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To improve the eff ectiveness of spatial disorientation (SD) training in a fl ight simulator, 
pilots are recommended to perform an additional task that induces a mental distraction. 
The presented study explored how the inclusion of an additional task that may enhance 
the eff ectiveness of SD training changes the severity of simulator sickness symptoms 
reported after exposure in the Gyro-IPT simulator.

We compared the incidence of simulator sickness symptoms in pilots across four setups 
of fl ight scenarios (varying according to cognitive load distraction) collected during our 
previous studies. A total of 77 male military pilots (age 28.3±6.2) with fl ight experience 
(810.72 ±969.43 hours) were randomly assigned to one of four groups and then exposed 
to a 60-min long fl ight session (12 fl ight profi les, six involved an SD-confl ict) with active 
control in the Gyro IPT simulator. In addition to the primary fl ying task, in three fl ight 
scenarios, pilots were asked to perform an additional visual (a change detection fl icker 
task [CDFT]), auditory (an auditory N-back task [NBT]), or duration-discrimination task 
(DDT)). To measure simulator sickness symptoms, the Simulator Sickness Questionnaire 
(SSQ) was administered pre- and post-simulator exposure.

The severity of simulator sickness symptoms due to visual and motion cues did not 
signifi cantly change when the pilot performed a non-sickening cognitive task (addi-
tional visual or auditory task). The total SSQ score and scores for nausea, oculomotor 
disturbance, and disorientation in the CDFT and DDT were slightly higher than in the 

Results:

Methods: 
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INTRODUCTION

The concern of simulator sickness, a syndrome 
that is a side eff ect during and after exposure in a 
simulator (e.g. fl ight simulator) and which does not 
happen in real fl ight, has been quite deeply stud-
ied [3,23,38,56,60,65]. Simulator sickness is still an 
unsolved problem and aff ects almost every par-
ticipant in the simulation [23,41]. It can confound 
research measurements [32], negatively infl uence 
the eff ectiveness of training [22], and may con-
tribute to the interruption of the task performed 
in the simulator [10,22]. In the aviation domain, 
exposure in a fl ight simulator may also cause tem-
porary fl ying restrictions [21], mainly due to the 
strong stimulation of the vestibular system [31,39]. 

A strategy for mitigating symptoms of 
simulator sickness

As simulator sickness is a syndrome character-
ised by symptoms quite similar to those of mo-
tion sickness (i.e. malaise, sweating, headache, 
dizziness, nausea, and vomiting) [26], the names 
of these sickness will be treated as synonyms in 
this article. To treat simulator sickness, a special 
desensitisation program (reduction in simulator/
motion sickness susceptibility by repeated or/
and prolonged expositions to stimuli) [16,50,53] or 
anti-motion sickness medicines (e.g. scopolamine) 
[8,67] are routinely used; however, such a desen-
sitization program may not be eff ective for every 
pilot, nor are anti-motion sickness drugs, which 
are not used among military pilots due to their un-
wanted side eff ects (drowsiness, apathy resulting 
in attention impairment) [51].

In addition to the above-mentioned attempt 
to prevent simulator sickness, there are several 
studies where simulator sickness due to motion 
was reduced by the use of an additional stimulus 
[6,13,14,45], performing an additional task (cogni-
tive and biofeedback methods) i.e., visuospatial 
training [54], or by inducing various multisensory 
conditions [28]. The results of numerous studies 
have shown that motion sickness can be mitigated 
by the use of specifi c distractors. Strayer et al. [57] 

classifi ed sources of distraction, which were sub-
sequently rearranged [25] as mechanical, physi-
ological, cognitive, and emotional. The psycho-
physiological model describing how these sourc-
es of distraction can modulate the emergence of 
motion sickness in the context of sensory confl icts 
is illustrated in Fig. 1. This model was developed 
based on the physiological model in Benson [2] 
and Kaufeld et al. [25]. 

Mechanical or electrical source of 
distraction

A mechanical or electrical source of distraction 
is used for down-weighting the visual-vestibular 
confl ict (Fig. 1). This distraction can be implement-
ed by adding noise to the vestibular aff erences or 
tactile stimulus [25]. Bos [6] found that sickness 
due to low-frequency motion can be reduced by 
adding a high-frequency vibration (inherent non-
sickening vibration). The results of other studies 
[13] showed that the exposure of airfl ow signifi -
cantly reduced visually-induced motion sickness, 
whereas the presence of seat vibration did not 
have an impact on it. Based on the sensory con-
fl ict theory, Kaufeld et al. [25] demonstrated how 
chewing gum could modulate the occurrence of 
visually-induced motion sickness. Another way of 
disturbing the functioning of the vestibular sys-
tem by physiological modulation of its response 
is the use of Galvanic Vestibular Stimulation (GVS) 
[7,15] (described in more detail in the physiological 
factor subsection). 

