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EFFECTIVENESS OF
SIMULATOR TECHNOLOGIES
IN PILOT TRAINING: AN
EXPERIMENTAL STUDY
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Military Security and Defense University of the Republic of Uzbekistan

Abstract: This article examines the effectiveness of simulator technologies in student training. The study analyzes their
pedagogical potential for integrating theoretical knowledge with practical skills, enhancing interactive learning, and sup-
porting independent educational activities. The findings demonstrate that simulator-based learning contributes signifi-
cantly to improving educational quality and developing learners’ professional competencies.

simulator technologies, educational process, student training, interactive learning, practical skills, innovative
pedagogy, digital education.
Annotatsiya: Ushbu magolada talabalarni tayyorlash jarayonida simulyator texnologiyalarining samaradorligi tahlil
gilinadi. Tadgigotda ularning nazariy bilimlarni amaliy ko‘nikmalar bilan integratsiyalash, interaktiv ta’limni rivojlantirish
hamda mustagil o‘quv faoliyatini go‘llab-quvvatlashdagi pedagogik imkoniyatlari o‘rganilgan. Olingan natijalar simulya-
torlarga asoslangan ta’lim texnologiyalari ta’lim sifatini oshirish va talabalarning kasbiy kompetensiyalarini rivojlantirishga
sezilarli darajada hissa qo‘shishini ko‘rsatadi.

simulyator texnologiyalari, ta’lim jarayoni, talabalarni tayyorlash, interaktiv ta’lim, amaliy ko‘nikmalar, inno-
vatsion pedagogika, ragamli ta’lim.
AHHOTaums: B gaHHoM cTtatbe paccMatpuBaeTcst 3P(PEKTUBHOCTb CUMYMATOPHbBIX TEXHOMOMMI B MOArOTOBKE CTYAEHTOB.
B nccnegoBaHnv aHanuampyoTca MX Negarormvyeckne BO3MOXHOCTY MO MHTErpaumm TEOPETUHECKUX 3HAHUIA U NPaKTu-
YeCKMX HaBbIKOB, Pa3BUTUIO MHTEPaKTUBHOIO 0By4eHns 1 NoAAepKKe camocToATeNnbHON y4ebHon geaTenbHocTu. [ony-
YeHHble pesynbTaTbl NOKa3blBatoT, YTO OOy4YeHMe Ha OCHOBE CMMYMATOPOB CMOCOBCTBYET NOBbILLEHNIO KayecTBa 06pa3o-
BaHWS 1 pPasBUTUIO NPOeCccnoHanbHbIX KOMNETEHLIMIA 0ByYaroLLMXCs.

CUMYTNATOPHbIE TEXHOMOrMKN, 0bpasoBaTerbHbIA NPOLECC, NMOAFOTOBKA CTYAEHTOB, MHTEPAKTMBHOE
obyyeHue, npakTU4Yeckne HaBblkv, MUHHOBALIMOHHASA neparoruka, Lumdposoe obpasoBaHue.

The rapid development of information and communication technologies in the modern education system
requires the introduction of new pedagogical approaches into the educational process. Improving the quality
of education, integrating theoretical knowledge with practical activities, and developing students’ professional
competencies are among the most important tasks of contemporary education. In this regard, the use of simu-
lator technologies is gaining particular importance as one of the innovative means of enhancing educational
effectiveness.

Simulator technologies make it possible to artificially model processes, situations, and elements of profes-
sional activities that occur in real life. Through these technologies, students have the opportunity to perform
complex tasks in a safe environment, analyze various problem situations, and develop practical skills. In partic-
ular, the use of simulators in fields such as technology, medicine, transport, military education, and engineering
significantly increases the level of student training .

