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Ergonomics

Pilots gaze more outside while performing an auditory cognitive task

Annemarie Landmana,b, Ivo V. Stuldrehera, Erik Van der Burga,c, Fleur W. Evertsena,b, Anna J. C. 
Reutena, Wietse D. Ledeganga, Mark M. J. Houbena and Eric L. Groena,d

aTNO, Soesterberg, The Netherlands; bDelft University of Technology, Delft, The Netherlands; cVrije Universiteit Amsterdam, Amsterdam, 
The Netherlands; dCranfield University, Bedford, UK

ABSTRACT
Data from two simulator experiments were examined to investigate whether performing an 
auditory task influences pilots’ gaze behaviour. Gaze behaviour was measured while participants 
performed a manual flying task with an auditory task (dual-task condition) or without (single-task 
condition). Experiment 1 took place in a fixed-base, fixed-wing simulator with 15 novice military 
pilots. Experiment 2 took place in a moving-base, rotary-wing simulator with 13 experienced 
military helicopter pilots. Percentage dwell time outside significantly increased in the dual-task 
condition compared to the single-task condition in both experiments, by a factor of 1.2 and 1.5 
respectively. Mean duration of fixations outside significantly increased for pilots, while it decreased 
for novices. In novices, altitude control performance was also significantly reduced when 
performing the auditory task, whereas bank angle control performance significantly increased in 
experienced pilots. The impact on gaze behaviour may potentially serve as a behavioural indicator 
of pilot auditory workload.

Practitioner Summary: Gaze behaviour was analysed as an indicator of auditory cognitive workload 
in pilots. In datasets of two simulator experiments, consistent evidence was found for a shift in 
gaze direction towards outside of the cockpit when pilots performed an auditory mental workload 
task during manual flight.

Introduction

The principle ‘Aviate, Navigate, Communicate’ is funda-
mental for general, civil, and military aviation. It serves 
as a reminder to prioritise flying the aircraft, focus on 
navigation second, and engage communication only 
when it does not interfere with the other tasks. This 
principle is especially important in high-workload situ-
ations, as the additional demands of communication 
can negatively impact flying accuracy, as well as mon-
itoring, troubleshooting and decision-making (Ferraro, 
Christy, and Mouloua 2017; Hodgetts et  al. 2005; Tušl 
et  al. 2020; Wickens and Gosney 2003). Workload man-
agement, which involves the prioritisation of tasks for 
time and attention allocation, was ranked as the 
third-most important competency by military pilots 
and instructors (Steinman et  al. 2019). Several studies 
with non-military and military pilot sample groups 
found that performing an auditory task while flying 
increases susceptibility to spatial disorientation com-
pared to flying without such additional task (Lewkowicz 
et  al. 2018, 2019; Williams et  al. 2018, 2021).

In the automotive domain, detrimental effects of 
auditory task load on driving performance have been 
well-reported. For instance, studies have shown that 
drivers’ response times to unexpected events increased 
significantly when they performed a phone call con-
versation compared to driving in isolation (Horrey & 
Wickens, 2004; Recarte and Nunes 2003). One interest-
ing finding is that performing auditory tasks have a 
pronounced effect on drivers’ gaze behaviour (Desmet 
and Diependaele 2019; Hammel, Fisher, and Pradhan 
2002; Nunes and Recarte 2002; Victor, Harbluk, and 
Engström 2005). This effect comprises increased gazing 
towards the future path region (i.e. driving direction), 
less gazing at the dashboard (e.g. speed indication) or 
road scene periphery (e.g. signs), and binocular disso-
ciation (i.e. when the two eyes are not fixated on a 
specific point in space), suggesting that people were 
staring without attending to visual information (Uchida 
et  al. 2005).

