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PROSPECTS FOR APPLYING EYE TRACKING IN FUNCTIONAL STATE 
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Introduction. The development and implementation of improved methods for assessing the functional state of pilots during their profes-
sional activities remains a priority direction in aviation medicine due to the need to preserve the professional health and reliability of pilots 
and, consequently, ensure flight safety. According to contemporary research, eye tracking is increasingly gaining application in medical and 
paramedical fields. Human oculomotor activity is influenced by numerous internal and external factors, especially during the performance 
of various cognitive tasks. Therefore, its assessment holds significant potential for diagnosing the functional state of individuals in extreme 
professional settings.
Objective. To study and substantiate the potential of applying eye tracking technologies for assessment of the functional state of pilots.
Materials and methods. The study involved 22 pilots who were requested to perform flights on aviation simulators with simulated emergency and 
abnormal situations. The pilots were divided into two groups based on the correctness of their actions in emergency situations. Group 1 (n = 10) 
(mean age 25.5 ± 2 years) was rated in the range of 7–8 points on a 10-point scale, while Group 2 (n = 12) (mean age 31.5 ± 2 years) was rated in 
the range of 8–9 points. The functional state of the pilots was assessed both before and after the simulator flight during the performance of various 
cognitive tasks. Parameters of heart rate regulation (via mathematical-statistical and spectral parameters of the cardiorhythmogram), balance and 
mobility of nervous processes (assessment of simple and complex sensorimotor reactions), attention properties, and oculomotor activity using 
an eye tracker were recorded. Statistical data processing was performed using the Microsoft® Excel-2016 software and the SPSS 26 application 
software package.
Results. In Group 1, the pilots demonstrated a decrease in saccadic velocity characteristics, signs of strain of the body’s adaptation mecha-
nisms according to heart rate variability data, and a reduction in the functional level of the central nervous system. In Group 2, the pilots showed 
no significant changes in fixation and gaze movement characteristics. However, the cardiorhythmogram revealed moderate strain of adaptation 
mechanisms and an increased functional level of the central nervous system. Correlation analysis of the data obtained established tight statisti-
cal relationships of the velocity parameters of gaze movement with both heart rate variability parameters (PARS, r

s
 = 0.53; p ≤ 0.01) and attention 

properties, such as capacity (r = -0.62, p ≤ 0.01) and distribution (r
s
 = –0.57; p ≤ 0.01).

Conclusions. Changes in the oculomotor activity parameters of a pilot during the performance of cognitive tasks while simulating emergency and 
abnormal situations on an aviation simulator exhibit a co-directional pattern with the dynamics of heart rate regulation, attention properties, as well 
as the balance and mobility of nervous processes. Saccadic velocity parameters showed tight statistical relationships with both the integral PARS 
indicator, characterizing the degree of strain of the body’s adaptation mechanisms, and attention capacity and distribution. Eye tracking holds 
significant potential for diagnosing the functional state of pilots during professional activities as a modern, effective, and integral method.
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УДК 613.693