Attention shift
Although there is also counter-evidence of the 

positive eff ect of mental distraction (occurs when 
ones attention is removed from the processing of 
certain information [57]) on the reduction of mo-
tion sickness [66], recent studies [25,68] still con-
fi rm that motion sickness is less common in peo-
ple who have focused their attention on an addi-
tional activity, or when their attention is directed 
toward external events [6]. This activity or distrac-

control condition (fl ight without additional task). Despite the observed diff erences, 
according to the SSQ scoring criteria, the simulator sickness symptoms reported by 
the pilots were negligible. 

The additional tasks (CDFT, auditory NBT, or DDT) applied to improve the eff ectiveness 
of SD training in the Gyro-IPT simulator do not signifi cantly change unwanted eff ects, 
such as simulator sickness.

simulator sickness, motion sickness, fl ight simulator, spatial disorientation, expertise, 
cognitive load
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are modifi ed. It was demonstrated that this phys-
iological modulation of the vestibular system ac-
tivity in synchronicity with visual stimulation in 
a fl ight simulator may reduce the incidence and 
severity of sickness symptoms [7].

Emotional modulation
Other studies have found that music dis-

tracted the participants from their cyber sick-
ness (visually-induced motion sickness), reduc-
ing its severity by listening to their favourite [45] 
or pleasant [30] music. In addition to the music, 
pleasant odours and airfl ow may reduce visually-
induced motion sickness [13,29,46]. Kaufeld et al. 
[25] also showed that emotional modulation by 
pleasant distractors may explain the genesis of 
visually-induced motion sickness. This is likely to 
be due to the fact that pleasant stimuli evoke a 
pleasant emotional state, which diverts the sub-
jects’ attention from nausea-inducing stimuli to 
the more pleasant stimuli.

In addition to the above-mentioned sources of 
distraction (mechanical, physiological, cognitive, 
and emotional), according to the model (Fig. 1), 
the comparator (B) generates a mismatch signal 
not only when one sensory input confl icts with 
another, but also when the congruent sensory 
input does not match the expected sensory in-
put based on previous experience [2,42,43,47,48].

tion may be involved in the second task, which 
diverts attention (attention shift) away from the 
provocative stimuli [6]. However, not every type 
of distractor can mitigate the sickness symptoms, 
e.g. when subjects were asked to concentrate on 
an imposed motion, their symptoms of the sick-
ness tended to increase [11].

Physiological factor 
A physiological factor is mainly based on cre-

ating a sensory confl ict in order to provoke and 
activate the adaptation mechanism. Smyth et 
al. [54] revealed that motion sickness can be re-
duced through visuospatial training, which in-
volves a person manipulating 3D objects in their 
imagination. The fi nding, that males tend to have 
better visuospatial skills [52] and that they suf-
fer less from motion sickness than females [17], 
suggests that visuospatial training in the latter 
group may contribute to reducing the suscepti-
bility of females to this sickness. Another group 
of researchers [40,59] showed that, under certain 
conditions, an optokinetic stimulation may also 
be promising in the treatment of motion sick-
ness.

To reduce the visual-vestibular confl ict respon-
sible for causing motion sickness, a galvanic ves-
tibular stimulation is also used [12,20,49,63,64]. 
In this method, galvanic signals from electrodes 
placed close to the mastoid vestibular aff erents 

Fig. 1.  A schematic representation of the psychophysiological model of the mitigation of motion sickness by the use 
of specifi c distractors (mechanical, physiological, cognitive, and emotional). 

A, C represent summing block, B represents the comparator of input signals, and K stands for gain. Blocks with a dotted line represent individual 
sources of distraction: (1) mechanical and electrical noise stimulation, (2) attention shift, (3) emotional modulation, (4) physiological modulation.
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distraction built into an additional task as a meth-
od of increasing SD susceptibility and the eff ec-
tiveness of SD training only. 