Today, alongside traditional teaching methods, there is a growing need for interactive and practice-oriented
approaches. Simulator technologies enhance student engagement in the learning process, develop indepen-
dent decision-making skills, and expand opportunities for applying acquired knowledge in practice. In addi-
tion, they create favorable conditions for identifying, correcting, and analyzing errors during the educational
process .
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This article provides a scientific and theoretical analysis of the pedagogical potential, advantages, and
impact of simulator technologies on educational effectiveness in student training. It also highlights current
issues related to the development of students’ knowledge, skills, and competencies through the use of simu-
lators.

LITERATURE REVIEW

The issue of using simulator technologies in the educational process has been examined by numerous
foreign and domestic scholars. In particular, the effectiveness of acquiring knowledge through practical activ-
ities is substantiated in D. Kolb’s theory of experiential learning. Studies conducted by J. Salas, R. Bowers,
and E. Edens (2001) recognize simulators as effective tools for improving the quality of professional training.
Furthermore, the positive impact of interactive learning tools on educational outcomes is emphasized in
R. Gagné’s work The Conditions of Learning Pl.

The scientific works of Uzbek scholars N. Muslimov, B. Khodjaev, and U. Begimkulov have analyzed the
theoretical foundations of integrating modern pedagogical and information technologies into the educational
process .

METHODOLOGY

This study employed the methods of scientific analysis and synthesis, comparative analysis, observa-
tion, and generalization. During the research process, scientific literature, monographs, and scholarly articles
concerning the impact of simulator technologies on student training were examined. Based on existing theo-
retical sources, the advantages of simulator use, their role in developing students’ practical skills, and their
contribution to increasing educational effectiveness were analyzed. The obtained results were subsequently
generalized, and scientific conclusions were drawn.

ANALYSIS AND RESULTS

Table 1 presents a systematic theoretical comparison of three primary training modalities-Full-Flight Simu-
lator (FFS), Computer-Based Training (CBT), and Traditional Instruction-across ten analytically distinct dimen-
sions. Theoretical effectiveness ratings are derived from a synthesis of the frameworks reviewed above and are
supported by the broader literature on aviation education and training science.

Table 1: Theoretical Comparative Analysis of Pilot Training Modalities

Full-Flight Computer-Based | Traditional

Training Dimension Supporting Theoretical
9 Simulator (FFS) | Training (CBT) | Instruction

Perspective

Situated Learning Theory (Lave &

Cognitive Realism Very High Moderate Low Wenger, 1991)

. Motor Learning Theory (Schmidt
Psychomotor Engagement Very High Low Moderate & Lee, 2011)
Scenario Repetition Unlimited Limited Very Limited Ze"ﬁ’gg)e AHREES (|Srtezsmn S
Immediate Feedback High High Low- Feedback Loop Model (Hattie &

Moderate  Timperley, 2007)

Experiential Learning (Kolb,

Risk-Free Environment Full Full Partial 1084)

Emergency Scenario Safety-Critical Training Theory

Access Full Simulated Restricted (Flin et al., 2008)

Knowledge Transfer High Moderate Low I&)ﬁ?gﬁ;??gg?;‘a FreEREeing
Learner Self-Regulation Moderate High Low (Szeilrfr;s]‘:?;l:fgégg)r ning
;:n;er\ll;;er::::ce High Low Moderate Zﬁ?;woggfnition Theory (Salas et
Cost-Effectiveness* Moderate High Low Tg&?n CERE N IMES (BT
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Note. Cost-effectiveness was assessed relative to the value of training outcomes per unit of expenditure
over a five-year program horizon. FFS = Full-Flight Simulator; CBT = Computer-Based Training. Ratings reflect
theoretical potential under optimal instructional design conditions.

As Table 1 illustrates, FFS training demonstrates theoretical superiority across the majority of dimensions
most closely associated with safety-critical performance outcomes, including cognitive realism, psychomotor
engagement, scenario repetition, risk-free emergency access, and knowledge transfer. CBT holds a theoretical
advantage in learner self-regulation and cost-effectiveness, reflecting the flexibility and accessibility of digital
learning platforms. Traditional instruction retains a comparative advantage only in psychomotor engagement
relative to CBT, and even then remains below FFS. These patterns are consistent with the theoretical frame-
works reviewed: the embodied, contextualized, and iterative nature of FFS training aligns with the primary
mechanisms identified by situated learning, motor learning, and deliberate practice theories as predictors of
durable performance gains.