Thus far, the effect of performing an auditory task 
on looking outside has not yet been investigated 
within the aviation domain. The visual scene and 
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relevant regions therein differ between driving and fly-
ing with outside visibility, the outside region is similar 
in that it offers information on parameters that are 
most directly related to the vehicle’s path. In flying, 
these parameters are pitch and roll, visible from the 
orientation of the aircraft’s nose and wings relative to 
the horizon. Other flight path information (heading, 
speed and altitude) is best derived from the flight 
instruments, so that cross-checking these panels is 
required frequently. Xie et  al. (2024) found that per-
forming an auditory task made non-pilot participants 
look less and shorter towards task-relevant areas in a 
flight simulator, but included no analysis on the differ-
ence between inside and outside regions. Other stud-
ies have manipulated workload through complexity of 
the flying task, which itself leads to a different visual 
scene with more (dynamic) information being pre-
sented (see, review by Peißl, Wickens & Baruah, 2018; 
Ziv, 2016). Increased mental workload was thus found 
to be associated with decreased fixation durations and 
increased gaze dispersion (De Rivecourt et  al. 2008; Di 
Nocera, Camilli, and Terenzi 2007). Mental workload 
has also been manipulated by varying the amount and 
complexity of visual information presented on the 
instruments (e.g. the tactical display), which was found 
to lead to a higher percentage of gaze directed to 
these instruments (Svensson, Angelborg-Thanderez, 
Sjöberg and Olsson, 1997). These effects are in the 
opposite direction to the effect found in driving exper-
iments, which is likely caused by the use of visual 
instead of auditory tasks.

In the current study, we tested whether performing 
an auditory task, compared to not performing an audi-
tory task, affects the gaze behaviour of pilots (both 
experienced and novices) when manually flying an air-
craft. This was achieved by re-analysing the datasets of 
two independent experiments, one with novice military 
pilots (Experiment 1; Stuldreher et  al. 2024) and one 
with military helicopter pilots (Experiment 2; Evertsen 
et  al. 2025) who performed simulated flying tasks with 
and without an additional auditory task. The percentage 
dwell time directed outside (primary outcome), mean 
fixation duration, and flying performance (secondary 
outcome) were compared between these two condi-
tions, while complexity of the flying task and visual 
scene remained constant. Our gaze behaviour analysis 
focused on measures of gazing and fixating outside. 
Other metrics of gaze behaviour (e.g. dispersion, blinks, 
pupil diameter) were not included, as they likely cor-
relate strongly with gazing outside, and would increase 
the risk of family-wise errors if not corrected for. In 
accordance with the above-mentioned literature from 
the automotive domain, we hypothesised that an 

additional auditory task increases the proportion dwell 
time directed outside and reduces flying performance. 
The auditory tasks required storing information in work-
ing memory in both experiments) and required process-
ing of this information in Experiment 2. The difference 
in experience level of the pilot groups may offer inter-
esting insights into more intuitive gaze behaviour (nov-
ices) or learned gaze behaviour (experienced pilots).

Method

Experimental design

Both experiments had a within-subject design with two 
conditions: a single task condition where participants 
only performed a flying task, and a dual task condition 
where participants performed the same flying task 
while performing an additional auditory cognitive task 
(see, tasks and conditions). Gaze behaviour and flying 
performance (see, dependent measures) were com-
pared between these conditions. No comparison is 
made between the different sample groups, as the 
experimental tasks for both groups differed signifi-
cantly. Both experiments featured basic single-pilot 
manual flying tasks without navigation, communication 
or tactical aspects. No other instruments were used 
besides the primary flight display, and no other con-
trols were used besides stick and rudder in fixed-wing, 
or cyclic stick, collective lever and pedals in rotary-wing.

Experiment 1: fixed-wing experiment with novices

Participants
In the fixed-wing experiment, 15 military cadets (nov-
ices) without or with minimal flight experience (3 
females, mean age = 23.7 years, SD = 2.4 years) partici-
pated. This number allows us to determine a large 
effect size (Cohen’s d = 0.78) for testing our hypothesis, 
with alpha = 0.05 and beta = 0.2. The average number 
of flight hours of the novices was 4 (SD = 8) and all 
had normal or corrected-to-normal vision. Participants 
confirmed that they were in good health, had refrained 
from using any drugs or alcohol at least 24 hours 
before participating, and obtained sufficient sleep the 
night before the experiment. This study complied with 
the tenets of the Declaration of Helsinki and was 
approved by the Ethical Review Board of TNO 
Soesterberg under number 2022-011.

