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Abstract

The article analyzes the cognitive component's significant role in military pilots' professional activity,
specifically in accurate and rapid tactical decision-making in unpredictable combat conditions. By
identifying and understanding these factors, the study aims to enhance training programs, optimize pilot
performance, and improve overall operational effectiveness. This research utilizes a scientific and
methodological approach to evaluate the cognitive component of professional combat training for future
tactical aviation pilots. A total of 190 subjects were assessed using the "R. Amthauer Intelligence
Structure Test" to evaluate key components of intelligence relevant to this study. The results offer insight
into potential success and efficiency in educational and professional activities. By converting scores to
the Wechsler 1Q test scale, this study provides a novel approach to assessing the cognitive demands of
tactical aviation pilots and holds implications for optimizing training programs. Findings contribute to
improving the educational process and enhancing the professional readiness of future military pilots.
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Introduction

The cognitive component is a crucial aspect of an individual's personality in the
cognitive domain. It plays a significant role in the professional activities of military
pilots, especially for accurate and quick tactical decision-making in rapidly changing
conditions and optimizing ideomotor reactions in combat situations. Therefore, we
believe that the cognitive component of professional readiness is a prerequisite for the
intellectual component of a tactical aviation pilot's overall professional activity.
Additionally, the cognitive component is vital for successful task execution in complex
and challenging environments, particularly in professions that demand high levels of
cognitive abilities, such as combat flight operations for future tactical aviation pilots. To
identify individuals who have the potential to excel in such demanding roles, it is
crucial to assess and measure their cognitive abilities scientifically and
methodologically. This will ensure the selection of suitable candidates and their
subsequent training.

The cognitive abilities required for tactical aviation pilots encompass a wide
range of mental faculties. These include the capacity to process and interpret
information rapidly, make split-second decisions, maintain situational awareness, and
execute complex flight maneuvers effectively, even in highly pressurized situations.
Successful combat flight operations demand flexibility and decision-making under
stress, making these attributes fundamental to tactical aviation pilots.

Given the multifaceted nature of cognitive abilities required by tactical aviation
pilots, it is essential to develop robust, reliable, and valid tests tailored specifically to
assess the cognitive dimensions relevant to their roles. These tests should accurately
measure critical cognitive domains, including attention, memory, problem-solving,
decision-making, spatial awareness, and multitasking capabilities. Furthermore, they
must adequately address the unique challenges tactical aviation pilots face, such as
high-speed flights, combat simulations, and operating in stressful and demanding
environments. By implementing a scientific and methodological approach to testing the
cognitive component of professional combat training, aviation authorities can
significantly enhance the selection process, ensuring that individuals with the necessary
cognitive aptitude are identified and recruited. This approach also contributes to the

development of targeted training programs designed to improve the cognitive abilities
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of future tactical aviation pilots, allowing them to perform at their best in the demanding

field of combat aviation.

1. Literature Review

In recent years, considerable attention has been devoted to the scientific and
methodological approaches for testing the cognitive component of professional combat
training among future tactical aviation pilots (Nevzorov, 2021; Carretta and Ree, 2003;
Kostiv et al., 2021; Seamster and Redding, 2017). The cognitive abilities of these pilots
directly influence their decision-making capabilities, situational awareness, and overall
performance in high-stress combat situations. As a result, the development of reliable
and valid tests to assess their cognitive skills is critical for effective pilot selection and
training programs.

Several studies have focused on identifying and measuring the specific cognitive
abilities relevant to tactical aviation pilots. One important aspect is spatial reasoning, as
it plays a vital role in navigation, target acquisition, and spatial awareness during
combat flights (Porter et al., 2016; Bailey et al., 2017). Tests such as mental rotation
tasks have been used to evaluate pilots' spatial visualization skills and their ability to
mentally manipulate objects in three-dimensional space. These tests have demonstrated
their reliability and validity in distinguishing high-performing pilots from their
counterparts (Robertson-Kraft and Zhang, 2018).

Another key cognitive ability is divided attention or multitasking, which pilots
must excel at to manage multiple sources of information simultaneously, such as
monitoring radars, communicating with team members, and controlling aircraft systems
(Kennedy et al., 2014). Cognitive tests, such as the Multi-Attribute Task Battery
(MATB), have been developed to simulate the demands of multitasking and assess
pilots' ability to allocate their attention effectively. These tests have provided valuable
insights into pilots' divided attention capacities and have been used in aviation training
programs (Miller, 2010; Cegarra et al., 2020). Furthermore, working memory is a
critical cognitive ability that allows pilots to process, store, and manipulate information
in their minds while performing complex tasks (Brehmer et al., 2012). The n-back task,
commonly used to assess working memory, requires individuals to recall a previously

presented stimulus after a specific number of intervening stimuli. Studies have indicated
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that working memory capacity is positively correlated with pilots' performance,
particularly in high-demanding situations (Thompson et al., 2016).

In addition to these specific cognitive abilities, researchers have also explored
the use of computer-based simulation and virtual reality environments to assess pilots'
cognitive performance in realistic combat scenarios. These simulations provide a
comprehensive and controlled environment to evaluate decision-making skills,
situational awareness, and response times (Gutzwiller and Clegg, 2013). By combining
simulations with physiological measures, such as eye-tracking and heart rate variability,
researchers have gained a better understanding of pilots' cognitive functioning and stress
responses under simulated combat conditions (Paul, 2021).