To address the above-mentioned research is-
sue, we compared the results of our previous 
studies [19,58], including fl ight scenarios with 
additional visual or auditory task-induced cogni-
tive load, with the study having the same fl ight 
scenarios [1], in which the pilot did not perform 
an additional task (control study). The additional 
cognitive load was imposed by one of three tasks. 
The fi rst task was a change detection fl icker task 
(CDFT) [19] based on a measurement of a subject’s 
response to visual stimuli. The second task was an 
auditory N-back task (NBT) involving sound stimuli 
(the sequential letter memory task), and the third 
concerns a duration-discrimination task (DDT) in 
which the subjects had to respond to the sound 
stimuli (tones) [58]. In these experiments, we used 
multi-task and high-workload fl ight simulation 
with a cockpit distraction (induced by CDFT, NBT, 
or DDT) while fl ying in a degraded visual environ-
ment. In the aviation domain, these tasks mainly 
refer to visual and auditory activity. The impact of 
simulator-induced cues (visual and motion) and 
the additional cognitive task on simulator sickness 
incidence was measured by the Simulator Sick-
ness Questionnaire (SSQ) [4].

We did this research as part of other studies 
[1,19,58] that investigated the overall eff ects of 
SD events on fl ight performance and instrument 
scanning [1], an attentive blank stare [19], and the 
cognitive performance [58] in military pilots while 
they were piloting a fl ight simulator.

METHODS

The study design
The between-group study design consisted of 

four experiments (which we have previously con-
ducted [1,19,58]) in which a diff erent group of par-
ticipants performed fl ying tasks in an SD simulator. 
Experiment 1 [1] was set in the presented study as 
a control (baseline) test that consisted of carrying 
out manoeuvres with the maintenance of fl ight 
parameters according to the fl ying instructions 
given in defi ned, standard fl ight scenarios. The 
rest of the experiments aimed to explore how the 
severity of simulator sickness symptoms changes 
when the participant next to the fl ying task (Exp. 
1) simultaneously performed an additional cogni-
tive task that induces mental distraction.

In these experiments, the same fl ight scenarios 
were used as in Exp. 1 and additionally included 
one of the following cognitive tasks: a CDFT in 

An incidence of simulator sickness in a 
spatial disorientation simulator

A spatial disorientation (SD) simulator is used 
in ground-based fl ight training for military pilots 
to demonstrate the phenomena of the loss of 
spatial orientation that may occur in fl ight [9]. In 
such a simulator, pilots also learn how to counter-
act the eff ects of sensory mismatch during fl ight. 
This sensory confl ict, which is mainly due to the 
incongruence of visual and motion cues [24,44], 
may induce simulator sickness. On the other hand, 
the strength of this sensory confl ict largely de-
termines whether an illusion-related SD can be 
induced in such a simulator, and how SD training 
can be eff ective.

To eff ectively trigger SD events, NATO’s SD 
Working Group recommends multi-task and high-
workload fl ight simulations with scenarios such as 
cockpit distraction [5]. This type of approach has 
been applied in our previous studies [1,19,58], in 
which pilots experienced additional cognitive 
load (induced by visual or sound stimuli) when fl y-
ing an aircraft in the Gyro-IPT SD simulator. Given 
that our previous studies did not identify a pos-
sible eff ect of additional stimuli on the severity of 
simulator sickness symptoms (we only tested the 
infl uence of exposition in the simulator on simula-
tor sickness incidence to ensure that participants 
did not feel sick during and after the experiment), 
whether the additional tasks performed by the 
pilots could contribute to reducing or increasing 
the severity of sickness symptoms is of interest. 
We compared these eff ects to the incidence of 
simulator sickness symptoms in pilots across four 
setups of fl ight scenarios (varying according to 
an additional cognitive task) collected during our 
previous studies [1,19,58]. Each of the additional 
tasks involved the engagement of a higher level of 
processing (reaction with a choice), and therefore, 
their possible impact on motion sickness should 
be considered in terms of the source of mental dis-
traction - shifting attention (induced by a visual or 
auditory stimulus).

The aim of the study
The study explored whether including an ad-

ditional task that can increase pilots’ susceptibil-
ity to SD and may improve the eff ectiveness of SD 
training changes the severity of simulator sickness 
symptoms reported after exposure in the Gyro-
IPT simulator. It should be noted that we did not 
intend to investigate how applied distractions 
(additional cognitive task) are a potential counter-
measure to simulator sickness, as other research-
ers have done [28]. In our study, we incorporated 
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responsible for inducing motion sickness (known 
as air sickness in an actual fl ight). The simulator is 
equipped with 3-degrees of freedom (roll ±30°, 
pitch ±15°, and yaw 360°), with a one-channel, 
non-collimated out-the-window (OTW) visual dis-
play (with ~40° horizontally by ~28° vertically to-
tal fi eld-of-view). More technical details about this 
simulator was given in the paper [34].