ПЕРСПЕКТИВЫ ПРИМЕНЕНИЯ АЙТРЕКИНГА В ДИАГНОСТИКЕ ФУНКЦИОНАЛЬНОГО 
СОСТОЯНИЯ ЛЕТЧИКА

О.А. Анненков, А.А. Благинин, Е.В. Ивченко, Д.В. Овчинников, С.П. Ляшедько

Военно-медицинская академия им. С.М. Кирова, Санкт-Петербург, Россия

Введение. Разработка и внедрение в практику авиационного врача новых и эффективных методов оценки функционального со-
стояния летчика в процессе его профессиональной деятельности остается одной из актуальных задач. Это обусловлено необхо-
димостью сохранения профессионального здоровья летчика, а следовательно, профессиональной надежности и безопасности 
полетов. По данным современных исследователей, айтрекинг получил большое распространение в медицине и парамедицинских 
областях. Окуломоторная активность человека находится в зависимости от воздействия множества как внешних, так и внутренних 
факторов, особенно в период выполнения различных видов когнитивных задач, и имеет большой потенциал в диагностике функ-
ционального состояния людей экстремальных профессий.
Цель исследования. Изучить и научно обосновать возможности применения айтрекинга в диагностике функционального состо-
яния летчика.
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Материалы и методы. В исследовании приняли участие 22 летчика, которые выполняли полеты на авиационных тренажерах с моде-
лированием аварийных и нештатных ситуаций. Летчики были разделены на две группы в зависимости от правильности действий в ава-
рийной ситуации. Группа 1 (n = 10) (средний возраст 25,5 ± 2,0 года) по 10-балльной шкале оценивалась в диапазоне от 7 до 8 баллов, 
а группа 2 (n = 12) (средний возраст 31,5 ± 2,0 года) — в диапазоне от 8 до 9 баллов. Функциональное состояние летчиков оценивали 
до и после полета на тренажере в процессе выполнения когнитивных задач. При этом регистрировали показатели регуляции сер-
дечного ритма (посредством математико-статистических и спектральных показателей кардиоритмограммы), сбалансированности 
и подвижности нервных процессов (оценка простой и сложной сенсомоторных реакций), свойств внимания, а также окуломоторной 
активности с использованием айтрекера. Статистическую обработку данных проводили с использованием программного обеспече-
ния Microsoft® Excel-2016, пакета прикладных программ SPSS 26.
Результаты. У летчиков группы 1 зарегистрировано снижение скоростных характеристик саккад, признаки перенапряжения адап-
тационных механизмов организма по данным вариабельности сердечного ритма и снижение уровня функционирования центральной 
нервной системы. В группе 2 у испытуемых не зафиксировано достоверных изменений характеристик фиксаций и перемещения взора, 
при этом при анализе кардиоритмограммы зафиксировано умеренное напряжение адаптационных механизмов, а также повышение 
уровня функционирования центральной нервной системы. При корреляционном анализе полученных данных установлены сильные 
статистические связи скоростных показателей перемещения взора с показателями вариабельности ритма сердца (ПАРС, r

s
 = 0,53; 

р ≤ 0,01) и свойствами внимания, такими как объем (r = -0,62, р ≤ 0,01) и распределение (r
s
 = -0,57; р ≤ 0,01).

Выводы. Изменение показателей окуломоторной активности летчика при выполнении когнитивных задач в процессе модели-
рования аварийных и нештатных ситуаций на авиационном тренажере имеет сонаправленный характер с динамикой регуляции 
сердечного ритма, свойств внимания, баланса и подвижности нервных процессов. Скоростные показатели саккад имеют сильные 
статистические связи с интегральным показателем ПАРС, характеризующим степень напряжения адаптационных механизмов ор-
ганизма, а также с объемом и распределением внимания. Айтрекинг имеет большой потенциал в диагностике функционального 
состояния летчика в процессе профессиональной деятельности как современный эффективный интегральный метод.

Ключевые слова: летчик; авиационная медицина; функциональное состояние; вариабельность сердечного ритма; ЦНС; 
окуломоторная активность; аварийная ситуация
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INTRODUCTION

According to research [1, 2], measures aimed at pre-
serving pilot health and predicting its dynamics are es-
sential elements of modern aviation flight safety. In this 
regard, functional state assessment of pilots and their 
performance during professional activity have become 
routine and mandatory tasks of aviation physicians. 

Health-assessment activities are conducted not 
only directly during flight operations but also on avia-
tion simulators and when conducting psychophysi-
ological training of pilots for the effects of various flight 
factors [3–5]. The dynamics of the functional state of a 
pilot’s body is monitored during application of special 
research methods, medical examination of flight per-
sonnel by medical boards [6], training of cadets at flight 
training organization [7], as well as when simulating the 
influence of extreme aviation flight factors in ground-
based conditions [7, 8].

At present, there exist a substantial number of 
methods for assessing the functional state and profes-
sional performance of pilots. Russian researchers have 
developed both monoparametric approaches, where 
physiological, psychophysiological, and psychological 

indicators of an individual are recorded and comprehen-
sively evaluated, as well as multiparametric solutions. 
For example, a large body of work is dedicated to as-
sessing heart rate regulation as an integral indicator of 
a pilot’s functional state, with the possibilities of math-
ematical and spectral analysis of heart rate variability be-
ing described in detail [8, 9]. Research into the potential 
of computerized stabilometry for evaluating vestibular 
function as a statokinetic functional system in humans is 
underway [10]. In addition, numerous other techniques 
and approaches have been studied and developed with 
the purpose of proposing integrated, valid, and highly 
convenient practical solutions for aviation physicians to 
monitor the functional state of pilots.

