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Summary: Pilot psychophysiological performance is a critical determinant of flight safety in modern
aviation, with 70-80% of aviation accidents attributed to human factors [6,7]. Assessment based solely on
cardiovascular parameters and stress indices is limited in evaluating pilot stress and emotional strain and
does not fully reflect real-time cognitive readiness. In this study, simple visual-motor reaction (SVMR)
indicators of Azerbaijan Airlines pilots were evaluated using a dual-task simulator model. While performing
primary flight tasks, pilots also completed additional visual-motor tasks, allowing assessment of the impact
of cognitive load on psychophysiological performance.

The results showed that under dual-task conditions, cognitive indicators were highly sensitive: mean
reaction time increased, root mean square deviation (RMSD) rose, and attention stability and concentration
changed, predominantly remaining at moderate and low levels. The Whipple accuracy coefficient decreased,
the number of errors increased, and mean reaction time values rose. The marked increase in reaction time
and other cognitive changes observed in Table 1 indicate that even when autonomic stress remains near
normal, changes in cognitive functions during the initial stage of the experiment may increase the likelihood
of future compromises in flight safety. Statistical calculations presented in Table 2 confirm these results.

Keywords: Pilot, flight safety, dual-task simulator model, simple visual-motor reaction (SVMR), cog-
nitive load, human factor

Introduction

Human factors play a central role in ensu-
ring flight safety, as issues related to pilot deci-
sion-making, accuracy, attention, and stress to-
lerance are among the primary causes of aviati-
on accidents and incidents [1]. Recent research
indicates that assessments based solely on car-
diovascular parameters or subjective self-report
measures do not fully capture pilots’ functional
and cognitive readiness in real time [5].

Fundamental research in aviation physio-
logy has demonstrated that declines in pilot per-
formance is often associated with frequent tensi-

on and cognitive—volitional overload [2]. The
evaluation of pilots’ cognitive indicators is con-
sidered an essential component of safety moni-
toring. In particular, the dual-task method and
the measurement of simple visual-motor reacti-
ons (SVMR) reflect performance changes when
pilots perform tasks under additional, non-stan-
dard conditions and allow the identification of
human factor risks during aviation accidents.

To date, studies have mainly assessed
simple visual-motor reactions under laboratory
conditions or through general psychomotor
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tests, while their integrative and biomarker-ba-
sed application in real flight conditions has not
been sufficiently investigated [3].

The novelty of this study lies in measuring
SVMR indicators in real time under modern,
standards-compliant flight simulator conditions,
enabling the assessment of pilots’ cognitive and
psychophysiological readiness levels. This app-
roach provides a scientific basis for transitio-
ning to a human factor-based flight safety mo-
del in modern aviation.

Material and methods

The study was conducted on pilots using
various simulators, including Boeing and Emb-
raer systems. Simple visual-motor reaction
(SVMR) assessments were performed using the
«NS-Psychotest» computer-diagnostic system
and the «Accordix» telemetry system, with re-
sults evaluated as mean values. While perfor-
ming primary flight tasks, pilots simultaneously
completed additional SVMR tasks, following
the established methodology for assessing cog-
nitive indicators via SVMR. Execution of the
additional tasks without affecting the quality of
the primary flight task was considered a stan-
dard criterion for evaluating sustained attention
and attention concentration.

To obtain more comprehensive informati-
on about the characteristics and functional state
of the central nervous system, additional indica-
tors were analyzed based on the results of this
methodology, particularly the Whipple’s accu-
racy coefficient (AC). The Whipple accuracy
coefficient determines the ratio between errors
and correct keyboard responses and is calcula-
ted using the formula:

AC=

1

N-R
N+P

where N represents the total number of
measurements (presented signals), R is the num-
ber of correct responses, and P is the number of
errors.