Stimuli
As described in our previous studies [1,19,58], 

the set visual, vestibular, and auditory cues were 
included in 12 fl ight scenarios. The fl ight profi les 
were comprised of the following manoeuvres in 
a fi xed-wing aircraft with six visual and vestibular-
origin illusions: a day-time false-horizon illusion 
(caused by a sloping cloud deck) included in the 
straight and level fl ight (S&LF) profi le, a constant 
shape illusion (caused by an up-sloping runway) 
implemented in a circle-to-land procedure (C-T-
LP) at night-time, a constant size illusion (caused 
by a narrower-than-usual runway) included in a 
straight-in approach (S-IA) profi le at night-time, 
a somatogyral illusion (caused by erroneous per-
ception of the strength and direction of actual 
rotation – the false sensation or lack of rotational 
motion) induced in a straight and level fl ight after 
left turn (S&LFALT) at daytime, a Coriolis illusion 
(created by cross-coupled stimulation of semi-cir-
cular canals when there is a change of head dur-
ing rotational motion) induced in a right banked 
turn (RBT) at daytime, and a Leans illusion (caused 
by the limited sensitivity of vestibular organs) in-
duced in a straight and level fl ight after right turn 
(S&LFART) at night-time.

Each fl ight profi le was presented in two condi-
tions, the disorientation condition (confl ict fl ight), 
in which visual or vestibular disorientation cues 
were present, and the control condition (non-
confl ict fl ight), in which these specifi c disorienta-
tion cues were absent. The remaining parts of the 
fl ight profi les were kept the same for the control 
and disorientation conditions. All the participants 
fl ew the same profi les (a total of 12 fl ight profi les). 

which the participants had to response to visual 
stimulus changes from behind the cockpit (Exp. 2 
[19]), an NBT involving sound stimuli (the sequen-
tial letter memory task) (Exp. 3 [58]), or a DDT in 
which the participants had to respond to the 
sound stimuli (tones) (Exp. 4 [58]). According to 
the NATO’s SD Working Group [5], multi-task and 
high-workload fl ight simulations with scenarios 
such as cockpit distraction (like those designed 
in the Exp. 2–4) are recommended for eff ectively-
triggering SD events.

Participants
Overall, the 77 volunteers were recruited in 

our previous studies [1,19,58] to perform fl ight-
simulator experiments. The inclusion criteria was 
healthy, active-fl ying male pilot (fi xed-wing air-
craft) between the age of 20 to 55 years, normal 
or corrected-to-normal vision, and no history of 
neurological disorders, especially any negative 
clinical history of vestibular symptoms e.g., dizzi-
ness and vertigo. Characteristics of the study sam-
ple (age and fl ight experience) in each of the four 
experiments is presented in Table 1. All pilots were 
male with no experience of exposure to simulator-
induced SD. They were Polish military aviators ac-
tively fl ying fi xed-wing military aircrafts (M-28M, 
CASA C-295M, TS-11, MiG-29, Su-22, F-16, M-346 
Master, and PZL-130).

The protocol study was approved by the Ethical 
Committee of the Institute of Psychology at the 
John Paul II Catholic University of Lublin, Poland, 
and an informed consent form was completed by 
each participant prior to the experiment. 

Stimuli and apparatus

Flight simulator
The Gyro-IPT simulator (Environmental Tec-

tonics Corporation, Inc., Southampton, US) was 
used to generate fl ight scenarios and to trigger 
SD events. This simulator generates illusions that 
are usually the result of a sensory confl ict (usu-
ally visual-vestibular), which is the main factor 

Experiment No. Participants (pilots)

Number Age 

(M ±SD years)
Flight experience 

(M ±SD total fl ight hours)
Source of data 

(reference)

1 20 31.6 ±8.2 1300.2 ±1167.4 [1]

2 21 23.2 ±1.2 116.8 ±60.9 [19]

3 16 26.3 ±8.8 855.1 ±1817.2 [58]

4 20 32.3 ±6.6 970.7 ±832.1 [58]

Total 77 28.3 ±6.2 810.7 ±969.4

Tab. 1.  Characteristics of the study group/sample.