Experts like Marchenko (2020), specializing in psychodiagnostics of the
cognitive sphere of personality, emphasize that the testing of cognitive characteristics
should be conducted with strict adherence to the principles of spatial and temporal
dynamics of the state. This consideration takes into account the understanding that the
phenomenon being studied occurs within a specific temporal and physical context, "in
the context of the subject's resource capabilities." Consequently, the analysis of test
results must acknowledge these conditions. Furthermore, the cognitive component of
professional readiness for combat flying reflects the intellectual and cognitive aspects of
a military pilot cadet's personality, encompassing a complex network of various mental
processes, including mental abilities, thinking style, attention specifics, memory
functioning, flexibility and rigidity of thought processes, among others. It is crucial to
clearly define which particular aspects will be subject to diagnostic assessment
(Marchenko, 2020).

The development of a scientific and methodological approach to testing the
cognitive component draws upon the works of numerous researchers. When
summarizing the psychological and pedagogical conditions necessary for conducting a
pedagogical experiment to assess the cognitive component, we have taken into account
the conclusions of Khrykov (2018), who emphasizes that these conditions are "created
by teachers and exist objectively, regardless of the specific activity." Aligning with this
relatively new perspective in the national scientific discourse, we consider pedagogical
conditions as circumstances that determine a specific direction of pedagogical process
development, rather than focusing solely on the factors involved (as commonly

observed in many recent Ukrainian educational dissertations).
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Particular attention is given to the usage of the category "quantity" in the
experiment. It serves to denote several definitions in relation to pedagogical objects,
such as phenomena, processes, and systems. It encompasses the strength of a given set,
quality in spatial and temporal aspects, the relationship between parts and the whole,
and the elements of the whole. As rightly noted by Tsiura (2013) in this regard,
"quality' and 'quantity' reflect the objective aspects and relations of objects..., any
quality is expressed through a specific system of quantitative characteristics" (Tsiura,
2013). However, this does not preclude the active utilization of the concept of
"quantity" within the context of interdisciplinary testing theory in contemporary
pedagogical research. Consequently, the objective assessment of the pedagogical
phenomena being studied necessitates the employment of both qualitative approaches
(involving substantive elements of the study) and quantitative approaches (utilizing
formalized elements of the study). This combined approach forms the methodological
foundation for the test employed in our experiment.

In order to diagnose the components of professional readiness for combat flights
among future tactical aviation pilots, it is most appropriate, in terms of procedural
aspects, to select a qualimetric methodology that has been theoretically and empirically
tested. This methodology should be based on a specific testing scale with a high level of

reliability and validity that has been proven through rigorous research.

2. Methods

2.1 Participants

The object of this research is the cognitive component of professional combat training
for future tactical aviation pilots. Two groups were formed for the experiment: the
experimental group (EG, n=94) and the control group (CG, n=96), comprising a total of
190 subjects. The participants were cadets in their 3rd and 4th years of study at the Ivan
Kozhedub Kharkiv National Air Force University. Their training at this stage is focused
on advanced flight theory and simulator practice. The cadets were primarily trained on
simulators of the L-39 "Albatros" jet trainer, which serves as the main platform for
advanced flight training before transitioning to specific tactical aircraft.

The subject of this research is the role of the cognitive component in the
professional activity of military pilots, specifically focusing on accurate and rapid

tactical decision-making in unpredictable combat conditions. The study delves into the
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cognitive abilities that contribute to effective performance and operational success in

the field of tactical aviation.

2.2 Instrumentation

The cognitive component was assessed using the comprehensive "R. Amthauer
Intelligence Structure Test." This method was specifically designed for the differential
selection of applicants for various professional roles and provides a holistic
understanding of an individual's intelligence that best aligns with the corresponding task
of our experimental study. Moreover, it has high psychodiagnostic value: the test-retest
reliability is 0.83-0.90, indicating resistance to testing errors and the ability to obtain
consistent results in individuals tested under different circumstances. It also shows a
correlation of 0.62 with expert assessments of intelligence and 0.46 with academic
achievement. The validation sample includes a wide range of individuals aged from 13
to 60 years.

This test allows for comprehensive diagnosis and examination of fundamental
components of intelligence, such as verbal abilities (conceptual understanding and
categorization), mathematical aptitude (awareness of natural relationships between
phenomena), spatial perception (identification of concepts and phenomena), and
memory at both theoretical and practical levels. The results obtained from this test
enable us to predict success and efficiency in educational and professional activities,
particularly those requiring specific intellectual abilities (Smirnova, 2018).

Since its initial public presentation in 1953 (latest version by the last author in
1973), the test has undergone several modifications to cater to specific social groups
and specific purposes. The adaptations were made in 1984 by Akimova for
schoolchildren in grades 7-10 (Akimova et al., 1984, 1993), in 1988 by Namazov and
Zhmyrikov for high school, vocational school students (aged 16-17), university
students, and cadets (aged 18-21) (Namazov and Zhmyrikov, 1988), and by Gurevich
and Gorbacheva (1992), and Yasyukova (2002) for secondary and senior secondary
school students. In our experimental study, we used the R. Amthauer's test in the
adaptation of Namazov and Zhmyrikov (1988) to assess the intellectual criteria of future
tactical aviation pilots. This adaptation considers a qualitative sample, taking into
account significant parameters such as age and education level, and provides
standardized scores in IQ units. However, the test's requirements for the mental

development of this social group should be cautiously considered as a conditional norm,
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correlating 80.1% with the values of the intellectual criteria developed by us and

presented in the study.