Red light signals were presented at the
center of the monitor screen. Upon the appea-
rance of a signal, pilots were required to press
the corresponding keyboard key as quickly and
accurately as possible, enabling assessment of

both reaction speed and accuracy. The interval
between signals varied from 0.5 to 2.5 seconds.
The first 5-7 signals were considered trial sti-
muli and were not included in the analysis. A
total of 70 signals were presented during each
examination.

During the application of the methodo-
logy, the functional state of the examinee and
the testing conditions significantly influenced
the results. Therefore, SVMR measurements
were performed before the flight, during the
flight, and after the flight in order to compre-
hensively evaluate the dynamics of reaction ti-
me and changes in accuracy among pilots.

Thus, the SVMR methodology enables
early detection of the pilot’s actual functional
readiness, potential stress development, attenti-
on deficits, accuracy levels, error frequency, and
other relevant indicators. Research conducted
using this methodology ensures objective real-
time assessment of the human factor and creates
new perspectives for evaluating flight safety ba-
sed on biomarkers.

Discussion of Results

The evaluation of the study results was
carried out based on cognitive indicators, inclu-
ding mean reaction time, standard deviation, ac-
curacy, and other related parameters. The mean
value reflects the average speed of simple visu-
al-motor reactions (SVMR) characteristic of an
individual: the lower the mean reaction time, the
higher the reaction speed. The standard deviati-
on serves as an indicator of the stability of the
sensorimotor response: the smaller the standard
deviation, the more stable the sensorimotor re-
action speed under conditions of time constraint
and simulated emergency situations.

The lower the Whipple accuracy coeffici-
ent, the greater the number of errors and the lo-
wer the degree of sustained attention, which, in
turn, is determined by the strength and balance
of nervous processes.

In previous studies, the psychophysiologi-
cal state of pilots during flight was primarily as-
sessed using heart rate, the LF/HF (low frequ-
ency’/high frequency) ratio, and ECG stress indi-
cators [4]. These methods employ Baevsky’s
Stress Index (SI) and the RSAI (Regulatory Sys-
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tems Activity Index) to determine stress and
emotional tension in pilots, however, they do
not directly measure the dynamics of attention
reserves or sensorimotor performance.

The novelty of the present study lies in the
simultaneous assessment of simple visual-mo-
tor reactions (SVMR) alongside the evaluation
of pilots’ psychophysiological stress both in the
simulator and during actual flight conditions.

Through SVMR measurements, the real-
time state of pilots’ cognitive resources was ob-
jectively assessed, including parameters such as
reaction speed and error rate while performing
additional tasks in parallel with primary flight
operations.

A comparative analysis of SVMR indica-
tors of the examined pilot before and during
flight under different operational conditions
(Table 1) demonstrated that the increase in stan-
dard deviation from 151 ms to 296 ms indicates
a decrease in the stability of sensorimotor reacti-
ons. This change confirms that while perfor-
ming additional tasks, pilots exhibit greater va-
riability in sensorimotor performance and an
increased potential risk of errors. The Whipple
accuracy coefficient decreased from 0.88 to
0.68, which was accompanied by an increase in
the number of errors. This finding may be exp-
lained by elevated stress levels during flight.

Table 1
Comparative analysis of SVMR indicators of the examined pilot before and during
flight under different operational conditions
Pilot examined “Pre-flight and In-flight conditions”
Dimensions Stress indicators SVMR cognitive indicators
Heart rate ECG
Mean: 93 beats/min. LE/LF 482 Mean rfzactlon que 317
. Attention stability 1,07 O
E‘J xzﬁsﬁnﬁ 109 Si 67.0 Attention conce.ntr-ation 0,84 O
& : ’ Standard deviation 151
[0 ..
& Anticipatory errors 2
RSAI Delayed errors 7
Whipple accuracy coefficient 0,88
Mean: 96 beats/min. LE/HF 547 Mean rfeactlon .tl.me 588.,6
. Attention stability 1,2 O
%0 Max1mgm: 113 Si 96.4 Attention concentration 1,01 A
= beats/min. ’ Standard deviation 296
A= Anticipatory errors 4
RSAI Delayed errors 20
Whipple accuracy coefficient 0,68
Indicators:

LF/HF ratio - relative high- and low-frequency indicators

Baevsky’s Stress Index (SI)
RSALI - Regulatory Systems Activity Index

The parameters of the pilot mentioned in
the table show that the performance of additio-
nal tasks (SVMR) and the increase in cognitive
load during flight have a significant impact on
the results (Table 1). The increase in reaction ti-
me, the increase in the mean square deviation

and the decrease in the Whipple accuracy coef-
ficient indicate that the pilot is operating at the
limit of his attentional resources, which wea-
kens sensorimotor stability.

In our experiments, we have extensively
investigated the objective assessment of psy-
chophysiological cognitive indicators by measu-
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ring stress indicators (HB, LF/HF, ECG) and re-
al-time measurement of simple visual motor res-
ponses (SVMR). This methodology accurately
determines changes in the pilot's cognitive reso-
urces and performance when performing addi-
tional tasks.

The sharp increase in reaction time and
the increase in errors, especially in pilots, indi-
cate that an increase in cognitive load during
flight can result in a decrease in psychophysio-
logical cognitive indicators to a low level, even
if vegetative indicators are close to normal. This
fact proves that an assessment based solely on
cardiovascular parameters is not sufficient.

Based on the analysis conducted, the sta-
tistical analysis of the SVMR figures of 59 pi-
lots 1s shown in Table 2. The main scientific no-
velty of the study is that for the first time, the
SVMR parameters of pilots were analyzed in-
tegratively in flight simulators (IL-76, Boing,
Cessna) and cognitive parameters were identifi-
ed as the main objective indicators of the pilot's
performance in flight (Table 2). Statistical studi-
es have shown the accuracy of the figures. Thus,
the trend of the direction of change of cognitive
indicators (Table 1) was statistically confirmed
(Table 2).

Table 2
Statistical analysis of the experiment on cognitive indicators during flight
L . e Errors committed
Statistical results of experiments on cognitive indicators . .
during the flight
Mean . . Accurac ..
. Attention Attention Standard racy Anticipat | Delayed
reaction . . .. (Whipple's
. stability | concentration | deviation . Ory errors | errors
time coefficient)
Indicators = | 2| < = - = - = - - o = = | =
8 15 o 15 o 5) Q 5] 5] ] 5] o 5]
21 2| & o Z & Z o Z o Z o 21 2
5} 5 5} 5 5} 5 5} 5 0 5 5} 5 o 5
Q Q [0 Q 0] 0] 0]
= el = Q = o & a = o = o il =Y
results: . o o °
, | X X X S s 2 2
incompatible o) o) > o = EN,, :.;
indicators |- | 16 | =| 14 | & 12 Sl 1B g4 = (IS5 9] 8 |3
N Q 5 N ) Q e
results: - o o . .
=X BN EN 2 EN X X
constant o o o o o0 tf:: 31;
. . N o0 —
indicators | 0| 2 S 15 Q 23 X 2 3 16 = 13 3 9 A
results:
. X X X X X X X
variable . — — o _ Q V)
. . ~ <t [e7a)
indicators | T| 41 2 30 3 24 > 44 = 39 =] 31 s 42 =
[N S =) <t N N by
O wn <t o~ O v o~
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Conclusion

Ensuring flight safety cannot rely solely
on standard medical examinations or conventio-
nal cardiovascular monitoring indicators, as the-
se are not sufficiently informative. In this re-
gard, the results of our study demonstrate that a
pilot’s actual level of readiness is directly asso-
ciated with cognitive parameters, particularly
the speed of simple visual-motor reaction
(SVMR).