Apparatus
The fixed-wing experiment was performed using a 
simulator environment developed by multiSIM B.V. 
(Soesterberg, the Netherlands), consisting of a 
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fixed-base cockpit front-seat of a Pilatus PC-7 turbo-
prop trainer aircraft, and control devices with control 
loading (see, Figure 1). A Varjo Aero (Varjo, Helsinki, 
Finland; 115° field of view) virtual reality (VR) headset 
with built-in eye-tracker was used to present the cock-
pit and a virtual environment near the Woensdrecht 
Air Base in the Netherlands. The flight model charac-
teristics were validated by flight instructors of the 
Royal Netherlands Air Force.

Tasks and conditions.  Participants followed a two-day 
training program in the VR simulator, comprising of 
three sessions. Session one was performed on day one, 
sessions two and three on day two. In each session 
participants practiced three manoeuvres: first straight 
and level flight, then a speed change, and finally a 
level turn (see Figure 2). In the straight and level flight 
condition, participants were instructed to maintain an 
altitude of 5000 ft, an airspeed of 180 kts and a constant 
heading. The aeroplane was initialised out-of-trim and 
participants could use pitch and rudder trim to reduce 
forces on the stick and rudder. In the speed change 
condition, participants were instructed to decelerate 
from 180 to 110 kts upon an auditory command after 
20 seconds, while keeping a constant heading and 
constant altitude of 5000 ft. In the level turn condition, 
participants were instructed to perform a 360-degree 
turn upon an auditory command after 20 seconds. The 
turn had to be flown with a bank angle of 30 degrees 
and at a constant altitude of 5000 ft. Each manoeuvre 
was practiced three times in sequence during 
210 second runs (i.e. single-task condition), followed by 
a fourth run in which the manoeuvre was performed 
while simultaneously performing an auditory 2-back 
task (i.e. dual-task condition). The eye tracker was 
calibrated before each run. In the current study, we 
only analysed data of the third and fourth runs of each 
session to minimise the effect of training progression 
on results. This resulted in 31.5 minutes of gaze 
behaviour data per condition for each participant.

In the 2-back task, participants were presented with 
a randomised sequence of auditory vowels at a fixed 
3.5-second interval, starting 9.5 seconds after the trial 
onset. Participants were instructed to press a dedicated 
button on their throttle – that was controlled by their 
left hand – when the current letter matched the letter 
two letters back and to withhold their response when 
the letter was different. The letters were randomly 
selected with the constraint that 25% of the 58 trials 
were response trials (i.e. the current letter matched the 
letter two trials back and should trigger a button press). 
Prior to the first training session, participants performed 
the 2-back task once without concurrently controlling 
the aircraft to obtain a baseline performance measure. 
The principle of ‘Aviate, Navigate, Communicate’ was 
instructed to participants. Here it was instructed that 
the 2-back task is part of communication and flying the 
aircraft should thus take priority.

In each run, in addition to manually controlling the 
aircraft, participants were instructed to continuously 
perform a systematic lookout pattern, which was not 
used for the current study. This pattern consisted of a 
scan along the horizon from the wingtip to the centre, 
then a check of the aircraft’s nose attitude, and then 
a crosscheck of the cockpit instruments. This pattern is 
the default lookout pattern that is instructed to all 
students in Dutch initial military pilot training. This 
default lookout pattern must aid pilots in avoiding 
objects, while continuously maintaining aircraft con-
trol. To verify whether subjects were performing the 
lookout, and not just moving their head, they had to 
detect a visual object in the outside visuals. The visual 
object (i.e. a grey sphere) was shown at about 1.6 NM 
(3 km) distance with various inclinations at semi-random 
intervals (varying between 15 and 25 seconds). The 
subjects were instructed to fixate on the object, as 
measured by the eye tracker, while simultaneously 

Figure 1.  The experimental setup of the fixed-base simulator used in the fixed-wing experiment (source: Mediacentrum Defensie, 
Sjoerd Hilckmann).
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pulling the trigger on the control stick – that was con-
trolled by their right hand – to make the object 
disappear.