2.3 Procedure

The tests were administered to both the experimental and control groups of cadets at the
beginning and end of the experiment, specifically on Mondays in the morning. The
duration of each test was 90 minutes. The administered method consisted of 9 subtests,
comprising a total of 176 items. Among these subtests, 6 were closed-ended tasks:

1. Logical choice (LC) — designed to assess inductive thinking by completing
sentences with one of the words from a given sample. This subtest included 20
tasks with a time limit of 6 minutes.

2. General features identification (GE) — aimed at evaluating conceptual
abstraction and orientation using verbal concepts. Participants were required to
select one word out of five options that had no meaningful connection with the
others. This subtest consisted of 20 tasks with a time limit of 6 minutes.

3. Analogies (AN) — focused on assessing combinatorial abilities through the
selection of meaningful analogies to given words. This subtest involved 20 tasks
with a test time of 7 minutes.

4. Classification (KL) — aimed to evaluate judgmental abilities by defining words
based on general concepts. This subtest included 16 tasks with a test time of 8
minutes.

5. Counting (RA) — designed to assess mathematical thinking through arithmetic
tasks. Participants were presented with 20 tasks with a test time of 10 minutes.

6. Number sequence (ZR) — focused on evaluating deductive thinking and the
ability to operate with mathematical patterns. Participants were required to
establish the regularity of a given number series. This subtest consisted of 20
tasks with a test time of 10 minutes.

7. Figure selection (FS) — aimed at assessing spatial thinking by establishing
correspondence between parts of disparate figures and their whole forms. This
subtest included 20 tasks with a test time of 7 minutes.

8. Blocks (WH) — continued the assessment of spatial thinking, specifically the
ability to work with volumetric bodies in space. This subtest involved 20 tasks

with a test time of 9 minutes.
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9. Assessment of concentration and memory (ME) — involved tasks that required
participants to memorize a number of words from different topic groups. This
subtest included 20 tasks, with a time limit of 3 minutes for memorization and 6
minutes for the actual test.

In terms of scoring, each correct answer was awarded 4 points (except for subtest
4).

The total score reflected the level of abilities, skills, or traits, with a higher score
indicating a more developed level of the particular component of intelligence. If the
highest score was achieved in the first four subtests, it indicated a greater development
of the theoretical level of intellectual components. Conversely, if the highest score was

achieved in the subsequent five subtests, it indicated a more developed practical level.

2.4 Ethical Considerations

All procedures performed in this study involving human participants were in accordance
with the ethical standards of the institutional research committee and with the 1964
Helsinki declaration and its later amendments. Informed consent was obtained from all
individual participants included in the study. Participants were assured of the
confidentiality and anonymity of their data and were informed that their participation

was voluntary and would not affect their academic standing.

3. Results and Discussion

The study found that the overall intellectual ability of the cadets, as measured by the
Amthauer test and 1Q units, did not exhibit any significant changes during or after the
experiment. This finding aligns with the widely accepted scientific consensus that
intelligence is largely determined by genetics and is not significantly influenced by life
experiences. However, the experimental group of cadets demonstrated exceptional
progress in their intellectual abilities compared to the control group, which highlights
the effectiveness of the pedagogical system designed to enhance the quality of
professional combat training for future tactical aviation pilots.

A meticulous analysis of the subtest results revealed significant advancements in
the cadets' heuristic and epistemological skills, with subtest No 9 particularly
highlighting their practical orientation towards their cognitive sphere and organizational

skills. Additionally, there was a notable increase in the number of cadets achieving high
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intellectual criterion values, indicating a positive trend towards improved cognitive
readiness. Therefore, our system successfully augmented the cognitive component
values of professional readiness, surpassing the performance of the control group.

To facilitate the calculation of results, the scores from the R. Amthauer's
Intelligence Structure Test were converted to the Wechsler 1Q test scale. The
assessment results are presented in Tables 1-7.

Table 1:

Cognitive component (Amthauer test) with conversion to IQ units during the entrance
control assessment in the experimental group (94 people) (compiled by the author)

Quantitative distribution of test participants by levels

Subtest type High Satisfactory Unsatisfactory
(18-20 scores; subtest |(12-17 scores; subtest |(11 or less scores; subtest 4-16
4-27-32 scores) 4-17-26 scores) or less scores)

Subtest 1 (LS) |15 75 4

Subtest 2 (GE) 9 78 7

Subtest 3 (AN) |11 81 2

Subtest 4 (KL) [7 81 6

Subtest 5 (RA) 10 76 8

Subtest 6 (ZR) |10 76 8

Subtest 7 (FS) |14 76 4

Subtest 8 (WN) |8 80 6

Subtest 9 (ME) |11 74 9
(171-192 scores) (113-170 points) (112 and less scores)
12 people 74 people 8 people
Quantitative distribution of test participants by 1Q scale

Total test score Very high (130 Pilgh _ Average _ Low very lgvt&; 1
and above IQ = (100-1291Q = |(85-99 IQ = (70-84 1Q = (69_an elow
180-192 scores)140_179 100-139 70-99 scores) 1Q = 69 scores

scores) scores) and below)

— 26 60 8 —

Based on the overall test results, the cadets in the experimental group
demonstrated the following distribution:

« High level: 12 individuals (13%)

. Satisfactory level: 74 individuals (79%)

« Unsatisfactory level: 8 individuals (8%)

When converting the total test scores into IQ units using the Wechsler test, the
distribution among the cadets in the experimental group was as follows:

« Very high IQ: 0 individuals (0%)

« High IQ: 26 individuals (28%)

« Average IQ: 60 individuals (64%)
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« Low IQ: 8 individuals (8%)

« Very low IQ: 0 individuals (0%)

The majority of cadets demonstrate average cognitive abilities. The results show
that the largest portion of the group falls into the "Satisfactory" level based on raw test
scores (79%) and the "Average" 1Q level (64%).