Eye tracking is a highly promising technology for 
assessing the functional state of pilots based on ocu-
lomotor activity. This technology has been studied for 
several decades [11], finding wide application in medi-
cine, e.g., in neurophysiology, neurosurgery, psychia-
try, and ophthalmology [12, 13], as well as in a number 
of paramedical fields [14]. It should be noted that the 
capabilities of eye tracking in aviation medicine have 
already been addressed; however, these works pri-
marily focused on the issues of information perception 



308

Оригинальная статья | АВИАЦИОННАЯ И КОСМИЧЕСКАЯ МЕДИЦИНА

ЭКСТРЕМАЛЬНАЯ БИОМЕДИЦИНА | 2026, ТОМ 28, № 2

and attention distribution, which are key for aviation 
ergonomics. For instance, assessment of the func-
tional state and performance of civil aviation pilots [15, 
16] and cadets during flights on aviation simulators 
was undertaken.1 A distinctive feature of this work was 
the evaluation of a pilot’s oculomotor activity during a 
flight on an aviation simulator. According to prominent 
Russian researchers, human oculomotor activity is di-
rectly linked to the process of solving cognitive tasks, 
with the efficiency of their solution being strongly af-
fected by various internal and external factors [12]. 
Thus, eye tracking holds considerable potential for as-
sessing the impact of various factors associated with 
the professional activity of pilots on their functional 
state and performance.

Considering the above, the psychophysiological 
foundations for using oculomotor activity indicators in 
diagnosing the functional state of pilots during their pro-
fessional activities are of great interest. In an attempt to 
address this problem, we conducted a study to assess 
the functional state of pilots during ground-based train-
ing on aviation simulators. The aim was to evaluate the 
possibility of using eye tracking for assessing the func-
tional state of pilots.

MATERIALS AND METHODS

The study involved 22 male pilots from Southeast Asia 
aged 24–47 years (mean age 28.8 ± 2 years). At the time 
of examination, the participants had no acute conditions 
or exacerbations of chronic diseases, including those af-
fecting the visual and nervous systems. All pilots have 
had practical experience in real flights and simulator 
training with simulated emergency situations in flights on 
Yak-130 aircrafts.

During the study, the pilots underwent training on 
Yak-130 aviation simulators. Each pilot performed one 
flight according to a predetermined route and flight pa-
rameters. During the flight, the flight director simulated 
the impact of an external stress factor by creating an 
abnormal emergency situation, such as failures of con-
trol surfaces and systems, engine failures, deployment 
of the drag chute in flight, etc. Only one abnormal situa-
tion was simulated per flight. In the emergency situation, 
the pilot had to perform a series of actions according to 
the algorithm and complete the flight. Upon completion 
of the task, the flight director evaluated the pilot’s actions 
on a 10-point scale in accordance with the protocol es-
tablished by the governing documents. 

The participants were divided into two groups based 
on the results of the simulator flight (Yak-130, Russia). 

Group  1 included 10  pilots with an average score 
of 7.3 within the range of 7–8 points. The mean age in this 
group was 25.5 ± 2 years, and the mean total flight time 
was 261 h. Group 2 consisted of 12 pilots who received 

an average score of 8.2 within the range of 8–9 points. 
Their mean age was 31.5 ± 2 years, and their flight time 
was 603 h. Thus, the formed groups differed in terms of 
not only simulator training results but also significant dif-
ferences in age and professional skills. The latter factor 
was likely to affect the former factor. 

In order to assess the dynamics of the functional 
state of pilots under the influence of a stress factor, they 
were examined 15 min before performing the simulator 
flight and within 15 min immediately after completing the 
flight. The functional state of pilots during the pre-flight 
period and after the simulator flight was diagnosed ac-
cording to a unified plan. This plan involved assessment 
of heart rate regulation (HRR) and the functional level of 
the central nervous system (CNS), as well as recording 
oculomotor activity in the pilots while performing a cog-
nitive task.

