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RESULTS

EXPERIMENTAL DESIGN

• Description of situations leading to a high 
cognitive load

• Task elicitation

Spatial orientation (T2)
Progress and protection (T1)

Radio message transmission (T3) Pointing and shooting (T4)

Dependent variables

Cognitive workload
Subjectives measures : 
• Raw NASA-TLX (/100)
• Visual analogue difficulty scale (/30)
Electrocardiographic measures :
• Heart rate (HR)
•Heart rate variability (HRV)

• On the basis of real-world infantry training
• Task analysis: behavioural video coding scheme
• Building a task model

THE HIGH COGNITIVE WORKLOAD OF THE DISMOUNTED 

SOLDIER IN OPERATIONAL SITUATIONS

Systematic observations

With the digitalization of the battlefield, the soldier has to divide their attention between many 
sources of information and is subject to various constraints:

This study is the first part of a project that aims to identify the limits of attentional capacities,
according to the perceptual modalities used to perform tasks in multitasking situations 

COGNITIVE WORKLOAD AS A LIMITED AMOUNT 

OF ATTENTIONAL RESOURCES
Cognitive workload can be seen as the amount of attentional resources (Deutsch & Deutsch, 
1963; Moray, 1967) or working memory resources (Baddeley, 2000) used to perform tasks.

In multitasking situations, two concurrent models are generally used to explain observed
performance according to whether it is deteriorating or not: 

•The single attentional resource model (Kahneman, 1973);

•The multiple attentional resources model (Wickens, 1984, 2002, 2008).

The Multiple resource model has been extended (Boles, 2007; Wickens, 2008) and could provide 

guidelines for the design of human-machine interfaces, including the equipment used by soldiers.

When triggered, the enemy moves towards
the participant and attacks. The participant
must: i) give a shoot/retreat order, ii) use
the cursor to point, and iii) shoot the
enemy (by a click) as fast as possible.

There is a loss or radio contact between an
infantry group and the platoon leader. The
participant must listen to, and memorise
messages from the group and verbally report
them to the platoon leader.

Ex.: “ 10 this is 12. I am located at 250m
southwest of the radio tower ”

The participant must:
•Give a verbal vocal order for their teams
to move, by indicating a numbered marker
(e.g., “55” in the figure above)
•Crouch in front of low walls
•Run across exposed areas, while trying to
stay as protected as possible

When requested, the participant must report their
position using a grid where rows are designated by letters
and columns are designated by numbers (e.g., F3)

S20 * D3 (D = task difficulty)

Design of a simulated task environment (Gray, 2002) and scenarios

Real-world situation (training) Simulated situation 

Independent variable

Participants: 20 squad leaders 
from the French Army

Task performance

T1: % of time spent being protected

T2: distance between the given
position and the actual position

T3: number of errors in the 
transmitted message

T4: number of successful shots

Three scenarios :         Low difficulty              Medium difficulty             High difficulty  

Usability : Usability Metric for User 
Experience (UMUX)

Three levels of difficulty for each task

Triggered enemy

THE FOUR SIMULATED HIGH-COST TASKS

Task difficulty {low; medium; high}

➢ A statistically-significant difference 
between easy and difficult conditions 
but no difference with the medium 
condition

➢ task design improvements are 
needed

Making measures of 
cognitive workload more 
sensitive to variations in 
task difficulty

Usability and task engagement measures

Moderate level of task environment usability
(M = 68.95/100, SD = 11.27) and task 
engagement (M = 3.08/6, SD = 1.75) 

Operational constraints
•Organization (scattering, 
number of subordinates, etc.)
•Multitasking

Technological constraints

•Additional multimodal 
information presentation
(e.g., visual, auditory)
•Interfaces designed with a 
technocentric approach

High cognitive workload, 
Cognitive overload

Environmental constraints
•Climate
•Topography

To prevent soldiers’ cognitive overload

Increased risks for soldiers’ safety and health

A need to study how to reduce soldiers’ cognitive workload

Task performance

Task engagement : iGroup Presence
Questionnaire (iPQ)

Physiological measures 

No significant difference between difficulty 
conditions for all electrocardiographic 
indicators

Task difficulty factors

T1: number of low walls
T2: number of landmarks to assist in orientation
T3: number of interfering audio messages 
(irrelevant information) 
T4: distance between where the enemy appears 
and the participant's location

Subjective measures

• PC-based non-
immersive simulation

• 3D environment
• Controlled with mouse
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COGNITIVE TASK ANALYSIS OF HIGH COGNITIVE WORKLOAD OPERATIONAL SITUATIONS

OBJECTIVE OF THE STUDY

Step 1 (here): investigate the sensitivity of the experimental set-up to variation in cognitive workload
in a sequential multitasking situation.

Step 2 (later): investigate which attentional resources model best-explains observed performance in a
concurrent multitasking situation.

Low            Medium            High

Low            Medium            High

Low            Medium            High Low         Medium         High

Check that tasks are equally difficult before using the dual-task paradigm

- The increase in difficulty may not have been enough to identify differences and, 
overall, the tasks may have been too easy

- We did not check for equivalence between the same level of difficulty in different tasks 
(e.g.,: T1 low = T2 low = T3 low = T4 low?) 

PERSPECTIVES
Necessity to introduce a limited time to complete the task + to prevent the 
delaying of the responses to the task

What are the psychometric properties of the simulated task environment 
(construct, content and predictive validity)?This could explain why the ECG did not differ between the scenarios

- Hard to completely avoid task overlap (~10% of the time)

LIMITS

See also:
• Albentosa, J., Remigereau, A., & Darses, F. (2019, November). An evaluation of the subjective mental load of dismounted soldiers as a function of the procedures they follow. Longo, L. & Leva, C. (eds). H-Workload 2019, the 3rd. 

international symposium on human mental workload. Sapienza, Universita di Roma, 14-15 November, 2019, pp. 33-39.
• Remigereau, A., Albentosa, J., & Darses, F. Effet de la difficulté et de la modalité des tâches sur la charge cognitive en environnement dynamique: le cas du fantassin débarqué. Comité d’organisation des doctoriales EPIQUE 2022. 

Comité de Lecture, 11.
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