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Is it possible to observe 
Air Traffic Controller 
mental workload?
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On October 28th the conference of the European Association for Aviation 
Psychology (EAAP) took place in Valencia, Spain. Aena (Spanish airports and Air 
Navigation) was the undertaker of this event which was presided over by the 
Scientific Committee with Dr. Manuel Barbarino, president of EAAP.
Continuing this theme is a presentation about operational applications called 
“Is It Possible to Observe the Air Traffic Controller (ATCO) Mental Workload?”, 
developed by Villena, Acevedo, Cruz and LeGal.
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n order to deal with the 
strong field’s growth, (air 
traffic’s 5,3% increase for 
2007 in European space, ac-

cording to Eurocontrol), air control sys-
tem is living frequent changes (increa-
se of ATCOs’ number, implementation 
of advanced automation systems and 
helping devices, decrease of controlled 
sectors’ volume per ATCO), whose aims 
are to make it possible to control bigger 
quantity of airplanes, with acceptable 
workload limits for ATCOs. Knowing 
the acceptable workload limits - that 
turn out to be «the main ATM system’s 
functional limitation» according to 
Eurocontrol (Hilburn, 2004) - involves 
theories, methodologies, analysis and 
tools in order to assess this “limiting fac-
tor regarding field’s growth” (Wickens, 
1997).

1. Mental workload: origins 
and approach methodologies

Since the 50’s, when the narrow 
relation between mental workload, 
air navigation flow and safety has been 
discovered, it became a key issue for air 
navigation. Nevertheless, the hundred 

of studies performed prove a high me-
thodological and conceptual heteroge-
neity, and, sometimes, even points of 
views totally opposed, making obvious 
the immaturity this question is suffe-
ring. Physical demand effects on the 
human body are well known, as well as 
nonexistence of physical workload wi-
thout mental workload. However, pro-
gresses to characterize «mental efforts» 
have been poor. In any case, it is not 
possible –even if they are frequently 
compared- to realize parallelisms or 
equivalences, neither theoretical nor 
methodological, between both of tho-
se “loads”.
1.1 Traditional methodologies to 
study mental workload in complex 
environments

Numerous research methodolo-
gies have been developed (assessments 
based on physiological measurements, 
subjective scales, performance assess-
ments while performing some task, 
double task…). However, not any of 
the existing methodologies is rigorously 
considering experience and compe-
tence as workload’s regulating factors 
(Montmollin, 1995: Vocabulaire d’ergo-

nomie, Toulouse, Octares). Also, time on 
shift, « quality » of the elements to be 
controlled and accumulative effects are 
often ignored, focusing in most of the 
cases on the quantity of elements to 
oversee. Finally, there is no satisfactory 
«methodology» so far to assess “mental 
workload” (Doppler and Falzon, 1997: 
“Astreinte induite par le travail mental” 
in Encyclopédie Médico-Chirurgicale, 
Paris, Elsevier, 16-790-B-10-6.).
1.2. Methodologies to study mental 
workload in air navigation

The issue hasn’t been solved in air 
navigation either. Experiments results 
(realized to validate mental workload’s 
assessment theories or methodologies) 
show that these experiments have been 
performed under very simplified simu-
lated conditions, often far from the 
reality. Many authors are even sceptic 
about the possibility to obtain results 
regarding this issue. However, there is 
certain unanimity about the impossibil-
ity to approach mental workload with 
the aim to obtain precise and indisput-
able result. Pretending to reach conclu-
sions from traditional «numeric-statis-
tics» methodologies would be similar to 
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navigate in a sinking scientific boat.

2. Mental workload and control 
activity
2.1 A job of mental nature

Workload is the effect on a given 
controller generated by the mobili-
zation of its whole mental functions 
while performing prescribed tasks, 
with the means he has at his disposal 
(taskload). The ATCO, whose activity 
is made up of a strong mental compo-
nent, performs a permanent effort to 
produce diagnosis in order to update 
his mental image, his situation aware-
ness, that is to say his exact and reliable 
representation of the situation in order 
to make decision. His main activity is to 
forecast and anticipate the predictable 
traffic evolution.
2.2 Workload, safety and flow 

When this mental activity leads to 
mental overload, it is possible that some 
traffic delays happen. At worst, controller’s 
strategic activity (prognosis) and tactic 
activity (actions resulting from diagnosis) 
can turn out to be wrong and resulting 
instructions be the cause of severe acci-
dents. History proves that overload, but 
also underload, can be the cause of serious 
accidents. 

 

3. Low signals theory
The aim of this theory lies in deve-

loping a rigorous methodology in order 
to identify visible elements indicating 
mental underload and overload in 
ATCO’s activity.
3.1 Safety, flow and ATCO’s internal 
balance

The ATCO is permanently building a 
balance between air navigation safety 
and flow. Thus, he tries to avoid men-
tal overload, working out unconscious 

strategies that eventually decrease flow, 
but enable to keep the global system in 
acceptable productivity and workload 
levels.
3.2 ATCO’s operation modes

ATCO’s nervous system manages 
perturbations (workload effects) buil-
ding strategies and ways of procee-
ding, that we will call Operation Modes 
(OMs). Operation modes are cognitive 
strategies playing the role of adapta-
tion and regulation mechanisms that 
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Additionally, high points for 
controllers included the following 
presentations: 
•	 “A	European	test	battery	for	Air	

Traffic Controller selection”, 
•	 “Using	personality	scales	in	ATC	

selection-Predictive validities for 
ATC task performance in Initial 
Training”; 

