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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, = 0.53; p < 0.01) and attention
properties, such as capacity (= -0.62, p < 0.01) and distribution (, = -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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MEPCMNEKTUBbI NPUMEHEHUA AUTPEKUHIA B OUATHOCTUKE ®YHKLWOHAJIbHOIO
COCTOAHNA NETHUKA

O.A. AHHeHKkoB™, A.A. BnarvHuH, E.B. MB4eHko, [.B. OB4nHHMKOB, C.I1. Jsiieabko

BoeHHo-meguumHekas akagemusa um. C.M. Kuposa, CaHkT-leTepbypr, Poccus

BBepneHune. PaspaboTka 1 BHeOpeHne B NpaKTVKy aBraLMOHHOro Bpada HOBbIX Y 3DdeEKTVBHbIX METO0B OLEHKN (DYHKLMOHANBHOIO CO-
CTOSIHMSA NETHMKa B MpoLecce ero npodeccroHanbsHo AeATeNbHOCTY OCTaeTCa OAHOM U3 akTyasbHbIX 3afad. 9To 0OycnoBAeHo HeobXxo-
OVMOCTBIO COXpaHeHns NpoeCCMOHaNbLHOrO 300P0Bbs IETUMKA, a CefoBaTeNibHO, NPOMECcCCUoHaNbHON HAAEXHOCT 1 6e30MacHOCTH
noneToB. 1o AaHHbIM COBPEMEHHbIX UCCeoBaTeNel, anTPEKUHT Noyymn 60sbLLIOe pacnpocTpaHeHe B MeauLMHe 1 NapameamuLMHCKIX
obnacTtax. OKyNnoMOTOpHas akTMBHOCTb YeNTOBEKa HAXOAUTCS B 3aBMCMMOCTU OT BO3AENCTBIS MHOXECTBA Kak BHELLHUX, Tak U BHY TPEHHMX
(hakTopOoB, OCOBEHHO B MEPUNOL BbIMOMHEHNST PA3NYHbIX BUAOB KOMHUTUBHbBIX 3a4a4, U MMeeT 60MbLION NoTeHUMan B AMarHoCTuke yHK-
LIMOHANBHOIO COCTOSAHMS NOAEN SKCTPEMaslbHbIX MPOgECCUIA.

Llenb nccnepgoBanus. V13yynTtb 1 Hay4HO 0OOCHOBaTL BO3MOXHOCTU MPUMEHEHWST alTpeKMHra B AMarHoCTke PyHKLMOHAIbHOro COCTO-
AHWUSA NeT4nKa.
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Marepuansl u MmeTofbl. B nccnefoBannv NpUHANM yHacTue 22 NeT4mnka, KOTopble BbIMOSHANN NONEThI HA aBUALMOHHbBIX TPEHaXKepax C MoAe-
JIMPOBaHVEM aBapUIAHbIX 1 HELLTATHbIX CUTYyaLmin. JleTumkm Bbinv pasaeneHbl Ha ABe rpynnbl B 3aBYCMMOCTY OT MPaBuUibHOCTW AECTBUN B aBa-
puirHom cutyauun. fpynna 1 (n = 10) (cpegHuin Bo3pacT 25,5 + 2,0 roga) no 10-6annbHo Wkase oueHvBanack B aMana3oHe ot 7 go 8 6annos,
arpynna 2 (n = 12) (cpegHuin BospacT 31,5 + 2,0 roga) — B AnanasoHe oT 8 A0 9 6annoB. GyHKUMOHAIbHOE COCTOSHNE NETHNKOB OLEHMBaN
[0 1 nocne noneTa Ha TpeHaxxepe B MPOLIECCe BbIMOSHEHNS KOTHUTVBHbLIX 3a4aq. [1py 3TOM perMcTprpoBany nokadaTeny perynsumm cep-
[EYHOro puTMa (MOCPEACTBOM MaTEMATUKO-CTATUCTUHECKNX 1 CMEKTPasbHbIX MoKasaTener KapavoputMorpamMmbl), coanaHCMpoBaHHOCTH
1 NMOABMXXHOCTI HEPBHbIX MPOLIECCOB (OLEHKA MPOCTON 1 CNOMXHON CEHCOMOTOPHbIX PEeaKLIMI), CBOMCTB BHUMAaHWS, a TakXKe OKYIOMOTOPHOM
aKTVBHOCTY C MCMOMb30BaHeM aTpekepa. CTatncTnyieckyto 06paboTky AaHHbIX MPOBOAWIV C MCMOb30BaHMEM NPOorpaMMHOro obecrneye-
Hust Microsoft® Excel-2016, nakeTa npuknagHbix nporpamm SPSS 26.

PesynbraTbl. Y neTuvkoB rpynnbl 1 3aperncTprupoBaHO CHYKEHNE CKOPOCTHbBIX XapakTeEPUCTVK Cakkam, NMpu3Haki rnepeHanpshkeHnst agar-
TaLMOHHbIX MEXaHN3MOB OpraH13ma no faHHbIM BaprabenbHOCTV CepaeHHOro puTMa 1 CHDKEHWE YPOBHS (DYHKLIMOHMPOBaHKS LIEHTPasIbHOM
HepBHOW crcTeMbl. B rpynne 2 y ncrbITyemMbix He 3adMKCHMPOBaHO AOCTOBEPHbIX U3MEHEHWIN XapaKTEPUCTUK (hnKcaLmin 1 MepeMeLLIeHNst B30pa,
npw 3TOM NPY aHaNN3e KapanopUTMOrpamMMbl 3aPUKCPOBAHO YMEPEHHOE HarpshKeHVe afanTalOHHbIX MEXaH3MOB, a TakXKe MOBbILLEHVE
YPOBHST PYHKLIMOHNPOBaHWS LieHTpasibHON HEPBHOWM CUCTEMBI. [py KOPPENSILIMOHHOM aHanm3e MOoJyHYeHHbIX AaHHbIX YCTaHOBEHb! CUMbHbIE
CTATUCTMHECKVIE CBA3M CKOPOCTHBIX MoKasatesiel nepemelLieHs B3opa ¢ nokasarensamy saprabenbHoctv putma cepaua (MAPC, r. = 0,53;
p < 0,01) n cBOMCTBAMU BHUMAHKS, TakuMmn Kak 00bem (r = -0,62, p < 0,01) n pacnpepnenerue (, = -0,57; p < 0,01).