HRR was assessed through the analysis of statistical 
indicators of the cardiorhythmogram: mode (Mo, ms), 
reflecting the functional level of the sinus node; am-
plitude of mode (AMo, %), indicating the activity of the 
sympathetic nervous system; variation range (VR, ms), 
associated with the activity of the parasympathetic di-
vision of the autonomic nervous system; stress index 
of regulatory systems (SI, rel. units), which reflects the 
activity of sympathetic rhythm regulation. Spectral in-
dicators included power of high-frequency oscillations 
(HF, ms2), reflecting parasympathetic influence on the 
rhythm; low-frequency oscillations (LF, ms2), associated 
with sympathetic nervous system activity; very low-fre-
quency oscillations (VLF, ms2), associated with humoral 
influence on heart rhythm; the LF/HF ratio (rel.  units), 
indicating the balance of sympathetic and parasympa-
thetic nervous system influences on the rhythm; total 
power of the spectrum (TP,  ms2), reflecting the total 
autonomic influence on heart rhythm; and the integral 
indicator of regulatory system activity (PARS, rel. units) 
[17], recorded over 5 min using the VNS-Ritm equip-
ment (Russia).

The CNS state was investigated using the NS-
Psikhotest equipment (Russia) by recording simple and 
complex sensorimotor reactions (SSR and CSR), reac-
tion to a moving object (RMO), critical flicker fusion fre-
quency (CFFF). The stability and concentration of atten-
tion were assessed by comparing the results obtained 
by the Noise Immunity and Attention Assessment meth-
ods. During the Schulte–Platonov Black-Red Tables test, 
attention capacity (AC), distribution (AD), and switching 
(AS) were determined on a five-point scale. Here, atten-
tion capacity was assessed across the ranges: 0–29, 
30–37, 38–50, 51–60, 61 and above points. Attention 
distribution was assessed as follows: 0–43, 44–56, 57–
87, 88–106, 107 and above points. Attention switching 
was determined across the ranges: 0–9, 10–17, 18–31, 
32–40, 41 and above points.2

1	 Zibarev  EV. Scientific substantiation of the concept for assessing work intensity in civil aviation pilots: dissertation for the degree of Doctor of Medical 
Sciences. 2023. 

2	 Mantrova IN. Methodological guide to psychophysiological and psychological diagnostics. Ivanovo; 2005.
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Recording of oculomotor activity was conducted 
using an eye tracker (SMI RED250, Germany) while 
the pilot performing a cognitive task in the form of the 
Schulte–Platonov Black‑and‑Red Tables test. Analysis 
of the recorded data was performed using the standard 
SMI BeGaze software for this equipment. Quantitative 
indicators of fixations and saccades (number and fre-
quency) were analyzed; temporal parameters included 
duration of fixations and saccades (short — < 200 ms, 
medium — 200–350 ms, and long — > 350 ms fixa-
tions); saccadic velocity characteristics incldued peak 
velocity, average velocity, and amplitude [12].

Statistical analysis was performed using the 
Microsoft® Excel-2016 software, the SPSS 26 applica-
tion software package, with calculation of the Wilcoxon 
test. The values of all indicators are presented as the 
median (M

e
) with the upper and lower quartiles [Q

1
; Q

3
], 

corresponding to the 25th and 75th percentiles of the dis-
tribution. The indicators recorded before and after the 
simulator flight were compared. All differences were 
considered statistically significant at a significance level 
of p < 0.05. Correlation analysis was performed using 
Spearman’s rank correlation coefficient, with the indica-
tors being considered statistically significant at a level of 
p < 0.05.

The pilots were examined in the morning in a qui-
et, well-ventilated separate room at an air temperature 
of +22°C. All participants provided voluntary consent to 
participate in the study, which was conducted in accor-
dance with biomedical ethics standards (Declaration of 
Helsinki and European Community directives, 8/609 EC).