Note: Values represent mean (M) and standard deviation (SD).
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disturbances score (SSQ-O), disorientation score 
(SSQ-D), and a total severity score (SSQ-TS). Mean 
SSQ scores that were obtained after completing 
all fl ight profi les were determined based on pre-
defi ned factor weightings suggested by Kennedy 
et al. [27]. Next, the scoring criteria of SSQ that re-
fl ect the severity of simulator sickness symptoms 
was applied [55]. All SSQ data collected in our pre-
vious studies [1,19,58] were used for comparative 
analysis in the present study.

Procedure
The tes t procedure in each of the four experi-

ments is described in detail in our previous stud-
ies [1,19,58]. A brief description is as follows: Each 
experiment included familiarization and a fl ight 
training session in a fl ight simulator, and the m ain 
exposition consisted of 12 fl ight profi les (six con-
fl ict fl ights and six non-confl ict fl ights). The training 
session had 5–10 minutes of “free-fl ight” and was 
given to all pilots to get them acquainted with the 
operational characteristics of the simulator. The 
familiarization fl ight profi le included the basic el-
ements of pilotage with the approach-to-landing 
manoeuvre. If a pilot reached a given target alti-
tude, heading, vertical speed, and bank (within the 
acceptable deviations [34]), he could participate 
in the study. The pilots were only briefed with all 
relevant fl ight-related requirements, but were not 
introduced to the fl ight scenario and the purpose 
of research. 

The order  of fl ight profi les (six confl   ict fl ights and 
six non-confl ict fl ights) was fi xed at random. Pilots 
did not know the order of profi les and which were 
confl ict fl ights. The pilots who took part in Exp. 1 
(12 fl ight profi les) performed manoeuvres with the 
maintenance of fl ight parameters according to the 
fl ying instructions given (recorded commands) [1]. 
In Exp. 2, the pilots from another group (Tab. 1) 
were asked to perform a dual-task involving con-
trol of the aircraft position (as in the Exp. 1) and 
detection of visual stimulus changes from behind 
the cockpit (CDFT) at the same time [19]. In Exp. 
3, the next group of pilots (Tab. 1) performed the 
fl ying task (the same as in the Exp. 1) and the NBT 
[58] simultaneously. In Exp. 4, the pilots were asked 
to perform a fl ying task, as in the Exp. 1, and the 
DDT simultaneously [58]. To obtain simulator sick-
ness ratings, the SSQ [4] was administered after the 
simulator main exposition (12 fl ight profi les). The 
duration of a single experiment did not exceed 60 
minutes (not including training or familiarization 
fl ight). All participants completed the study at the 
same time of day (between 10:00 and 16:00). 

Detailed descriptions of the applied fl ight profi les, 
including the specifi cations of stimuli and fl ight 
instrument manipulation, is presented in our ear-
lier paper [34].

In our previous studies [1,19,58], the simulator-
induced stimuli (described above) were combined 
with additional visual, motion, and auditory task-in-
duced cognitive load in four experiments. Experi-

ment 1 (Exp. 1) consisted of the set stimuli included 
in the above-defi ned 12 fl ight scenarios (more de-
tails about these fl ight scenarios have been given 
in our previous papers [1,33]). In Experiment 2 

(Exp. 2), simultaneously with the stimuli presented 
in Exp. 1, the pilots were exposed to an addition-
al visual stimulus related to the size of the visual 
stimulus. This visual stimulus (CDFT) was presented 
on the computer monitor screen (Lenovo IdeaPad 
Yoga 13) and was fi xed in the simulator cabin below 
OTW. The CDFT was based on a sustained atten-
tion, change detection activity that measures the 
correctness with which participants respond to a 
visual stimulus. Detailed descriptions of stimuli and 
participant’s reaction procedure in this task are in-
cluded in the papers [19,35]. Experiment 3 (Exp. 3) 
comprised the stimuli presented in Exp. 1, and the 
sound stimuli (an NBT) was presented binaurally 
using headphones. These sound stimuli involved 
the sequential letter memory task, in which pilots 
had to decide whether each letter in a sequence 
matched the one that appeared N items ago. The 
stimuli were presented continuously in each fl ight 
profi le, except for the moment when audio fl ight 
instructions were given. More details about the 
stimuli have been given in our previous papers 
[36,58]. Experiment 4 (Exp. 4) included the stimuli 
presented in Exp. 1 and the sound stimuli (tones) 
presented binaurally using headphones. The pi-
lots were asked to discriminate between short and 
long tones by pressing a button located on the 
control stick. The tones were presented continu-
ously throughout each fl ight profi le, except for the 
time when audio fl ight instructions were given. The 
characteristics of the acoustic stimuli and proce-
dure of response to them were described in detail 
in the papers [37,58].