BbiBogbl. VI3MeHeHWe nokasaTenei OKyNOMOTOPHOW aKTVBHOCTW NETYMKA MPW BbIMOSHEHUM KOTHUTUBHBIX 3a4a4 B MpoLecce MOJenv-
POBaHWUs aBapUnHbIX 1N HELUTATHbIX CUTyaLUiA Ha aBUaLMOHHOM TPEHaXKepe UMEET COHanpPaBeHHbIN XapakTep C AUHAMUKOW peryasumm
Cepaey“Horo pyUTMa, CBOMCTB BHUMaHWs, 6anaHca 1 NoABMMXHOCTN HEPBHbIX MPOoLIecCcoB. CKOPOCTHbIE NMokasaTesv cakka UMEKOT CUSbHbIE
CTaTUCTUYECKIME CBA3N C MHTerpanbHbiM nokaaatenem MNAPC, xapakTepuayoLLyM CTeNeHb HaNps>KeHNst aaanTauoHHbIX MEXaHU3MOB Op-
raHn3Ma, a Takxxe C 0ObeMOM 1 pacnpefeneHeM BHUMaHNSA. ANTPEKMHT MMeeT OOMbLLIOW NOTeHLMan B AMarHOCTUKE (OYHKLIMOHANBHOMO
COCTOSIHWA NETHMKA B npoLiecce NpoecCnoHanbHOM AeATENbHOCTY KakK COBPEMEHHbIN 3(MEKTUBHBIN NHTErPaNbHbIA METOA,

KniouyeBble cnoBa: METY/K; aBMaLMOHHAsd MeauuMHa; (DYHKUMOHANIbHOE COCTOsHME; BapuabenbHOCTb cepaedHoro putma; LHG;
OKY/IOMOTOPHAas akTMBHOCTb; aBapuiiHas cuTyaums
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INTRODUCTION indicators of an individual are recorded and comprehen-
sively evaluated, as well as multiparametric solutions.

According to research [1, 2], measures aimed at pre- For example, a large body of work is dedicated to as-

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
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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
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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.! 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, ms?), reflecting parasympathetic influence on the
rhythm; low-frequency oscillations (LF, ms?), associated
with sympathetic nervous system activity; very low-fre-
quency oscillations (VLF, ms?), 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, ms?), 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 (RMQ), 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.?

' 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) with the upper and lower quartiles [Q,; Q,],
corresponding to the 25" and 75" 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
(b < 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
(b < 0.05), a 6% decrease in average velocity (o < 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 ms?), a 46% increase in VLF (from 1200 to
1780 ms?), a 25% increase in the PARS indicator (from
3.0 to 3.75 points), and a 26% decrease in HF (from 1629
to 1250 ms?), and a 16% decrease in Sl (from 155 to
131 rel. units) (Fig. 1).

In Group 2, statistically significant changes were also
noted: an increase in AMo by 32% and Sl by 67% (from
293 to 488 rel. units); adecrease in TP by 33% (from 2602
to 1749 ms?), LF by 39% (from 1153 to 699 ms?), 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

Group 1 240 [191; 257] 232 [222; 256]

Number of fixations, units

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

Fixation frequency, Group 1 7.33 [1.04; 8.00] 7.53 [7.08; 8.21]

units per sec Group 2 7.36 [6.91; 7.94] 7.45 [7.05; 8.04]

Group 1 246 [217; 261] 244 [220; 254]

Fixation duration, ms
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) with upper and lower quartiles [Q,; Q.
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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
Group 1 235 [181; 255] 228 [218; 254]
Number of saccades, units
Group 2 337 [249; 336] 309 [270; 301]
Group 1 710 [6.51; 7.90] 7.41 [6.93; 8.13]
Saccade frequency, units per sec
Group 2 714 [6.81; 7.90] 7.32 [6.86; 7.94]
Group 1 23.7 [21.940; 23.955] 23.3 [21.8; 24.4]
Saccade duration, ms
Group 2 26.9 [25.1; 29.1] 26.8 [24.7; 29.0]
Group 1 1.86 [1.38; 1.78] 1.53 [1.29; 1.62]*
Saccade amplitude, degrees
Group 2 1.93 [1.51; 1.94] 1.91 [1.52; 1.90]
Peak saccade velocity, degrees per Group 1 199 [166; 220] 181 [155; 204)°
sec Group 2 199 [168; 231] 189 [160; 198]
Average saccade velocity, degrees Group 1 65.9 [56.1; 71.9] 62 [53; 69"
per sec 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) with upper and lower quartiles [Q,; Q]

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
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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
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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
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Figure prepared by the authors based on their own data
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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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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

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

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

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

Table 3. Correlation analysis of heart rate regulation parameters, CNS functioning level, and oculomotor activity

in pilots before and after simulation flights, (n = 22)

Before the simulation flight After the simulation flight
Parameter

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 * — p<0.05; * — p<0.01; * — p<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

312

an increase in the centralization of rhythm control and
overall autonomic influence thereon. This is confirmed
by a significant increase in Sl, 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
NEervous 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
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