RESULTS

When investigating oculomotor activity (quantitative and 
temporal characteristics of fixations) in pilots before 
and after simulating an emergency situation on an avia-
tion simulator, no statistically significant changes were 

detected in either group, except for a 9% decrease 
(p < 0.05) in the number of fixations in Group 2. The cor-
responding data are presented in Table 1.

The results of assessing gaze movement charac-
teristics — quantitative, temporal, and velocity param-
eters of saccades — are reflected in Table 2. Statistically 
significant changes were registered in Group 1. These 
were presented as a decrease in saccadic velocity 
parameters: a 9% decrease in peak saccadic velocity 
(p < 0.05), a 6% decrease in average velocity (p < 0.05), 
and a 17% decrease in saccadic amplitude (p < 0.05), 
while quantitative and temporal characteristics showed 
no significant changes. In Group 2, significant changes 
were noted only in an 8% decrease in the number of 
saccades (p < 0.05).

In order to assess the dynamics of the functional 
state of pilots during simulation of an in-flight emergency 
and to provide a physiological rationale for the nature 
of changes in oculomotor activity indicators, an assess-
ment of HRR was conducted.

In Group  1, the following statistically significant 
changes were recorded: an 18% increase in the VR in-
dicator (from 193 to 227 ms), a 12% increase in TP (from 
3756 to 4194 ms2), a 46% increase in VLF (from 1200 to 
1780 ms2), a 25% increase in the PARS indicator (from 
3.0 to 3.75 points), and a 26% decrease in HF (from 1629 
to 1250  ms2), and a 16% decrease in SI (from 155 to 
131 rel. units) (Fig. 1).

In Group 2, statistically significant changes were also 
noted: an increase in AMo by 32% and SI by 67% (from 
293 to 488 rel. units); a decrease in TP by 33% (from 2602 
to 1749 ms2), LF by 39% (from 1153 to 699 ms2), and the 
LF/HF ratio by 30% (from 1.93 to 1.35 rel. units) (Fig. 2).

The impact of the pilot’s actions in an emergency 
situation during simulated flight conditions on an avia-
tion simulator on their functional state was assessed 
by changes in the functioning level of the CNS. To that 
end, the rate of visual-motor reactions, the mobility of 

Table 1. Characteristics of fixations in pilots before and after simulating an emergency situation on an aviation 
simulator

Parameter Pilot group Baseline value Value after the simulator flight

Number of fixations, units
Group 1 240 [191; 257] 232 [222; 256]

Group 2 348 [259; 338] 315 [276; 308]*

Fixation frequency,  
units per sec

Group 1 7.33 [7.04; 8.00] 7.53 [7.08; 8.21]

Group 2 7.36 [6.91; 7.94] 7.45 [7.05; 8.04]

Fixation duration, ms
Group 1 246 [217; 261] 244 [220; 254]

Group 2 232 [214; 254] 232 [219; 246]

Table compiled by the authors based on their own data

Note: * — level of statistical significance p ≤ 0.05 when comparing indicators before and after the simulator flight; data are presented as the 
median (M

e
) with upper and lower quartiles [Q

1
; Q

3
].



310

Оригинальная статья | АВИАЦИОННАЯ И КОСМИЧЕСКАЯ МЕДИЦИНА

ЭКСТРЕМАЛЬНАЯ БИОМЕДИЦИНА | 2026, ТОМ 28, № 2

nervous processes in the visual analyzer, the balance of 
excitation and inhibition processes, as well as attention 
characteristics were recorded.

In Group 1, pilots exhibited significant changes in a 
number of indicators: a 37% decrease in the absolute 

negative value of RMO time (from –12.7 to –8.0 ms), a 
50% increase in attention distribution indicators (from 
71.9 to 108.0 points), and a 94% increase in attention 
switching indicators (from 39.4 to 76.3 points) compared 
to baseline values (p < 0.05). Other psychophysiological 

Table 2. Characteristics of saccades in pilots before and after simulating an emergency situation on an aviation 
simulator

Parameter Pilot group Baseline value Value after the simulator flight

Number of saccades, units
Group 1 235 [181; 255] 228 [218; 254]