Measurement of the severity of simulator 
sickness

To examine whether simulator sickness during 
fl ights in the SD trainer could have aff ected results 
in our previous studies [1,19,58], participants com-
pleted a Polish version of the SSQ [4]. SSQ data 
collected during these studies were rated regard-
ing severity and then were summed to yield three 
subscale scores: nausea score (SSQ-N), oculomotor 
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discomfort in pilots [55]. The mean scores of SSQ 
symptoms for each analysed subscales of SSQ 
symptoms and study groups are shown in Table 2.

The ANOVA was performed separately for 
each subscale of SSQ symptoms (nausea SSQ-N, 
oculomotor SSQ-O, and disorientation SSQ-D) 
and for total score of SSQ symptoms showed no 
signifi cant diff erences between the symptoms 
reported by the study groups (control, CDFT, 
NBT, and DDT). The results of the ANOVA are 
shown in Table 2. The diff erences between the 
mean scores of SSQ symptoms for each subscale 
and the study groups are given in Figs. 2–5. 

DISCUSSION

The standard fl ight scenario
As we noted in our previous study [1], accord-

ing to the SSQ scoring criteria [55], the symptoms 
of simulator sickness reported by pilots after ex-
posure to the standard fl ight scenario were neg-

Statistica l Analysis
To compare the eff ect of the between-factors 

that are represented by the group type (control, 
CDFT, NBT, and DDT groups), a one-way repeated 
measures Analysis of Variance (ANOVA) and post-
hoc pairwise t-tests with Bonferroni correction 
were used. The ANOVA was run on the recorded 
mean scores of SSQ and was performed for each 
subscale of SSQ symptoms (nausea SSQ-N, ocu-
lomotor SSQ-O, and disorientation SSQ-D) sepa-
rately. A signifi cance level of p = 0.05 was con-
sidered statistically signifi cant and was set for all 
analyses. For all statistical analysis, IBM SPSS ver-
sion 17.0 (IBM Corporation, US) was used.

RESULTS 

Overall, summarising the results of our previ-
ous studies [1,19,58], we found that the incidence 
of simulator sickness symptoms (measured by 
SSQ) was reported by 68% of participants; how-
ever, it remained a minor severity and was not a 

The subscale of SSQ 

symptoms

Group type Statistical results

Control CDFT NBT DDT F p η2

Nausea (SSQ-N) 1.46 (1.31) 1.53 (1.22) 1.38 (1.41) 1.88 (1.72) 0.451 0.717 0.018

Oculomotor (SSQ-O) 3.41 (2.12) 3.12 (2.61) 2.88 (2.31) 3.63 (2.42) 0.355 0.786 0.014

Disorientation (SSQ-D) 1.90 (1.63) 2.05 (1.71) 1.81 (1.72) 1.81 (1.52) 0.090 0.965 0.004

Total (SSQ-TS) 2.25 (1.52) 2.23 (1.85) 2.02 (1.59) 2.44 (1.55) 0.196 0.899 0.008

Tab. 2.  The mean scores of SSQ symptoms and the one-way ANOVA results for each SSQ subscales.

Note: Values represent mean and standard deviation; CDFT – change detection fl icker task; NBT – auditory N-back task; DDT – duration discrimina-
tion task.

Fig. 2.  The mean scores of SSQ symptoms in nausea subscale (SSQ-N) by study group type.
Error bars represent the standard error of the mean; CDFT – change detection fl icker task; NBT – auditory N-back task; DDT – duration discrimina-
tion task.
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The fl ight scenario with additional 
cognitive task

The results of comparing the fi ndings of our 
previous studies [1,19,58] were presented in Figs. 
2–5 and Table 2, and are separately discussed 
below in detail for each type of cognitive task. 

ligible (MSSQ-N = 1.46; MSSQ-O = 3.41; MSSQ-D = 
1.90; MSSQ-TS = 2.25). As we noted earlier, it means 
that this SD simulator did not induce symptoms of 
simulator sickness, which would raise concerns for 
post-exposure activities.

Fig. 3.  The mean scores of SSQ symptoms in oculomotor subscale (SSQ-O) by study group type. 

Error bars represent the standard error of the mean; CDFT – change detection fl icker task; NBT – auditory N-back task; DDT – duration discrimina-
tion task.