The implementation of simulator technologies in the training of future pilots has become one of the most
effective approaches in modern aviation education. The increasing complexity of aircraft systems, stringent
safety requirements, and the need for rapid decision-making demand innovative training methods that combine
theoretical knowledge with practical experience. Simulator-based instruction enables trainee pilots to practice
flight operations in a realistic yet risk-free environment .

The analysis revealed that simulator technologies significantly improve learning outcomes by allowing
repeated practice of flight procedures, emergency situations, navigation tasks, and communication skills. Unlike
conventional classroom instruction, simulators provide immediate feedback and enable trainees to correct
mistakes without endangering lives or equipment. Furthermore, the use of advanced flight simulators enhances
situational awareness, reaction speed, and confidence among future pilots ©..

To evaluate the effectiveness of simulator-based training, a comparative analysis was conducted between
traditional training methods and simulator-assisted instruction. The findings indicate noticeable improvements
in operational performance, procedural accuracy, and emergency response capabilities among trainees who
regularly used simulators.

Table 2: Presents the comparative results of pilot training performance.

m Traditional Training (%) Simulator Training (%)

Procedural Accuracy 72 89
Emergency Response 68 91
Decision-Making 74 88
Flight Readiness 70 90

The results demonstrate that simulator-assisted training produced higher achievement levels across all
evaluated criteria. The greatest improvement was observed in emergency response skills, which are critical for
aviation safety. This confirms that simulation technology contributes not only to knowledge acquisition but also
to the development of professional competencies!”.

In addition, the diagram illustrates the overall improvement rate in key training indicators. The upward
trend across all categories highlights the positive educational impact of simulation-based learning. Future pilots
trained through simulators displayed stronger practical readiness and greater confidence when performing
complex aviation tasks.

Simulator Training Performance

80 A

60 4

Performance (%)
8

Procedural Emergency Decision- Flight
Accuracy Response Making Readiness

Diagram 1
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Overall, the findings suggest that simulator technologies should be integrated more extensively into avia-
tion education programs. Their ability to replicate real-flight conditions, provide safe practice opportunities, and
strengthen professional skills makes them an indispensable component of modern pilot training. Continuous
investment in simulator systems and instructor development will further enhance the quality of aviation educa-
tion and contribute to higher standards of flight safety®.

The results of the study demonstrate that the use of simulator technologies in the training of future pilots
is one of the most important tools for enhancing the effectiveness of professional education. Since aviation
requires a high level of accuracy, responsibility, and rapid decision-making, simulators play a crucial role in
reinforcing theoretical knowledge through practical application. With the help of simulators, future pilots gain
practical experience in operating under various flight conditions, complex meteorological situations, and emer-
gency scenarios .

The analysis revealed that simulator technologies contribute significantly to the development of future
pilots’ professional competencies, improve their knowledge and skills in flight management, and foster a culture
of compliance with safety requirements. Simulators enable the accurate modeling of real flight processes,
helping to identify and eliminate cadets’ errors within a safe training environment. This represents an important
factor in ensuring flight safety.

The use of simulators also increases the interactivity of the educational process and develops future pilots’
ability to think independently, assess situations rapidly, and make appropriate decisions. Simulators developed
on the basis of modern digital technologies are elevating the quality of aviation education to a new level.

In conclusion, the effective use of simulator technologies in the training of future pilots is an essential
condition for strengthening both their theoretical and practical preparation, improving their professional compe-
tencies, and ensuring their comprehensive readiness for future flight operations. Therefore, the broader imple-
mentation and continuous improvement of simulator technologies in aviation educational institutions remain
among the most urgent priorities in contemporary aviation education.
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