Group 2 337 [249; 336] 309 [270; 301]*

Saccade frequency, units per sec
Group 1 7.10 [6.51; 7.90] 7.41 [6.93; 8.13]

Group 2 7.14 [6.81; 7.90] 7.32 [6.86; 7.94]

Saccade duration, ms
Group 1 23.7 [21.940; 23.955] 23.3 [21.8; 24.4]

Group 2 26.9 [25.1; 29.1] 26.8 [24.7; 29.0]

Saccade amplitude, degrees
Group 1 1.86 [1.38; 1.78] 1.53 [1.29; 1.62]*

Group 2 1.93 [1.51; 1.94] 1.91 [1.52; 1.90]

Peak saccade velocity, degrees per 
sec

Group 1 199 [166; 220] 181 [155; 204]*

Group 2 199 [168; 231] 189 [160; 198]

Average saccade velocity, degrees 
per sec

Group 1 65.9 [56.1; 71.5] 62 [53; 69]*

Group 2 63.5 [54.6; 70.1] 63 [55; 67]

Table compiled by the authors based on their own data

Note: * — level of statistical significance p ≤ 0.05 when comparing indicators before and after the simulator flight; data are presented as the 
median (M

e
) with upper and lower quartiles [Q

1
; Q

3
].

Figure prepared by the authors based on their own data

Fig. 1. Results of statistical and spectral analysis of 
cardiorhythmograms in Group 1 before and after a 
simulation flight: VR — variation range, SI — stress index 
of regulatory systems, PARS  — indicator of regulatory 
system activity, TP — total power of the spectrum, VLF — 
power of very low frequency oscillations, HF — power of 
high frequency oscillations

Figure prepared by the authors based on their own data

Fig. 2. Results of statistical and spectral analysis of 
cardiorhythmograms in Group  2 before and after 
a simulation flight: AMo  — amplitude of mode; SI  — 
stress index of regulatory systems; TP  — total power of 
the spectrum; LF — power of low frequency oscillations;  
LF/HF — ratio of low to high frequency oscillation power
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indicators, including attention stability and concentra-
tion, showed no statistically significant changes (Fig. 3).

When assessing sensorimotor reactions in Group 2, 
the pilots also showed significant changes: a 2.2-
fold increase in the absolute negative value of RMO 
from –6.1 to –13.0 ms (p < 0.05) and a 2.6-fold increase 
in attention switching from 6.8 to 17.7 points (p < 0.05). 
Other psychophysiological indicators, similar to those 
in Group 1, showed no statistically significant chang-
es (Fig. 4).

In order to identify statistical relationships between 
oculomotor activity, heart rate regulation characteris-
tics, and the CNS functioning level during cognitive task 
performance, a correlation analysis was performed. The 
data obtained before, after the start, and immediately 

upon the completion of the simulation flight were inves-
tigated. The most significant results of the correlation 
analysis are presented in Table 3.

Tight inverse correlations between velocity indicators 
of oculomotor activity and attention capacity and distri-
bution were established, along with tight direct correla-
tions with the indicator of regulatory system activity and 
the balance ratio of low- to high-frequency oscillation 
power.

DISCUSSION

The analysis of gaze stability based on fixation char-
acteristics, which revealed no statistically significant 
changes, indicates the absence of a target for these 

Figure prepared by the authors based on their own data

Fig. 3. Dynamics of reaction to a moving object and 
attention characteristics in pilots of Group 1 before 
and after a simulation flight: RMO — reaction to a moving 
object

Figure prepared by the authors based on their own data

Fig. 4. Dynamics of reaction to a moving object and 
attention characteristics in pilots of Group 2 before 
and after a simulation flight: RMO — reaction to a moving 
object
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Table 3. Correlation analysis of heart rate regulation parameters, CNS functioning level, and oculomotor activity 
in pilots before and after simulation flights, (n = 22)

