveration” syndrome. 

• scenario 1 is a visual flight rules (VFR) navigation task from Toulouse-
Blagnac airport to Francazal airport including three waypoints (VOR 117.70, 
NDB 331 and NDB 423). The visibility is slowly degraded then progressively 
enhanced in a such way  that the pilot cannot see the runway but at the last 
moment when it is too late to land on it. 
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• scenario 2 is a VFR navigation task from Toulouse-Blagnac airport to 
Francazal airport including three waypoints (VOR 117.70, NDB 415 and NDB 
423). The visibility is decreased from the runway threshold: from far away, the 
runway is visible but as the pilot gets closer to it, it disappears progressively in 
a thick fog that eventually prevents him from landing. 

• scenario 3 is a VFR navigation task from Toulouse-Blagnac to Toulouse-
Blagnac including three waypoints (VOR 117.70, NDB 331 and NDB 423). 
The visibility is progressively degraded and as the pilot flies over waypoint 2 
(NDB 331) the left engine fails. 

 

Each session lasts about one hour and a half: 

• the pilots have a one-hour training period on the PC to learn the 
maneuverability and the limits of the flight simulator ; 

• once the pilots are familiarized with the flight simulator, one of the  
three scenarios is presented to them (duration : 30 minutes). They are told  
to perform the flight in VFR and to behave as close as possible as they  
would in real conditions (i.e. to abort the mission in case of weather 
deterioration). 

3.2   Cognitive Countermeasures 

In all three scenarios, it is expected that the deterioration of the weather conditions 
will focus the pilot's attention on an instrument called the H.S.I. (Horizontal Situation 
Indicator) if he intends to go on with landing. Therefore the countermeasures consist 
in flashing the H.S.I. during a few seconds and displaying instead a short message that 
is adapted to the scenario : in scenarios 1 and 2, the HSI is replaced with message “Go 
back to Blagnac” to interfere with the pilot's initial decision to land at Francazal in 
poor weather conditions; in scenario 3, the HSI is flashed and replaced with message 
“Engine failure” to warn the pilot and suggest an emergency landing. 

 

Fig. 1. A cognitive countermeasure for scenario 3: the HSI (circled in red) is flashed and then 
replaced by message "Engine Failure" 

3.3   Experimental Scenarios 

3.3.1   Results for Scenarios 1 and 2: “Impossible Landing” 
In these scenarios, the pilots faced the decision of mission abortion, i.e. not landing at 
Francazal and flying back to Blagnac. Both scenarios were tested within two different 
contexts: without countermeasures and with countermeasures.  



 The Perseveration Syndrome in the Pilot’s Activity 73 

 

• Condition 1: no countermeasure. Seven pilots tested scenario 1 or 2 without any 
countermeasure (see next table). “Circuits” corresponds to the number of circuits 
performed by the pilots round Francazal airfield before crashing or landing. 

 

The results suggest that without any countermeasure, none of the pilots came to the 
right decision (fly back to Blagnac) : they all persevered at trying to land at Francazal.  

Four of them hit the ground, and the other three had a “chance landing”, which 
means that while they were flying round Francazal, the runway appeared between two 
fog banks and they succeeded in achieving a quick landing. During the debriefing, all 
of them admitted they had come to an erroneous and dangerous decision.  

• Condition 2: with countermeasures. 12 pilots tested scenario 1 or 2 with 
countermeasures (see next table). “Circuits” corresponds to the number of circuits 
performed by the pilots round Francazal before a countermeasure was triggered by the 
wizard of Oz. 

 
The results show the efficiency of the countermeasures to cure the pilots of 
perseveration: 9 pilots out of 12 changed their minds thanks to the countermeasures, 
and flew back safely to Blagnac. During the debriefing, all the pilots confirmed that 
the countermeasures were immediately responsible for their changing their minds. 
Moreover the short disappearance of the data due to the countermeasures did not 
cause any stress to them. 4 military pilots found that the solutions proposed by the 
countermeasures were close to what a human co-pilot would have proposed. The 
results with Pilot19 suggest that the more a pilot perseveres, the more difficult it is to 
get him out of perseveration. During the debriefing, Pilot19 told us that he was 
obsessed by the idea of landing, and that he became more and more stressed as he was 
flying round Francazal. He then declared that he did not notice any countermeasures. 
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Pilot16 and Pilot8 also persevered despite the countermeasures: they declared they 
knew they were not flying properly and that they had done that on purpose because 
they wanted to test the flight simulator.  

3.3.2   Results for Scenario 3: “Failure” 
Only 2 pilots tested scenario 3. One pilot experimented this scenario without any 
countermeasures: he did not notice the failure and hit the ground. The second pilot 
was warned through the countermeasures that he had a failure: the pilot immediately 
performed an emergency landing on the closest landing ground.  