The group lacks extreme performers. There are no cadets in the "Very high 1Q"
or "Very low 1Q" categories. This indicates a relatively homogenous group centered
around the mean, without exceptional outliers on either end of the spectrum.

A significant portion of the group may not meet the recommended cognitive
baseline for their profession. While most cadets have average or high 1Qs, the study
notes that a minimum IQ level of 100 is recommended for the intellectually demanding
profession of a military pilot. According to the table's scale, the "Average" range is 85-
99 1Q points. Therefore, we can conclude that a large majority of the group (64% in the
"Average" category and 8% in the "Low" category) begins their training with cognitive
scores below the recommended level, highlighting the need for targeted cognitive
enhancement programs.

Table 2:

Cognitive component (Amthauer test) test results with conversion to I1Q units during
the entrance control assessment in the control group (96 people) (compiled by the

author)
Quantitative distribution of test participants by levels
Subtest type  High Satisfactory Unsatisfactory
(18-20 scores; subtest |(12-17 scores; subtest 4(11 or less scores; subtest 4-
4-27-32 scores) - 17-26 scores) 16 or less scores)
Subtest 1 (LS) |15 76 S
Subtest 2 (GE) 19 82 S5
Subtest 3 (AN) |14 70 12
Subtest 4 (KL) |13 74 9
Subtest 5 (RA) |13 70 13
Subtest 6 (ZR) 20 68 8
Subtest 7 (FS) |19 65 12
Subtest 8 (WN) |14 72 10
Subtest 9 (ME) |16 72 8
(171-192 scores) (113-170 scores) (112 and less scores)
18 people 68 people 10 people
Quantitative distribution of test participants by 1Q scale
Very high High \Average Very low
Total test score (130and 100’ 15010~ (55°0910= %% (69 and below 10
above 1Q=""1140.179 ~ 1100139 (70-841Q= "L 69 scores and
180-192 70-99 scores)
scores) scores) below)
scores)
- 22 64 10 -
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According to the total test results, the cadets in the control group (CG)
demonstrated the following distribution:

« High level: 18 individuals (19%)

. Satisfactory level: 78 individuals (71%)

« Unsatisfactory level: 10 individuals (10%)

When converting the total test scores into IQ units using the Wechsler test, the
distribution among the cadets in the control group was as follows:

« Very high IQ: 0 individuals (0%)

« High IQ: 22 individuals (23%)

« Average 1Q: 64 individuals (67%)

« Low IQ: 10 individuals (10%)

« Very low IQ: 0 individuals (0%)

The majority of cadets in the control group demonstrated "Satisfactory" and
"Average" levels of cognitive ability. Specifically, 71% of the group scored at a
satisfactory level, and 67% fell into the average 1Q range. Similar to the experimental
group, the control group shows a lack of extreme performers. There were no individuals
in the "Very high 1Q" or "Very low IQ" categories, indicating that the group's abilities
are clustered around the mean. A significant majority of the control group, 77% (67%
with Average 1Q and 10% with Low IQ), started the training with cognitive scores
below the recommended level for their demanding profession.

The most critical outcome, when comparing this data to the experimental
group's, is that the baseline intellectual level of both groups was statistically similar at
the start of the experiment. The difference in their initial test scores was deemed
"negligible" and not statistically significant, which validates the study's design by
confirming both groups began from a comparable starting point.

Table 3:

Comparison of the cognitive component test results in the experimental and control groups during the
control assessment (compiled by the author)

Test results (in %) Results by 1Q levels (in %)
Group . Satisfactory  [Unsatisfactory [Very High |Average |Low Very
High level .
level level high low
EG (4 13 79 8 0 28 64 8 0
eople)
CGO6 g 71 10 0 23 67 00
eople)
Error (in
%) +6 -8 -2 0 -5 H3 +2 0
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The discrepancy in the quantitative comparison of the results from the cognitive
component testing in the experimental and control groups during the initial assessment
was negligible, as it was less than 1% (3.25% in terms of test scores and 7.9% in terms
of IQ). This discrepancy falls well within the range of statistical error.

The reliability of the comparison, specifically the comparison of sample means
between the study groups, was assessed using the Student's t-test for independent
samples. The calculated significance level was determined to be 0.03, indicating that the

differences in sample means are not statistically significant.