Fig. 4.  The mean scores of SSQ symptoms in disorientation subscale (SSQ-D) by study group type. 
Error bars represent the standard error of the mean; CDFT – change detection fl icker task; NBT – auditory N-back task; DDT – duration discrimina-
tion task.
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The lack of signifi cant diff erences in the sever-
ity of simulator sickness symptoms between the 
control group and the CDFT group indicates that 
this additional perceptual task did not result in a 
signifi cant increase or decrease in these symp-
toms. Thus, detecting and responding to an addi-
tional visual stimulus (CDFT) appears to have not 
been a factor which increased the risk of simulator 
sickness. This fi nding is supported by other stud-
ies [14], which indicate that reducing the number 
of visual stimuli (fi xated objects) is an eff ective 
strategy for mitigating motion sickness. Moreo-
ver, Webb and Griffi  n [62] demonstrated that both 
foveally- and peripherally-presented visual stim-
uli can induce motion sickness, but the latter are 
more provocative stimuli than the former, which 
includes CDFT.

Auditory N-back task (NBT)
The total severity score of SSQ symptoms (SSQ-

TS) revealed that the pilots who performed NBT 
experienced simulator sickness symptoms with 
less severity (MSSQ-TS = 2.02) than pilots from the 
control group (MSSQ-TS = 2.25). The same direc-
tion of change in the mean scores of SSQ symp-
toms was also observed in each SSQ subscales 
(Figs. 2–5); however, the incidence of simulator 
sickness between pilots from the NBT and con-
trol groups does not diff er signifi cantly at all of 
the analysed subscales of SSQ symptoms (Tab. 2). 
Nevertheless, these fi ndings confi rm the results of 

Each of these tasks involved the engagement of a 
higher level of processing (reaction with a choice) 
and their possible impact on simulator (motion) 
sickness was considered in terms of the source of 
mental distraction - shifting attention (induced by 
a visual or auditory stimulus).

Change detection fl icker task (CDFT)
An increase in the mean scores of SSQ symp-

toms was observed for the nausea and disorien-
tation subscales; however, these diff erences were 
not statistically signifi cant (Tab. 2, Figs. 2–5). The 
lower value of the mean scores of SSQ symptoms 
occurred on the oculomotor (SSQ-O) subscale 
(MSSQ-O = 3.12 vs. 3.41) and for the total score 
(MSSQ-TS = 2.23 vs. 2.25). Lower values in the 
SSQ-O subscale can be explained by the fact that 
the CDFT was a visual task. In addition to scan-
ning fl ight instruments (primary piloting task), the 
pilots performed detection of visual stimulus, to 
which they had to respond in a pre-determined 
manner (motor response). Therefore, they mostly 
focused their gaze on the task performance (scan-
ning instruments and detecting changes) without 
recognising possible impairments in oculomotor 
activity. This observation is in the line with previ-
ous studies [18,61], which have shown that an ob-
ject on which it is possible to focus the gaze (sup-
pressing saccadic eye movements) may provide 
less severity of simulator sickness.

Fig. 5.  The mean total scores of SSQ symptoms (SSQ-TS) by study group type.
Error bars represent the standard error of the mean; CDFT – change detection fl icker task; NBT – auditory N-back task; DDT – duration discrimina-
tion task.



14 | 2021 | Volume 27 | Issue 2 |    www.pjambp.com

Original Article

“the motion sickness is less probable when at-
tention is directed toward external events” [48]. 
Thus, even though distraction by mental activity, 
as was applied in our previous studies [1,19,58], 
occurs when ones attention is removed from the 
processing of certain information [57,68], per-
forming additional tasks (CDFT, NBT, or DDT) did 
not signifi cantly reduce severity of sickness.

Since the symptoms of simulator sickness 
appeared to be minor in the previous studies 
[1,19,58], it is important to mention that their 
gradual development may not have been no-
ticed by a pilot. This means that the responses 
given in the SSQ may only include those symp-
toms of which the pilot was aware. It is also worth 
emphasizing that the eff ectiveness of distraction 
can only make a diff erence when the symptoms 
of simulator sickness are noticeable. This means 
that when the pilot was not experiencing severe 
simulator sickness symptoms, the distraction 
(shift attention/mental distraction) may not ac-
tivate the mechanisms responsible for reducing 
this sickness. Although the study did not inves-
tigate how applied distractors are a potential 
countermeasure to simulator sickness, we as-
sume that perhaps with stronger SD-inducing 
stimuli, additional tasks (CDFT, NBT, and DDT) 
would have shown a greater eff ect on the pilots’ 
perceived simulator sickness symptoms. It could 
also be that diff erences in the severity of sickness 
symptoms would show a diff erent direction to 
those found in the presented study.