The application of the SVMR method
used in our research enables objective assess-
ment of a pilot’s actual cognitive readiness for
flight, allowing early detection of reduced atten-
tion resources, increased reaction time accom-
panied by growth in standard deviation, a decli-
ne in the critically important accuracy coeffici-

ent, and a rise in error frequency. This approach
also provides a basis for predicting potential ac-
cident risk and for developing individualized
systems for monitoring psychophysiological and
cognitive indicators.

In conclusion, flight safety should be de-
termined not only by the reliability of technical
systems but also by the pilot’s psychophysiolo-
gical and cognitive state measurable in real ti-
me. Thus, the integration of simple visual-mo-
tor reaction (SVMR) assessment establishes a
new biomarker-based direction for evaluating
flight safety and offers a promising scientific
platform for the objective monitoring of the hu-
man factor in aviation safety.
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PILOTLARIN SADO GORMO MOTOR KOQNITiV GOSTORICILORININ
UCUS TOHLUKOSIZLIYINDO ROLU

Arif Mommadov, Zenfira Baxsiyeva, Giilcamal Hasonova,
9zizo Riistomzada, Aqil Oliyev, Parvin Ziilfiiqarova, Tariyel ismayilov,
Rasid Mahmudov, Ramiz Abbasov, Sahmar Mommadov

Xiilasa: Pilotun psixofizioloji faaliyyati miiasir aviasiyada ucus tohliikasizliyinin halledici amili-
dir, mahz buna géra aviasiyada ugus qazalarimin 70-80%-i insan faktoru ilo alagalondirilir [6] [7]. Yal-
niz Urak-damar géstaricilorinin va garginlik indeksinin oyranilmasi pilotun stres va emosional garginli-
yini qgiymatlondirmakda mahduddur va real vaxtda kognitiv hazirligr tam aks etdirmir. Bizim tadgiqati-
mizda “Azarbaycan Hava Yollar1” pilotlarinin sada gorma motor reaksiyalart (SGMR) gostaricilari 6y-
ronilmigdir. Bela ki, kognitiv géstaricilori simulyator soraitinds “ikili tapsiriq” modelindan istifads edi-
larak qiymatlondirilmisdir. Pilotlar asas ugus tapsiriqlarini yerina yetirarkan, alava gorma motor tapsi-
riglart icra etmis, bunun naticasinda kognitiv yiikiin psixofizioloji géstaricilora tasiri oyronilmisdir.

Tadgiqatlarin naticasi gostorir ki, alava tapsiriglar: yerina yetirarkan, kognitiv gostaricilor ¢ox
hassas olurlar: reaksiya vaxtinin orta qiymati artir, ortokvadratik sapma yiiksalir, digqatin davamiili-
g1 va konsentrasiyasi doayisilir. Digqatin gostoricilori, asasan, orta va agagi saviyyalorda miisahida
olunur. Uippl daqiqlik amsali azalir, sahvlar isa artir. Bundan basqa 1-ci cadvalda pilotun gostaricila-
rinda reaksiya vaxtimin kaskin artmasi va digar kognitiv dayisikliklor miiayyon edilmisdir. Vegetativ
gorginlik normaya yaxin saviyyada olsa bela, ilk eksperiment morhalasinda kognitiv gostaricilordaki
dayisikliklor galacakda ucus tohliikasizliyinin pozulma ehtimalini yiiksalda bilar. 2-ci cadvalda isa ve-
rilan statistik hesablamalar alinan naticalori tasdiglayir.