Table 4:

Cognitive component (Amthauer test) with conversion to IQ units during the entrance
control assessment in the experimental group (94 people) (compiled by the author)

Quantitative distribution of test participants by levels
Subtest type | High Satisfactory Unsatisfactory
(18-20 scores; subtest |(12-17 scores; subtest |(11 or less scores; subtest 4-
4 - 27-32 scores) 4 - 17-26 scores) 16 or less scores)
Subtest 1 (LS) |16 78 —
Subtest 2 (GE) |12 82 -
Subtest 3 (AN) |15 79 —
Subtest 4 (KL) |17 77 —
Subtest 5 (RA) |11 83 —
Subtest 6 (ZR) |16 78 —
Subtest 7 (FS) |17 77 —
Subtest 8 (WN) |14 80 —
Subtest 9 (ME) |14 80 —
(171-192 scores) (113-170 scores) (112 and less scores)
15 people 79 people 0 people
Quantitative distribution of test participants by 1Q scale
Very high High Average Very low
Total test score (130 and - (100-1291Q =|(85-99 1Q = Low (69 and below =
above IQ = (70-84 1Q =
180-192 140-179 100-139 70-99 scores) 69 scores and
scores) scores) below)
scores)
— 31 63 — —

According to the total test results, the cadets in the experimental group (EG)
demonstrated the following distribution:

« High level: 15 individuals (16%)

. Satisfactory level: 79 individuals (84%)

« Unsatisfactory level: 0 individuals (0%)
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When converting the total test scores into IQ units using the Wechsler test, the
distribution among the cadets in the experimental group was as follows:

« Very high IQ: 0 individuals (0%)

« High IQ: 31 individuals (33%)

« Average 1Q: 63 individuals (67%)

« Low IQ: 0 individuals (0%)

« Very low IQ: 0 individuals (0%)

Thus, the pedagogical intervention successfully eliminated the lowest
performance levels. After the experiment, the number of cadets in the "Unsatisfactory”
category dropped to zero individuals (0%) from an initial 8%. Similarly, the number of
cadets in the "Low IQ" category also fell to zero. There was a positive shift towards
higher cognitive performance. The percentage of cadets achieving a "High" level based
on total test scores increased from 13% to 16%. More significantly, the proportion of
cadets in the "High IQ" category grew from 28% to 33%. The entire group achieved at
least a satisfactory or average level of performance. Following the training, 100% of the
cadets in the experimental group scored within the "Satisfactory" or "High" levels, and

all of them were within the "Average" or "High" IQ ranges.

Table S:
Cognitive component (Amthauer test) test results with conversion to 1Q units during the
entrance control assessment in the control group (96 people) (compiled by the author)

Quantitative distribution of test participants by levels
Subtest type  [High Satisfactory Unsatisfactory
(18-20 scores; subtest |(12-17 scores; subtest 4 -|(11 or less scores; subtest
4 - 27-32 scores) 17-26 scores) 4-16 or less scores)
Subtest 1 (LS) |21 68 7
Subtest 2 (GE) |15 80 1
Subtest 3 (AN) |16 70 10
Subtest 4 (KL) |17 73 6
Subtest 5 (RA) |14 74 8
Subtest 6 (ZR) |18 70 8
Subtest 7 (FS) |18 67 11
Subtest 8 (WN) |19 72 5
Subtest 9 (ME) 17 7 ?
(171-192 scores) (113-170 scores) (112 and less scores)
18 people 70 people 8 people
Quantitative distribution of test participants by 1Q scale
Total test score Very high High A\I/)eragep }Iiow Very low
(130 and (100-1291Q =((85-99 1Q = [(70-841Q = |(69 and below =
above [Q=140-179 100-139 70-99 scores) 169 scores and
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180-192 scores) scores) below)
scores)
- 21 67 8 —

According to the total test results, the cadets in the control group (CG)
demonstrated the following distribution:

« High level: 18 individuals (19%)

. Satisfactory level: 70 individuals (73%)

« Unsatisfactory level: 8 individuals (8%)

When converting the total test scores into IQ units using the Wechsler test, the
distribution among the cadets in the control group was as follows:

« Very high IQ: 0 individuals (0%)

« High IQ: 21 individuals (22%)

« Average 1Q: 67 individuals (70%)

« Low IQ: 8 individuals (8%)

« Very low IQ: 0 individuals (0%)

For the cadets in the control group, the journey through the training period
followed a steady and predictable path. A snapshot of their cognitive abilities at the end
of the experiment revealed a picture remarkably similar to the one taken at the start. The
proportion of high-achievers remained consistent, with the percentage of those in the
"High level" category staying at 19% and the "High IQ" category seeing only a
negligible change from 23% to 22%.

At the other end of the spectrum, the number of cadets who initially struggled
saw little movement; the "Unsatisfactory" level only slightly decreased from 10% to
8%, and the "Low IQ" category saw a similar minor drop. In stark contrast to the
dramatic progress seen in the experimental group, where these lower-performing
categories were completely eliminated, the control group's overall cognitive profile
remained fundamentally stable.

This stability, however, is not a sign of failure but a mark of a successful
experiment. The control group serves as a crucial scientific baseline—a clear picture of
what happens without the specialized pedagogical intervention. Their consistent
performance provides powerful evidence that the significant cognitive gains made by
the experimental group were not a result of simple maturation or other external factors,

but a direct consequence of the targeted training program they received.
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Table 6:

Comparison of the cognitive component test results in the experimental and control
groups during the baseline control assessment (compiled by the author)

Test results (in %) Results by IQ levels (in %)
Group | Hioh | Sati :
g atisfactory | Unsatisfactory| Very . Very
level Level level high High | Average| Low low
EGO4 1 ¢ 84 0 0 | 3 6 | 0 | o0
people)
CG (96 19 73 8 0 22 70 8 0
people)
Error (in
%) +3 -9 +8 0 -11 +3 +8 0

The discrepancy in the quantitative comparison of the cognitive component
measurements between the experimental and control groups during the initial
assessment was found to be 7.4% for the test results and 7.9% for the 1Q levels. These
differences can be considered within the range of statistical error. The significance level
was calculated using the Student's t-test and was determined to be 0.13, indicating that
there is no statistically significant difference between the sample means of the two
groups.