•	 “Study	on	ATC	system	
based on cognitive system 
engineering:cognitive system 
simulation of Air traffic 
Controller”;

•	 “Shiftwork,	psychological	job	
characteristics, sleep and health in 
air traffic controllers and satellite 
controllers”;

•	 “The	influence	of	controlled	
position and traffic volume to 
controllers’ workload during 
simulated air traffic control tasks”;



we find in each living being, not only 
human. 
3.3 Operation mode’s change

When the environment is chan-
ging, human being has to change his 
behaviour at the appropriate moment: 
the risk is the maladjustment or stress, 
which is one of the maladjustment’ 
displays. When taskload is in excess 
(complexity, difficulties), controllers 
have a large range of OMs, and always 
choose the one that turns out to be ac-

ceptable (Sperandio, 1971: «Variation 
of Operator’s Strategies and Regulating 
Effects on Workload» en Ergonomics, 
Vol. 14, No. , pp. 51-577.), even if it is 
not the best, making a «cognitive com-
promise» (Amalberti, 1996: La condui-
te de systèmes à risques, Paris, PUF-Le 
Travail Humain). When taskload is mo-
derate or low, the controller doesn’t 
necessarily use the most «economical» 
OM. However, when taskload is in-
creasing, and approaches saturation, 

those OMs are beginning to be used. 
Therefore, OM’s changes show a re-
gulation process corresponding to the 
need of maintaining global workload at 
a level below maximal capacity, in order 
to avoid degradation of performance 
and planning abilities.
3.4. Observing mental workload

These strategies or operation mo-
des are transmitted by the body, pro-
ducing what we will call Low Signals 
(LSs). Indeed, the body executes the 
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cognitive strategy which is happening 
in it: the ATCO is looking at a certain 
direction, interacting with his position 
and communicating with his collea-
gues (or with the pilots) in a certain 
way, which is depending on the opera-
tion mode he is using. For example, in 
overload conditions, the ATCO is inte-
racting much less with technical devi-
ces (screens, visual displays, keyboard, 
mouse…) than in moderate load con-
ditions. As a consequence, we obser-
ve a decrease of information’s consul-
tations and updating on the screen. 
Flight strips management activity is 
also changing in an important way. 
In this case, we observe modifications 
regarding controller’s behaviour like 
flight strips panel’s «abandonment», 
«sequences losses», or «negligence», 
which involve a waste of reliability con-
cerning the information of the flight 
strips board, rare strips classifications, 
significant manipulation errors, and 
unsuitable or late classification. In this 
kind of situations, the ATCO also stops 
making notes on the strips, or makes it 
partially, or by strips groups.

4. Methodology and data 
collection experimental 
conditions

We’ve been asked to realize this 
work in the frame of a confidential 

project, whose aims are to develop me-
thodologies in order to assess ATCO’s 
mental workload. As follows, we briefly 
describe the approach our team develo-
ped and the results we obtained.
4.1 Variables’ classes and hypothe-
sis

Our team classified those low sig-
nals in several classes, made up of ob-
servable indicators as follows: 
•	 Interaction with technical devices: 

actions on keyboard, mouse, tactile 
screen… 

•	 Handling of the position’s physical 
elements: strips’ management, in 
particular around the bay, its “rails” 
and the printer.

•	 Information’s note on flight strips.
•	 Exploration of the flight field (TWR), 

the radar screen (TWR and ACC)
•	 Communication with the pilots: 

instructions, orders, authorizations, 
requests…

•	 Coordination with the other ATCOs 
or other staffs. 

•	 Job’s collective aspects: displace-
ments, informal help to regulate 
ATCO’s workload, etc…
Our team noticed ATCO’s behaviour 

shows strong variations regarding 
each of those classes of low signals 
depending on his mental workload. 
Concretely, the relations between ob-
servable indicators (signals), as well 

as their duration, frequency and evo-
lution (increase o decrease along the 
time) are not the same depending on 
the workload the controller is subjec-
ted to. 

It is important to outline that 
overload situations not only happen 
when air traffic is very important. 
Complexity of air traffic control and 
variability factors (airplanes sequence, 
special manoeuvring, pairs or trios of 
airplanes in conflict, ACC’s devices’ 
breakdown, meteorology, etc) could 
generate heavy workload when ma-
king decision. 
4.2 Interviews and data collection

We draw up a data collection’s 
protocol, including the variables we 
described above, collected thanks 
to a PDA device, equipped with the 
Actopalm® software. Those fifteen 
samples have been collected through 
this protocol, in real conditions, in 
several control towers and different 
control situations. An interview with 
every ATCO at the end of the session 
makes us possible to associate varia-
bles behaviour to «key moments» of 
the workload the ATCO is subjected 
to during a one hour’s sample. Datas 
are treated thanks to the Actogram® 

software.

5. Results and perspectives
This methodology makes it possible 

to obtain a qualitative and quantitative 
characterization of the low signals’ be-
haviour for different mental workload’s 
levels, from underload to overload. 
Tendencies confirm so far the hypothe-
ses’ our team to be true. We are actually 
in an experimental phase consisting in 
calibrating the variables and data our 
team obtained. 

Present in the 28th Conference of 
the European Association for Aviation 
Psychology, 27-31 October 2008, 
Valencia 
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If you want to know more de-
tails or to do some suggestion, you 
can contact with the secretary of 
prevention of labour risk of USCA.
E-mail: preveusca@usca.es
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