Acgar sozlor: pilot, ucus tahliikasizliyi, ikili tapsiriq modeli, sada gorma motor reaksiya (SGMR),
kognitiv yiik, insan amili

POJIb ITPOCTBIX 3PUTEJIBHO-MOTOPHBIX KO'HUTUBHBIX
NHIANKATOPOB B BE3OITACHOCTH IIOJIETOB

Apu¢p Mamenos, 3enpupa baxmuena, I'yabaxaman I'acanosa,
A3u3a Pycram3ane, Aruib Ajues, [lapsun 3yasdyraposa,
Tapuyabs Ucmanios, Pammag Maxmynos, Pamus A6o6acos, [lllaxmap Mamenos

Annomauus: Ilcuxoghuzuonocuueckue nokazamenu NUIOMA AGAAOMCA KPUMULECKUM (haKmopom
beszonacHocmu noiemos 8 cospemennou asuayuu, npu smom 70-80% asuayuonnvix npoucuiecmeutl
cesazambl ¢ uenogedeckum @akmopom [6,7]. Oyenka, OCHOBAHHAS UCKIIOYUMENLHO HA CEPOEUHO-
COCYOUCMbIX NAPAMEMPAx U NOKA3amensax Cmpecca, 02paHUYeHa 8 OYeHKe Cmpecca U SMOYUOHAILHO2O
HANpAX’CeHUs. NUIOMA U He 8 NOJHOU Mepe Ompaxfcaem KOCHUMUBHYIO 20MOBHOCHb 8 PeAbHOM 8peMe-
HU. B Odamnom uccnedosamuu OYeHUBAIUCL NOKA3AMENU NPOCMOU 3PUMENbHO-MOMOPHOU peaKyuu
(II3MP) y nunomoé «A3epoaniodncanckux asuamuHuily ¢ UCNOIb30BAHUEM CUMYIAMOPA C MemOOUKOU
«0B01UIHO20 8bINONHEHUAY 3a0anus. TIpu BLINOTHEHUU OCHOBHBIX 3a0ad NOLEMAa NULOMbL OOHOBPEMEHHO 6bi-
NONHAAU OONOTHUMENbHbIE 3PUMETILHO-MOMOPHbBLE 3A0aYU, YMO NO360UI0 OYEHUMb GIUSHUE KOSHUNUG-
HOU HA2py3KU HA NCUXohusuoiocuieckue noKazameinu.
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Pesynomamor noxazanu, umo 6 ycinosusx “06otino2o 3a0anus’”’, 6 nojeme cpedHee 8pems peax-
Yuu y8erudunoch, cpeoHeK8aopamuieckoe OMKIOHEHUe NOBbICUNOCHL, d KOHUEHmMpAayus u ycmoudu-
680CMb BHUMAHUSA CHUSUIUCH U NPEUMYUECNEEHHO HAXOOUIUCh HA YMEPEHHOM U HU3KOM YpOo6Hax. B mo
JHce 8pems Koagguyuenm mounocmu Yunnia cHU3UICA 8 pe3yibmame KOIUYECMB0 OUUOOK Yeeaudu-
JIOCb, 4 CpedHuUe 3HAUEHUs 8PeMEeHU PeaKyuu 803POCIU. 3amemuoe ygeaiudenue epemMeHy peakyuu u opy-
2ue KOGHUMuUBHbvle U3MeHeHus, Habnodaemvle 6 mabauye 1, ykazvieaiom Ha mo, 4mo oadxce K020a ypo-
B€Hb 8E2eMAMUBHO20 CIMpecca OCmaemcs OIU3KUM K HOpMe, Ha HAYATbHOM dmane dKCnepumenma u3-
MEHEHUsL KOZHUMUBHBIX (DYHKYUL MO2YM NOBbICUMb BEPOSIMHOCHL OYOYWUX HapYyueHul 6e30nacHocmu
nonemos. Jlannvle 8 mabauye 2 cmamucmuyecKue 8blYUCIeHUS NOOMBEPHCOAIOM NOTYUEHHble Pe3Yilb-
mamol.

Knrwouesvie cnosa: nunom, 6e30nacHocms nonemos, mMooenb 08OUHOU 3a0ayu, NPOCMas 3pu-
menvHo-momopHas peaxyus (II3MP), koenumusHnas nacpyska, yenoseyeckuil paxkmop