Specifically, a key finding was the increase in the number of EG cadets with a
dominance of indicator S (spatial abilities) or an increased share of it in their cognitive
domain structure. This indicates a real educational corrective effect of the introduced
pedagogical measures. In contrast, no visible changes were observed in the distribution
of cognitive domain characteristics among CG cadets, confirming that the intervention
was the cause of the improvement. Both groups exhibited a stable value for N
(mathematical abilities), suggesting this area was not the primary target of the
intervention.

Table 7:

Control comparison the cognitive component testing results in the experimental and
control groups during the entry- and exit-level assessment (compiled by the author)

Test results (in %) Results by 1Q levels (in %)
Group [ich | Sati ;
g atisfactory | Unsatisfactory | Very . Very
level | level level high High | Average | Low low
Entry-level control assessment
E)G “liz 79 8 0 28 | 64 8 0
CG («- | 19 71 10 0 23 67 10 0
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» | | | | | | |
Exit-level control assessment

EG

() 16 84 0 0 33 67 0 0
CG

() 19 73 8 0 22 70 8 0
Error (in %)

EG +3 +5 -8 0 +5 +3 -8 0
CG 0 +2 -2 0 -1 +3 -2 0
Arithmetic mean deviation (in %)

EG 0 0 0 0 1 1 0 0
CG 0 0 0 0 0 0 0 0

The quantitative comparison of the cognitive component testing results in the
experimental (EG) and control (CG) groups during the entry and exit assessments
yielded the following errors:

- For the EG, there was a 0% error rate in the comparison based on test results and

a 1% error rate for the IQ levels.

- For the CG, there was a 0% error rate in the comparison based on test results and

a 0% error rate for the IQ levels.

In interpreting the results, we took into consideration the overall perspective of
the test, which enables us to determine not only the general level of intelligence on the
IQ scale but also the relative degree of various intellectual abilities and their specific
types within the structure of intelligence.

For instance, a dominant verbal (V) ability is a prerequisite for professional
success in occupations involving human-human interaction, such as doctors and
teachers. A dominant mathematical (N) skill set is essential for occupations dealing with
the human-sign system, such as IT professionals. Spatial (S) skills tend to be dominant
in occupations related to the "human-technology" or "human-machine" system,
especially for operators of complex systems. Creative occupations in the "human-
nature" system require increased proficiency in verbal (V), mathematical (N), and
spatial (S) skills. These factors allowed us to identify individuals with the highest
cognitive profile potential among the EG cadet military pilots.

General intelligence levels, according to the Wechsler 1Q scale, follow a normal
distribution ranging from 70 to 130 IQ points, including 95% of all values within the
range of m - 20 < IQ < m + 2c. However, specific IQ values, considering the globally

accepted differentiation in the context of our study, indicate the following:
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IQ below 70 (very low intelligence): significant difficulties in solving
intellectual tasks related to professional activities and acquiring higher
education.

IQ from 70 to 85 (low intelligence): ability to successfully solve minor
intellectual tasks using existing empirical knowledge and skills.

IQ from 85 to 100 (average intelligence): an area of uncertainty where predicting
success in higher education and professional activities requires consideration of
other personality traits.

IQ from 100 to 130 (high intelligence): potential to perform a substantial number
of complex intellectual tasks across various professional fields.

IQ of 130 (very high intelligence): ability and potential to successfully perform
any professional activity across a wide intellectual spectrum.

Considering the high intellectual demands of the military pilot profession, a

minimum IQ level of 100 is recommended (preferably 115) as it aligns with the

aforementioned differentiation and suggests the need for specialized college education.

Another significant aspect of our intelligence test is as follows: if less than 60%

of the tasks are solved correctly, it indicates a focus on speed in the individual's

intellectual sphere, while a percentage greater than 75% suggests a focus on accuracy.
Y p gec g gg y

The quantitative measurement of the cognitive component in the experimental

(EG) and control (CG) groups during the entry-level assessment showed the following:

1.

The overall basic intellectual level of EG and CG cadets did not differ

significantly under the same initial conditions, with the deviation of the values

being less than 1%.

IQ scores ranged from 85 to 129, which is generally within the norm for college

students. However, considering the intellectually demanding nature of the

military pilot profession, the lower limit may need adjustment for the cadets who

are just starting their studies.

In terms of the structure of the intellectual sphere, both groups of cadets

exhibited several characteristics:

« There was a dominance of value V (verbal skills), indirectly indicating an
imbalanced choice of field and potential difficulties in the cognitive

development of professional knowledge, skills, and abilities.
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The indicator S (spatial skills) showed insufficient development, suggesting
the need for significant pedagogical intervention during the subsequent
educational process.

Conversely, the value N (mathematical ability) demonstrated a relatively
higher level of development, compensating to some extent for the biases in

the previous two areas.