Experiment 2: Rotary-wing experiment with 
experienced pilots

Participants
In the rotary-wing experiment, 13 helicopter pilots par-
ticipated (all male, mean age = 34.4 years, SD = 7.0 years, 
seven captains and six copilots). This number allows us 
to determine a large effect size (Cohen’s d = 0.85) for 
testing our hypothesis, with alpha = 0.05 and beta = 
0.2. Nine possessed a military pilot licence for the 
AS532-U2 Cougar, two for the CH-47 Chinook and two 
for the NH90. One more pilot initially participated but 
dropped out due to a simulator failure and insufficient 
gaze behaviour data was obtained for the current 
study. The average number of flight hours was 1510, 
SD = 1068, and all had normal or corrected-to-normal 
vision. None had experience with flying the simulated 
helicopter type used in this study. Participants con-
firmed that they were in good health, had refrained 
from using any drugs or alcohol at least 24 hours 
before participating, and obtained sufficient sleep the 
night before the experiment. This study complied with 
the tenets of the Declaration of Helsinki and was 
approved by the Ethical Review Board of TNO 
Soesterberg under number 2023-059.

Apparatus
The experiment was performed in the six degrees-of-
freedom motion simulator DESDEMONA, constructed 
by AMST-Systemtechnik GmbH (Ranshofen, Austria) 
and located in Soesterberg, the Netherlands (see, 
Figure 3). The simulator featured a high-fidelity AH-64 
Apache flight model, collective and cyclic, and stan-
dard pedals. Visuals were presented in VR with the 
same Varjo Aero (Varjo, Helsinki, Finland) VR headset 
as used in Experiment 1. Head tracking relative to the 
simulator cabin was obtained using SteamVR and the 
VR headset, without using base stations. Rotations of 
the visual scene due to cabin motion were corrected 
using cabin rotation angles known within the motion 
cueing. Yaw drift of the visual scene was compensated 
using visual motion capture and two passive markers 
attached to the headset. Pitch and roll drift were cor-
rected by the tracking algorithm of the VR headset. 
Translations of the headset were not tracked. To simu-
late natural head movement, head rotations were 
applied to the base of a rod, which simulates an offset 
between the neck’s rotational centre and eyes of the 
participant. The multi-purpose displays (MPDs) in the 
virtual cockpit showed the Tactical Situation Display 
(TSD) on the left MPD and the flight page on the right 
MPD. The Target Acquisition and Designation Sights’ 
Electronic Display and Control (TEDAC) in the middle 
presented flight information but no sensor images. No 
helmet mounted display (HMD) was used.

Figure 2. O verview of the tasks in the fixed-wing experiment. Data of the first two single-task flying runs was not included to 
reduce potential effects of learning on the outcomes.
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Task and conditions
Participants performed a single session on one day, 
with a 15-min break half-way in. The eye-tracker was 
calibrated at the start of the session and again after the 
break. Participants first familiarised themselves with the 
helicopter model by flying a traffic pattern, then prac-
ticed the cognitive task once on the ground, and then 
practiced both tasks simultaneously two times. 
Participants were instructed that the flying task took 
precedence over the cognitive task and received no 
special instructions on gaze behaviour. After familiarisa-
tion, they performed six different 3-minute scenarios, 
each in two conditions, and repeated twice (i.e. 6 × 2 x 
2), in a randomised order. The scenarios considered dif-
ferent spatial disorientation stimuli, and the conditions 
consisted of either the presence or absence of a spatial 
disorientation stimulus. The scenarios were: straight-and-
level flight without outside visibility with/without a 
leans stimulus, straight-and-level flight with/without a 
false (sloped) horizon, making two turns and flying 
straight-and-level above featureless/featured terrain, 
monitoring a flight with/without somatogyral yaw stim-
ulus, monitoring a flight with/without brownout, and 
monitoring a flight with/without loss of visual horizon 
while wearing night vision goggles. Only the false hori-
zon scenario (both conditions) was suitable for gaze 
analysis, as it featured a constant flying task and 