Parameter
Before the simulation flight After the simulation flight

Span of attention Attention allocation PARS Span of attention LF/HF PARS

Proportion of short fixations – – – – 0.44* 0.69♣

Proportion of medium fixations – – – – 0.42* 0.54♦

Saccade duration –0.74♣ –0.60♦ – –0.83♣ – 0.64♦

Saccade amplitude –0.43* –0.52♦ 0.45* –0.53♦ – 0.53♦

Peak saccade velocity –0.56♦ –0.57♦ 0.48* –0.62♦ – 0.51♦

Average saccade velocity –0.61♦ –0.55♦ 0.44* –0.66♣ – 0.48*

Table compiled by the authors based on their own data

Note: statistical significance level * — р≤0.05; ♦ — р≤0.01; ♣ — р≤0.001; LF/HF — low to high frequency oscillation power ratio, PARS — in-
tegral indicator of regulatory system activity.
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oculography parameters in the present study. The 
number and duration of fixations largely reflect the 
visual analyzer state when solving complex cognitive 
tasks or under challenging conditions for their execu-
tion [12–14]. In the conducted study, cognitive tasks 
were solved before and after simulating an emergency 
situation, rather than during the performance of the 
flight task on the simulator, when the pilot is exposed 
to the maximum spectrum of professional stress fac-
tors. Consequently, various parameters of gaze fixation 
did not show significant changes.

At the same time, the assessment of gaze movement 
results revealed a significant decrease in the velocity pa-
rameters of saccades in pilots with lower performance 
results on the simulator (Group 1). According to a num-
ber of authors, saccades exert a certain reciprocal influ-
ence on cognitive function, and a decrease in saccadic 
velocity is observed in neurophysiological disorders 
[12]. In the presented study, the presence of diseases 
or pathological conditions in the pilots was excluded at 
the stage of forming the subject group. Therefore, the 
described features of gaze movement may be due to 
changes in the functional state of Group 1 pilots under 
the influence of stress factors during the simulation of an 
emergency situation, which inevitably exerts autonomic 
influence on the functioning of all human analyzers, in-
cluding the visual ones. The most likely functional state 
in Group  1 with lower simulator flight results after the 
flights is fatigue. This state, although being characterized 
as normal, is accompanied by the onset of a decline in 
human performance and the functional level of physi-
ological systems.

The analysis of HRR as an integral indicator of the 
functional state of pilot health allowed us to draw sever-
al conclusions. Pilots in Group 1 showed pronounced 
tension in the regulatory systems with a tendency to-
wards strain of the adaptation mechanisms. In a study 
by Baevsky et al., strain was characterized by some-
what discordant changes in HRR indicators [8]. On the 
one hand, Group 1 showed a decrease in the index of 
tension of regulatory systems and an increase in the 
variation range, reflecting increased parasympathetic 
influence. On the other hand, there was an increase in 
total spectral power, indicating an overall reduction in 
autonomic influence and centralization of rhythm con-
trol. However, this reduction is primarily due to a de-
crease in parasympathetic influence, which somewhat 
contradicts the data from variational pulse oximetry. 
The increase in the PARS indicator reflects a shift in 
the tension of regulatory systems into the area of pro-
nounced tension [8, 17].

From a physiological standpoint, concordant 
changes in heart rate variability parameters and sac-
cadic velocity indicators can be observed, reflecting a 
decrease in cognitive activity and likely fatigue of the 
visual analyzer.

The assessment of HRR in Group 2 before and after 
simulating emergency situations on a simulator indicated 

an increase in the centralization of rhythm control and 
overall autonomic influence thereon. This is confirmed 
by a significant increase in SI, sympathetic influence 
(AMo), and a decrease in total spectral power. The de-
crease in TP is due to a statistically significant reduc-
tion in sympathetic influence; however, a trend toward a 
synchronous decrease in parasympathetic and humoral 
influence can be observed [8].

The above HRR results, considering the absence of 
significant changes in fixation and saccade parameters 
during oculography, allow us to conclude that pilots in 
Group 2 developed a normal functional state with mod-
erate load on adaptation mechanisms and body regu-
latory systems, while maintaining professional perfor-
mance when performing simulation flights.