The quantitative measurement of the cognitive component in the experimental

and control groups during the exit-level assessment showed the following:

1. The general intellectual level of EG and CG cadets did not differ significantly

under different conditions (experimental and "traditional"), with the deviation of

values being 1.1% for test results and 2.1% for IQ, which can be considered

within the range of statistical error.

2. 1Q scores continued to range from 85 to 129, remaining within the conditional

norm.

3. Changes and differences were observed in the intellectual domain structure of

the cadets in both groups:

There was an increase in the number of EG cadets with a dominance of
indicator S (spatial abilities) or an increased share of it in the cognitive
domain structure, indicating the real educational corrective effect of the
introduced measures.

No visible changes were observed in the distribution of cognitive domain
characteristics among CG cadets, further confirming the statement made
earlier.

Both groups exhibited a stable value N (mathematical abilities).

The quantitative comparison of the results for measuring the cognitive

component of professional readiness for combat flights among future tactical aviation

pilots in the experimental and control groups allows us to draw the following

preliminary conclusions. Thus, the general intellectual level of the cadets, measured

both through the Amthauer test results and in terms of IQ units, remained unchanged in

the experimental conditions and beyond. This finding aligns with the consensus among

the modern scientific community that intelligence is primarily influenced by genetic

factors and does not exhibit significant qualitative improvements during an individual's

lifetime (Colom et al., 2013; Hunt, 2011; Deary, 2010; Haier, 2014).

However, it is crucial to distinguish between this stable general intelligence
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(often measured as g-factor or 1Q) and specific, trainable cognitive skills. Our
pedagogical system was not designed to increase a cadet's general 1Q, but rather to
develop and enhance the specific cognitive abilities vital for their profession, such as
spatial reasoning, logical choice, and concentration. The improvements observed,
particularly in the structure of the intellectual sphere (indicator S), therefore do not
contradict the stability of general intelligence but rather demonstrate the successful,
targeted training of malleable professional competencies.

The observed qualitative improvement in the spatial component of the cognitive
sphere among the cadets in the experimental group, as opposed to the absence of such
improvement in the control group, suggests the effectiveness of the pedagogical system
developed and implemented to enhance the quality of professional combat training for
future tactical aviation pilots in terms of the profiling effect on the educational process.

Analysis of the subtest results for the cadets in the experimental group indicates
visible progress in the development of their heuristic abilities (subtests 1, 3, 6) and their
epistemological abilities (subtests 2, 7). Additionally, improvement in subtest 9, as a
result of the experimental effects, demonstrates the practical orientation of their
cognitive sphere, which further contributes to their organizational abilities.

In addition, there is also a positive trend in the proportion of cadets exhibiting
high and average levels of intellectual criterion values, with an increase in the number
of cadets achieving the former.

In light of these conclusions, there is reasonable evidence to support the claim
that the developed scientific and methodological approach to testing the cognitive
component of professional combat training for future tactical aviation pilots has been

experimentally validated as effective.

Conclusion

By understanding the factors that influence cognitive performance, training programs
can be optimized to enhance pilot performance and overall operational effectiveness.
Furthermore, this study highlights the significance of incorporating a scientific and
methodological approach in assessing the cognitive component of professional combat
training. By identifying and evaluating key components of intelligence, educational and
professional activities can be better aligned to ensure success and efficiency.

The future perspectives of this research lie in the continued exploration and
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refinement of training programs for tactical aviation pilots. This study serves as a
foundation for further investigations into cognitive development and decision-making
processes in combat situations. Such research can contribute to the ongoing
improvement of the educational process for future military pilots.

Importantly, the findings of this research hold implications not only for practice
but also for the broader scientific community. By providing insights into the cognitive
demands of tactical aviation pilots, this study contributes to the existing body of
knowledge in the field of aviation psychology and human factors research. It
emphasizes the importance of considering cognitive factors in the design and
implementation of training programs, thereby advancing the science of pilot training
and improving overall safety and effectiveness in military aviation.

In summary, this research demonstrates the value of a scientific and
methodological approach in evaluating the cognitive component of professional combat
training for future tactical aviation pilots. The findings offer practical implications for
training programs, indicate future research directions, and contribute to the
advancement of knowledge in the field. With continued research and refinement, the
results of this study have the potential to enhance the professional readiness and

operational effectiveness of future military pilots.

References

Akimova, M. K., Borisova, E. M., Gurevich, K. M., Kozlova, V. T., & Loginova, G. P.
(1993). Rukovodstvo po ispol’zovaniyu gruppovogo intellektual'nogo testa dlya
mladshikh podrostkov (GIT) [Guidelines for the use of the group intelligence test for
younger adolescents (GIT)]. Obninsk.

Akimova, M. K., Borisova, E. M., Kozlova, V. T., & Loginova, G. P. (1984).
Osobennosti umstvennogo razvitiya uchashchikhsya starshikh klassov [Features of
the mental development of students of older adolescence]. In Psikhologicheskiye
problemy povysheniya kachestva obucheniya i vospitaniya [Psychological problems
of improving the quality of education and upbringing] (pp. 23-35).

Bailey, R. E., Kramer, L. J., Kennedy, K. D., Stephens, C. L., & Etherington, T. J.
(2017). An assessment of reduced crew and single pilot operations in commercial
transport aircraft operations. In 2017 IEEE/AIAA 36th Digital Avionics Systems
Conference (DASC) (pp. 1-15). IEEE.