outside visibility. In this scenario, participants had to 
maintain straight-and-level flight above a cloud layer 
while flying at speed 95 kt and altitude 4,800 ft and be 
aware that other traffic may be present. Other scenarios 
were not included here because they featured a moni-
toring task instead of a flying task, the flying task was 
not constant between conditions, or there was no out-
side visibility. No instructions were given on the focus 
of gaze or attention in this experiment.

In the included scenario, an additional cognitive task 
(dual-task condition) was performed at three 30-second 
intervals (see, Figure 4). This was a mental arithmetic 
task consisting of single-digit, single-operator addition 
and subtraction problems, presented auditorily on the 
headset with 3-second intervals (i.e. 10 problems per 
30-second interval). The pilots answered whether the 
solution was above or below five using a switch button 
on the cyclic. The second 30-second interval of dual-task 
performance could not be included for gaze analysis, as 
a visual stimulus (sloped cloud deck) was presented 
during this interval. The two 30-second intervals 
between dual-task performance were used for the 
single-task condition. The 30-second interval at the start 
of each run was not included in the single-task condi-
tion due to participants needing to stabilise the heli-
copter. This resulted in four minutes of gaze behaviour 
data per condition for each participant.

Figure 3.  Left: The six degrees-of-freedom DESDEMONA motion simulator used for Experiment 2. Middle: A participant sitting in 
the cabin. Right: the virtual scene with gaze direction indicated by the circle.

Figure 4. O verview of one run in the rotary-wing experiment. Data of the first single-task flying interval was not included as the 
helicopter needed to be stabilised during this interval.
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Eye-tracking data collection.  In both experiments, gaze 
direction (eye theta and psi, respectively vertical and 
horizontal deviation from looking straight ahead) was 
measured at 200 Hz using the Varjo Aero VR headset. 
The position of the eyes remained fixed in the virtual 
world; except that small translations were induced 
based on rotations of the head (see, Apparatus 
section). In both experiments, two areas of interest 
(AOIs) were defined: the inside of the cockpit and the 
outside environment. Based on inspection of the 
virtual scene, in the fixed-wing experiment theta < 
−15° was used to define the inside the cockpit and 
theta ≥ −15° the outside. In the rotary-wing experiment 
theta < −20° was used to define the inside of the 
cockpit and theta > −20° the outside. For the rotary-
wing experiment, data was inspected to confirm that 
participants did not look outside of the side windows 
during the tasks, as these extend below −20°.

Dependent measures

% Dwell time outside
In each condition, the proportion of time (samples) 
with gaze located within the AOI ‘outside environment’ 
compared to the total time (samples) was obtained. 
Samples where the gaze tracker missed data (e.g. due 
to blinks or saccades) were excluded from this total. 
The mean was taken over all single-task segments and 
over all dual-task segments in each experiment, and 
expressed as percentage.

Mean fixation duration
The mean duration of fixations was obtained in each 
condition. Fixations were identified using the Python 
implementation of EyeMMV’s fixation detection algo-
rithm (PeyeMMV, Krassanakis 2023). This is a dispersion 
based algorithm, in which fixations are identified 
based on spatiotemporal criteria. The algorithm has 
three free parameters, being spatial parameters t1 and 
t2 and minimum duration for fixation identification. In 
our analyses, t1 and t2 were set to 1 deg, and the min-
imum fixation duration was 150 ms. We separately 
report fixation duration of fixations inside the cockpit 
and fixations in the outside environment.

Flying performance
As a secondary outcome measure, manual flying per-
formance was measured. For this, the mean absolute 
error of the roll angle from the instructed roll angle 
(i.e. 0 or 30 degrees), and the mean absolute error of 
the altitude from the instructed altitude, were obtained. 
The mean was taken over all single-task segments and 
over all dual-task segments in each experiment. Roll 

was used instead of heading, because some tasks did 
not include an instructed heading.

