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Methods

Contexte

Task 

Fitt's 1 dimensional reciprocal task.
Participants must position on the target area as
quickly and accurately as possible by
modulating only the position of the aircraft on
the medio-lateral axis (1D).

Fitts P.M., Peterson J.R.,(1964), Information capacity of discrete motor responses, Journal of Experimental Psychology 67, 103–112 
Berret B., Chiovetto E., Nori F., Pozzo T., (2011) ,Evidence for composite cost functions in arm movement planning: An inverse optimal control approach,PlosComputationalBiology,7(10)e10002183  
Mottet D, Bootsma RJ. The dynamics of goal-directed rhythmical aiming. Biol Cybern. 1999 Apr;80(4):235-45. doi: 10.1007/s004220050521. PMID: 10326240.
Cegarra J., Morgado N. (2009), Étude des propriétés de la version francophone du NASATLX. In Communication présentée à la cinquième édition  du colloque de psychologie ergonomique (Epique) (pp. 28-30).

Steering is a complex task 
(space-time constraints)

↔
Speed/precision conflict 

(Fitts and Peterson, 1964)

Flight control evolution

Workload (WL)

Aim of the study  

Validate optimality criteria and characterize their relation to the 
difficulty of the task (i.e., ID), to the frame of reference in which it 
takes place, and to the control mode applied, as well as to study 
their sensitivity to the workload.

-----------
Optimality of movement can be defined as the way in which the nervous
system manages the trade-off between performing an action at the lowest
cost in terms of energy, cognitive and attentional resources.

The workload (WL) is often defined as a measure of the success or
failure of the cockpit system or as " the integration of mental and

physical effort required to meet the perceived demands of a specific

flight task" (Roscoe and Ellis, 1990).
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Evolution of NASA-TLX scores as a function of ID for all 
PGEO participants
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Indices of difficulty (ID)

Evolution of NASA-TLX scores as a function of pilot vs. 
novice ID in PGEO
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Set- Up Protocole

Hypotheses and measures
To study the relationship between task complexity and movement optimality.
Hypothesis 1: Impact of task difficulty on performance and movement optimality. 

 To study the sensitivity of the movement optimality criteria to
existing classical workload measures (here the NASA-TLX
questionnaire (Cegarra and Morgado, 2009)).

Hypothesis 2: Increase in workload with increasing task difficulty 
and similar evolution with respect to movement optimality criteria. 

 Performance measurement is analyzed via the 
movement time, a classic measure of Fitts' task. 

 Measurement of motion optimality via criteria: 
EMG (Berret et al., 2011) & Kinematics(Mottet & Bootsma., 
1999).
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Figure 1: (A) Phase plane* and Hooke portrait** of
participant 1. (B) Graph of movement time for all
participants for each task difficulty. (C) Graph of the
distribution of the co-activation index for all
participants.

* The speed as a function of position.

** Acceleration as a function of position. 