3.3.3   Other Results 
During the experiments, 9 pilots made errors, e.g. selection of a wrong radio 
frequency, erroneous altitude, omission to retract flaps and landing gear. To warn 
them, the wizard of Oz blinked the display on which they were focusing and 
displayed the error (e.g.: “gear still down”). In each case, the countermeasure was 
successful: the pilots performed the correct action at once. During the debriefing, the 
pilots declared that this kind of alarm was very interesting, and much more efficient 
and stressless than a classical audio or visual alarm because they could identify at 
once what the problem was.  

4   Experiments Conducted with Airbus 

The objective is to conduct experiments in a more realistic environment (ISAE 3-axis 

flight simulator) with Airbus pilots to assess the principle of the cognitive 

countermeasures and their possible interests for commercial aviation.  

4.1   Material and Methods 

4.1.1   Participants, Flight Simulator 
Three male airline right-handed pilots participated in this experiment, their mean  
age was 45, and their mean flying experience was 11200 hours. The ISAE-SUPAERO 
3-axis motion flight simulator was used to conduct the experiments (see figure 1). It 
simulates an Airbus 300 flight model, and its user interface is composed of a PFD 
(Primary Flight Display), an ND (Navigation Display) and the upper ECAM 
(Electronic Central Aircraft Monitoring Display) page. The left-seated pilot has a fly-
by-wire stick to control the flight, a rudder, and two manual thrust levers.  

A software is implemented to manage the different events that occur during the 
landings (see next section). It allows the special events to be triggered e.g. a 
windshear, an antiskid failure, and the cognitive countermeasures. 

4.1.2   Experimental Scenario 
The flight scenario is designed to:  

• make the pilots persevere in a wrong landing decision;  
• make the pilots not notice an alarm (here, an antiskid failure). 
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Fig. 2. The ISAE flight simulator used for the experimentation 

To reach these objectives, the pilots are asked to make 10 night manual landings on 
the 15L runway at Toulouse Blagnac thanks to the ILS (Instrument Landing System). 
These manual landings are  “Cat II landings”, which means that the touch down zone 
must be visualized before a height of 100 ft.  Each new landing is more difficult than 
the previous one as landing conditions slightly change from one another (i.e.: stronger 
crosswind, lower visibility…) During the tenth and last landing, the pilots face a 
slight windshear close to the ground (150 feet QFE) under rainy conditions. In 
addition an antiskid failure is also triggered consisting of an audio alarm (master 
caution – “single chime”) and an associated visual message on the ECAM. Such a 
combination of degraded conditions should make the pilots go-around but we 
hypothesize that: 

• this repetitive landing task will alter the pilot’s level of alertness and decision 
making capacities; 

• the progressively degrading flight conditions will tend to focus the pilots’ 
attention on their landing path and their airspeed on the PFD to the detriment 
of the monitoring of the other flight parameters (i.e. alarms); 

• this combination of factors will make the subjects not go-around and also 
neglect the antiskid alarm during the last landing. 

4.1.3   Cognitive Countermeasures 
The cognitive countermeasures are designed to break the mechanism of perseveration 
in order to make the pilots understand that their last approach is not stabilized and to 
make them aware of the failure. The design of the countermeasures relies on the 
principle proposed in the previous section.  
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4.1.4   Procedure 
As only three pilots participated in this experiment, each experimental session was 
conducted with one pilot at once (i.e. without the presence of a copilot). Each session 
lasted about one hour and a half: 

• the pilots had a 20-minute training period on the flight simulator to learn the 
maneuverability and the limits of the flight simulator; 

• once the pilots were familiarized with the flight simulator, the scenario was 
presented to them and they were asked to perform the 10 successive landings 
with respect to the flight safety (ex : a stabilized approach, touch down zone 
visualized before 100 ft…) So it was clearly explained that any missed 
approach had to lead to a go-around. Each landing lasted about 2 minutes 
and a half. 

The pilots were not told about the real purpose of the experiment (i.e. the cognitive 
countermeasures):  they were told that the objective of the experiment was to assess a 
tool to detect non-stabilized approaches.  

Pilot 1 and Pilot 2 were the tested subjects as cognitive countermeasures were sent 
to them; Pilot 3 was a control subject.  

4.1.5   Data Analysis 
A debriefing was realized with each pilot after the end of the twentieth and last 
landing to determine in particular whether: 

• the audio alarm had been perceived or not; 
• the cognitive countermeasures had helped the concerned pilots (i.e. Pilots 1 

& 2) to take accurate decisions or not. 