Auditory task performance
To provide information on the level of performance on 
the auditory tasks, the average response times and 
percentage of errors – either a miss (incorrect with-
hold of response) or a false alarm (incorrect response) 
– were obtained for Experiment 1, and average 
response times (from presentation of the last number 
until button press) and the proportion of correct 
answers were obtained for Experiment 2.

Motion sickness
To monitor problems with motion sickness, partici-
pants of Experiment 1 rated the severity of motion 
sickness symptoms after each four consecutive runs 
for each manoeuvre. They answered the question ‘Did 
you experience any discomfort (headache, tired eyes, 
nausea, etc.) during the exercise?’ on a visual-analogue 
scale ranging from 0 to 100. Participants of Experiment 
2 rated the severity of motion sickness symptoms 
half-way into the test session and at the end, on the 
Dutch version of the Misery scale (MISC), which ranges 
from 0 (‘no problems’) to 10 (‘vomiting’; Bos et al., 2005).

Data analysis

For each participant, we calculated the mean % dwell 
time outside, the mean fixation duration, the mean roll 
error and the mean altitude error in the single-task 
and dual-task condition. For each dependent variable, 
we examined whether the dual task condition differed 
compared to the single task condition using two-tailed 
paired-samples t-tests. If not normally distributed, 
Wilcoxon signed rank tests were used, and medians 
and interquartile ranges (IQRs) are reported instead of 
means and SDs. Alpha was set at 0.05. Effect sizes 
(Cohen’s d) of 0.2, 0.5 and 0.8 will be discussed as 
small, medium and large, respectively.

Results

Experiment 1: Fixed-wing experiment with novices

Figure 5 shows an overview of the gaze behaviour 
results, and Figure 6 shows the flying performance 
results, in Experiment 1.

% Dwell time outside
The % dwell time outside was significantly higher in the 
dual-task, mean = 71%, SD = 6.6, than in the single-task 
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condition, mean = 61%, SD = 5.1, t(14) = 7.01, r = 0.650, 
p < 0.001. The effect size was large, d = 1.84.

Fixation duration
The mean fixation duration of fixations in the outside 
environment did not significantly differ between 
single-task, mean = 0.38 s, SD = 0.08 s, and dual-task, 
mean = 0.37 s, SD = 0.06 conditions, t(14) = 0.54, p = 
.060. The mean fixation duration of fixations in the 
cockpit was significantly lower for the dual-task, mean 
= 0.43 s, SD = 0.10 s, than for the single-task, mean = 
0.49 s, SD = 0.13 s condition, t(14) = 4.01, p = .001.

Auditory task performance
The average response time was 1.33 s, SD = 0.16. The 
average error rate was 9.3%, SD = 3.8%.

Flying performance.  Flying performance results are 
shown in Figure 6. The mean roll error was not 
significantly higher in the dual-task, mean = 1.53°, 
SD = 0.33°, than in the single-task condition, mean = 
1.72°, SD = 0.71°, t(14) = −0.97, r = 0.041, p = .351.

The mean altitude error was significantly higher in 
the dual-task, mean = 65.8 ft, SD = 27.6 ft, than in the 
single-task condition, mean = 53.8 ft, SD = 23.1 ft, t(14) 
= 3.94, r = 0.906, p = .001.

Motion sickness
Self-reported symptoms of motion sickness were gen-
erally low for all manoeuvres, including straight and 
level flight, M = 6.6/100, SD = 4.7, speed change, 
M = 6.5/100, SD = 7.5, and level turn, M = 6.5/100, 
SD = 5.2.

Experiment 2: rotary-wing experiment with 
experienced pilots

Figure 7 shows the gaze behaviour results, and Figure 8 
shows the flying performance results, of Experiment 2.

% Dwell time outside
The % dwell time outside was significantly higher in 
the dual-task, mean = 44%, SD = 13, than in the 
single-task condition, mean = 29%, SD = 12, t(12) = 7.96, 
r = 0.868, p < 0.001. The effect size was large, d = 2.21.