Study limitation
In addition to the limitations of our previous 

studies [1,19,58] and their possible impact on the 
results, another major limitation that made it dif-
fi cult to analyse these data in the present study 
should be mentioned. Due to the small eff ect size 
(η2, Tab. 2) and sample size (Tab. 1), the above-dis-
cussed results of the study may not be represent-
ative. This observation is also supported by the 
low statistical power (not exceeding 0.14). This 
indicates that it is possible to draw the erroneous 
conclusion that there is no eff ect (no statistically-
signifi cant diff erence between groups), when in 
fact there may be. To enhance the power of the 
study, a larger sample size and/or interventions 
to increase the eff ect size (e.g. the use of stimuli 
that induce more severity symptoms of simulator 
sickness) should be considered. This would en-
able more valid conclusions to be drawn about 
the diff erences detected between groups.

earlier studies [6], in which a reduction of 19% in 
symptoms was observed in subjects who were 
performing an audio letter-memorising task. It 
appears that the additional auditory stimuli may 
shift attention away from the provocative stimu-
lus, and adding noise to the neural processing of 
aff erent sensory inputs (Fig. 1, summing block A) 
may down-weight the visual-vestibular confl ict 
input (Fig. 1, K gain block).

Duration discrimination task (DDT)
Performing the DDT, in which the pilots had 

to respond to the sound stimuli (tones), revealed 
an increased severity of SSQ symptoms in the 
nausea (SSQ-N) subscale (MSSQ-N = 1.88 vs. 1.46 
in the control group), the oculomotor (SSQ-O) 
subscale (MSSQ-O = 3.63 vs. 3.41 in the control 
group), and the total score (MSSQ-TS = 2.44 vs. 
2.25 in the control group) (Tab. 2). These diff er-
ences were not statistically signifi cant. Therefore, 
this task-related cognitive stimulus (tones) was 
not related to the motion at issue in any way, 
nor the source of mental distraction - shifting at-
tention, thus being unable to mitigate the sick-
ness symptoms. This is in accordance with data 
presented by Dahlman et al. [14], where sublim-
inally-presented special sound stimuli were not 
an eff ective strategy for mitigating the sickness 
symptoms. A possible mechanism for how DDT 
acts may be represented in the weighting of 
the mismatch signal in the psychophysiological 
model (Fig. 1, K gain block).

General comment
From previous studies [1,19,58], we have 

learned that despite the use of distraction (CDFT, 
NBT, or DDT) incorporated into a fl ight scenario 
in the Gyro-IPT simulator (to improve the eff ec-
tiveness of SD training), no severe symptoms of 
simulator (motion) sickness were observed. In 
the presented research, we compared the results 
of those studies and considered the possible 
impact of these additional tasks on motion sick-
ness in terms of the source of mental distraction 
- shifting attention (induced by a visual or audito-
ry stimulus). We found that the performing CDFT 
and DDT tended to increase severity of simulator 
sickness symptoms, whereas the mental distrac-
tion task induced by NBT was found to be eff ec-
tive in reducing these symptoms. Although per-
forming a task during sickening conditions can 
lead to a reduction in symptom severity (how-
ever, not every type of task can mitigate the sick-
ness symptoms [11,56]), it should be noted that 
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under certain conditions (NBT), performing an 
additional task may delay the onset of simulator 
sickness or weaken the severity of its symptoms. 
It may also indicate that the applied cognitive task 
could serve as such a non-sickness distractor. We 
conclude from our fi ndings that the additional 
tasks (CDFT, NBT, or DDT) applied to improve the 
eff ectiveness of SD training that give desirable 
illusions in the Gyro-IPT simulator do not signifi -
cantly change unwanted eff ects such as simulator 
sickness.

CONCLUSION

To explore whether including an additional 
task to improve the eff ectiveness of SD training 
may change the severity of simulator sickness 
symptoms, we compared the severity of sickness 
in pilots during training in the Gyro-IPT simulator 
under diff erent multisensory conditions (CDFT, 
NBT, and DDT) [19,58] with the severity in pilots 
who did not perform the additional task in the 
simulator [1]. We found that in pilots who per-
formed additional cognitive tasks, the severity of 
simulator sickness symptoms did not change sig-
nifi cantly. Nevertheless, our fi ndings suggest that 
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