Brehmer, Y., Westerberg, H., & Bickman, L. (2012). Working-memory training in
younger and older adults: Training gains, transfer, and maintenance. Frontiers in
Human Neuroscience, 6, 63. https://doi.org/10.3389/fnhum.2012.00063

Carretta, T. R., & Ree, M. J. (2003). Pilot selection methods. In P. S. Tsang & M. A.

157


https://doi.org/10.3389/fnhum.2012.00063

Roman Nevzorov 44-45 (2026)

Vidulich (Eds.), Principles and practice of aviation psychology (pp. 357-396).
Lawrence Erlbaum Associates Publishers.

Cegarra, J., Valéry, B., Avril, E., Calmettes, C., & Navarro, J. (2020). OpenMATB: A
multi-attribute task battery promoting task customization, software extensibility and
experiment replicability. Behavior Research Methods, 52, 1980-1990.

Colom, R., Burgaleta, M., Roman, F. J., Karama, S., Alvarez-Linera, J., Abad, F. J., &
Haier, R. J. (2013). Neuroanatomic overlap between intelligence and cognitive
factors: Morphometry methods provide support for the key role of the frontal lobes.
Neuroimage, 72, 143-152.

Deary, L. J., Penke, L., & Johnson, W. (2010). The neuroscience of human intelligence
differences. Nature Reviews Neuroscience, 11,201-211.

Gurevich, K. M., & Gorbacheva, E. 1. (1992). Umstvennoye razvitiye shkol'nikov:
kriterii i normy [Mental development of schoolchildren: Criteria and standards].
Znaniye.

Gutzwiller, R. S., & Clegg, B. A. (2013). The role of working memory in levels of
situation awareness. Journal of Cognitive Engineering and Decision Making, 7(2),
141-154.

Haier, R. J. (2014). Increased intelligence is a myth (so far). Frontiers in Systems
Neuroscience, 8, 34. https://doi.org/10.3389/fnsys.2014.00034

Hunt, E. B. (2011). Human intelligence. Cambridge University Press.

Kennedy, K. D., Stephens, C. L., Williams, R. A., & Schutte, P. C. (2014). Automation
and inattentional blindness in a simulated flight task. In Proceedings of the Human
Factors and Ergonomics Society Annual Meeting, 58(1), 2058-2062. SAGE
Publications.

Khrykov, Ye. M. (2018). Metodolohiya pedahohichnoho doslidzhennya [Methodology
of pedagogical research]. Kharkiv.

Kostiv, S., Oderov, A., Klymovych, V., Yagypov, V., Romanchuk, S., & Matveiko, O.
(2021). Experimental results of the psychophysical endurance development of
military professionals. Journal of Physical Education and Sport, 21, 1076-1083.

Marchenko, O. G. (2020). Teoretychni ta metodychni zasady formuvannya osvitn'oho
seredovyshcha u vyshchykh viys'kovykh aviatsiynykh navchal'nykh zakladakh
[Theoretical and methodological principles of formation of educational environment
in higher military aviation educational establishments] [Doctoral dissertation]. Ivan
Kozhedub Kharkiv National Air Force University.

Miller, W. D. (2010). The US Air Force-developed adaptation of the Multi-Attribute
Task Battery for the assessment of human operator workload and strategic behavior.
Air Force Research Laboratory. https://apps.dtic.mil/sti/pdfs/ADAS537547.pdf

Namazov, V. P., & Zhmyrinov, A. N. (1988). Psikhologo-pedagogicheskiye metody
izucheniya individual'nykh osobennostey lichnosti [Psychological and pedagogical
methods for the study of individual personality characteristics]. In Nauka (pp. 302-
306).

Nevzorov, R. (2021). Quality management of ground training of future pilots in the

158


https://doi.org/10.3389/fnsys.2014.00034
https://apps.dtic.mil/sti/pdfs/ADA537547.pdf

Roman Nevzorov 44-45 (2026)

conditions of modern educational space in Ukraine. Economics & Education, 6(2),
90-94.

Paul, G. E. (2021). Modeling and simulation of human systems. In Handbook of Human
Factors and Ergonomics (pp. 704-735).

Porter, K. E., Cochran, H. M., Richards, S. K. H., & Sexton, M. B. (2016). Combat
stress. In Stress: Concepts, Cognition, Emotion, and Behavior (pp. 365-371).
Academic Press.

Robertson-Kraft, C., & Zhang, R. S. (2018). Keeping great teachers: A case study on
the impact and implementation of a pilot teacher evaluation system. Educational
Policy, 32(3), 363-394.

Seamster, T. L., & Redding, R. E. (2017). Applied cognitive task analysis in aviation.
Routledge.

Smirnova, O. M. (2018). Analysis of intelligence structure in the national police officers
with the R. Amthauer test. Scientific Bulletin of Kherson State University, Series
"Psychological Sciences", 2(3), 198-203.

Thompson, T. W., Waskom, M. L., & Gabrieli, J. D. (2016). Intensive working memory
training produces functional changes in large-scale frontoparietal networks. Journal
of Cognitive Neuroscience, 28(4), 575-588.

Tsiura, S. (2013). Features of the methodology of comparative pedagogical research.
Comparative Pedagogical Studies, 2-3(16-17), 7-13.

Yasyukova, L. A. (2002). Test struktury intellekta R. Amtkhaura (IST): Metodicheskoye
rukovodstvo [R. Amthauer intelligence structure test (IST): A methodological guide].
IMATON.

159