Mean fixation duration
The mean fixation duration in the outside environment 
was significantly greater in the dual-task condition, mean 
= 0.37 s, SD = 0.05 s, than in the single-task condition, 

Figure 5.  Tukey boxplots with gaze behaviour results in the single-task and dual-task conditions of Experiment 1 (novices). × = 
mean, whiskers indicate 1.5 IQR.

Figure 6.  Tukey boxplots with flying performance results in 
the single-task and dual-task conditions of Experiment 1 (nov-
ices). × = mean, whiskers indicate 1.5 IQR.
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mean = 0.32, SD = 0.04 s, condition, t(12) = 5.12, p < .001. 
The mean fixation duration of fixations in the cockpit 
did not significantly differ between the single-task, mean 
= 0.36 s, SD = 0.07 s, and dual-task, mean = 0.35 s, 
SD = 0.07 s conditions, t(12) = 0.93, p = .369.

Flying performance
The flying performance results are shown in Figure 8. 
The mean roll error was significantly greater in the 
dual-task, mean = 1.86°, SD = 0.51°, than in the single-task 
condition, mean = 1.61°, SD = 0.41°, t(12) = 2.69, r = 0.749, 
p = 0.020. The effect size was large, d = 0.75.

The mean altitude error was not significantly higher 
in the dual-task, mean = 52.6 ft, SD = 28.2 ft, than in the 
single-task condition, mean = 56.3 ft, SD = 29.6 ft, t(12) 
= 0.62, r = 0.722, p = 0.547.

Auditory task performance
The average response time was 0.81 s, SD = 0.33. The 
median of the proportion of correct answers was 95%, 
IQR = 10%.

Motion sickness
Self-reported symptoms of motion sickness were gen-
erally low halfway into the test session, M = 1.4, SD = 1.9, 
as well as at the end, M = 1.7, SD = 1.9.

Discussion

In both experiments, the gaze data show a shift 
towards the outside environment when the pilots per-
formed an auditory task. This increase was by a factor 
of 1.2 in novices and 1.5 in experienced pilots. This 

Figure 7.  Tukey boxplots with gaze behaviour results in the single-task and dual-task conditions of Experiment 2 (experienced 
pilots). × = mean, whiskers indicate 1.5 IQR.

Figure 8.  Tukey boxplots with flying performance results in the single-task and dual-task conditions of Experiment 2 (experienced 
pilots). × = mean, whiskers indicate 1.5 IQR.
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effect was observed despite differences in simulated 
aircraft (fixed-wing versus rotary-wing), simulator 
motion (fixed-base versus moving-base simulator), 
flight experience level (novices versus experienced mil-
itary helicopter pilots), and the type of cognitive task 
(n-back versus mental arithmetic). The shift towards 
outside also persisted despite the lookout task which 
the novices were performing throughout the scenar-
ios. For the novices, the auditory task induced a shorter 
mean fixation duration inside, while the mean fixation 
duration outside did not significantly differ. Thus, when 
looking outside, they looked around more. This can be 
explained by the lookout task, performed for a differ-
ent experiment, requiring them to look at different 
areas in the outside scene. For the experienced pilots, 
the auditory task induced a longer mean fixation dura-
tion outside, which could indicate staring behaviour 
and an interference of the auditory task with their 
usual cross-checking of the instruments.

The increased looking (and staring) outside we 
observed might be explained by the auditory task 
occupying a large part of the limited amount of cog-
nitive resources. This might reduce the availability of 
resources for perceptual-motor processing needed for 
the flying task (see, Wickens 1980). With reduced cog-
nitive resources available for visual processing, the par-
ticipants may have resorted to ‘resting their eyes’ on 
the outside scene, which did not present a high infor-
mation density as the instruments. Staring at the out-
side scene may also have been preferable over staring 
at the inside of the cockpit, as the horizon possibly 
presents information on the aircraft attitude most intu-
itively, allowing for efficient management of the imme-
diate flight path while performing the auditory task. 
According to the multiple resource model (see, 
Wickens, 2024), the extend of auditory task interfer-
ence would increase if the auditory task is more spatial 
instead of verbal, is more complex, and has higher pri-
ority. Future research could vary one of more of these 
aspects to test whether % dwell time outside is indeed 
indicative of reduced availability of cognitive resources.