The performance of each pilot and the efficiency of the cognitive countermeasures 
were also assessed thanks to the objective analysis of the flight parameters recorded 
every 20 ms. 

4.2   Results 

4.2.1   Subjective Results for the Three Pilots 
All the three pilots admitted they had not perceived the audio and visual alarms 
relative to the antiskid failure as shown in the second column of the next table. Pilots 
1 and 2 also admitted that their decision to go around was influenced by the 
countermeasures (see third column of the next table). No cognitive countermeasure 
was sent to Pilot 3 (see the section Procedure): he performed a high-energy landing 
that led the aircraft to veer off the runway. 

Pilot ID Alarms perception Go around 
1 - + 
2 - + 
3 - - 

 
The next sections focus on the results of the first two pilots. 
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4.2.2   Objective Results: Pilot 1 
Figures 3 and 4 show Pilot 1’s behavior during the last landing when he faced the 
three events: 

• the progressive windshear is triggered at time t = 102 and does not make 
Pilot 1 go around as he keeps on descending.  On the contrary Pilot 1 first 
increases the thrust (from time t = 107 to t = 111) and then reduces it  (from 
time t = 107 to t = 111) in order to deal with the windshear;     
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Fig. 3. this graph shows Pilot 1's altitude against time (in seconds) during his last landing. He 
faces the windshear (at t = 102, see the green vertical line), the failure (at t = 110, see the 
orange vertical line) and then the cognitive countermeasure (at t=114, see the blue vertical line). 

0

20

40

60

80

100

0 8 16 24 32 40 48 56 64 72 80 88 96 104 112 120 128  

Fig. 4. This graph shows Pilot 1’s throttle management against time (in seconds) during his last 
landing (0% corresponds to the “thrust idle” lever position, 100 % corresponds to the “go-
around” lever position). He faces the windshear (at t = 102, see the green vertical line), the 
failure (at t = 110, see the orange vertical line) and then the cognitive countermeasure (at t=114, 
see the blue vertical line) that makes him go around. 
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• the antiskid failure is triggered at time t = 110 but Pilot1 maintains his 
descent; 

• the cognitive countermeasure is triggered at time t = 114 and make the pilot 
abort his descent at time t = 115 and set the lever to maximum thrust in order 
to initiate a go around at time t = 119.  

4.2.3   Objective Results: Pilot 2 
Pilot 2’s behavior during the last landing is close to Pilot 1’s behavior when he faces 
the three events: 

• the progressive windshear is triggered at time t = 83. This event does make 
him go around as he keeps on descending below the glide path from time t = 
83 to time t = 106. From time t = 93 to time t = 108, Pilot 2 manages to 
recapture the glide path;  

• the antiskid failure is triggered at time t = 110 but Pilot2 keeps on 
maintaining his descent; 

• the cognitive countermeasure is triggered at time t = 123 and makes the  
pilot set the lever to maximum thrust in order to initiate a go-around at time  
t = 130.   

5   Conclusion and Further Work 

The aim of the exploratory experiments were respectively to define cognitive 
countermeasures and to initiate a consideration of the perseveration topic in the 
Airbus pilots community. The arguments are convincing: in the first experiment, the 
cognitive countermeasures were particularly efficient to cure pilots of perseveration; 
in the second experiment, none of the 3 pilots detected the antiskid failure and all 
persevered in a non-stabilized approach; the two pilots who faced the cognitive 
countermeasures reacted appropriately. Moreover the pilots who faced the cognitive 
countermeasures took 6 seconds to initiate the go-around. Though they were not 
prepared to such kind of alarms, this reaction time is consistent with classical reaction 
times of pilots facing an alarm requiring an immediate action. Nevertheless one must 
consider that this experiment was conducted with a limited number of participants on 
a simulator that has several limitations (i.e. no copilot, no autothrust…) Therefore, the 
results have to be analyzed with care: the limitations may explain the non detection of 
the failure by the pilots and their trend to persevere in landing. The experiment has 
confirmed the interest of the concept of countermeasures, but the solutions have to be 
further investigated: the tested countermeasures were efficient, but the proposed 
solution has quite surprised the pilots. 

These results have led to conduct dozens of participative sessions with Airbus pilots 
to discuss about the necessity/importance of the concept of countermeasures, to identify 
typical “perseverogenic” situations and to refine the associated countermeasures in 
terms of design, triggering conditions, user’s acceptability and training. 
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On account of the generic results, a series of experiments is planned with industry 
involvement to work on a specific case study so as to precisely: 

- identify specific cognitive countermeasures for dedicated perseverogenic 
scenarios and assess their added-value in terms of safety and pilots’ 
reactions; 

- define the cognitive countermeasures with the users and the manufacturers in 
order to warrant the acceptability of the users and within the legal frame. 
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