The results obtained when studying the CNS func-
tioning level and attention characteristics in pilots before 
and after simulating emergency situations on a simulator 
demonstrated different baseline values in the two groups. 
In Group 1, the pilots (with lower simulator flight results) 
exhibited a significant predominance of excitation over 
inhibition processes, unlike the pilots in Group  2. The 
same situation was observed when considering atten-
tion characteristics. Group 1 registered indicators cor-
responding to low mobility of nervous processes, while 
in Group 2 its higher mobility was noted. The attention 
characteristics fully confirm the difference in the base-
line functional state of the pilots, as described by the 
reaction to a moving object. These differences can be 
explained by the varying level of professional skills of the 
pilots in the two groups and their level of psychological 
readiness to act in conditions of emergency and abnor-
mal flight situations. 

The dynamics of these parameters, recorded imme-
diately after the flight in Group 1, reflects an even greater 
decrease in the functioning level of the CNS compared to 
baseline. This can be interpreted as strain of the body’s 
adaptation mechanisms [17]. This fully corresponds to 
the results obtained from oculography and the analysis 
of saccadic velocity indicators in Group 1, which indicate 
a decrease in cognitive activity and, most likely, the de-
velopment of fatigue.

In Group 2, after flights on a simulator, an increased 
predominance of excitation processes in the CNS was 
noted, which can be characterized as the mobilization 
of psychophysiological reserves. The absence of sig-
nificant changes in attention characteristics, except for a 
slight decrease in switching capacity (from level 5 to 4), 
cannot indicate a significant reduction in the mobility of 
nervous processes.

These results, considering the absence of significant 
changes in saccadic velocity indicators and gaze fixa-
tion characteristics in Group 2 pilots, indicate the pres-
ervation of their normal functional state while maintain-
ing their professional performance, which is ensured by 
moderate tension in the regulatory systems [17].

The conducted correlation analysis of oculomo-
tor activity parameters with HRR indicators and CNS 
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functioning level indicated a close statistical relation-
ship of the velocity indicators of oculomotor activity 
with the PARS integral heart rate variability indicator. 
An increase in its values reflects tension in the body’s 
regulatory mechanisms. Inverse correlations were es-
tablished with attention properties, such as capacity 
and distribution, which reflects a connection between 
the activation of oculomotor activity and the complexity 
of cognitive tasks, as well as the mobilization of psy-
chophysiological reserves. To a lesser extent, saccadic 
velocity parameters were associated with indicators of 
the spectral analysis of rhythmograms and the CNS 
functioning level.

CONCLUSIONS

The results obtained when assessing the oculomotor 
activity of pilots during cognitive task performance un-
der simulated emergency conditions on an aviation sim-
ulator allow us to draw the following conclusions:

1.  The analysis of oculomotor activity in conjunction 
with heart rate regulation parameters, CNS functioning 
level, and attention characteristics indicated the develop-
ment of fatigue in pilots with lower simulator flight results. 
At the same time, pilots from Group 2 with a higher level 
of psychophysiological reserves demonstrated preser-
vation of a normal functional state. Oculomotor activity 
indicators show statistically significant changes against 

the background of functional state dynamics during pro-
fessional activity.

2.  The dynamics of velocity indicators of oculomo-
tor activity in pilots, such as saccadic velocity and am-
plitude, are co-directional with changes in heart rate 
regulation. This reflects a certain degree of load on the 
body’s regulatory systems and the mobilization of physi-
ological reserves. This is demonstrated by the dynamics 
of the index of regulatory systems tension, the indicator 
of regulatory system activity, as well as the spectral pa-
rameters of the cardiorhythmogram.

3.  Changes in oculomotor activity indicators are co-
directional with the dynamics of attention capacity and 
distribution, the balance and mobility of nervous pro-
cesses. This reflects the functioning level of the central 
nervous system.

Velocity indicators of oculomotor activity have a tight, 
statistically significant correlation with the PARS integral 
heart rate regulation indicator, as well as with attention 
capacity and distribution. This indicates their depend-
ence on the body’s overall functional state. Analysis of 
oculomotor activity indicators allows the functional state 
of pilots to be assessed. In order to fully implement the 
potential of eye tracking technologies for assessment of 
the functional state of pilots, it seems advisable to evalu-
ate the dynamics of oculomotor activity indicators during 
the direct impact of professional activity factors, as well 
as during analytical mental work.
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