Tole et  al. (1982) found a similar effect of auditory 
task load on pilots’ focus on the primary compared to 
secondary instruments. Our findings align also with 
findings from driving tasks with hands-free phone con-
versations (Desmet and Diependaele 2019; Nunes & 
Recarte, 2002; Uchida et  al. 2005; Victor, Harbluk, and 
Engström 2005). In these studies, increased dwell time 
on the future path region was not only associated 
with increased auditory task demands, but also with 
increased visual task and driving task demands.

With respect to flying performance, outcomes of 
Experiment 1 partly confirmed our hypothesis, as the 

mean altitude error was significantly larger in the 
dual-task condition compared to the single-task condi-
tion. Outcomes of Experiment 2 were in contrast to 
our hypothesis, as the mean roll error was smaller and 
no significant effects on mean altitude error were 
found. The sample group of experienced pilots in 
Experiment 2 may have been less affected by auditory 
task load (see also Bałaj et  al. 2019). Perhaps roll angle 
control performance was facilitated in this group by 
gazing more outside, as military helicopter pilots are 
trained to use outside information for attitude control 
(see also Ho et  al. 2016). Only basic flight path man-
agement performance could be measured in the cur-
rent study, due to either short durations of time of 
measuring (i.e. 30 second periods in Experiment 2) or 
lack of navigation tasks (headings). It remains to be 
investigated if gaze behaviour and flying performance 
are more affected by an auditory task if the flying task 
is more demanding in terms of navigation and speed 
management.

The current study makes use of the datasets of two 
experiments which were not originally intended for 
the purpose of testing the effect of cognitive task load 
on gaze behaviour. This leads to the following limita-
tions. First, in both experiments the order of the con-
ditions was not counterbalanced within and between 
participants. For the novices a dual-task condition was 
always performed after the single-task condition. 
However, a learning effect would likely reduce the 
impact of the dual-task on mental workload and thus 
on gaze behaviour, meaning that the effect could be 
underestimated instead of overestimated. Second, task 
performance durations were not very long, reducing 
the general accuracy of results and preventing accu-
rate analyses of low-frequency performance variables 
such as speed and altitude control. Third, tasks for 
which the instruments are the only source of informa-
tion (e.g. navigation, system management) were not 
included in the current study. This suggests that our 
results underestimate the detrimental effect of per-
forming an auditory task on flying performance. 
Fourth, sample groups consisted of novices and mili-
tary pilots, who were both not trained on the simu-
lated aircraft. Mental workload required for flying was 
likely higher than it would be for trained pilots, limit-
ing the generalisability of our results to operational 
practice. Fifth, the limited sample sizes and measuring 
durations resulted in limited statistical power for ana-
lysing a wide range of gaze behaviour measures.

Motion sickness symptoms were unlikely to affect 
the results, as these were very low throughout the 
experiment (i.e. Experiment 1: <10 on a 0-100 scale; 
Experiment 2: <2 on a 0-10 scale). There was no 
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indication that participants ignored the auditory task, 
as mean error and miss rates remained below 10%. 
This suggest a possible ceiling effect (at least for error 
rates), and future research on this topic may benefit 
from increasing the difficulty of the auditory task.

Despite the exploratory nature of this study, the 
observed effect on gaze behaviour may warrant fur-
ther research to investigate whether it has implications 
for flight safety or workload management training. 
Increased looking outside during auditory tasks could 
interrupt adequate scanning of the instruments in 
pilots and could impair pilot situation awareness and 
lead to spatial disorientation. On a more practical side, 
the analysis of staring behaviour may possibly be used 
as an indicator of pilot mental workload in a 
non-invasive way. Follow-up research on this effect 
could use more focused experiment designs and 
include more complex flying tasks.
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